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J. , q Id 111 oQ.d oQ oQ .: d ~.: QI d , 
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ol:!:Ia QI QI d #90 QI oQl ~QI QI 

fllflm'Ufl'j)1'U1'U 43,163 \911 U"l~fllfl\9l~1'UflflfltiW~m'Ufl'j)1'U1'U 17,453 \911 \9I1:JJ"ll\P1'U Clf~'j)~'I11\P1 
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C 

'. 

\ill1H~ llJ':i~'lf1mU'Vol~1'UlJ':i~mffhltJ 
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2549 56,149 15,014 111,742 141,245 

2550 86,373 21,423 162,926 174,052 
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n •• 

t.fl~1t-WQ.LmH,t-l1rL1m1.rtI11~lA,1WQ.l1rL I urtuu Q.~ rtuu £ rtUt-L~U~11lA,rtn.!.L!A.LQ.n.!.~l ~MnH,1. 
PI (fj I" P I I" F' I IF' I ITJ IF (fj 1TJ(fj Itt (fj 

n Ib 

fl~l t.t:!rt.l1t-:1LmH,t-l1rt11rt1.rtI11~lA,11lA, flrt1UM1 t-Q.rtmM ~rtJWH.Q.rL1 O~ x rtfln.mI1Ult-Q.n ~rtJW1Wrt1 
':' (l; P f" '" Ii' Jrl' PI' I-'" I' PI' 

~L rt.l1t-:1Uil~M11~I111 t-Q.rtmM ~rtJW1Wrt1 O~ x rtflfl.1M.I1Ul t-Q.11 ~rtJW1Wrt1 ~Z rt.l1t-:1Uil~M11 t-Q.rtmM 
Ii' Jrl' PI' '" I' PI' Ii' Jr 

~ Mn t-Q. n.~l n ~1 fu!. (!, n LUQ. ~ n n.!.L H,LQ.n ~ ~!. t-Q. n.11t-:1 LR.UIJ~ 1 (17661) ~ m ~~ 11 11 ~~p)[l'ldtnpo)l '=' '=' • (fj It) &;;11i Itt 

rt1JW~1t-Q.rtLlit (~O'O>d) ~~.l1t-LlA,fu~L~fl!t~t-LrQ. n.~L!;!rtL~ (rtkUI11~ I t.~U!t!A.Lr,trt~nLU 
~ . 

Q.~rtkUI11~ v·~) M~t-!.L!p!.LUQ.!*1t-Q.n.L"U Z'I n.~~!.~I111 (rtkUI11~ I t.~U!tH,Lr,trt~H.LUQ.~rtkUI11~
.. ~ 

Z'~) M~t-!.L!p!.LUQ.!*1t-Q.n.L!A1 17'1 n.~~!. (rtkUI11~ I U!tH,Lr,trt~H.LUQ.~rtkUI11~ Z'~) ~rt~m~~!.rt1. 
• "II 

rt£..l1mkl'!.LH,LQ.n.k~1~~M11L~Ut-f'! (rtkUI11~ I t.~U!tH,Lr,trt~H.LUQ.~rtkUI11~ ~'~I) t.~U!tH,Lr;trt~1 
. " ." 

!.LH, LQ.nn~rt1!.LUL!. ~~~~ Mn~ 1.Llitl1t-:1 ~ M~t-!.L!p!.LUQ.~Un.~~!. L~Ut-f'!~n.~~!. n 1. rtkl'!.L H,LQ. rt£..l11 !.LU 

nutauan (~O'O>d) ~t:!.l1HlA,fu~L.l1flrtrtHflQ.(rtt.Q.~rtW £1) Mlbt-!.L~!.LUQ.M1~l1n (rtt.Q.~rtW L9) p '="'=' I'D 0 I'D 1=1' I I'D I I'D 1=1' 0 Ir' I'D I I'D 
~ . 
M~t-!.L!p!.LUQ.~pt-Q.n.L!A1 Z'I n.~~!. (rt!-Q.~rtkU 9L) M~t-!.L!p!.LUQ.~1t-Q.n.L!A1 17'1 n.~~!.rt1.rtkl'!.LH,LQ. 

rt£..l1H.LUL~Ut-f'! (rt!-Q.~rtkU 001) ~l n.~1fu£.(!'H.LUL!.~~~~Mn ~rt~m~~!.rt1.rt,Qo!.LH,LQ.rt£..l1H.LU 

Lt.n.M lA,rt~m~~!. (V ~l1n Mlbt-!.L~!.LUQ.M1t-Q.n.LlA,1 17'1 n.~~!. (£ Mlbt-!.L~!.LUQ.M1t-Q.n.LlA,1 Z'I n.~~!. I pptD 1=1' 0f' I It) 1=1' 0f' I I'D 

(Z Mlbt-!.L~!.LUQ.Mm~~!. (I Q.~ n.~~!. V rtUt-L~U~n (~rtJWH.Q.rL1 81 rtt.!.rt~!.rLl) rtn.!.LH,LQ.rt!.m p0 If' It) IF' It) It) I P P,o I" 1=1' I" (fj '=" 

!.LUn.!.~l ~l1n resu O~ ~l1rtt. (~rtJWH.Q.rL1 C£ rtt.!.rt~!.rLl) t-H,mfuH,n.!.~l u HUM1 ~rtJWH.Q.rL1 O~ "'(l;!ra '" "'I' PI' I-",I-(l; (l; "'(l;!raf"(l; I' PI' I­

rtflfl.1M.I1Ul t-Q.n x fllA,1t-Q.rtmMrt.l1t-:1uil~l1n ~rtJW1Wrt1 ~Z rtflfl.1M.I1Ul t-Q.n x fllA,1t-Q.rtmMrt.l1t-:1uil 
'" Ii' Jr I' PI' '" Jr Ii' 

fllA,l t-Q.rtmM~Mn t-Q.n.~1n.~1fu!.(!'H.LUL!.~Q.n.fllA,mfl!.rL1LR.UIJ~1 (~661) ~m~~l1n WtD[UJOIOld
Itt IY IY '=' '=' It) 1=1' 1=1'1 ... &;;11i IJl 

~ 

n Lt-~l rtJW~ ~~l1nflQ.flt:!!.LrtL.l1lA,!.LH,LQ. rtrLmn.!.LH,LQ.UL(!,t-Q. rn (8Z~Z '~WUm.l1) ULJWMLUm~~I111 115 1ft l? I F' I'; (fj If' '=' 1=1' 

~1n.~1fu!.(!'H.LUL!.~Q.rtM1Q. M1 ~Mnn.u H,1.rt!.mrtn.!.LH,LQ.LH,!.t.~t-(!,t-flI11H rtt.LI1Ut-~t-t.lbrt1. ~1 t-11~11 '=' '=' I'D '=" Ir' I'D If) '=' (fj l? 1=1' If) 1=1' I I'D I Ifj Itt
.. "" 

U rtH,Lrtrt~M11 H,1.LlA,t-(!, t-1111 ~[jrt1. rtl1~n~Ln.Urt~l1n L~MLUm~rtrtQ.!.~n.m1.LfuH,UL(!,t-Q.rt 1~11 (9v~Z I'D 01=1' (fj 0 l? (fj I'D 0 1=1' (fj (fj Ir'I 
~ .. 

'fllbUQ.1) ~rtJW1Wrt1 08 t-t:!UI1H,rtlJm1n.1.~l1mfuH, U11~1t-JW n.LflH,!.LH,LQ.rtU~Mnrtt-lA, ~Mnt-Q.n. 
'" I' PI' I? '" P (l; (l; I (l; f' "",f' :; 

~ I1t-:1l1t-:1 H,1.!. LUQ.~ 11t-:1rt lA,t-rtH,fl(!, (!,IIfu ~L.l1rtLt.~rt lA,fl (!, (!,IIrtlJ1!.LH,LQ. rtL~!.LU~ (!,!.LU '=' (fj I I=I'F f' It) It) 0 I=I'F It) p (fj It) 
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'j) '" 'i. 1 '" .. d..... '" ,.1 ""'i
m'l111'11lUJ ~lJllOl'Un:IJ 16.25 tlJtlltC)f'U1Ol u~:::rH'l.:l.:ll'Ul1:IJ 3,667 fl ~~Ufl~tlllOltltll'1111 1 

.c:.<j QI d QI' 0' d tI did iI , d 

fl ~~m:IJ !ll'Unm 180 1'U VnJ11 tUtl1!C)f'UIOlC)flfl'lltl.:lU'rl:::'YnJ~tltJu'VI:::!~:lJi'UuU~.:I'I1UJltltJl.:1llOltJ1 
" 

.1 .. d .. ~, dliJ 'j)... 'j) "" .1 .. d.. ~ ...... 
(43.8 !lJtll!C)f'UIOl) IOllfl11U'rl:::'VI11Ol1Um'l111'11'U!ffl:IJ 1.0 une 1.5 llJtl1!C)f'UIOl'lltl.:l'Ul'11'UflIOl1 (45.5 

U~::: 46.5 !Utl{!eJ}'UIP1') tl~l.:1ihrmYltit1J~.:I'VI1.:1ff(j~ (P<0.05) (Pralomkam et al., 1994) 

d liJ 'j) , "" 'j) 'I 'j)... • 'I 'j) ... 

111 flfll n 1Ul1:IJl tl fl ffl 1 1l:::!'11 'U 1~ 11 fll 1!ffl:IJ tll '111 1 'II'U t'l1 nuU'rl::: 'VIl t'l1 tl IOl 11 

"" "" 'i .1 1'"1 1 liJ d ... "" .,I'! 'j) ?I I .1 
fllll1l1UJllOlU ~1Ol lm:::mU.fl1'rlC)flflff.:I'II'U HlOltl.:ltltJl.:1 1mlOll:IJ11m11Olf:l~1J'VI ~ 'lUlJ'Uff1'U lJ1:::neu'IItl.:l 

CI ~ 'U q 

• ~ ~ I 

m'l111ff1Ol1 !'l1'U fllfltl1m~tl.:l ~11 1'rl~ U~::::JJ''U!ff'U ihlmfitl'U~l.:1ff.:l ~m1.:1 llii 'l1ilOlf:l~ui'Uw'U'Yi 
~ . 

G)iJ~o d iI QI..c::...c::.Jt .::::Lc:l , ,. dGi iJ4:l QI 1.::1 , 

.fl1fl tlOl 1l.:l1l1lll'UlOltl.:l'l1111Olf:l~U'lf'U~tl'U'VI:lJflWm'VI1.:1 ~.fl'lf'U:::'VI ~fl~!fltJ.:Ifl'U UIOl:IJ11mf:lflfl11U~:::'I11.. ~ 

liJ 'j), 'I 'j) ~ 
l~.:IltJ t'U'VItl.:l f:l'U:lJl'V1~U 'VI'U 

'lh~lJ~liJ'U 

.., ~ 1iI.1 .1 d ~.., 
'i1fl'UW:::'t11 m'U8..:J'Ul'i1lJ'UllJ'U 

oJ • 

Ul~:lJlh:JJ''U djm)~ ~ll! 'UfllOll:IJ'I1~fltl'4 m:IJ1til'UW'lf ~1 u 'Ufltl~i 'U1.:1 ff (Family): 

Palmae 'I11tl Recaceae ~17ff (Genus): Elaeis ffil:j}J (Species): guineensis ~tlffl:JJ't1J (Common 

Jt.t::l 0' 0':'Q.1 ~ 
name): oil palm 'lftl1'V1tJlfl'lfflOll (Scientific name): Elaeis guineensis Jacq.Ul~:IJ'Ul:IJ'U "til::: U~::: 

'j1., I 

~ <!l 'I '" '" • 'j) "'.1 liJ' "" "''I ~ 'I
flW:::, 2548) !lJ'U'rl'lf ~umtJ.:I!~tJl ~llOl'U!~tJ"J ~.:IlJl::::IJ1W 15-20 l:IJlOll l:IJlllOlflfl.:lU'II'U.:I:IJ tU!lJ'U ~U 

.1 'I ''I ?I.I 'j) 'I 'j) 1 'I 1 ?I 1 <!l 'j) 'I 
lJl:::fltlU'II'Ul~ ~'I1UJ ~UllJ'UllJ'II'U'Uflfl~ltJ tU:IJ:::'rll11 UIOl~::: iuuueaeruuu 2 ff1'Ufltl fll'U'YI1.:1 iu" ~ 

'I ,'j) 'I 'I' ?I 'j). 'j) "'... 'j) 'I 'j)
U~::: tUtJtltJ fll'U'VI1.:1 ~U t'I1t1JU~:::tJl1!lJ'Ufll1J'l1:IJmlOl'U :IJ~fl'loJw:::mntJ ~U:IJ:::'rll11 (Ishida and Abu 

Hassan, 1997) (.fl1'rl~ 1) tltlfl~tlfl!~'U'l1tl 'l1tlIOi1H'nuIOi1liimWfln'Ufl'U~:::~tlfl Ul'1tl~i'UI'i''U!~tJ1n'U 
~ ~ 

'i':"liJ .. ~... "" .1" liJ'j)liJ'~ , , 'j) ,

(monoecious) t~tJ'VI1 lUU1~:IJ'Ul:IJ'Uffl:IJ11f:lH~IOl'VI:::mtJff~lJl~:IJ 1:IJ\Ol1fl11 12 'VI:::mtJlOltllOl'UlOltl~~ 
oJ oJ oJ

11 ih11 '11 17fll'1tl'l1 'U.:I 'VI::: rn tJUl ::::IJ1W 10-30 ;11~fli':IJ ~1'U 1'U H~ 'l1.:1'11 iJ ~ 1'1 tl'VI:::~ltJl 1:IJU 1::::lJ1W 

,. d lid 0 I ,J I QI tI : QI tI: QI 

500-4,000 H~ ~~m'Q~tJ:lJ1l1'U1'U 1,600 H~lOltl'VI:::~ltJ UIOl'll'Utl~fllJm~'IItl.:lUl~:IJ'Ul:IJ'UUl~:IJ'Ul:IJ'U 
dd iJ lid 0 I iJ I d d GI d ... 1 0' deS e: d 

'VI:IJmuun tJ1l::::IJ 1l1'U1'U'VI:::~ltJlOltllOl'U :lJlfl UIOl'VI::: ~ltJ:IJ 'II'U1~! ~fl ~ 'U'IIW::: 'VIlJl~:IJ 'VI:IJ m tJ:lJlfl 'II'U1l::::IJ 

o , iJ 'JJ' GI .J Jt dd I .c:. 
1l1'U1'U 'VI::: ~ltJlOl tl 1Ol'U 'UtltJ~.:I UIOl 'II'U1~ 'VI:::~ ltJ1l::: ~ '11 UJ 'II'U !:IJ tl H~ fffl1l::: :lJffU~.:I tl:IJ:IJ 1.:1 ff .fl1'rl.fl:IJ 

". OJ 

... 1 d 0 QI ... I 0' -: QI ?I l d d QI 111 I Cl ... 1 0' do':' usel'VI fl''VI l 'I1:1J1::: ff:IJffl'111U lJl~:IJ'U 1:IJ'U fl 11 llJ 'U'rl 'U'VI 1lU :IJ fl 11:IJm ~ 'If'U l:1J!fl'U 20 !lJ tl1!C)f'U IOl 'U1 

lli'YhmJ.:I ~'U~1'UO.:l!'l1ijtJ1 mfllfl'dltJt'YI1~ff:::~1fltlW'I1.fliJ~!'I1:1J1:::ff:IJtl~i'U'l11.:122-32 tl.:lfl'l­
• OJ OJ 

!C)f~!~tJff cnl::: U~:::flW:::, 2548) 
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'lifl~HJfl~l~ 

II~ 

" 'lfl 

.. 

. . " 
.fl1'Vtn 1 ""fl'I:JW~~11u'U~N'l.h~1Jlh~U . ,nm :ffl'l!fl,:nuri,:m"~1Ju~~i~Ulfll'Hfl'I:JIPl'j (2548) 

'JI • 'JJ , ' 

ri1UU'j~flV'IJ'UV-:JH~Ul~mhiJu (.fllVlVi 2) iioiUUVflff\PIVi!~U~h!U~Vfl,. 
"

, . " 
(exocarp) iiffUlPlflIPil-:JflU 1U~UV~fl'lJ'l~'U { ulPiVl'u{Vii~i uU'j~!'VIff1 vwii'iu 'UV-:J f:hu nru~u ffU\PI-:J 

~-:J!~U fl1'jVl'~u l'illfl ff~l!~Vl'Jm ~uti\PI 1ut~U~u~(~l'Jfl'Jl~U mesocarp !~U ~U~iiJl~UU~~ , ' 
'. I 'JI 'JI ' 

!t1vim~uv-:Ji'i'u'j~flV'IJ lh~uiuri1U'UV-:J'iU mesocarp iiu~mw 45-55 !UV{t~ul'i' ti\PI!~11u!~u 
• . 'JI I 'JI 'JI 'JI 'JJ I 

'iu ,w-:J!1J~\PIVi(~l'Jfl';hseed 1\PI m~1,J 'iu 'U V-:Jfl ~~1 (shell) u~~'iu 1,u ff\PIt~ Ut'UVU 1~~ Ul~U Vit~ U 
. q. . 

I 'JI 'JJ 'JI . " 

, endosperm 'UV-:Jt1J~\PIU1~1JVit~l'Jfl';h kernel 'iu kernel i1iiul~uv~mfliiu~mw 50 tUV{l~UI'i', 

" 'UV-:JUTI1'l!fl'UV-:J kernel (Vl'j'il'J,2549) 

Mesocarp 
Kernel 

, 

r-, .~:/~
, '( 

Shell~~ 
it. . " 

.fl1'Vtn 2 ri1UlPil-:J'1'UV-:JH~Ul~1JU1~U 
eI 0 QI r ~ QI

'tun : fflUfl-:J1Uff-:J1ff'j1JU~~Vl~Ulfl1'j!fl'I:JIPl'j (2548) 
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_10' ?I "ld?1
2.5 rnnaeneuinnn (palm oil sludge, POS) llJ'U'UV..:Im'lV'YHlJ'U'UV..:Im'l1'illfl 

'1 _10'''''_1 _I old 0' 
AH..:Il'UlJl'llJ lJlJ'J~lIlW 2 llJV'JlClf'Ul9l 

, .'~-- ~ :; --- I 

Nil'Iha~ft'A'YI.:l'YI:::aUI I 

100% I 
I
 

I I I I I 

lft'H'YI:::aUJ 

55-58% 

-

i ~UJ'\,l'lhd~ I 
i 

II 18-20% 

I I -

fllfllll:::fltl'\,l 

~li'\,l'llld~ 

2% 
-~.-._-----._-~ 

I 
1 _.­

I 
I 

:... - ~ ~ 
'\,ll'll'\,lmfll'\,ltl '\,l 

d ,:, CI.I tl'lIal'l'llla~'\,ll~'\,l 
, 

45-46% 

- -

~~ "'ll-j- ­ Il'Iltl '\,ll~al'l la~ fl:::al'llld~ 
tI . 

'liUJ'\,l4-5% 8% ( 

~R~'__ 

.w_. __._ 
I 
- --- I 

I 

fl1fl1dtl~'\,l i, 

A'lIiiA'llld~~li'\,l 1 
r ._._~~1~% .i 

.~ . ~ 

.fll'ffr1 3 ffrrff1'UH'l~H'l'Yl'lVtl1~'iIlfllH..:Il'UfffiI9lUl~'U1h~lJ . 

.. ~ '1 ~'tun FAO (1988) Vl..:l Al9ltl 'il'Ul9ll (2548) 

Hutagalung (1987) fll..:1119ltl r1'UVI'Yll (2538) 'Jlt1..:1l'U':h H'lHilI9l1m~1fflPJll'l'fH'I1~V 
~ 1fI9J : ... 1 fI ~ 0 '1'j)~ <II fI~<II QI

'11 iV H'l'Yl 'lVtI LI9l 'illflfll'J fffll9l 'U llJ'U VVfl'illfl'VI~mtllJl'llJ'VIffll1liil'Ull1l 'lft'l tI..:Iffl9l1 ~ V 
~ ~ 

1. Ul~'U1Jl~lJ '1,*1~'Ulmri..:l1'U~'U'1'UVl'l1liffI9l11JilW (2540) 'Yl'l.J':h'1'UU1~'U 
_I 0' _I ~ o'~~ _I~ _I 0' do'll) '" 
lJl'llJlJi~flV'lJ19l1t1 flJl9l'Yll'llJl9lfl (palmitic acid) lJilllW~..:Itll9l 38-52 llJV'JlClf'Ul9l 'UV..:IflJl9l L'UlJ'U 

~ ~ ~<l::\ fI d fI ~<II . 

'VI..:I'I1lJl9l iV..:I'l..:llll~V flJ19l1V'lVfl (oleic acid) 34-4611JmlClf'U19l 'UV..:IflJI9l1'UlJ'U'VI..:I'I1lJI9l flJI9l1'l1'U­

.c:S<l::\ ... 1 0' d 0' 11) QI ~ 1Jl QI A I .c:S <l:::\ 

non (linoleic acid) 8-17 llJt)ilClf'U19l 'UV.:JflJl9l L'UlJ'U'VI.:J'I1lJl9l U'l~flJl9l L'UlJ'UV'U'11')j''U flJl9l'ffll9ltlifl 

(stearic acid) flJl9l 1lJ~ff~fl (myristic acid) flJI9lVil~~fl (arachidic acid) U'l~flJl9l'lV~fl (lauric 

"" old 0' II) '" t
acid) Vfl1Ji~lIlW 10 11JVilClf'UI9l'UV..:IflJl9l L'UlJ'U'VI..:I'I1lJl9l 

,l '1 d _I 0' "l 0' _1"l?I' d"", ,l '1
2. mnrue 'UllJ'll9llJl'llJ ~V fllfl1Jl'llJfl~1'VI1~llJ'lVfl llJ'Uff1'Ufllfl'VIlJUI9l1'UV 'U 

v II) ''''' _I "l "l _I "l ~ I "i '1 ~ ?I ' '1_1 "" II) ~""'1 '" 0'
'l1'U'1 AlJlJllJ'lVflfl~m'l1imlJ'lVfl'VI~'llt1I9lI9lU~mtlfJW.fl1l'l'il..:l~..:I ')j'llJ'UU'I1'l..:l llJil9l'U LI9lI9l 'Uff19l1 

.d QlfI~ tl I lI)d ~.d~1II9J'1 111 Q/1II'
fli~ll'll~ll9ltldU'l~ffl9ldl~tldWV..:IVtll..:1 Lifll9l1lJ flJ~'lJd'Ufll'JH'lI9l'VIH'l19l LI9l 'U1Ji~l'VIl'l' L'VItltI..:I LlJ 

II)~ ,l'1 d _10' : '" d ~ 1I)~"i "" ,.J':
ffll1limWflfl~mVVflLI9l'l1lJl9l mruue 'UllJ'll9llJl'llJ'UllJ'U'VIH'l19l LI9l'il..:llJfl~m1J'UVtI Clf..:lfllfll'UV­... 

do': '" dll) v : '" .: '1 do'"" 0' d 0' 
'1 'UllJ'll9l1Jl'llJ'UllJ'U'VI LI9l'illflflli lWfl'UllJ'U 1Il 'illnruU 'UllJ'll9l1Jl'llJlJ1J'J ~lJ1W 45-46 11JVilClf'U I9l 



9 

~.:: "I ~oj ~ ~.::... .l oj ~ 
'IItl~ ~~'iJl€UJfffl 'YJ~'YJmt.J'H·.H) 2.95 I1Jm 1Cll''U lPl'lltl~'iJl~lI'YJ~~~ ~flflW~'IItl~fl1m'Utll 'U11l~fI'iJl~1I 

iJd 91 1fI11 Q,I 0 iJ Q,I(\fII: l~
ll~Il'H~ltJ'U~~ (flmtl "1 'YJ'jltl) LlIfltltlm~1l1tllPl1 ml'i1fJWfll'rltll'Hl'jffIPl1 LlIffllllfflltl ffllll'j(l 'If 

IV 0' ~ ,l 111 iJd I Q,I tI d ~ ~ 1 .l 1 d tI: IV ~.::S 
1 'UfflPl1lfltl1ltltl~ Lflflfl11ffIPl1m~I'rll~lfltl11'Utl~'iI1mtltl tiff~ unernruu n 'U11l~fI'iJl~1I'U lll'U 'U1I 

'U 

m fill tliJ1'U~ ~11~'U ~1fl'hfllfl511 'Hiltl~ 1I1fl 
~ . 

3. fllfllPl~ fl eu '\.h~'Uthclll I~h.j 'IItl~t'H ~ 1Viihh'U 'II tl~ lPl~fl tl'Uflltl'H cr~ mnuurum 
I : Q,I 0' g} : Q,I tI dlJl QI I Q,I 0',1 J ~ 

ffTU 'IItl~'U lll'U 'iJl~lItltlfl1 ilu~1 fllfllPl~fltl'U'Ulll'U'iJl~lIl1 L'IIl1'U'iJ'j~fltl'lJtltlff ~ fflPl1lfl tl1Itltl~1l~ 
'U'U 

'1 ~_I 1 ~ ~ ~ I 1/)' ojl ~_I 1 ~ v ~ '" ... 1 ""1 I/)
A'lflJ'j~ tI'lf'U AfI'Utltl ff1'U Lmm~~mfl 'lflJ'j~ tI'lf'U &fI'Utltll'lf'Ulfltl1fl'U fltIl'j:l'rll~mfllltlll 'U L~-

.. 1 ~_I 1 ~ ~ _I ~ oj ~ I/) 1 .. 1 ~_I 1 ~ ~ .. _I ~ oj ~ 
Cll''U ll~ 'lflJ'j~ tI'lf'U Lfl 98.3 IlJtl'jICll''UlPlll~~lll'YJL'fi tl'U'U 'lflJ'j~ tI'lf'U Afll'rltl~ 22.1 IlJtl'jICll''U1Pl 

~ ~ 

'\.Jtlfl'illflUiJ~ijiJqj'H1~~tI1fll urns1 '* IcM'U fllfllPl~fltl'U1Jl~'U 'iJlclllfffl (1li ~1'U m~'lJ1'Ums) ijtll~ 
oj':: "" ~ .. ~ I d ='1 "" _I _I ~ 1-1 .. 1/) wI 

fll'j Ifl'lJ~'U fl111l'Ulfl'UlPll 1IImll~~m'fillPl'YJllJ'\.J'rlflff~ fl111l11lJ'jlJ'j 1'U 'IItl~lm lJ'jIPl'U une A'IIlI'U 
• 'U 

I ~ 0 1 ~ ~ 1 ~ ~ 0 1 ~ 1 ~_I 1 ~ ~ 
1l~fltl'U'II1~ff~ rnsvn 'Hlt'H~'Hlfl 'lffl11:IJ'jtl'U~~1l~'YJ-1 'Hfll'j 'lflJ'j~ tI'lf'U LfI'IItl~~l'Itll'H1'j~fI~~ 

'U 'U 

.!\ l' ... ='1 I .!\ 1 d "I .l 1 1/)_1 ~ 
4. Wtl tI~1'U1'iJ~tlfl IlJ'U~1'U'IItl~Wtl tI'YJt'H~tllllflfll'jltlll'Utl unan ruum 

~ ~ . 
1Jlltllff1'UUlIlflflltll1Jl:U'Utltlflij 2 'lfiJfI fitl palm press fiber 'H~tl PPF IrJ'Uff1'UIVtl'ltl'lltl~I'iJiltlfl 
~ oj . "I ='1' .!\ 1 d ='1 ~, _I ~ 
111111l~fI une palm empty fruit bunch 'H'jtl PEFB IlJ'U~1'U'IItl~Wtl tI'YJllJ'Ufltl'U'lftl'lltl~~~lJl~lI

.' 
I"I d.. I 1 d ='1 1/)_1 ~ "g .. .!\ 1 1-1" I v ~ .!\ 

'H'jtl'YJI'jtlfl11'YJ~mtl fltIltll~1'U'YJllJ'U~~tltlfl mum ll~lIWtl tI~~ lJ'jIPl'Ufltl'U'II1~\Plll'Utl~lllfl 
'U 

.!\ 1 1J)"~ Q,I tie! J .c:::. liJiJiJ '1J)iJ~ 
ltItl tI~~ll~~ LlI'Ulfl'U ~1Pl1Ifltl1Itltl~fl'U AfI'Utltlll~~t.Jtlt.J LfllPll 

'U 

oj ~ 't... "I dl/) ~ oj
5. fllmll~fI'iJl~lI'Ulll'U (oil palm seed meal) nsrnrm Afllllflfll'jltllm'rll~lll~fI 

tI ~ d d : Q,I ~ d ~ ,: I g) 1fI ,.::I I oI:!t d g}

'iJl~lI'YJ~&:IJ~fI:IJ1'lJ'lJltll'U 1:IJ'U enn fllfl Mll 'YJ~fl~~III ~~I'U tll 'Us 1:IJtl~fI 1t1 A:IJ:IJ ~1'U 1'iJ~tlfl'YJ 11:IJ 

oj,J oj.!\

11l~fI Cll'~ll~ltJ'UltItllt1
 . ~ ~ 

6. fllflVi1~mflfll'j~tifl1Jl:U'\.J lllfl~~'iJlclm1~~~ (palm oil meal, POM) ilsennu 
~ I _1"1 .:: ,J ='1 .!\ 1 ' ,.!\ '1 d_1 't ... 
fI1t1ff1'U IlJ ~ tl fl'll tl ~ 'If'U 'Utlfl ~fI Cll' ~ IlJ'U Wtl tI ~1'U 'IItl ~ fl ~mll ~ ~ ~1'U 'IItl ~Wtl ttl'YJ lJ 'j lfflll fl'U1:IJ'U 

.!\l"g 1/)' l~':"'~ d
ltItl tlll~~~:IJ1fl &:lJt'HlIl~ 'lfmm~1Pl1m~I'rll~lflt.J1 

.. 

U'j~:IJ1W 14-16 l'iJtl{I~'U; 1'U11Pl'jlll'UvJ~ltlflCJ111'YJ'jfl50-60 l'iJtl{I~'U; mj~ICll'~cl60-66 
~oj ~ "" 1 _I ~oj ~ ..... .,( "" ... ~ 

l'iJtl'jICll''UlPllm~~fll'UICll'~~ ~~ 40-44 IlJtl'jICll''U1Pl ('YJ1ffflfl, 2529; ~lIlPl'jl, 2543; ~ltl'UlPl, 2547) 

tl~l~1'jnlPll:IJ fllm.atll 'U11l~flUlcl:IJJ1~'Ull~ijtl~rl''iJ'j~fltl'lJm~lflij~lllPlmh~ti'U1 'iJ\Pll:IJ11i1 'Ufll'j 
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11 

... ""., 'l!ll <; <!UI!lI <; '1 OJ.~ Jl
'lJ'fl'lJl'fl'Ua..:J'I'i1U'fl·m~afll"j !'ll'1.h~ !rf'll' !~'Ua..:J A.fI'lfU~ !U'tf~l!flrfl&aa..:J 

w 0',1 .: ....... 0' .. oJ ,
 
me1U m:::&'vn:::~ UJU,\Hl..:l ffI'l11f1V1ImN1HI'l U'Vl~VlllmJ1V'I1mV'll'U I'l C)f..:l 'll'1v1U 

~ . 
fl1~ '11 irmhwfll'11u (&'Vlfll'l eMV, 2540) 11'l v~iiu 'Vl16ff1U I'll tY I~ U'Vl1fl~ lli ~fl..:l fl1 ~fl fl flejf& 'il U 

. · ...,; ,'J/" lIJ 'J/ lIJ c:1I(obligate anaerobes) Ul'lm'illl'Vl1fl'Vlffllll~tl 'll'flflflC)fI'ilU LI'l (facultative anaerobes) flVl..:1 L~fll'llll 

fl1~ih:::~1Jflflflejf&'ilU ff ..:I&flU 1 Um'il&~UVl'l:l ~fl'iliiU'Vl161~1 'lfUflU (Illlil, 2533) 'iliiU'Vl16&'tYl:1J1flVcu q	 q IV 

., ., oJ 
fl1V1UIV11ffI'l1IV1..:1U~mVU~:::lllW 6 ffUl'lll1' 1l'lV~I'l:lJ1flmJl m'l11~ 'I11flffllr:rfffl1JffI'l11m;u C)f..:l

•	 u 

.. "0'1	 U......	 "'I
~'lU'Vl~V Um~I'Vll~~&llU II 3 ~~&fI'Vl'l1'lfl"1 Olllil, 2533) flfl 

.:l .c:! r:S .e::. e::t 13'1 .,; .. U .,; ..
1. U1JfI'Vl&~V It!U'il'lU'Vl~V Ufl~~I'Vll:::~&llU'Vlll ~:::'ll'lfl~ff..:l'Vlffl'lllU~::::IJ1W 1 

q	 cu cu q 

.... 'J/ 0<9 'J/ 0', .. .... 9 II .I. 
'VlU'llUtl..:l 1 UffU'l1'W!C)f'l'll'lflll'l'l'lI'l~'lJfl..:l'IJfl..:lm'l1'illflfl~:::&'Vl1:::~&llU (10 -10 IC)f'l'll'lfl 

ij'liiiil'l~) ij'IJU11'l 0.30-50 1llfl1flU ms UtJ..:IU~:::&fI'Vl'IJfl..:lU 1JfI'¥i&1Vffllll~tlU tJ..:Ill~'I1mV~fl'l:lW::: 
v I 0 .c:!.c:! lI!I t tJJ ~ lI!I dG) tJJ ,. Co\ 

l'll'U U1J..:II'l1llfl1~'Vll..:11U'lJfl..:lU1JfI'VlI~V'I1~flfl1~ 'll'U~::: lV'll'U'lJfl..:lm'l11~ flfl 'Vl1fl'Vl L'll'&C)f'l~ L'lff I~ll-

" _il ~ "U.. lIJ.... ~ .,; 'J/ .. 'J/" .. oJ .... 
&C)f'l~ L'lff UlN Ull'l1'l L ~I'lU L'lJllU ~1ll'Vl..:l'VI1fl'Vlff~l..:1ll&'V1U U'l~ff~l..:1!!flll Lll&UV C)f..:lU1JfI'VlI~V . 

Cl 0 CJJ.c:!l1I tJJ 'I	 I,.. Cl ,	 1J1..:1'll'Ul'lm'il'Vll'11Ul'Vl LI'l'l1mVflVl..:1 l'll'U Butyrivibrio fibrisolvens ffllll~tlVflVff'llmC)f'l~ L'lff isu­

IC)f'l'll'lff l'Vlfl~U 1'IJiru U'l~ lt1~~ul~ 
~ 

"tI " w .:'1 .... 0''';.. l' I "".. il2. L ~ LI'lC)f1 IlJUll'lU'Vl~V'Vlll'IJU11'l 'I1Wfl11U1JfI'VlI~V (Vl1 ~:::lllW 20-250
•	 u 

111 ,. .cS 0 il tJJ t3' I .:::to Cl.:::t.	 S 6 
Lll LfI1llll'l~) ll'illU1U ~:::lllW 1 mUIC)f'l'll'lflll'l'l'lI'l~'lJfl..:l'IJfl..:lm'l1'illflm:::I'Vl1:::~&llU (10 -10 

tI I e.t. e.t.Cl I .:'1 'q' lI!I 
&C)f'l'll'lflll'l'l'll'l~) uueneruuu 2 fl~ll L'I1ty nn Holotrich spp. une Entodiniomorphs spp. 

".1 1.... I 1 ''''' I 0' 'J/..	 .1 c:1 .1'
LlJ~ 1'lC)f1fl~ll Holotrich spp. 'il~ll'IJU11'l 'I1ty ll'IJU (cillia) lJflfl~llfl~&l'lll~fl1J&C)f'l'l ~lJ~l..:1f1'llV 

.llIJ I A lIJ lIJ 'J/ c:1 1'J/ ~ c:1 ,.... I ..I

~lJ L'IJ &fI'lflU L111 LI'l&~1 une 'll'Ull'l1'lIt!UU'I1'l..:l'Vl'l..:l..:llU ff1Ufl~ll Entodiniomorphs spp. ll'IJU11'l 

U'l~ ~tI.; HUI'l fl~ H flU u~ij 'IJ U 'I11fl~m 'Vll::: ff1U '11 U'1'IJfl..:lthlV11 &~fl1 -*tU flUflU e imsu'l::: 
• 11 I	 jJ II JJ 

&fliiflU1 '111 fl~llij ll~'ll'fl1J flU m'l11~'¥i&~UUil..:llllflfl';hu 11'l1'l l1..:1ij'll'UI'lU'l::: tI~lllW 1il ~ 11'l~1 irfl 

IIil ~ r:ru1 tll'llll m'l11~~ffl'l1flU 11'lVtll t "vmu'tYu ff..:l 'il ~ij 1 tI~ 11'l~1ll1fl 1 tI~ 11'l~11JH'll'U I'l .	 ., ~ . 
ffl irnn dmUVfl tv1 ~&'lfU&~ tr.lfl1J U1JfI'¥i&1 UU'l ~ l:Mfl ~1 11'lV111 1 til il ~ 11'l~1irfl 'il~ fld~1ll ti1J 

~ 

.... ,11' I " .... w .. .. .. _il 1. I .. " .:'1 'J/ oJ
U1JfI'VlI~V Uflfl'illflU lJ~ LI'lC)f1V..:IflUU1JfI'VlI~t1 UlJ..:I lJ~I'lU U'l~fI'lfl L~'VlmfftlJUm'l11~1'l1V C)f..:l 

Q Q,I t id~tJJid tJJ.cS .cS , d", \J) 'j}Q,I

fl1~flUI'l..:lflm1ll'Vl..:l'IJflI'lU'l:::'lJflAffV&'Vl~1:::ll~1t1..:11U111tI~ 11'lC)f1ffllll~mfl1Jfll'j l1J !~&1'l~1'l11 t U 

.1 lIJ" .. A.:'I ,.... '1 lIJ 'J/ 'J/ .... ~ 'J/.... 'J/
~lJ'lJfl..:lfl::: Lll L'lI'VlflI'lU l'VlflAlJUU'I1'l..:l'Vl'l..:l..:llU LUVlll'IJ1I'lUfI'lU LI'l mffl'l1 !1'l~1Jm'l1l'j'IJW;X..:l fll'j 

., 
&~1Juil..:l&m~Ull'll'l 1~1u1V111 tI~ 11'l~1ffllllHI'll'lfl11ll~UUH'lJfl..:lfl1~&fll'lfffl1'Vlfl~1'l (acidosis) 'IU• 

lIJ'J/ "" , ..... 1.1"....	 .,'J/.I ....
m:::&'Vll~~&llU !I'l U'l~ll~1t1..:11U11 fl1~fl1'il1'l lJ~ LI'lC)f1 (defaunation) ll~'Vll 'I1lJ~~'ll'lmll1JfI'Vl&~t1 

~ ,1 •	 ~ q l1J tJJ,l ~ 0 'I tJJ QJ o'.c:I c. d ~ ,1 tJJ 
&'Vlll'IJUU'l~fl1~UflVWfl LV !l'lff..:l'IJU ~1ll'Vl..:l'V11 'I1ffI'l1llf·mf·ml'l'Vl&'Vlll'IJUI'l1V 

~ 
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., . 
"'''' "I 'I ' "I 'I 'IU1JfI 'VIt'HHHlg;:t'lH)'j' 1 1'Ufl1'j' (ltl(Inm(lWtl W l'Umg;:t'rng;:~nJ'U 

'l.Jtytl'mJ (2541) fl~11'h 'lfii~tmg;:-ff~-ff1'U'Utl.:l~il'U 'VI~ 6!l~~g;:lJ'j'g;:t.fl'VIm'il!llJ'j'H'U 

11) 'JI ,J I ... ... dOl ,/,1 .: 11) v... 'JI 'I ' 
t~ 'U'Utl~fl'U'lf'U~'Utl.:lml1n'VIff~1tfl(l1ttltl.:l 1~'j''U U~g;:ff.fl1'Y'ltn~~m.J.fll(1 I'Um:::t'Y'llg;:~nJ'U t'lf'U 

ff.fl11::: fI1l1H~ un 'j'~-~H f.lW l1.fJiJ !l~ g;:f11l1Jt~1JoU 'U 'Utl.:l It tl1Jl1J I'U (1-'l'U 1~'j' t'il 'U l'U 'U tl.:l t11~ 11'U 

?I 9J ~ 9J d d, Q1 I oQ .c::Id'~ 
m g;: t'Y'llg;: ~t1J 'U tlJ 'U ~ 'U C)f.:l ff.fl1'Y'l t!d~ ~ tl1J'VIt111Jlg;: ff1J'VI "!'~ ~tlfl1'j' 111J fl (ltl (1m l1n 'Utl.:l ~~'U 'VI 'j'(I fItl 

?I I GI I oQ .c::l 

f11l1JtlJ'Um~-~1.:1 t'U'lf1.:1 6.0--7.0 f.lWl1.fJ1J 39-40 tl.:lfl'ltC)f~tC)f(lff (Van Soest, 1994) !l~g;:f11l1J 

t.u1JoU'U'Utl.:llttl1J l1JtU(I-'l'U l~'j't'il'U tl~1 'U'lf1.:1 10--30 iJ~ilfli'1J~tlt~cjfil~'j' (Perdok and Leng, 1990) 
QI ~ ~ d d'q d',:f ,: ~.c::I QI 0' .:A Q1Q1 QI QJ 

~.:I 'U 'U~ ~'U 'VI s (I 1'U fl 'j'g;: t 'Y'll g;: ~ t1J 'UU~ g;: ff~ 1 tfl (I1t tltl.:l 'il.:l1J fI1l1J ff1J 'Y'l 'Unu 'U 'U 'Y'l.:l 'Y'lltllfl'(lfl 'U 

(symbiosis) tdtl.:l 'illfl-ff~ 1ti(I1~itl.:l 'l~lJ 'j'g;: 1 (I'lftf'ill fl ~il'U 'VI~ 61~ (I~ il 'U 'VI~ 611iTflVtl (lml1l'j' ~ -ff~1 
... 'JI 11) _I .:, 11) 'JI ... v 'I 'JI 11) 'JI'" •
fl 'U t'Ul IlJ 'il 'Ufl 'j'g;: 'VI.:I l~ H~ H~ ~~~ 'VIl(1 (end products) .fl1(I l~ ff.fl1'Y'l l'j'tltlfl C)ft 'il 'U (anaerobic 

.II 'JI d'II)'JI ... ,/,1 .: '" ", ... ,1
condition) C)f.:lflnl'lflJ'j'g;: l(1'lf'U 1~'Utl.:ll.fl'lf'Ug;:1'Uff~1tfl(l1ttltl.:l1J'j'l(1~g;:ttl(l~~.:I'U 



~ 

... 

• 
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~?I ~ 'j/ d 0 QI 111 'j/ ,~~ ,. ~ ~ •• 

C)f~llJ'Wr-I"Uf~~,,!'fl'VI1t1'VIff1f1ty L'flllfl fl'j'flllflC)f~fl (acetic acid, C2) fl'j'fl L'W~'Wflfl'Wfl (propionic, C) 

fl'j'flihVl1fl (butyric acid, C4) dj'W'VI~flll"l~fl'j'fl11"l11f1 (valerie acid, Cs) 1fllC)f11m1f1 

(isovaleric acid) ll"l~ 1fllC)fihVi1fl (isobutyric acid) fll~'W'Url'1~ll~''W1J1:lJ1f.Utrfltl ~~ff~1~~~'fl 
~'''' .A 'I V_I '" lIJ _I dI lIJ '" d , , ef ~I ' 0 w
C)f:lJ r-I1'Wr-I'W~fl'j~1'W1~~1:lJ'W1'Wfl &'lflJ~~ lt1'lf'W ~fl &lJ C)f~fl'j'fl L'IJ:lJ'W'VI ~~ll1 tI~lt1l'VIm'WllJ'Wff1'W ff1f1ty 

"l Ci1	 ~ QI I QI 0' e! ~ ~ ,: d ... 1 I d 
&'W flU Ll1'W"l~~1'W un ff~11fl tl11flfl~ ~1 fl fl1~Mfl'loJ1'W'U 11 'W 1~1"l ~~\I ru1J"ltI'WlllJ"l~fl tl1n1'fll~ 1 

.of _~ d ~I l' v ".of l' "" l'
~fl~"l~:lJ1f1fl mHll"l~'W1fl'VIllJ'WLflHff~l~'lJfl~lC)f"l"l'W'lf(1C)f"l~ L"lff ll"l~1~:lJ1C)f"l~ L"lff) \lfl 

_Id _I v d	 v 
llJ"ltl'WlllJ"l~'lf1'V1,,!'fl (1:lJ1i1, 2533; 1Jty1:lfl:lJ, 2541) 

~P'_l 'i' r! 'i'_l q .. OJ r!': Jl
 ms &'If'u'':i~ W'lfU'UB-:! m":iiJIU &Ut1WUfllT'J!tltl..:l
 

'Uw""mJ	 (2541) flrl111111J~~'W~ff~n~i''U'illflfll'VI1~llU~flflmiju 'lfi1'fl~1:lJ 
• u	 

2 

q	 111111 rI~ ~ .:!I" ~ d,Q,I

f111:lJ ff1:lJ11f1 &U fl1 ~ tlfl tI &'fl 'lJfl~ ff~ 11fl tl11flfl~ f1fl &1J~ ~'W 'VI tlfl tlff"ll e'1'W fl'j ~1'W 1~ ~1:lJ'W (rumen 

~I 1'_1 '" d I lIJ V1' '" '" 'I w " degradable protein, RDP) ruu &lJ~~'W'VIff1:lJ1~f.1t1fltlffmtl L'fl L'fltlll'UfI'VI1~tI LU fl'j~1'W1~~1:lJU ff~1 

o 'I V'l v " "" "" l' '" d II) I , 'I
'W1:lJ1 L'lf L'Wfl1~ff~l~lC)f1:l1:lll"l~fl1~l'il~tyl~'U L~ H"l~ l1J~~'W'VI &:lJtlfltlffmtl L'Wfl'j~1'W1~~1:lJ'W (rumen 

undegradable protein, RUP) lij'Wl1J~~'W~ 1:JJtifltlffmtl'1'W fl'j~1'W1~~1:lJ'W 1'fltl'il~1 'VI"lr,h'W 11JiJ~ 
v ollJVc:l dI ~''lV~1 ""1' "''' ollJ_I'lV_1 l' '" lIJ_1

fl'j~1'W1~U'VIll1:l~m Lffl"lfl C)f~'il~f.1fl'W1t1fltl L'VIllJUfl'j'flllfl:lJ L'W U"l~ff~1~~'W1 LlJ L'lflJ~~ LtI'lf'W~fl LlJ 
'" 

l'	 ' 1'_1"" 'l ,d", clef s II)V", 'i lIJ d ''1 .of dI
L'fltlll'VI"l~'lJfl~ LlJ~~'Wff1'W 'VIW'VIff~11fltl11flfl~ &'fl~'U'il1flflll11~ fltl 'W~1J L'W lml'il'W'VIfltl 'W'W'lf C)f~ 

u	 lUlU cu 

ff1:lJ1~f.1llU~flflfl 1~lij'W l1J~~'WllVl (ture protein) ll"l~ffU1J~~flfl'U 1'W 1~~1'il'W~'~'l ,*11J~~'W (non 
~d~ .q, ~rI, .q, e:t. .q, d..q,

protein nitrogen, NPN) C)f~:lJ'VI~ffUfl'W'VI~tll'lf'Wfl'j'flllfl:lJ l'Wflff~~ fl'j'fl'W1f1"lflfl (nucleic acid) 

II) " '"	 '" "" "'''' l' '" lIJ"lfl L:lJ'fl (amide) lfl:lJ'W (amine) ll"l~tIl~tI lI"l~ffUfl'W'W'VI~tI 1'lf'W uou L:lJl'WtI:lJfI"lfl L~'fl une 
'" 

llfl:lJl:lJlijtl:lJci"llrJ~ lij'W~'W (l'VIfl'floMtI, 2540) 

,	 e:t.~ l1) Q,I rI e! ~ 111 'JJ ms tlfltlll"l~ rnsl:lJll'VI'Ufl"lC)fll'IJfl~ffU1J~~ nnu L'W 1~ ~ l'il'W 'lJfl~ff~ 11fltl11flfl~ &'fl 

~I _1_llIJ" ""1' l' "" .:: '" '" ""1" dI l'iuu ruu L'VI'fl fl'j'flllflll L'W uneueu unuu ~fl'il1fl'W'W'il~1lfl1~ffmtl~1fl'j'flllfl:lJ L'Wff1'W'VI'W~ L'fltl 

'" "" .:, l' '" "" '" cl'1I) v ~ l' '" _.1 "'1'
fl'j~'U1'Wfl1~'flllflllll'W'If'W (deamination) L'fltlfllfftl~1:l'W'VI~tll'flllJ'Wllflll Llll'W tI ll"l~llfl"ll"ll-f1 L~llfl-

"" (	 v v""",,, .of '" '" " 0 lIJ_I'l V_I l' "'" " C)fff a-keto acid) (1Jty"lfl:lJ,2527) ll"l1~"l'W'VI~tI'VI~fl~1ff~11fl~'il~'W1 &lJ ','lflJ~~ LtI'lf'Wff~lm1~'VI 

~I "" '" "1'_1 '" " _I" c:I" lIJ l' "" '" "'" " llJ'W'il"l'W'VI~tI LlJ~~'W 11l1i1 (2533) flm111 80 llJfl~lC)f'W~'lJfl~ &'W L~~1'il'W'lJfl~'il"l1J'VI~tlf.1flff~lm1~'VI.	 . '" 
l'	 '1 v l' '" '''' _I "c:I " i v ""1' l' ' _.1 '" l' "" 
L'fltlfl1~	 'lfllfl:lJ L:lJl'Wtlff1'Wflfl 20 llJfl11C)f'W~ 'lffl'j'flllfl:lJ L'W L'fltl~H ff1'W llfl"ll"ll-f1 L~lIflC)fff fll'il 

'" , lIJ _I .A 'l v'l v _I .A .of ~I '" """"I I
\lflffmtl~1~fl &lJl'Wfl 'If 'Wfl1~ff~l~ffUlJ~~flfl'Ufl'W'l'VI~flllJ'Wll'VI"l~'W"l~~l'W 1'lf'W fl'j'flllflC)f~fl 

fl'j'fll'W~.yjflfli1fl fl'j'fl1fllC)fihVl1flll"l~fl'j'fl1fllC)f11mfl1fllij'W~'W 
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Iffl1UIOI (2537) mhTh 1J1:JJ1WllV:JJ 1:\.Jdjtl'l'W'lJv~l'I1'l1 1 'W m~l'rn~il:lJ'WI-tJ'W 
w I "I iI "I '1_ I '" w "'1 _ I '" iI '1_ I '" 

101 1flm~ 1J~ 1Jen ! '11 Vl 1l1JtI~ fl11ff'llt1'IJV~ ~ lJ 1101'W II'l~ fll1ff ~ Ifl1l~ '11 ~ lJ1 IOI'W til ~ lJ1 IOI'WQ nnmtI 

, d ~ , do Clo .c:t 0' 0 11) QI 0' d .c:::S QI 0 CiJ ~d cr d t

Vtll~11~m 11fl'W rmn 'il'l 'W Vl 1 tI'il~'W 1 A1Jff~lm l~ 'I1l1l'W l1J1101'W 'lJV~1OI1IV~ 'il~Vll ~ '11 :JJlltJ:JJ ~:JJI'W tlVtI 
q ~ 

1 'W 'lJV~ l'I1 'l 1 1 'Wfl1~ l'V'll~il:JJ'W 1'W 1J1:JJ1W:JJ1fl IW:JJ 1 :JJl'W tI'il~Qfl%1IPl~:JJ~l'W ~nr~ fl1~1'V'l1~ il:JJ 'W 

v • 9! ~ _I 0 j} ,j} ~ d '11) QI

(rumen epithelium) 1'IJ1,,!lff'WI'lVIPlHVtI ll'l~Qfl'Wll'IJ1,,!lff'Wl{lVIPlVlm~I'V'l1~il:JJ'W ff~ ~1JtI~'I1'lVIPl 
I JI, 

lilVIPl~l'IJ'WllPll'11 qj.yhJ1lilVIPl~IOi1J 'illflir'W1Oi1J'il~I1Jiltl'WllV:JJ l:JJlij til11'1-tJ'W~i1tI 1 IPltl~l'Wl{)~m ~i1 tI 
, '1 <!I '" dI .... ~ '1 ~ 'LII

(urea cycle) U'l~ff~VVfl:JJ1 ~'Wm~Uffl'lVIPl ~11t1ff1'W'I1'W~'il~Qfl'IJ1JVVflVlHlJffff11~ ~lPltlVl1 ru 
3J jJ d 1IJ ~ QI rlJ ~ 'I Clo Clo QI ,

fl1l:JJI'IJ:JJ'IJ'W'lJV~ tIl1t1- ~ 'W 11011 l'il 'W 1'Wm~llffmVIPl'IJV~ffIOl1Ifltl1IVV~Vtll 'W'lf1~ 10-30 :JJ'l'lm:JJlOIv 
~ ~ 

, JI 

IIPl~ilIOl1 (Perdok and Leng, 1990) 'I1lmh~l~tll'WlilVIPl~hfl'hwIlfflPl~il~1J1:JJ1WIIV:JJl:JJlijtll'W 

m~I'V'l1~11:JJ'W~1~IYltl~'V'lV llfflPl~ 1 ,r111'W'hl1J1 ~'Wl'Wm'l111l~IYltl~'V'lV !tI'i'l1lfl~lt1l~ tlff~fl'hrh 
~ ~ ~ 

Clo I Clo d 1IJ ,. Clo 0 ~ d Cll &:Sri 
1JnaufflPl ~1l1J 1:JJ1W llV:JJ 1:JJ1'W u- ~ 'W ~ 101 1 l'il 'W 1'W m ~ 1'V'l1~ 1 1:JJ'W snrunufl1l:JJ 'illllJ 'WVl 'il'l 'W Vl 1 tI'il~ 

~ q 

'lJ11 1Jl,*1J1~lt1'lfU IdV~'illfll1J1~'Wl'Wm'l111ff~ln'Wl1J fh111'1J1:JJ1WllV:JJ l:JJlil tI-1 'W1m1'il'Wl 'W 
~ 

J I I QI 0' .c:t d QJ ~ J 0 CiJ ~h::::l , 'I .. I Cll.dl .cI 

m~l 'V'l1~1 1:JJ'W :JJlfl'IJ'Wff ~ ~'lIOlVfll1ff ~lm 1~'I1 tIl1t1VlIOl1JI'V'l :JJ:JJ1fl'IJ'W Vll ~ 'I1:JJmff~fl1lmlJfllOl C}f~:JJ 
~ ~ ~ 

.c:t I QI 0' j} A 91 d QI 11) ...16) 0 QI d 

~'ll fftllOl VfflOl 111'l ~ ff fll'V'llldlPl'l V:JJ I'W V~ 'illfl 101 V~ ffilll ff tI'V'l 'l ~ ~ 1'W AlJ A'W m 1 m 'il IPl til 1 tlVVfl 'illfl 
~ u ~ 

I Iii, • 
• .c:I 0 QI 1IJ .... IG'I j} ~ 'JI.c9. .c9. Clo .c9. .c:l • Clo.c:l 

1l~flltl unuVl 'il~'Wl'V'l'l~~l'W ~ lJ ~ 'lf1'V'lVfll1ff1l~I'WVll'l~ 'W :JJ'I11Vfl'ilm1:JJ V'W"l II'l~ ~11 tlff1'Wlfl'W n 

.u1J(htlVVfl'WVfl1l~flltltiv 1,rlnlPl:JJ'lfll1~\9ivff.fl1'V'l1l 11Pl~V:JJ (Lewis, 1975) 

1'IJ:iJ'Wll'l~ff11~fl~lt11'IJ:iJ'W1J1~flV1J~1t11il101 m11JV'W (C) lfflIPl11'il'W (H) une 
q 

VVfl~I'il'W (0) 1-tJ'W'I1~fll:JJI'lfJ'l'IJV~1'IJ:iJ'W1J1~flV1J~1t1flillC}fV1'W(glycerine) 1 l:JJI'lfJ'lll'l~mlPl 
1iJ.... '1 dI ?I 1iJ .... <> '" .... <!I I .... liJilliJ .... '" <> iI '<> 
~ 'IJ:JJ'W 3 ~:JJmfl'l C}f~m'illlJ'WmlPl A'IJ:JJ'W'lf'WlPlllPltl1fl'W'I1 1Vm~fl'W AIPl ~ 'IJ:JJ'W:JJ'I1'l1t1'lf'W1Pl ll'l1 lllOl 'If'W IPl 

q 

'lJv~mlPl 1'IJ:iJ'W~I-tJ'W~h'W1J1~flV1J lltJ~VVfll-tJ'W 2 1J1~lflVlfiv mlPl1 'IJ:iJ'W~:JJ1Oi1 (saturated fatty 

acid) 1'lf'W fl11Pl1IV~~fl fl1IPll'V'l1-rivvufl une fl11Pl1Jd'Yl1fl 1~'W~'W ll'l~fl1IPll'IJ:iJ'W1~~:JJ1Oi1 

(unsaturated fatty acid) 1'lf'W fl1IPlill'Wm~fl fl1IPllvm~flll'l~fl1IPlill'WI'lUfll-tJ'W~'W (lffl1UIOI, 

2537) 

1:JJ1il (2533) mhTh fll11~:JJ1'IJ:iJ'W1'Wm'l111ij1J1~lt1'lfU fiv 1) 'lf1t1l~:JJfl1l:JJ 
I QI 0 GJ 'JI QI ~ J}QI QJ ~ J ,.. .::::1.::::1 I ~ 

'I1'Wl11'W'W'lJV~'V'l'l~~l'W m'ilVll A'11 fflOl1 AIPl11J'V'l'l~~1'W 1'V'l:JJ'IJ'W ~lPltll'Q'V'l1~m'l1l1Vl:JJfl1l:JJ'I1'W 1U'W'W 101 1 

2) 1-tJ urns1~:JJ1J 1~ffVlnfll'V'lfll1 1'*1J1~ lt1'lfU'illfl'V'l~Hl'W llPl tI1 'IJ:iJ'W~1 ff1:JJ 'il~'lf1t1l1l1 ,rfflPl~h'W 
.... l.a ~J YC) QI ~d dQl.c9. 

'V'l'l~~l'Wll'l~ fl'lf'W~V'W"ll'l1:JJ1~ff:JJtI~'IJ'W3) fll11'V'l:JJtil A'W,,!1OI1m'l1l1:JJ1~1Pl1J'lJV~I:JJ'lIPl1ity'V'l'lf,,!~
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•	 y y 

'j~~'lJfll1fi'U 1~'UtJ.:Jl'Hi'.:J,n'U VidmJ 1~1 ~ EJfll'j'VI~U'VI'UuiJ.:J~':HJ1 'U~'U l1.:JU 'il~t~ 'U rnsil i'my~ri'"J'U 

, 'JI 1'J1 0 1'J1 .... 1 ~I 11].1 ' .1" ~I'UtJ.:J tJ1111 'j11 Ell'lJlPltJtJl1111 'U'U 11 t111J1~ffl1 'VIl 11 m 'j1111fl 'U 'juruiuu IlJtJ EJl.:JlJ fllPl ueeru 'U rn 'j
'U 

~ <II\J1 <II : " , oC::ll1lJ QI , rid rI	 d
t~l1'j~~'lJ 1'U11'Ul'U'Ul'U11~1tJ UlPlfll'jtlPll1 t'Ul1'U1J1flfl'"Jl 5 t'l1tJ'jtCJf'U1Pl 'UtJ.:JfflPl'jtJ1111'jtJ1'il'il~t~'U 

'U 

.1	 .... I 1 1 0 1 'JI" 11] .... d1l] ,
m 'j€l~lJ 'j~ ff'VI'Ji mnmsEJtJtJ'U tJ.:JtCJf€l€l €l ff 'U m~ t~ 1~ 'j tl1'U Unem 1111 m 'j ff~ ffl1m ~ I'U11 'U 'VI 111 

'U	 'U 
, fJ/,	 j} 

fll1 \Vi'"J 1 'U t11mvtJ 1 'U~'U 'U tJfl 'ill flU 'U ff.:J tJ1'ilvi1111'tfi ~~ tJ.:J fl ~ U€l ~ tfi~ r:1~ il fl~1 'U fl 'j ~t ~ 1~ i tl1'U 

'JI 1 .-l 11] .... 11].1 "I .-l '1 0'1 'JI" .. 0' 'JI ,
(Church, 1979 tJl.:J ~EJ urm, 2533) t'UtJ.:J'illfl 1) 1'U11'U IlJtfl€ltJ'lJWtJ tEJ 'VIll11'il€l'U'VI'jElt'U1EJtJEJEJlfl• 

11] w ~I .. ' .... o' .. ~I 1'J1" .. 0'0	 11] .... 11].1"
2) l'Ul1'UtJ1'iltlJ'U~£jlPltJ~€l'U'VI'jEJ'lJl.:J'lf'U~ tlJ'Uf-.I€l 11~€l'U'VI'jEJ'VI1.:J1'U€l~€l.:J 3) m~ l'Ul1'UtJ1'illlJl1f-.1€l 

I91tJf-.lU.:J tCJf€l~'UtJ.:J~~'U'VI16 l11111'flln11.:Jl'U 'UtJ.:J~~'U 'VI16€l~€l.:J 4) m~1 'U~'U fflEJEll'"JtJ1'il 1 'l1l11 

e:t.e:t.e:t. QI do d e:t. d e:t. "	 0 C) " 
'l1t)mtJlfl'lJ'JiwJ'VIl1 'l1'j~~'lJ'"Jfl (cation) tfl~t~'Uffl'j'l1'j~fltJ'lJt'lf.:JCJftJ'U (isoluble complex) 'VIll11 

.. "c(lI]' 0 d". 1 1I].1'1'J1.1 1 c(lI]'JI~ 0'1'J1 '1I]'JI
'il€l'U'VI'jEJ l11ffl1J1'j(I'Ul'JillPl'VIl1lJ'j~'il'lJ'"Jfl IlJ t'lflJ'j~ EJ'lf'U t~ 'il.:J'VI1 t11fll'jEJtJEJ 1~€l~€l.:J (Devendra 

and Lewis, 1974) 
y	 y 

t'VItJ~o}fEJ (2540) mhT:h 1~EJ'l1fl~ffIPl1t~EJ'"JtfltJ.:J1~i''lJ1'U~'U'illfltJ1111'j1:U~.:Jufl 
da ~ QI tid l.1 QI I fj} ~ I 11) d 1	 .. 

t'UtJ.:J'illfl'Yl'lftJ1111'jfflPl'"J11 I'U11'U f1tJ'U 'Ul.:J\9l1 tJEJ1.:J Im\9l111 'U m~t~l~itl1'U 'il~l1m~'lJ'"J'Utl1U 'VI'lJtJ­

i1Ci111'UtJ.:J 1 'U~'U tJ~ 2 m~'lJ'"J'Ufll'j~'"Jmi'U 1~ttfi m~'lJ'"J'J mnuunu tJi1Ci111'UtJ.:J 1 'U~'U ~fflPl1i~i''lJ 

'illfltJ1111 'j l~EJ ~i1'U'VI16 U€l~m~'lJ'"J'Ufll'jff.:Jtfl'jl~11'" 'U~'U 1'U \Vi'"J'UtJ.:J~~'U'VI16 UI91~~'U 'VI16ffl1111tl 

'JI. 1	 1 0' 11].... '1 do.....-l 0 11] .... d 11] 'JI1I]. 1'1 'JI ~I .... 
1 'lflJ'j~ EJ'lf'U'illfll'Ul1'U t'U'UtJ'lJt'UIPl'VI'illfl~ t'UtJ.:J'illflfll1'UlttJ1fl'j~ l'Ul1'U'VII~ IlJ t'lftlJ'U~€l.:J.:Jl'U 

"I 011].1.... c(lI] .... '1 ........ 0' .. J 'JI .. "'I 11] .... 1 
11 'j tJ'U1 IlJff .:Jtfl'jl~11 I'U11'U t'U 1Pl'"J~€l'U 'VI'j EJm.:Jtfl~ 'U 'U 'U tJEJl1 lfl m su '"J'U rn 'j tl1U'VI u tJ€l CJfl1 I'U11 'U ~ EJ 

y 

~~'U'VI16ffl1J1'jtlU,j.:J 1~~.:JU (t'VItJ~o}fEJ, 2540) 

1. 1el1~'j 1€l~ff (hydrolysis) 'Yl'"JflfllU€lfl11Pl~.yj~ (galactolipids) 1lPlm~tCJftJ 1 'j~ 

(triglyceride)	 tm~vJtJfflvJ~.yj~ (phospholipids) ~t~'U ri'"J'U'l1'j~fltJ'lJri'"J'U1'HtY'UtJ.:J 1'U~'U 'il~~1'U 
11] 1 11] .. 1 11] o'd .. .. .. .. .1 ' 

m~'lJ1'Ufll'j lel ~'j I€lCJfff ~ElttJ'U ICJfl1'V1f-.1€llPl'illflU'lJfI'VIt'jEJ'lf'U~ lipolytic bacteria uneemuen­
.. 11].... dI 1 ..

1 IPlff	 (galactose) fl€ltCJftJ'jtJ€l U€l~m~ 1'U11'U (fatty acid) tJtJfl1J1CJf.:JfllU€lfl IPlffU€l~ fl€ltCJftJ'jtJ€l'il~ 

.... , 11] .Id ~I 11] .... d ,d. I 'JI 1.... ..
\}fl1111fllPltJ I'l1U€l~tlJ€lEJ'UtlJ'Um~ I'Ul1'U'VI'j~m EJ.:J1EJ 'VIlJ'j~fltJ'lJ~'"JEJm~ ~'j~tJtJ'Ufl U€l~l1m~utJ-

clf~fl U€l~fl'j~ihV11fltJ~~1.:Jt~mrtJEJ ri1'U 1'l1'j11PleJf1 ~'lJ';h 1:Uffl1J1'jtl f-.I~lPlttJ'U 1CJf1f~l11111'tfi~ 
11) lCS 9J	 lid ,e1 e:t. ~, " d <II QI ~ 'JIG.' I 

1el1 ~'j I€lCJfff1~ meinums1el1~'j 1 €lCJfff'U'il~tfl~'U'U f1tJ'U'Ul.:Jt'j'"J11€l.:J'illflfflPl'"J t~'j'lJtJ1111'j UlPlfll'j 

11) 11] d	 t:f Ill)" 0 "<11 <II d d 11) QI " tI QI d 

tel1~'j I€lCJfff'U 111 1~'VI111111'UUlPlfllPl'"Jt~'U fl€ltCJftJ'jtJ€lU €l~m~ I'U11'U 1~1111~ffl1'lJ'jtu EJ.:J f1.:J 11 1111 'U­
'U 

..	 11] .. "I ''JI ~ 'JI 
fl€ltCJftJ'jtJ€l (monoglycerol) U€l~ l~fl€ltCJftJ'jtJ€l (diglycerol) m€ltJtJ~'lJ1.:Jmfl'UtJEJ 

11] 1 .. .:, ." J 1 .... o'~ .... 1 1 ....2. lel ~'j'ilt'U'lf'U (hydrogenation) tfl~'U'U ~EJ~€l'U'VI'jEJ'VI.:JU'lJfI'VIt'jEJU€l~ 'l1'j IPlCJf'"J 
j/	 " I ..	 11] ...... 11] ,.. .... 11] 1 "11] 'JI .... 

1'Um~'lJ'"J'Ufll'j'Um~ t'Ul1'U'VIll1tJl1lPl'"J (unsaturated fatty acid) 'il~\}fllel ~'jt'il'U'VII~'illflfll'j1111fl 

o '1 'JI ~I	 11] .... d~ .... dI 11].... .. , .l 11].... 11] 1 
'VIllmlJ'Um~ 1'U)J'U'VItJl1lPl'"J CJf.:Jm~ 1'U)J'U'il~)Jf-.I€llPltJfJtufl1~'UtJ.:Jt'UtJ U€l~ t'U)J'U'U)J fll'j lel ~'j-



• • 
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Iii. I 

~t'Wi't,l'u1111~tn~ n'lJnH11'U~'W'lfij~ 111fl:U911l'Jn'lfij~ U'l~~'W1i~~'VJnU11~ vHh)~l 'W m~ 1 'U:JJ'WVll 

q CJ}QI .d QI a I g} eK 'QI 111 QI 1 .:=. ~ :'1 cu::t .... Iei 111 QI QI 

nHJ~fl~'Vl U'l~tJ~'I1'l~t'I1'lmHJ'lJ1~'UW)tJn'lJ1'U:U'WU\PI'l~'lf'W ~ 9l'~tlJ'W 11inl'HlJ'ltJ'Wm~ ~ 'U:U'W 111 n\PI1 
'U 'U 

.J lI].I?1 '" ",.J lI] "i "'.:.. ° 'I 51 '" .Id 0' •
'11 'W ~ nuu 'W Dn \Pl1'11'W ~ H'llll n ~ ff 1~ 'j" II t'W 'If'W ll~ 'Vll ~ mn ~ ms tlJ'ltJ'W \PI1U 'I1'W ~'Vll~ geometrical 

isomer (cis-trans) 1~i1tJn1l isomerization l~tJ~1Jn~m~ 1'U~'WlllnYl'lf~D~1'Wl'llU'I1'11~ cis fin 
'U 'U 

t1J~tJ'W 11Jt~'W1'l11t'l1ll~ trans ~ijfl1l:Ufl~911~~U'l~ij~~ melting point ~~n1lm~ 1'U~'W~l'lltt'l1'11~ 
.J lI] '" d ''1.1 .I "l 51 lI].I?1 .J lI] '" 'I' '" .. '"Icis 9l'~m~ l'U:U'W'VlDtJ ruru trans 'Wll~fln~~9l':ut'Ul ~lJtlJ'Wff1'W'I1'W~'UD~ l'U:U'W ~'W'j"1~f11tJff\PI1 :UH'l 

IU IU cu cu 

vhl,rm~ 1'U~'W'Utl~1:Y\PI1titJ1titl~ij~~ melting point rlD'W~l~~~ tm~~~n1lm~ 1'U~'W'Utl~1:Y\PI1 . . . 
~ ~~ 0 

m~t't'l1~t~tJ1'Vl:U~~ melting point \Pll 

'lI] "''I 0'l5JlI]5J lI] '" ",,1.J lI] ",d
H'llllnm'j"tJDtJ ~'U:U'W ~'Wm~t't'll~'j"t:u'W 'Vl1 m ~~m~ ~'U:u'Wtn~'U'W 9l'~m~ ~'U:U'W'Vl 

'U 

ijm{'lJD'W~ln1l 12 911 ll~\ln~~9f:umtJl 'Wm~t't'll~~t:u,o! ~h'Wm~ 1'U~'W~ijm{'lJD'W:Ulnn1l 12 

QI 111 ' 4:!l I QI eJJ ~ ~ rI 0 111 QI t=ll J'11I iI rI 
\PI1 ~:u ffl:Ul'j"fI~~9l':U Hl'W H'W~ m:::t't'll:::~t:U'W 1~ U'l~~'l'W 'Vl 'j" tJ'Wlm~ ~ 'U:U'W'lf'W ~'W ~ 1J1'lf1J'j"~ ltJ'lf'W 

lI]5J5J lI] '" ,.I.J, 'I '?I "'''' lI] "''I ..
~~'WDtJ n'j"~ ~'U:U'Wt'I1'll'W 9l'~ff1'W ~'I1tytlJ'Wm~fft\PItJm (stearic acid) une ~'lI:U'W ~'Wt9l''l'l'UD~ 

t=ll e::!J. " I l1J .... I QI 0 11) gJ d .c9 , 0 111 iI d iI.:=.,." ,
~'l'W'Vl'j"tJll:::Hl'W ~lJtJ~m lfft'ln U'l~\ln~~9l':UH1'W:U1~fl9l'lt9l''l'l (mucosal cell) 'Utl~m ~ffmm'Ul~ 

't "l .Ill] '" I d lI]' lI] "i lI] .. Ill]'" 0 lI] 51
'j"~'lJ'lJ'Wlt'11'lD~ 'WDnllln'W ~'U:U'W'lJ1~ff1'W'Vl umn ~ff ~~'j" ~'l9l'l'Wm~t't'll~'j"t:u'WU'l~Hl'W ~1JtJ~m ~ff 

'U 'U 

d :ct :, QlI ,g} QI~ .c91 QI 

mn ll~fln'Wl~ U'l~'WltJtltJllln\PI'lJtlD'W(pancreatic lipase) tJDtJ1~m~1'U:u'W 9l'~1l~fln~~9l':U'j"1:un'lJ 
'U 'U 'U 

~ ~ 

m~ 1'U~'WffltJ1:Y'W D~l~ 1 'j"~\PI1:U m~ 1'U~'Wtfitlm1~'I1:U~1l:::\ln~~9f:ut~1~1l~mtJ fill ,rm'j" ~tltJ1~ 
.d g} ~ 111 QI e::!J. I a ... 1 rI d rI QI 

'VlU'VlllH'UD~ ~'U:U'W (true digestibility) umineu 100 tlJD'j"t9l''W\Pl (t'VlD~'lftJ, 2540) 

" "qv "l'l "'.I.!O""!'1 
ms A'tifllfUUD ~UA'JJ~Vl'Ul~'JJunJUA'UUB1't'l11U'W~ 

'" '" lI] 'JI ° ~ 'I 51••1 'JI '" '" • I .. d "?I't'l'lftJ (2534) ~~'Vl1f11H'lm:l1nl'j~'lfYll~'Ul1'11:un~t'j"tJ5 tlJD'j"t9l''W\PI ruuerms 

.K 'I 'JI "" '" 'JI 'JI .J "" .1 .1 ..
't'l 'W jl'W 1'W U't'l:::'J n Hff:Ut't'lf1'fj\PlD'W 'I1'l~'I1 tJl'W:U tff'j":U ~ 1tJDl'l1l'j"'U'W 9l'~:U ~n'W lJ 'j"~nD'lJ'U tl~ mmnnu­

: QI rid rI g) I QI cf I lIJg) iIQI e:t. QI 

'Wl:U'W 0, 15, 30 une 45 t1Jmt9l''W\Pl 'UD~1\PlflU'l1~ 't'l'lJ1lff:u1J'j"~ff'Vl1im'j"tJDtJ 1~'UD~1\PlflU'I1~'UD~ .. 
Dl'l1l'j'l ~'l~D~l~ij,rtJi:hrlty'Vl1~fft1~ (P<0.05) tijDijm 'j"t-W:U'j" ~~'lJ'UD~f11n1J l~mJ

~

1~'W 1'Wmrn 'j 

g) a .... 1 rid rI 0 QI I QI e:t. c::.. ,. \111 

'U'WflD 63.35, 63.52, 61.89 une 61.77 tlJD'j"t9l''W\PI \PIl:um~'lJ ff1'WD\PI'j"1f11m)'j"tyt\Pl'lJ ~\PI'UD~U't'l~ ~:u 

ijfl1l:UU\PImh~n'W'VlNfft1~ (p>0.05);iD 24.7,20.20, 22.60 tm~ 18.60 ni':uI'iD911I'iDi''W \PIl:ui:ll~'lJ 
~ ~. 

ffl'11 i''lJ'Ul'11,rn9l'ln 't'l'lJ1l ms1,rvJl~~11'11~n~i~ tJ tm~tff1:U~1tJDl'l1l'j" ~'W '¥iijmn1Jl~:U'j.h~'W 0, 

.... I 0' d • e:t." QI QI I .... I 0' d 0'0' e::!J. 0 

15, 30 tm~ 45 tlJD'j"t9l''W\PI :um 7.90, 7.30, 7.10 U'l::: 6.20 n ~'lm:u m:U'll~'lJ ff1'WtlJmt9l''W\PI9l'ln 

QI 1 e::!J. ,rid r/ : QI cS ct.e:t. 0 QI e::!J. QI ,

\PI~u\PI~:um 46.00, 45.70, 45.40 U'l~ 45.60 t1Jtl'j"t9l''W\PI 'UD~'Wl'11'Wn:JJ'lf1\P1 \Pll:JJm~'lJ U'l~:JJff~ff1'W 

Ado QI d lIJ 'JJ 1 d 111 g)QI g) QI e::!J. 

t'WD : m~~n tU'W 2.5, 2.2, 2.1 U'l~ 2.1 m:JJm~'lJ ll:::t'I1'W 1~1l U't'l~'Vl ~~'j"'lJvJl~'Ul1'11:JJnm'j"tJ 5 
'U 'U 



~t;!n SL"6~ 161r1161fu.l:.lJ,H.LUL.l:.16(Ut 16I'tSb1Wr1 sz ~t;!n 0 I'trtLl'trtt;!Lr~t;!rtm1,@I'tYULUlH..~r1(.w~.l:.r 
'" '" "'''''I' 1"1' "'; I' 1": " 

~rtkb.l:.LH,l@r1k~~~~Mll r1~L!i!rtL16 rt!-@~t~@~rtkU ~9'61£ zun a"o~£ 'SO'£L£ '9~'OL£ 

'L l'OL£ @~ (~O'O<d) ~gm'LlA,rt1!t-L~U16nf1:~ ~rtH,t-~ULH,L@t-@fi.~~ rt~.l:.LurnLrt~rL~r1M l&rt~lt-Lr@ 
~ . 

16rtSbH.@rY9 rnyf)urtH,tLfi.t-tWLlJ,@t;!H,YRum.l:.~~~Mng~l t16UrtH,Lrtt-@fi. 16rtSb1Wr11 r1~~.l:.I't1, 
I' 1" I' "" "''' Ii' "''' '" "'; I' 1" I' '" 

16rtSb1Wr1 001 ~m1 ~L 'O~ 'sz '0 I'trtLrtrtt;!Lr~t;!rtm1,@rtlULUgt~r1@U~.l:.rlA,I'tfi..l:.LH,l@gt~rt.l:..t;!l 
I' PI' "'; I' l' :" F''' "'" 

MUM1 (16I'tSbH.@r1 O~ rtgmnt;!ul t-@nlLrtM x ou~ t-@rtmMy.rtM) rt.t;!t1IU~~MmUtL@rtLt;!L16L I'tULU 
" I' 1" I' "" I' '" Ii' :1' '" ; 

rt.l:..t;!Y 16I'tSb1Wrl1 9 g.l:.lf)UrtH,tUl.t-t.l:.ULlJ,@t;!H,YRUUl,1 .l:.LULRUU (Lv~~) 16l'tgL.t;!
 
'" I' 1"1' I-"" "''' Ii' "b ~ I' '"
 

~Mnru H,L.t;!I'tLKI'tM.l:.LH,l@I'tf!Yt-'trr1.l:.r@Mm .l:.yf)gt~ urtH,tLfi.t-tWL lJ,@t;!H,1 It) 0 It p Ita If' J=l' (6 It) (6 Ji:' 

Ruml rt.l:..t;!lJ(,llA,rt.t;!~LrtH,YlA,r1~~.l:.l'tm16rtSbH.@ry O£ r1~~.l:.lA,l'trtLl'trtt;!Lr~t;!rtml @rtlULULtrtH,YH,1 b l;iI' hip F It) IP I' P,D Itl F' 1t):,P p b It P b (6 I (6 

t-~.t;! mRU~.l:.LUt;!t1I (~O'O<d) ~g.t;! t-LlA, 1't1!t-L~U161mrtYt~LM1~WULlJ,tt;!H,Yt-@fi. nLt-L~-~Wl'tijmLU~ 

LijH,1 turn 16I'tSbYWr1 ~v ~t;!n O£ '~1 r1~~.l:.lA,l'trtLrtrtt;!Lr~t;!rtml @rtlULUrt.l:..t;!H.LU Ltr1M rtf1:1t I (6 b 0 Li,P P,D It) F' 1t):,P b It ~ • I p 

-~LMY~Wrtl t-t;!rlnl'tgt;!rlH.LUl'tt.t;! (r1~Lt;!rtL16 16I'tSbYWrlY ~v ~t;!n O£ '0 r1~~.l:.lA, rtt@16rtW £~'g£ b 1-pl-I 0,P P,P I'" It) Fit). It) It) 

~t;!n 1~'l1v 'v9'0~£ r11!r1gl&l OO'g~) 00'0> d) ~g.t;!t-LlA,t-~fu~L~g.tt~t-Lr@r1~~WL1.L~Ut-~~~I't~ 

lA,t-H,nl:J16UnLrt.l:.rlH,1 t;!t1It-.t;!16I'tSblWr1 ~1 r1~~.l:.lA,l'trtLrtrtt;!Lr~t;!rtml @rtlULUrt.l:..t;!H.LU (r1~Lt;!rtL16 F (6 l;lrl "'(6 b & I' P,o It) FIt);,o p b It b f!) It) 0 

16I'tSblWrll ~v'L~ xun ££'6v 'Sv'Lv) 16I'tSbYWrlY ~v ~t;!n '~1 '0 r1~~.l:.lA,ULlJ, (~O'O<d) t-L16U16nrtl I' 1"1' I-I' 1"1' I-'" F' I I III 

16n 16I'tSbH.@rlY ~0'~9 r1ULlA,Y~~to~ I'trtlt~LMY~WI'tI t-H,nl:J16tt-@fi.gLt;!.t;!g@g.l:.LULijrt g.l:.lf)gt~UrtH, I ,0 P I' I'" It)I b (6 It) I I I=l" I=l" (6 I'D 

16I'tSb1Wr1 O£ I'trtLrtrtt;!LrL~t;!rtml @I'tYULUrt.l:..t;!YtLfi.totWLlJ,@t;!H,lRum.l:.~1 lA,~Mmtr1M rtgmn I' PI' It): I' p hi It b (6 Jr' ft)(6 Inp I I=J' 

t;!Ulto@11 x glA,1 t-@rtmMrt.t;!t1IU~~Mllt-gt;!l g.l:.yf)gt~UrtH, 16I'tSblWrY ~v ~t;!n O£ '~1 '0 r1~~.l:.lA, 
In Ir' !l' :' 1:7 (6 It) I' PP It) F 

nrtLl'trtt;!Lr~t;!rtm L@I'tlULUrt.t;!t1ItLfi.t-tWLlJ,@t;!H,YRUYJ(,l,.l:.LULRU~ (£v~~) L.l:.16rt~ 
"'; I' 1": " Ii''' '" 

~~lA,rt.t;!~LrtH,mLtijrtLtr1MlJ,UKR.l:.UYt-11rtlUnf,LlJ,M@f1:1t-Sb lA,Lr1 is': rtrtLrtrtt;!LrULUrtrtllA,l'tfi.
F I=J' • bib b If' f' It): I' 1='1 Inf" (6 

bb b 

.l:.LH,l@r1.l:.~IlA,rtt;!ULtUL16I'tlA,rt16J(,1 ~t;!11 I'trtLl'trtt;!LrULUrtrtllA,I'tfi..l:.LH,Wr1.l:.~IlA,rtt;!Ur1Ut-gijmUI 
i'O(6lnp II ~ "" hi I'D: I' 1='1 lrlp " ff)(6lnf' I It) 1=1(6 hi 

~11 rtkb.l:.LH,l@rtL L:, 1't~r1~~.l:. rtLtLf;1.f1:.!i!LrULUrt~.t;!H.LUL~Ut-~161 r1~lfu~lJ, 1.!:.LUL.l:.16~@~t;!t1I~ULlJ,to@!:l
.. ~ 

.!:.LH,l@.l:.16~1't1 16I'tSbl.!:.@r1 O£ I'trtLl'trtt;!LrULUrtlA,I'tfi..l:.LH,l@J(,1 H,1 LI't~I't11tolJ, Ut;!H,r1LgH,.l:.LH,L@
b.. l' I' "'; I' ""F' " "b"b 0 IY '" 

rtf!Y16I'tSblWrY ~ g.l:.lf)UrtH,tLfi.t-Lf;tJ(,l,g ~l rt I1LgH, tot;!H,rt.t;!t1IU~~Mll t-gt;!H.LUnLnI'tt-~ n~Lt;!rtL16 
p,o p,o I=l" ttl "" I It) r ~ It) It) 0 

rtWt;!lU 1 rtMYlA,t16UI'tIA,LI't@16lA,Lr1 9L"S ~ml 00'01 'SO'6 rtL1.l't16rt 16rtSbYWrlY ~v ~t;!ll O£ It) b ?' F It)It) : I "I=J' I' P I' I­

'~1 I'tLtLf;l,rt.!i!LrULUto@fi.r1@U~.l:.r I'tt~~ l&I'tkb .l:.LIA,Wgt~rt~.t;!lULt IA,to Lf;tr1k~~ l&~Mnl'tt~ rtkUt;!W ~ .. 
1 rt MlU nH,L 1't@16lA,Lr1 g'Z1 oij ~~lA,t-~ nL1. 1't16J(,1, nruI'trt t;!Lr ULUrt.t;! t1Irtl unfi..l:.L H,L@gt~rt.l:..t;! 1 

~ It): • F "" It): I IJlp (6 b Ii? I' " 

ULtIA,t-Lf;tr1k~ ~ l&~M 11 L~r1M.l:.LH,WL~ 1'tL1. I't~Un.l:.LlJ, ~@~Y~11 rtLtLttrt.!i!LrULU~f1:~ l&I'tkb .l:.LIA,l@gt~ 8I If I 

rt .l:..t;!lUrt H,t-LM.r1.l:. ~1 lA,~MlmU l'tut-gijmU1ULSb16I'tSb1Wrl1~t;!11 161r1161fu.l:.lJ,H.LUL.l:.16@ ~1 I'tUlA,t-1A,11 b It) I.... 1'0" In F' It) It) I=J'"b ,0 P I ... b bit)" In '=" F" I' 

-l:J16UnLrt.l:.rrt L:,toL16r1 ~~.l:. rtrtL I'trt t;!LrULUrtlA, rtfi..l:.LIA,L@gt~ rt.l:..t;!mLKI'tM.l:.LH,L@rtf!l 16rtSblWrll 
It) b I=J' I It) It): I' I=J'F' " " b It PI' PI' 1­

Ll 

mailto:H,L@gt~rt.l
mailto:L@I'tlULUrt.t;!t1ItLfi.t-tWLlJ,@t;!H,YRUYJ(,l,.l:.LULRU
mailto:t-@rtmMrt.t;!t1IU~~Mllt-gt;!l
mailto:t-H,nl:J16tt-@fi.gLt;!.t;!g@g.l:.LULijrt
mailto:t-@rtmMy.rtM
mailto:I'trtLrtrtt;!Lr~t;!rtm1,@rtlULUgt~r1@U~.l:.rlA,I'tfi..l:.LH,l@gt~rt.l
mailto:I'trtLl'trtt;!Lr~t;!rtm1,@I'tYULUlH..~r1(.w~.l


Ib 

@f!l!.LHL n!.l!l~ nL rtLtLr It~ L[1~ ~1t1 n L@P1 U LUn,~~!. t-@n.l1H LRU~@~I "Z 

~Mllt-@n.~l rmrJ!.LU~l111 ~1 rtU!.LU jl; III I jl; III '=' 

mLIt£.[1@f!l !.LHL@!.l!l~ nLrtLtLrlt~L[1~ ~1t1 nL@P1ULUn,~~!.t-@rbl1H LRU~@~l "I 

W!.l!lRU1 

nl!l~l1H nr.:pt-l1Ll!lLt nu'rt l!lrJt~~l tl!l~l!ll1HlHLItL~HLl1Ht-~~11 t-~ L, rt@n,~(jl!ltn,U Itt!.nItL nrt l1L[1 I 5=7 l' ~ F' (6" (5 LV I'D '=" (& I f" If '=" I'D I'D I fD;, ,g 

-~~ltm L@p1ULUt-@n.It~~LItH1~n,~~!.t-~LRU~!.tLbt-¥U~ 1t~1It~ltqWt-~ rt~l ~!.[1rt LrJ~SLRU~ 

Ib IbIb 

!.LUIt!.tLbt-11 ~ULI1Itt-rJl!ll LbLIJrt1t-rJl11Lt rtrJn,ml1Ult-@l1 x rJLtl t-@ltmMIt~HUl1~Mllt-@n.rtlt1!. 
5=7 l?' It) 05=7 fD(5 bb 5=7 5=7 I=J' k Ii' Ii'

... .. 
-~LM1~!.U n1.LrJLtSUtl!).~l1ll UsH!.LUnr,n,~!. U @f!lrt!Jo!.LHL@rt1.rtLtL!1.1t~L[1~~1t1 rt 1. @1}1 ULUn,~~!. 

.. .. •. t-@lbl1H n,.vtfJ~l~rJ~S!.LUl1HrtLt-rJL!. ItLl!l~!. LHr@ t-~ mLIt£.[1rt1.~L ~Mll!.LHL@n1.n,@u~!.[1rttP 

rtlJmItLrtltl1L[1~l1ltm 1.@rtlULUJr, 1.lHLItL~ Lt~L rtHl~I1!.L~U@1Itt!.n,t!.!.LUU LI1
'" "':" '" :r jl; Ijl; '" 

!.LHL@!.l!l~rt1.l!lrt~1!.@[1l ~Z rtu1It1 rtItLrtltl1L[1~l1ltl 
v "''' '='. "':" '" 

-n1.@rt1ULUJr,1.!.tLb rt rt rtItLrtltl1L[1~l1ltm 1. @rtlULUrJt~n,@u~!.[1Ltrtn.!.LHL@rJt~lt!.m ItrtLrJ Ht-l1H 
It (5 ~fD:,D ~ !t " FIIi /6'=" I fD 

HUMll!lrt~lW[1l O~ rtrJmiil1ul x t-@lmLt1t-@ltmMIt~HUil~Mllt-rJl11!.LUrt1.rtL.~rtMn,LrJH!.LHL@ 
jl; ""''' '" ... :r r :r 
rt 111Jr,1.Lit l1Ll!lLnuLUIt!.~ 1l!l rt~l W[11 9 rJ !.1~ UltHtLn.t-tWLI1@l1H1RU1Lrt!.LUrt n t-~ n,~ Ll11t Ll!l lfilri : b,o PI' Pit)" Ii' ~fD (DO 0 

tl!l@l!lLtLn, 99"£9 ~l111 9t"Z9 '~9'£8 'ZZ'901 n,ULLtmLtl111@l!ll1HHl l!lrt~lWrLl 001 ~l111 ~L 'O~ It) I fDa Itib,D f'F' 1-. 

'~Z rtItLn Itu L[1~ urnn1@rt1ULUrJ t, ~ nsu~!. [1Ltrt n.!.LHL@n,Ultt!.l1Ll!lLrtUL UIt!.~m !.l~ UItHtLn.t-t!.
I'D; I' P b It Iri F' Iri fD I: b J:7 I'D " 

b Ib 

ULI1@l1H1RU1l1!.~1 Lt~Mllrtt~ tl!l@l!lLtLn, 6L"811 @Lb ~~t-~rtLtlln,@l!ll1HHl rtItLrtltl1L[1~l1ltml ern Ir' 10(6kp I fD Ii' " bit); I' p b r • 

-ULUUftL ~ rt!Jo!. LHL@n,.vItt~ l1Ll!lLtt ULUIt£.~m ~l~UsHtL!Jot-tWLI1@~H1RUl n,k~ L~ ~M11 L~n,Mltt!.
... . 

rtu'rtl!l~LbrJ~lrtLt1111@l!ll1HLm!.LI1M@ltl~l111 n,~Ll1ItLl!l uut vO"lv ~l111 vv"~v 'O~"lv '1£"L£ '9v'~£ t£b b~ (DO 

n,.vL!A.lltkUl11~ 1 1t~1UltHL!1.@f!l!.LHL@L~rtU,rt~n,kHLP (~O'O>d) n,~L~ItLl!l rt1-@f!lt~@f!lltkU
. .. 

00'81 ~l111 ZL"61 'OO"VZ l!lln,l!llm!.I11!.LUL!.l!l@Itt-~ l!lrt~lWrL1 001 ~l111 ~L 'O~ nru.nrtuuusurnru 
'=' '=' "''''r''' "''' I" "':"I" '" b 

-@1}lULUrJt~n,@U~!.[1~rt!Jo!.LHL@n,k~L~~MllL~Ut-~ n,~L~ItLl!l (~O'O<d) rt1-@f!lt~@f!lltkU %'LZ 
.. .. 

81 

mailto:1}lULUrJt~n,@U~!.[1~rt!Jo!.LHL@n,k~L~~MllL~Ut
mailto:rtu'rtl!l~LbrJ~lrtLt1111@l!ll1HLm!.LI1M@ltl~l111
mailto:LHL@n,.vItt
mailto:ULI1@l1H1RU1l1!.~1
mailto:t-@lmLt1t-@ltmMIt~HUil~Mllt-rJl11!.LUrt1.rtL.~rtMn,LrJH!.LHL
mailto:rtlULUrJt~n,@u~!.[1Ltrtn.!.LHL@rJt~lt!.m
mailto:LHL@!.l!l~rt1.l!lrt~1!.@[1l
mailto:t-@ltmMIt~HUl1~Mllt-@n.rtlt1
mailto:L@p1ULUt-@n.It~~LItH1~n,~~!.t-~LRU~!.tLbt-�U
mailto:nL@P1ULUn,~~!.t-@rbl1H
mailto:LHL@!.l!l
mailto:Mllt-@n.~l
mailto:t-@n.l1H



