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Abstract

The research aimed to study effect of by-products from oil palm of total mixed ration (TMR) in goat
feed for nutrient utilization, volatile fatty acid, and blood metabolite in goats. Five Thai Native x Anglo-Nubian
50% crossbred male goat, 1.1+0.02 years old with average body weight (BW) of 25+3 kg, were arranged in
5 x 5 Latin Square Design. The goat were fed with ad libitum of total mixed ration of rice straw 30% (RS
30%) (TMR1), total mixed ration of oil palm frond 30% and palm kernel cake 20% and palm oil sludge 30%
(OPF 30% +PKC 20% + POS 30%) (TMR2), total mixed ration of oil palm frond 30% and palm kernel cake
40% (TMR OPF 30% +PKC 40%) (TMR3), total mixed ration of oil palm frond 30% and palm kernel cake 20%
and palm oil sludge 20% (OPF 30% +PKC 20% + POS 20%) (TMR4) and total mixed ration of oil palm frond
30% and palm kernel cake 25% and palm oil sludge 25% (OPF 30% +PKC 20% + POS 20%) (TMR5).

The results showed that dry matter intake and protein intake in the goat group fed TMR2 and
TMR4 were significant higher than TMR1, TMR3 and TMR4 (P<0.05). The digestibility of dry matter in the
group fed TMR2, TMR4 and TMR5 were significant higher than TMR1 and TMR3 (P<0.05). Moreover, the
digestibility of crude protein in the group fed TMR2 and TMR4 were significant higher than TMR1, TMRS,
and TMR5 (P<0.05). The highest nitrogen balance was in goat fed group TMR2. And the nitrogen balance
was significantly different. The mean of acetic acid in rumen fluid in the group fed TMR1, TMR2, TMR4 and
TMR5 were significantly higher than TMR3 (P<0.05). Furthermore, the mean of propionic acid in group fed
TMR3 and TMR5 were significantly higher than TMR1, TMR2 and TMR4 (P<0.05). And the mean of butyric
acid in the group fed TMR1 and TMR5 were significantly higher than TMR2, TMR3 and TMR4 (P<0.05).
The pH ammonia nitrogen concentration in rumen fluid, pack cell volume, blood urea nitrogen, and blood
glucose of all groups of the goats were also not significantly different (P>0.05). Thus, the by products from
oil palm as a total mixed ration source, had no effect on feed intake, nutrient utilization, volatile fatty acid,
and blood metabolite in goats.

Keywords: Oil Palm, Total Mixed Ration, Volatile Fatty Acidn, Blood Metabolite, Goat
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miﬁﬂmm‘;ﬂ%@qLLﬁaﬁnaaé’@léiﬁua%}ﬁuﬁaﬁaﬁluq e ANNDINTLNG PRSI WaESRTIMStioLFaA
nadelalunsumny swesnmfimmseylunsumendn upsfanIINMaLEBasiaIMe (Teimour, Vali-

zadeh, Christensen & Eftekhari, 2004)
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Panmmsiule arnsnsndSathassi S
(nguiﬁqttﬁe@iaﬁ%@iﬁ%) TMR1' TMRZ* TMR3® TMR4* TMRS® e
i’mquﬁa 775.12° 1,513.32° 908.62° 1,270.48° 1,428.6° 19.92
Tus6im 12376 302.65° 175.69” 268.99° 272.45° 454
kg 157.63° 297.80” 287.17° 435.87° 461.70° 34.09
Snlusaglad 96 50° 247 60° 108.90° 251.80° 245.70° 0.00

AEnG) " Means within the same row with different superscripts differ (P<0.05)
SEM: standard error of the means
nIWEsEISarheI 30%
ZgwnanaNESavnsluthasshsman 30% mnthasshsie 20% mnaenowhastngis 30%
omnaWasENSaNIlLThassSmn 30% mnthassii 40%
‘gwnanasdiSamsluthasshsumsin 30% mnthasshai 20% mnagnowhassihgie 20%
“pwnansndSameluthasehshmsin 30% mnthasehdhs 25% mnavnavhassigie 25%

T 4 wuiwﬁmizﬁmﬁsmiéaavlasﬂaﬁml,l,ﬁ@ wuneileSuas TMR2, TMR4 uay TMRS ﬁm'wgm
A lasuems TMRI uay TMR3 LL@ﬂ@INa&IINfIﬁHﬁWﬁiyV]Nﬁﬁa (P<0.05) Fasmnunediladuans TMR2,
TMR4 Waz TMR5 ﬁﬁ%mmm‘sﬁﬂgﬂaﬁmqLu;aqméwLszﬁVLé’{%fummi TMR1 uat TMR3 3eaona ndinnlszdnans
Qaﬂ%maa’i@qLLﬁnqwmvl,ﬁgw wonanidsssavismsses lavadlusiu wumunedi lesuewns TMR2 uas TMR4
ﬁéwqanﬁ%wﬁﬁ%ﬂmmi TMR1, TMR3 uas TMR5 LL@ﬂé?@aéwaﬁﬁaﬁwﬁ@wNaﬁﬁ (P<0.05) BedaniusiiunRsnms
msilemactusindlsune aQwﬂsﬁmmﬁmmgﬁw%miﬂaavl,gmaawﬁaLﬁﬁagLLagéﬂIuLsﬁa@Iaama@LsznﬂﬂéﬂsJ‘Lmﬂ@mﬁu
estiA SsnnmAnmeseiinaliesiunsAnmees Soulinthone & Khejornsart (2016) fimesmmunsiilasy
owmsnandGaninlng luossuasvharmiduemsuwasemameny wum fmdassansmateslosestaraa
wasAnTwaaglaaorluya 48.91-49.97 %uas 45.72-49.29 %

' ¢ ' v 6 3 M Yo § Y o o °
G]'li'l\‘lﬁ 4 ﬁNﬂiSﬁWﬁﬂ?iHaH\tﬁﬂaﬂiﬂﬁug (LUB?L‘%%@]) “ﬂ'rNLLWSWVLGWT]JV]'N&LUﬁ']ﬁEJ%']N%WNﬂi%q@ia'm']‘iwﬁ&lﬁ']L%’ﬁ]

1 v ¢ sﬂ’ v o
SuilseRviamssa o annswsadSathasiuusin
g € SEM
(Wasidun) TMR1' TMR2* TMR3*® TMR4* TMR5®
AU 58.95° 85.72" 75.63° 80.00° 81.18" 2.67
Tus6i 44.98° 71.80° 60.31 67.20° 63.83° 0.00
WIILTRE 49.20 51.62 51.12 53.17 50.96 456
Snlusaglad 36.93 38.36 4019 4480 4692 5.02

NIV P ¢ Means within the same row with different superscripts differ (P<0.05)

SEM: standard error of the means

TnsaNEISaneg 30%
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ZownanancSavnsluthasshsman 30% mnthasshsie 20% mnagnowhastngis 30%
sownanssdSamaeluthasshabmsin 30% mnthasshass 40%

‘gwnanasdiSamsluthasshsbmsin 30% mnthasshas 20% mnaznowthasshiie 20%
sownanssdSameluthasshshmsin 30% mnthaseidhs 25% mnaznowhassiie 25%

ot 5 usmseBaadulasauiuny sy Ilpsauiituoanuasauaaradiuloman wum Tulpaau
funedilasuawms TMR? ﬁéquqw (44.14 n3umashaat) wanemenuneAilasues TMR1, TMRS3, TMR4
1ay TMR5 LL@ﬂéWdﬁuaQwaﬁﬁaéwﬁ@maaﬁa (P<0.05) wonaniin hlasisdiseanlsume flasuamns TMR2 &
éwq@q@ (25.00 nSumasamau) upneenundilasans TMR1, TMR3, TMR4 uay TMRS wanenaiuaensd]
Wesh A meaiia (P<0.05) é@Nasl,ﬂ;am@amaﬂﬂmmﬂmmﬂémﬁﬁ@ﬁ@aqw (19.05 n$umadhmniuy) %@meﬂﬂa;mﬁ
@'1634QamaﬂﬂmmmﬂwaﬂLLﬁ@ﬂﬁLﬁwﬁLL‘wznﬂm«j34mmiﬂ%ﬂiﬂmﬂmﬂiuImiLauVL@:ﬁﬂixﬁw%nwwﬁ;umqm arnls
Sonsunedilasuem TMRI fensunpaadulasanshge amﬁaamﬂLL‘W:mfc}:Nﬁmaaﬂgﬂ?u@p?[ﬂ@m@ﬂumms

Aavhamlnsngaiounashulasianlugasoms Wosmnsziulisfiulugasommsosumengsiilauosiga
l ' v ¢ v
a1l 5 eannaasulasiaurasunglasumsluthasshifmdinlugasamsuasdise

¢ !; v v
1ulasian ansnandusathasisiumdin
v ' v ! v SEM
(NSNADAININ) TMR1! TMR?2? TMR3’ TMR4* TMRS?®
Tlestan losy 13.27° 4414 20.42" 32.91° 33.04" 345
Tlsstaufiduaan 12.84" 25.09" 12.90° 16.74" 17.91° 456
aunpuasiulasian 0.42° 19.05° 751" 16.18° 15.13° 1.24
EEL &b ¢ Means within the same row with different superscripts differ (P<0.05)

SEM: standard error of the means

pwnInsNd IS 30%

swnanasdSamsluthasshshumsin 30% mnthasshahs 20% mnaznowthasshiie 30%
NSNS LT As S 30% mMnthassini 40%
‘gwnanasdiSamsluthasshsumsin 30% mnthasshai 20% mnagnowhassihie 20%
“ownansndSameluthasehshmsin 30% mnthaseidhs 25% mnaznowhassihie 25%

a9 6 useseeaTunIaas mussludielulasias LLa:mi@%ﬁuﬁizmaﬁwﬂummwzgmmaum
ﬁ»l,é:%fumﬂ,uméuﬁwﬂmﬁﬂhqmmmiwamwL%a wUMeNIETN IRt s 0, 4 uazeina e
mﬂﬂi“LWW”iLM%ﬂaﬁLLW”%ﬁ 5 ﬂémaalsl,wﬁaa 6.52-7.58 ?fmaﬂwﬁaa*’?‘immvﬁmiamialaa%mmLﬁ'aélaLLaUIﬂsﬁwua@
‘-Dﬁ%“/li&ﬂ%ﬂium%im% (Wannapat, 1990) mmmwmmmLL@NI:NL%ﬂ%I@liLﬁ]ﬂ%ﬂ@qma’mﬂmumuﬂwmﬂmw 0,
4 UAYAIAALYBINGS 5 ﬂamaﬂwm 14.20-17.96, 15.16-23.73 L@y 14.67-20.85 Naaﬂismamsﬁam I@amm
L,iyjmijumLLasﬂmmﬂﬂmmﬂmammmﬂmumwuﬂmaﬂumaﬂﬂmﬂa 10-30 NRANSNADIATART TIMaNEAD
mmﬂymﬂmamamw (Perdok & Leng, 1990) mmadm@%mﬂi:ﬁmElvl,@aluﬂizt,wwzgmmuaQﬂumm LAy
aah{ﬁi”ﬂamaaammﬂuﬁwﬁm awm‘wmm”sl,ﬂ;m@av%@?ﬂhﬂ%mmmﬂ LLavélﬁ;ﬂiﬁimﬂaﬁﬂiuﬂ%mmﬁamﬁa
RS INUL A NA (Dijkstra, 1994) AR ﬂimmmmufmﬂﬂaﬂwaWﬁ uay

4 ‘H’JING Mﬁﬂ%m‘ﬁﬁ LLavmmasﬂ,mwmawi&mmmmﬁmﬂwmmﬂumaummmmmw 1,2,4u885 N@ﬂﬂdﬂ’ﬂ
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LmeawvlmummimmmLiamﬂmmammmmamw 3 Lmﬂmaammam@mmaﬁm} (P<0.05) ﬂ’mmﬂi@
IW?WI@%HSLWHNLMﬂQQWﬂﬂi”LWW”iLNWEﬂNW 0, 4 LLavmmaﬂmmmamﬂmvamwamw 3 uay 5 Nmmmw
ﬂaw 1, 2 Uay 4 Lmﬂm@amwuamﬂmmqﬁm (P<0.05) muﬂi@mmﬂhﬂiuwauaﬁmw 0 ﬂrjﬂmmﬂwmmi
LLaummaaﬂmmﬂ@mmm‘mammLiwﬁlmmammmmﬁmw 2 Ay b Nmmmmmw 1,3 uag b LAneS
ammamﬂmm@aﬁm (p<0.05) muﬂi@mm@hﬂsvmvmm 4 Eﬁﬂmmaﬂmwmﬂmmvw\lm‘ummiwaummma
hﬂmmmmwmamw 1,2u8e 5 mmmmmmﬁ 3 Uay 4 Lmﬂmammﬁmﬂmmnaﬂm (p<0.05) Cheva-Isaraku
(1999) iwEmuma@mmaaﬂi@iﬁmmaymmﬂumumugmu I@mi@%wwsvmmmwwummmj@ﬂa NIABYEGN
60-70 % n3nlalalin 1820 % uaznsethnian 10 % uardnamansnosifnuaznIelnsAlatin (C2:C3) Fumangas
Sluﬂszl,wwgl,wmﬁéwagizwﬁm 1-4 (Wannapat, 1990)

9199 6 manaiunsaes (pH) Ussnomasilaniieulasian (NH,-N) nazBanaunse leshufisumeng (Volatile

Fatty Acids) SL‘%ﬂit by LNWIJ@GLL‘Wﬂ%’sﬂ@limﬁﬁwﬂNﬁﬁ 5a

. amsnasdEhash s
Tadefidnw SEM
TMR1' TMR2’ TMR3’ TMR4* TMRS’
éwmmﬂ}m@l@ﬁ@
0 %jﬂmnauslnfmmi 758 7.40 7.00 7.46 7.30 0.19
4 ilowilelnarms 6.67 6.83 6.52 6.80 6.90 378
WAy 7.13 7.14 6.76 7.13 7.10 2.34
LL@NINLﬁEM[@Emu (HaanSNLaTANT)
0 lnaulyams 14.20 12.14 17.93 16.69 17.96 2.33
4 ﬂ“ﬁﬂwé’ﬂwawml 15.16 18.06 16.24 19.87 23.73 1.15
Wi 14,67 15.10 17.08 18.28 20.85 456
nIABYEn (Lﬂaﬁﬁmé)
0 Flanaulyemns 65.80° 61.44° 56.30° 62.49° 59.60° 112
4 Filowilelnarms 69.78° 69.55° 58.51° 63.23° 65.31° 167
nde 67.79° 65.49° 57.41° 62.86° 62.46° 2.56
ﬂi@IWiﬁI@ﬁﬂ (ymagl,%ué)
0 flnaulyams 19.85° 12.92° 31.88° 26.79" 25.38" 129
4 ilowilelnarms 2021° 26.59° 33.18° 27.08° 29.10° 0.00
1nde 20.03° 19.76" 32.53" 26.94" 27.24° 412
ﬂi@ﬁﬁ%ﬂl (L‘]Ja;gl,%ué)
0 lnaulyamns 10.32° 11.97 932" 987" 1324° 0.00
4 ilwondslramns 1391° 17.38° 9.41° 13.08" 16.81° 0.52
inde 1212 14.68° 9.40” 1148 1453 1.04

IV "¢ Means within the same row with different superscripts differ (P<0.05)
SEM: standard error of the means
pwnInsNd IS 30%
swnanasdiSamsluthasshshmsin 30% mnthasshahs 20% mnaznowhasshiie 30%

¢ ¥ 6§ ¥
Sm‘mimammL%amﬂumammwwm 30% MNLhaNINY 40%
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¢ ¥ ¢ ¥ ¢ v
4@7‘1)1135\1513\15{7L%"UWNGLU‘L]WGN%WN%‘WNT] 30% Mnthanihs 20% Mnaenauthaxyhais 20%

(4 ¢ ¥ ¢ v
BE’JTVﬂiNﬂN?ﬂL%"UWNGLU‘L]WGN%WN%‘WNT] 30% Mnthanihsi 256% Mnaenauthaxyhais 25%

U%mmtﬁmﬁammé’m@u (Pack cell volumn, PCV) mm%w%wmwﬁﬂﬂmmu (Blood urea
mtrogen BUN) LLamaI@aslmaawua@LLwy (Glucose LLWﬂmvmﬂummmNwmhﬁmmmiwammL'ml,amm
MmN 7 W‘U’nﬂim@ﬂim@ma@]LL@GB@LL%%‘VI 0 ‘ﬁ’JINdﬂ@%%mW‘ELLﬂ” 4 sﬁ’ﬂmwaﬂwmmi LLavmmaeﬂuLLW”ﬂaN
wimummwaummmﬂ,‘umawmmmwnammmaﬂwm 27.67-31.33% smﬂimml,mmamm NNMIANI
@N%@ﬂ%‘ﬁ'ﬂdﬂﬂ@]ﬂa 22-38% (Jain, 1993) mvﬁummmLﬁummm&JLi&JMI@]iLWhLﬁ@@LLW“W Wmmmaﬂwm
25.39-31.61 mammamiam ‘NllmﬂﬂmﬁuﬂuSLiﬂvL%I@iLQHGL%LﬂaG]LL‘WU‘Uﬂ@l Lloyd (1982) swmmw mmmmwma@
aLiﬁiﬂ@ﬁ@ﬂ%@@@LLw”ﬂﬂ@]mmﬂmm 11.2-27.7 Naammamsﬁam i”(ﬂ‘]_lﬂlﬁﬂ\lﬂ/li@mﬁm mauwﬁnmmmaa
‘5.;)1/1’3’]@ 12.6-28.0 maammﬂamum (Lazzaro, 2005) I@mmwﬁav[ﬂmmu sLuﬂiuLLaLaaWﬂuaaﬂuﬂsmmmsﬂu
LLammJaEﬂmaﬂﬁiwhamwwﬁmvlmu nggmobothum Torabi & Huber, 1989) mimwam‘sﬂﬂmmu
SL%ﬂi“LLﬁLaa(ﬂQ”Nﬂ’JmN%LLﬂiﬂ‘]_ImH 213 mam am,maam (Wannapat, 1990) mnuﬁimmwml,ﬂuvl,ﬁavlﬂum
m‘uaﬂmm‘ﬂ@ﬁﬂiﬂwﬁmwﬂamﬁﬂmﬂimwﬁmw (Nousiainen, Shingfield & Huntanen, 2004)

ﬁqmvﬁma%ahgﬁamﬁémE]Sl,wﬁfm 69.00-74.25 RnANSNABLATATS %&3“5Uﬂﬁiﬂﬂi%t§@@LLW”aEﬂWIII’N
Uné 1o Kaneko (1980) iwaawuaﬁ”@maiﬂaimaamLLw“ﬁﬂ@mJLumq 50-75 uaaﬂsmamsﬁam i”(ﬂ‘]_lﬂaI@ﬂ
SL%Laa@LL‘WULLﬁ@Jﬂdﬁﬂ’l'ﬁuﬁmﬂasﬂaﬁwmd’l%ﬁlui’]dmEJLL‘WU m‘;ﬁ’mmmaﬂa%aﬁuuamuamwmmaml,l,aaﬁumaa
mmi‘mam’mu mi‘*/lvlmummsﬁnmum@m‘sﬂmm@naﬂaiﬂamﬂmwmiﬂumﬂmwm‘u maﬂmﬂmﬂﬂalmmm
aﬂumm?umvmmﬁaaul,ﬂummvlwﬂmw‘[auﬂ I@Hmwmaaamawaumﬂum%wwvmu smvmmsﬁm%wé
ﬂixLLaLaa@LLasLﬂawLﬂuﬂ@I@a‘mu (Cheva-Isaraku, 1999)
m‘mﬁ 7 ﬁmﬁ@iLﬁ@Lﬁ@@LLmﬁ@LLﬁ% (Pack cell volumn, PCV) MWNL‘QUJN%%‘IJQG%JL%EJVL%IWSLQ% (Blood urea nitrogen,

a ¥y Y o .
BUN) LLagﬂ’sﬂﬂﬂsL%Lﬂ@@‘ﬂaﬂLLWg (Glucose) LL'WSVLGW‘SU‘WNSLU‘UTﬂN%WN%MNﬂi%@j@im%ﬁNﬂNmL%Q

. amsnasdEhash s
Tadefidnw SEM
TMR1' TMR2’ TMR3’ TMR4* TMRS5’
ﬂ%mml,ﬁ@tﬁa@wﬁw,l,ﬁu (Wosidua)
0 flnaulyams 29.25 30.50 30.40 30.40 30.75 2.12
4 Filowilelnams 27,67 31.33 28.60 29.40 30.25 323
. W 28.44 30.91 29.50 29.90 30.50 2.12
ﬂ’)']NL“YJNSIJWﬂi’]\‘lHL‘JEI\lHI@iW% Nﬂﬂﬂﬂ\l
@IaL@]%ﬂ@ﬁ? 3
0 flnaulyams 28.88 30.97 27.84 25.39 29.12 254
4 Filowilelnarns 27.40 3161 28.30 2712 31.55 2.76
ey 28.12 31.29 28.07 26.25 30.33 143
ﬂﬁIﬂﬂELuLaa(ﬂ Nﬂﬂﬂﬂd(ﬂam‘ﬁﬁ(ﬂi)
0 #lssnewlrenns 7175 73.75 72.20 69.00 70.00 2.54
4 ‘ﬁﬂm%aﬂwmﬁﬂﬁl 70.25 65.00 72.40 70.40 74.25 345
Wwae 71.00 69.12 72.30 69.70 72.12 312
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A6 SEM: standard error of the means
pwnansNd IS 30%
swnanasdSamsluthasshshumsin 30% mnthasshah 20% mnagnowhasshiie 30%
eSS LT As S 30% Mnthassini 40%
‘gwnanasdiSamsluthasshsumsin 30% mnthasshai 20% mnagnowhassihie 20%
“omnanssdSameluthasshshmsin 30% mnthasehdhs 25% mnaznowhassihie 25%

ai;.lJ
v e v v ' o v,
mslgamswandiSalaslamsluthasnhssmsnwmasomsnenindn 30% mnihasihsie 20-25%
¢ v [ ' v ' v
wagmneznauthasihdss 20-30% GluqmmmiwaumSammuLLW:fl,mamammmaﬂsmmmimi@ mseela
dl ! & ! Aan =) a Aa ada ! 6 =
m@vlsummzmmmsl,umgl,wwzgmu loun n1rasiin nsalwsfilofin uaznsntniBe saaraumisure laglwienuny
. Y . Pl Y . oo
?S@Lﬂumﬂmﬂmwﬁa‘mmﬂmxmuﬂﬁmammammmﬂwm@ﬂ’aﬁaﬁmammam@ﬁmLL‘wz
v
VALHUDLUUS
v ] aw v €
1. aassuwauwe umsiewiselulayss Teaw
X vy s v < v v \
wiswdafisnnhasibhsiloun meluthasshii mnthasibishe  wasmneznavhasihseasnii
v v g4 o | oo
Nﬂ«mﬂummiwaumL%ﬂ%@@]iamml,wﬂ@ Tunszinumansinmsluthas Lummrmmwnmmﬂu%mLaaélm;um 1o
. A N Y P
mshamsnensdumianadniszanms 12 wudmas Weriamstulalasmslslselomslavaslnme
2. vaisnanuzlumsiiseasina bl
- v . o X - SV &
MIAMIENINMS [ nanaNd IS Nesraafian uhan lwdeafebasiadn W laauasing
N ANAWILARIDNYNTUENUTN ALAR

Nafnssudsened
v v ¢ '
@qumHvlmunuaquﬂmammﬁmuuﬂwma NVINENSUERTUAIUNT Ny iae7 SATO1HES

518591489 (Reference)

AOAC. (1990). Official Methods of Analysis. (15" ed.). Washington DC: Association of Official Analytical
Chemists.

Bremner, J. M. & Keeney, D.R. (1965). Stream distillation methods of determination of ammonium, nitrate
and nitrite. Analytica Chimica Acta, 32, 363.

Cheva-Isarakul, B. (1999). Biochemical in Animal. Department of Animal Science Faculty of Agriculture,
Chiang Mai University. (in Thai)

Dijkstra, J. (1994). Production and absorption of volatile fatty acids in the rumen. Livestock Production
Science, 39, 61.

Eksomtramet, T., Ninlanon, C., Jantaraniyom, T., & Tongkam, P., & Seesanong, S. (2005). Successful of
Oil Palm Production. Qil Palm Research and Development Center Faculty of Natural Resources

Prince of Songkla University. (in Thai)
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Samuel, M., Sagathewan, S., Thomas, J. & Mathen, G. (1997). An HPLC method for estimation of volatile
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Khon Kaen University. (in Thai)
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University. (in Thai)
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