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Abstract

This study aimed to examine the effects of total mixed ration (TMR) containing urea-calcium
hydroxide treated with oil palm frond (UCOPF) by 4 treatments as 1) ensiled oil palm frond, 2) oil palm
frond treated with 5% urea, 3) oil palm frond treated with 5% calcium hydroxide, and 4) oil palm frond
treated with 2.5% urea-calcium hydroxide on intake, digestibility, rumen ecology, and nitrogen utilization
in goats. Four crossbred Thai native and 50% Anglo-Nubian male goats at ages 24-26 months with
average initial weights 31.63+1.0 kg were randomly assigned according to a 4x4 Latin Square Design.
The results indicated that dry matte (DM) intake of goats fed TMR containing urea-calcium hydroxide
treated oil palm frond (UCOPF) had no statistical difference among dietary treatments (P>0.05).
However, digestion coefficients of DM, CP, and OM of TMR containing oil palm frond treated with 5%
urea, oil palm frond treated with 5% calcium hydroxide, and oil palm frond treated with 2.5% urea-
calcium hydroxide were statistical significance (P<0.01) higher than that of ensiled oil palm frond. In the
meantime, the values of pH, ammonia-nitrogen concentration, and microorganism population in the liquid
of rumen fluid of those 4 treatments had no statistically significant difference (P>0.05). Considering for
total volatile fatty acid concentration the study found that goats fed TMR containing oil palm frond treated
with 5% ureaq, oil palm frond treated with 5% calcium hydroxide, and oil palm frond treated with 2.5%
urea-calcium hydroxide had significantly higher than that of ensiled oil palm frond (P<0.01). Also, the
values of blood urea-nitrogen concentration, blood glucose concentration, and pack cell volume had
similar values (P>0.05).

Then urea-calcium hydroxide treated with oil palm frond (UCOPF) can be used in TMR for
raising Thai native and 50% Anglo-Nubian goats without an effect on the utilization of nutrition, ecology

in rumen stomach, and nitrogen balance of goats

Keywords: Oil palm fronds, urea and calcium hydroxide, nutritive value, ruminant feeds
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wosamsaUf R e Taeliamnsdndtuiosiin

15  dszluuifianadnazlasu 1du nsmeunstuassns anfndlins 9y uaznuaeeuiils
Uszlganiannuanisiae

15.1 TtayanoidmslnmzaasmnsTudusiiuiivdndasg dauazunaidaslansan o
\uunasgmangunan

15.2 ThdoyauwnziilinsTuduintuiinindasy Souazunadonlansan famiduunas
amnaneunan  uazl¥sandudngAuang TugUuuuaimiananasusan (ot mixed ration, TMR)
mm‘mLﬁuﬂﬁzﬁw%mwm:mumwa‘i’ﬂsﬁuﬂﬁ:Lwn:;jmu uaznanAndndAedn i RunanEn
LL@z@mmWﬂmLﬁﬂ wazunaanUfiA e temedndlufinsiu

Hoyafiliviansn asnsailUimsunsuriinesansfiassdniamodestuanniali uaznin
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vaeuan Afunumadgyunisndndnd arsnsaimantsian uszgnd B ug s landld

av o o o av o a . s ¥ o o -
FIENTUNITIERUUANY TN 13DV “ﬂ’li’!@illt@xwm%”m’lﬂw&l@mWl"lVI"l\?Tﬂ’liuz?.l’ﬂxi‘VI"I\??U‘IJ’I@NH’IN%TWIEIELSHLL@ZLLﬂﬂL%HN\fﬁﬂi’ﬂﬂ?‘Hﬂ

L‘iﬂJH'B’I‘VI’ISLLWa‘:” HNTIAN W.A. 2562



5

uni 2

N1SASITLANATS LATITHAITY T AYITDS
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wiiulnegdauszuamBanlaasanlafiiuamsune §35uffnunfuainenans uazemd ufl
{feadias uazinananamiadosneg fail

2.1 Undssisunaznanans [

2.2 nMadsulpnmrmelnuzanseInn ey

2.3 Nenddn uwarnszuaunIsnanieemsqnd

2.4 g3y anlfeesg B uazngri (Ul sslo]

2.5 upaidan (Ensen (o6 andRvaswaaonlansan s

2.6 ULMAENgATATanIatasRanEa s AR dAEY D

2.7 10Na"3 LaInAdeifsaiasnnasuls uazmaRnamnwaasamnaanulannnsldy

Be wiauaaBun ansan (oe unnsUsulgsemanenuTudndiAeaans

2.1 Undnsiniuuasnanaas 0§

Undusingi (Elaeis guineensis Jacq.) \iuRwiiaaayiuTnlFaTuanmsardudsiunngnluiy
weWin1 ewAMIH uazuoue@e (Abu Hassan et al, 1995) \ufzmsznalnds (Pamae %50
Arecaceae) LEMAEATUNZNE1 970 BUNENaN uwazanalang Wnisluidsadies sanaendude 1w
Fungnanniunang faponinensag uazaandadesguantiuauazaen usogufuRaadu
(monoecious) tuRBHaNENFNBY (cross—pollinated) Thudazdinaziintanan Flszaiod 10-15 danan
fongfuifinaUszanm 24-30 Weundsannlgn udszdiulinansunduan 15 nats wiaznansd
sinminiszanos 15-20 Alansusenans 1uiuAsnnalgn uazaigrastidy douna Snaidunzans
U52NauAfinuwyzans Favans wazna (fruitlets) HU5zx19d 1,000-1,300 WAFBNANY

Uhdsiusiddiudaineanss nanssuanfifiedemdninmznsassan dduataged
20-30 LHHT Lﬁ'@mqmﬂﬂdﬁ 10 9 33T axdinnsTy (frond v3e o oalm frond) THumnfAuag \Angdi
59088R (crow) Usznns 40-50 119 Tngazfintsasramelulndussunoniawas 2 n1e dadusnuos
FrneitsndeuTuusazdneraefinunnely (rachis) wnunsty (petiole) FEnTeaesdnafimnn uazdily
dpg (lecflet) Uszanns 100-150 g inludsznaumwiaing Tudiugdaumnadnetunzning usiasludes
219157194 60-120 LEURANAT N9 3.5-5 [WRHAT WATUNHNIUNRHWNETH (ol palm petiole 3B
stern) #AMHENT 130-230 1EuRNAT (Figure 2.1 uay 2.2) 204sdt tawnetndnndnedszanns 12-20

BB AT
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Figure 2.1 Anatomy of an oil palm tree and oil palm frond (OPF)

‘ﬁm: Ishida and Abu Hassan (1997)
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Figure 2.2 Composition of oil palm frond

7iNN: D92 WaTADLY (2545)

v
2.1.1 UBHIRNANARABINTS (LU FNUTH

2 & o @

Undnnsduduieduduiifiong@udszann 25 U daiufsiniuianisoudsglidundnsiont
vaidinenmslaanss uaznanaas(@owg ww nelut&unn® (ol plam frond, OPF) ssnsawny
@ o ¢ X £ o/ s & o ¥ o/ 'S ¥ o & Aa
\dnemnsdmdigades Tunisdaniasaaurdnninetiu inumsnsasfssdianislulnduidunnasend

I3 Py 4 o @ A o v & ' = Py o/

mafiuifisamzans Felaesiallinuasnsasfiuifismzaneyng 15 94 dail usaziiousziinisdn
ysludusensdsties 2 nelusiadn wiedndu 44 nelusels Welisnsnisgn 22 Fusels
(397 uazAndy, 2548) AINNNTANENATY wazAME (2546) 3189197 SaHaUn e TULANTT uaz

¥ o £ Y e ° ¥ o ¢ 8 o A a PR S
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.
9 uwaznnsTudafifiongsendne 3 uazts o Slwinedeasian 35 waz 13.0 Alandumaslu
Unfn pwssy Sadiuemnsreufiffenmsnsudndineaass

\Wefesaniiniilgminds uasnandailszmanudn f3unonfaduenn 3,714,967 §mld
Tt a1, 2555 11 4,148,168 &mls Tl w.a. 2557 (@1ineiAsEgRan1sinyms, 2557) ARATHIN
unanassFromreludidusitmes [fszanm 2,190,232,704 naelused] @w, 2558) (Table 2.1)
INENAVFINGT AATeERNaNARNNS UL AT AR Tz B 20.87 A1l (iminamlsyanns
9.55 Alansustanslu) (siam et al., 2000) Usznauduluilagiininiilgniduiniuiideneuanay
wudn Bl et 2550 SRUTTANANARUNEINTHLSTN DS 4.25 105 LATHARAR 11.68 AWMLY
NN AN ARG 4.28 §1T5 wan@n 11.01 &1udins Tull w. a1 2558 (@rineueesgiia
manEns, 2559) vinlinanaes [Fmaianniugog aoed llssmannadeiinanass Faawmnsly
Unfusinsutlszanns 26 Frususat! (Wanrosli et al., 2004) fiasis ngrimneTuUngusinssnimnndn
BNNIF MR ARSI AREEY AedraziiuunantmitsTunnsuddgmninisenawaane ey
wanzuenanauiiunstislomisnnansen masianmaUgnunduiisiuugs sadunnsis
34“@ﬁﬁﬁﬂ\ﬁwq\i(’fuﬂﬁzﬁuﬁ/ﬂﬁuﬁﬂﬁw ye Tt durinsusaniansnsnrin W i uenmnsmenumaun

o o/ o o 53' cil aA = o & = [} Lil Aﬂl a
NINIUNAILAY BB T‘l&ﬂ"lqz‘ﬂéﬂﬂ"l‘i?l’]ﬂLLﬂﬂ‘lAWﬁﬂ"l‘lﬂ’?‘iN@]fJ ﬁ‘iﬂ?‘l&‘lf’l\‘]%ﬂ’]‘iﬂ’]‘i‘iﬂiﬂﬂﬂ‘izLﬂﬂ/]’ﬂu?hl‘i"lﬂ’]

W (61

Table 2.1 Distribution of oil palm area in Thailand in 2012-2014

Year Region, rai Whole No. of OPF1 Yield of fresh  Yield of OPF,
Northern ~ North- Central Southern kingdome, OPF, tonnes.  tonnes DM’
eastern plain rai

2012 8,945 36,628 321,523 3,347,871 3,714,967  1,961,502,576 18,693,120 821,869.6
2013 12,364 44,765 330,360 3,379,848 3,767,336 1,989,153,936 18,956,637 833,455.5
2014* 35,825 77,849 378,530 3,655,964 4,148,168  2,190,232,704 20,872,918 917,707.5

"No. of OPF = Total area x 44 x 12 (T1u, 2558).

Total yield of fresh OPF per year = Total area x 44 x 12 x 9.53.
*Fresh OPF = 41.9% DM basis.

4During Juanuary to September 2014.

in: ANNNATEZNAN1SINERS (2557)

2.1.2 qmﬁi'mﬁﬁﬂﬁuzLmzms'f%ﬂszTﬂ’ﬁﬁmnmaTuUqﬁugﬁﬁuTuﬁmitéﬂqtgﬂe

2.1.2.1 qmﬁhmﬁﬂ’nuwmmacfumﬁmi'qai'u (oil plam frond, OPF)

mﬂﬂﬁ‘aﬁﬂm@mmmﬂﬂwz OPF filusfiutazinm 4.2-6.25 Wadidud  fele 44.8
wWasEud 16 4.7-6.6 1Wa5iEud (Ishida and Abu Hassan, 1997; Khamseekhiew et al., 2002; Zahari
and Alimon, 2003) ﬂmz‘ﬁ Abu Hassan et al. (1995); Abu Hassan et al. (2006) 9188 1491 89AUTENDL

N9 INYUZYBINNUANUNITUER (fresh oil palm frond) WuUznausaellssin 2-6 wesidud ale
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¢ @ 4 % s s @ ¢ a ¢ @ s v ¢ & 4
38.5 LUBTLENA WHILTHAR 78.7 LUBDALEUR ﬂﬂTuLsh’@QT@N 55.6 wWaqlEud 11 3.2 Waaliua
aslulmnsniiazanaliing 20 wesifiug uazndsesitlis:lenili 5.66 wnygasaflansiimin
WA viuBasEniuq@de (2549) 191891491 nslulgnaniilisfiusesas 5.2 ziquimu:fﬁuﬁ TUHAN

v A o 1 & I o 42/ | o 1% I '

IndiAenu asnelafin QQAW’IW’I\?Iﬂ%uz?JW@NHLLﬂﬁﬂuﬂ%ﬂU‘Vmﬁﬂﬂ@@ﬂ iy 818 YBILAN unzy9 L
Undadnidu ongfifinifen avmdlunisifiu dadaweesiuiuunwnnely aueenanugaluasiiu uas
anwenie iudiu a1 OPF Uszneusinadnquits Tushin 1 wivwad anbusaglas uas@niu
A8 31.1-39.6, 4.2-6.3, 3.2-10.0, 60.2-69.5, 45.5-55.6 way 22.5-47.4 wa5dusd anansiy
(Table 2.2)

Table 2.2 Chemical composition of oil palm frond (OPF) (% DM basis)

Composition8 OPF' OPF’ OPF’ opF’ OPF° oPF° Napier gross7 Rice straw’
DM 39.6 38.2 311 - 36.4 - 31.6 90.8
oM - - - 94.70 - 95.7 - -
cp 5.1 5.3 4.2 6.3 5.8 4.7 6.2 3.1
EE 3.3 2.7 2.0 - 1.2 2.1 1.9 0.89
Ash 10.0 8.2 4.7 5.3 6.6 3.2 6.8 9.9
NDF 60.2 68.7 69.5 67.6 - 78.7 63.7 78.2
ADF 54.1 54.6 - 455 - 55.6 40.1 53.8
ADL 47.4 22.5 - 26.6 - - - -
Tannin - - - 8.5 - - - -
TDN - - - - 35.1 - 56.9 44.0
IVDMD" - - 35.6 - - - - -
ME (Mcal/kg)DM - - - - 4.9 5.6 5.9 2.3

finn: Fauuaean  wdTyann uazAty (2549); “UsyAng uazAmiz (2551); Clshida and Abu Hasson (1997);
“Khamseekhiew et d. (2002); °Wan Zahari and Alimon (2004); ®Mohd Suki (2003), and "Fazaeli and Talebian Masoodi
(2006).

oM = Dry matter; OM = Organic matter; CP = Crude protein; NDF = Neutral detergent fiber; ADF = Acid detergent
fiber; ADL = Acid detergent lignin; TDN = Total digestible nutrient; IVDMD = In vitro dry matter digestibility; ME =

Metabolizable energy.

FepadUszneunaadlnanizlusin winmad Anlumaglas uazdniin aviuudslany
dowlsznaureamnelufie OPF siamnstuasfiudunandelennnndr OPF fisndanfimnluesn Wesin
dowfindluanfiugadifiusunoudelosnniign uarillusfiuangn aoued tudesundnningu (eaflets) #

Tusfiunde 1.0 Wesidud gendn OPF uamelifindnTugegUnduinuduunaseinnsmenuiid

Ananngeannsatiduemnsdndipades wsziudunallsfiugendissduaufissnisilens

2 12
A

F99TW (6.25 wadidud) TudndiAgades (Playne, 1972) aanAdasiLsI897%289 Oshio et dl. (1990)
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fianeein Tudeatnduniilsfin uazlaiugondimeludndanni aoses msluthdusingu uay

¥
o s

Tudpadminiuiisaglaa (cellulose) sndnafinaglag (hemicellulose) Fiawiu tupuamanis Tugas

¥
o 1

Undshidwihazifiuunssemaenuifdnanngeaisnsalifiuvemnsdndiaeade i

D

= P

deuBsuiisuesflsznaunlnmzanmnduaniuduamnameusfieau wu Wi
wudndArnastes (ATniAeafiy (Abu Hassan et dl., 1991) anieit flsfiugendn uazfiuFunndnyus
In&Aeeruneisaded (Mohd Suki, 2003) ElifiudmreTulndusiniusimsmmnzanasnsninun 1y
iuunasamnanenudmindasddiReaEes uazdndAnfedu (herbivores) T4 (Alimon and Hair Bejo
1995) aialafinu iioRansnilafdudlnmusiidosTisan (TDN) uazmstaslFuasdagquits (in vitro
dry matter digestibility) 289 OPF wudnfidnAewudnenn Tne OPF fiafidudlnmfidaalFaan uaznis
dos{fosinguite windu 35.1 uay 35.6 wWasidusd muadiu (Ishida and Abu Hassan, 1997; Wan
Zahari and Alimon, 2004) 2ousfinenanilngusiidealiaan 51.4-52.0 WasiEud (Aa1uR, 2544) 34
TnausfideslFsonsn vnliaailywimstiulfresdndirendss Tnadedndtudnluansuansad
aynpruALANE1 dndazdinsssanndusniiesnsaunsyivemnsfianadnas uenaani OPF dev
agunTzIm NI (long rumen retention time) vinl#dmsnnsmar uwesnaInnazimizgnudna
(@aedt wazynydian, 2529) Yilidndnn opF iUl Fdesauiasennfiomnafinegnszmny
wana1nd Usnnnseasdniiufidutiaqes ﬁm?um‘aﬂa%ﬁqﬂ’%mmm‘ar—iﬂﬁfﬁﬂmmmi s
Akmar et dl. (1996) 9189191 OPF HUSHNaANTAM (lignin) waz@afin (silica) g9 vinlRnAmslnagmy
waznasioslianas faiu frfinsudmenaniiveanazdeaniadenlifndn (ufin, 2539) Aaiu
mmisTuldaisiuansnriiunisusulaannin e v funinhuougunistuddasindumein
(oil palm frond silage) ¥ {UALA (oil paim frond pellet) RazaufinUBnnmnsAnlE waznisdes Huag
TnaeudmAl# (Dahlan et al., 2000; Islam et al., 2000) @3 Abu Hassan et dl. (2006) 51891491 N3
minazintinstesliAndulszin 45 wWedud naneinil mandimsnduandandugde 3
wasidud axvinlilusundutn 12,5 Waesidud nadasld 44.20 iweSidud dounandamasindy
andaniugde 6 iwefidnd sxinlilustudndudn 2089 wWefdud uwinsdesliazanasmie

o

55.80 wWaSidusd (Abu Hassan and Ishida, 1992) pasiidinudy oiggn (2552) fifnmn OPF wiindandy

s a o/

¥ ~ o ¢ © & oA o ] a & '
AMNUIAIANTEAL 0, 2, 4 LAY 6 WaIERH WUINHANRFAIEAINITHNRIALNE ATUTNITUUNT ANTBASE1

1
aa

mandaufia uazAdnenmiunsnanuialiuansnefiumneada (P>0.05) amsuAduniadngitas
THaos OPF wilnganfiunntinanafissdu 0, 2, 4 uaz 6 Wasidus windy 32.30, 53.42, 32.93 uas
56.08 Wasidud mwddiu (P>0.05) uazwdsaitissTemiliians OPF mindandunininnara 4
VAU Wi 4.75, 4.93, 4.86 uar 5.33 wnzqafnfilansuinguits muandy (P>0.05) vinues
WReatuUBunsnsinlfeesinguis nstivszlamiliveclnme nszuannisminlunszmnzgmm uas
dwisuanna hilnsauasunsgnuaninadasie -uasTnayden 50 wesidud wudnlliunnsnsiimag

0@ (P>0.05) waN9INH Bengaly (2002) WLI1N19HY OPF vamd Tﬂﬂﬂ’]‘iﬁ@ﬁ@ﬂLLi@ﬁu@j{ﬁﬁ’]Tﬁﬂ’ﬁﬂ@ﬁl
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THisaw Wesan vinliinsemsinziwesasaglag uazisfimaglaafinziuanivanas aoanfes
ffUN197AAB9IB9 Paengkoum et al. (2006) 19189191 AaNaTN1Tatunstes [Rassingui uas
BunBadngues  OPF viamdlaanisfefianusingegeniinguaqunn (OPF 7ilin3ndlasnnsiiedan
WS9AHEN) ATt Aesnansatinelulndainduan wiln vaentstiednpuseingaiiuunaeamisneny
Tusn 3 05
2 g %’ L% 1 [ [ -4 dy dy
2.1.2.2 ﬂ’li?‘ﬂ"l’l"lx‘l?ﬂﬂ"l@ﬂdu’mugﬂLL‘LI‘]JGI’N”’] HUBINITERILALILD DY
a I'd %/ (% [ [
1. masgantstuidnndnduunssarmsneny
o I3 Py o o & ' 2 Py o '3

Tnevia linensnsanfiufiaavzaneyng 15 S dais uusazifenezimssameluiidusen

ptinatioy 2 nelusiedin nasentiu v lUduduersesdulifauns 1-2 @u. (Figure 2.3) wdasin (Ul

v

An3AngUUULGINT 1814 WUUAR (fresh or green OPF) wuunsin (silage) BaLia (pellet) dnfiamn win

1%

dnddupmnstugiuuunaada (TMR) 91388113uULULENE9% (Abu Hassan and Ishida, 1991)

L

Figure 2.3 Fresh whole OPF was chopped by machine (1-2 cm) and fed to beef cattle
fixn: Tu (2558)

2. Lmqmems?%me?uﬂﬁﬁuﬁ/ﬁﬁugﬂu,‘u‘usi'm61 HiuawnsindiAeaans

mstiUselamiannme it dudnslamnsfneasenniiunaim Weswindadiaan
Lfﬁymﬁmwﬂ’mﬂ‘3aTum‘aT%ﬂ‘szTﬂﬁﬁmﬂﬁ%mmﬁﬁﬁm@im (@inaneny) (e Tneendefianssy uaz
Lﬁufsﬁﬁﬂm@gﬁw‘%ﬁﬁﬁ@g%ﬂi:LWﬁ:gLuu AMEUUNNeNTTETn drsinsTsn e Tude g
Readns 1w Ta nsedle uny uazuny fing 3 uuy (T, 2558) Taur

woudt 1 WAnan Tnesisnuaantuaenvderinunris eBndaeemnsin

wwwdt 2 Biaulugunin Tnavimiethd@sidunaniunazuaunnaindewin U Mhasednd
\aBNAENTIN sTAURmEnz Nt s dumTniaesdnd Tuladle Tanun uny wEpunswindu

50, 30 WAz 30 wadidus

¥
rs o o

woudi 3 WiAutigUamanasada (total mixed ration, TMR) Taenimnadndnsinduan v3e
winnansantuinagRusne SadugUuuuiivmnzan dadannsailutis: TomllHAsiu
nsfnEnsTE OPF quuuusingg Wiwemnsdadianades 3afl Mohd Sukri et al. (1999) T#

yinnsRnen sxuees OPF Audanfiusmnsfiugiunminileusndalndminduiivesddsenay Tnad
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1

SzuaB9 OPF UA 5 92y 60, 50, 40, 30 uaz 20 iasidus delfidusnmananiase Wvinnnsmnun
Tulaifloriig asqmadau-us19i annnnsfinen wudy szduees OPF #Uva 5 92y vinlinmaisdu
gasivindasiedi (ADG)  warniailasnanaiuwinvinga (FCR)  Tluanenefunneada (P>0.05)
atinalafipnn  1HaR9190nTeiHIIANEIMIT WU BvnanEaESITifisTAuIeY  OPF UM 40
wesidud Bduuainemisgandiniatiemianania3a il OPF dufiszduding esan OPF &
Tuafugin Asiunnaiinssiunes OPF Tussdugeenavinlidndunmlusfula

Dahlon et dl. (2000) Anmananistinteluddnsinsiuanm neludndusnsimn uaznnsly
UndasisiusmdinluammsunssiaBunemainuld waznisdes lfeoslnouy Tneligmnaninis 5
Gk UsznaugaenneTuU&uminiusn (Dy) ye U gnminsTnsn (Dy) et &usinsms nuaw iU
nAEEE (Ds) neltutdnsintuenda (D,) wazsTuUgsinTduNaR NN U g9 37377
Waandaundes nnsimia Uatth gide ussiauan wazinde (Nadl) Tugtanmianandniaguudn
Wnsndadie (Ds) Trauns7il#suemns D, D,, Ds ua D, Tasupmsinlugeimsunzdndeeds
UBnos 1 wadiduduasimsinga wudiudinanisiuliansBuEedngionmn uazsunonneinli
309 1UsANIITT N AYesUne T [#5uBs D, WAz Ds zgqnfjmw:ﬁfﬁ%ummﬁ D, D, uay Dz agi19f
Wed1AgY A (P<0.05) wamsliindnntssadanietutndarinei Sedenalisssuamugiulumaely

Y o ga

Un@anindanay uazAasmLLieasaina vinlidndAulidedn dnsunnsdenlivadlname
WU uneA #5991 D, uay Ds Tugmmmfﬁumﬁmfﬁﬁwﬁﬂ Uaza1113 D, Gfugﬂﬂmmq‘fumﬁu
sinsudafin fuesidudnmsdenliraslnmeitndifesiu uwigenduedidudniaden Fuaslnguzaas
uneAilasuaming D, TusUassmetutndusinstuandy Dunfunsil#suamng Dy tugvawmnsly
UhdsiiiudaniudngAuunaslusin SagRuumaendsau uazdmda fuladfidudnstoslFansing
wihs Buvidedng Tefum uadAnbasaglamisds 20, 15, 68 waz 89 wWadidud mwddu e
Wasusuiuuned Fsume iU usinfuandy uonand iwefidudnnstosFraclnau: huned
T95ua s Ds fagendnafidudnnstiosldanslnus uneiil§5amns D,, Ds uaz D,
Khamseekhiew et al. (2002) vinmsfinunnisdes Fasslnsuzuarnszuauniamdniunszimnng -
swnzaslamudes AlEsUTuUihiusndudmdaaudadann (Arachis pinto) tudmangdan
80:20, 70:30, 60:40 uay 50:50 nuGHADL 1.5 wWasidudanaimiinga wodnszauuenTuils -
TulpsanlunszimnzgumeaslailFsunsluduhiandusnifaasudadaunns 50 wafidud
(91.9 faansululnsiaustadng) figendilailFsumsluinduiduandudanfaadadaasnidi 20,
30 waz 40 Wasifud (43.6, 74.2 uay 88.9 Aadnsululnsansiedng auandy) adediedifgnig
afiF (P<0.05) Wananil szAudadaanifingu dowaliinan laiufissimedaiomantueaanaaan
nasnIzgn fAaauandsiumadn (p<0.05) Tnalafilasuntutdniniuandudaifaiasuda
Ar9-101 50 Wadidud fardunaalaiufiszmedinerionanuenanaeInnIsnIEsNsgIan fe 69.2

faRluasadAns 204t Islam (1999) #14lme Khamseekhiew et al. (2002) 57891491 79Ty (frond) 289
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Undshdudiniaaadgendnly (edf) n9 (petiole) uazidnufionanstu (midrib) sesundaingdi vinlknns
dpalfrasinguits uazmlsadanudnenn Gannsiasntafsaan sz 40 wWedidud Fulsaniy
yalutnduiniuandudmdn avdaelinisdeslfaasdnguits uazmlamadaesmilulndusindi
L1 =& P a = ¥ o A £ < A ! v
SofingeTu Wewn qawEd unszmnzgunFsullpsmuis@naniafaeon dmaldnszuounms

TN unszNz g An [FRT

%

igg7 uazAz (2552) [FvinnsRnunnistnslulnduniumsinsanduniniiena 4 svau
o & [ S @ I~ ¥ v o . °
598 0, 2, 4 uay 6 WasEnd Tagn1aiadnangtn 0.5 wesidudaasunminga @svinnngrnen luune

¥ ! !
Y a s o/ a

= ] = ¢ @ g ! a [ % v Aa
@”ﬂNﬂNWHLNﬂQ—LLﬂ\?Tﬂ@ELUﬁM 50 (WasiERd a1nn1sAneInLdn UﬁN’]m‘J@]‘QLL‘VNV}ﬂH Pl BRVNIEIREYI

AN CRIITe e o ¢ LL@zm‘aﬂ'@ﬁfﬁ‘ﬂmﬁuw‘%ﬁ5’mq°amm\ff‘umﬁuﬁqﬁuwﬁﬂ‘ﬁquﬁumﬂﬁﬁm@
v 4 5z Tiusnsnenea@s (P>0.05) anauiinsarnnnsTutndnsidumsingantuninsiianafisysu
s Rasdlaznaunaeiiiing fasiulped Awdsemi s lenild wasBwdsdngfdos (Fagluda
114-127 wnnzupasssdefilansndnquite uay 32.30-36.08  1wadidud uanlfiiudnnisiis
ANHANG 0, 2, 4 uar 6 wWasidud lifinavinlinaurmnslnmuzrasmnstutndningiuminifadu
Musnandar et al. (2011) TévinnsinEnsysurnmsTulnguinimen 3 5260 fa 0, 50 uay
100 wesidud Hiwamanauiada sogoininsinune a1nnsANYIWLN nsT¥amsnanLaEaRs

¢ ©

NN ANETHMINTZAU 0, 50 way 100  wasidud vinlHan lnmusiidos (3 Huane19n19aa s

A g

(P>0.05) WANISEN N IUUIENHNTANNTZAL 100 1Wasidud AnavinTiniafinniindndasadi uas

o o

wesidudnnngendn (P<0.05) nMstinnsluthansinhmsinsssiu 0 waesidus agiladdgymiead

=3

AAARDITUNNSANENYEY guns (2555) [FvinnsfinesydunsTulndainfminsoniusimisiu

WelHiduemng TMR Tuune Tnatinncludndasinduminsaniuamistiuunnsinaiu 4 gas fsil fe

e b

%

80:20, 70:30, 60:40 WAz 50:50 asiEusd aNatfdy a1nn19AnE1 WUt 115 EaeTuUNgnsingT

' (%

NHNFINAUDIMTIUATEAL 50:50  way 60:40  LasiFus vinliusuioe1nisfiiuaadu uay

] 1
p=4 o A

Uizﬁw%mwm‘ﬁ%mmﬁqmdﬁ (P<0.05) m‘aﬁf%mffumﬁuﬁqﬁwﬁﬂ‘iwﬁumm‘z*ﬁummmm
Il S o ) 1% Aaa 1 I ¢ @ s | v I’ 3/ o % | % =
ENATHRAYNNEDF Uawudn L‘ﬂfﬂ‘iLsﬁuﬁlemﬂ@u?uﬂﬁ‘i?‘ﬁi/]"l\‘icfuﬂ’m&lu’mu‘mdﬂLLG]@:‘S:@UTN:N?]Q"IN
UANFNNNAGR (P<0.05)
Chanjula et al. (2016) TEvinnnaftnunis e TuU dusinfumsinidesn Lentinussajor-caju 4

® Ao o ' ¢ @ & & oA
DIMNTNANLFITHNANIHUTINITUUADD1198U 70:30 LUBSLEUA Gfum'i“quuwmgﬂwﬂuwumm—u,fm

¥ 1
o

Tnayiden 50 wesidud Tnefl 3 dedevaapsfifnun @l 1) neluddasinaiuiBininigas 30

Wasidud 2) msTutrdiniuinges 30 wesidud waz 3) vstuldminiuminidasisaniog
B 1 wWesidud 30 wWesidud wudn Usunoinnsfiulil (Taguie) Tuuneiis 3 ngw Je1 (0.992, 1.051
uay 1.095 Alan3usindn) lluansnaiunneadid (P>0.05) winudn mstesfussinguits undadng

(-4

Tsfin wlswad anlugaglas uazAniin unenguifsumsludainfioinges 30 Wedius

D

uazUNENgNT Ui dmidmdnidassaniugBe 1 wWesidugd 30 Wedidud gendunengud
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Trsumnelutn@uiniulivdnges 30 wWefidusd adneililaddameadf (P<0.05) 1afiasainnis
waguasdadmaslulanseiidlasiednsiiiuadlulaesed idulassadne aanrdesiunisfnm
994 Ton et al. (2002) adwlafmmiiiaRansanderacaiunsa-ans gomgf uazsFuomenlaile
AdnTunieluresmainszmizgien wudt wnzudazngaliunnsnadi (P>0.05) vinusuifeady An
Vunoudadeaunsdauwiu U5snmnglastunssuaaen AvpsdindueecgBa-ulasewlnszuaion
wazFanouudinlamsanddafivluunsusiasngs Huansns (P>0.05) uaznudn Agomgi Anaansiv
n3R-ANHIBImMAINIT NN IHIBUNE ANUSanouiindenunsdaude USunnnglaalunszuaiden

1 v v a =} I o/ a
HASATATTHIUNDHYBIL LI —TuTmmuTum;‘:uﬂm@mm LN Zﬂ%?u‘it@ﬂﬂﬂ@]

2.2 msﬂ%’uﬂ?a@mﬁhma‘[nwuwmmmivimu

2.2.1 3801915 UUS9IBIMN TN TUAATWAN
9 9

a0 1

msinsTudrdusniuddinstes (s uazqmamelnmueen  Gafiuglassaddgsonis

v v ¥ v
' o o o o

o @) o v o A = =® v Py o o
PWINWLTRDIMITRTUFIRTLUNAAL DD ’V\‘]Glﬂﬂ“ﬂ’]‘iﬂ‘iﬁﬂ?\i@mﬂ’]W?lﬂ\‘iTUﬂ"lﬂNu”lNu PNRU ﬂ@@quu

(%

ﬁﬂfmummm%mﬁﬁmLfﬁmfﬁwmmuﬂ%uﬂ‘gq@mmmmsﬁumﬁuﬁﬁﬁuLﬁﬂsﬁﬁﬁmfiﬁu‘fumﬁuﬁﬁﬁu
THnnndu uazldsuasennnagedu Ibrohim (1983) nanad1 fnanedsnisfianansarianldiunis

o

Uiuﬂ‘gqmm‘z‘mmu@mmwﬁmﬁmﬁmfqmmm\imm‘z 13NN LLﬂzﬂ’W‘EEI'ﬂY—_I\E@]I %ﬁLLﬂ\iﬂﬂﬂLﬂu 4

o))

3 fa 1) TBNNNWAIN 2) ABNMTNNAR 3) BV IAR-NILNTN LAz 4) FEN1BININ
1) A5A159NLATN (physical treatment)
dunnsdsuduannmemmaenulasnistfindacdenasie  inalfiAnnisasuulas
ANENTRANIARUAZANEATN LU ANTUEHN M98 nsum mMasaia nsdinnnstis nnseulern uas
mamneuss g nsudinezgasunnsnisnanssanaaan (oxaate) eanlulFutsadan uaiidads
Ao awvinlilnausAiazana (s (soluole nutrients) goydalUdion [Aan19fneInIedy nisum waznis
sadn Fafiznisanaunvesinedng wodnfinaFaadfunnedinaliuinis daunnsis mstised

wnNH N5 lrnsanasnsavininnstes (fussemisgeluileseniinsaanesarenaglas uaz

¥
%

wiwaglas udezifinsaaeiuszaesdniin @ednuol, 2543) daunisfnunTuntsludndunniu

Bengaly (2002) wudnnissimneluindnsrniunindlagnistisfiaausesiugeintinnsges [HAndu

[Hesanyinliiusennsinsiuesanaglas uazisfiwaglasiiiniziuaniuanas saandasiunis

'
A '

VARBIYBY  Paengkoum et al. (2006) 73189THIN AINEINITAIHNNTE B [FuasTnguits uaz
Bundsingromsrdainimiadiagnisilfasusediugegendinguauan (nMetidusindily
yandlnsnsfiadasusdings) odslafinin ABniamaidllmmnzaniasiluaziuinumans i
WsusnaAn Wesennisdaniarentinsenn uazdn¥enegs (brahim, 1983)

2) 35n15N19LAN (chemical treatment)
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diuntsusulgenanmlpenisl¥ssnnd Tneaaaddlihagnistdudaiu 3 ngu fie nan
g uazineandnd (Doyle et al., 1986)

1. nanfidumaindinstos Haesaangnu THud nandafiainda uaznsmnde uiu
Tnsnsnazlalnslafisfinaglaaluniomad vinliliinaesnn wazuwassieinlinusyasning
anfiu uazAslulawmsnuenasn @9 Doyle et dl. (1986) vinsinEn lunasding wudnyintinnedinadin
natoa THANTS uaz Saha et dl. (2005) AiFnEins¥nsndaRaansadniu 1% (i) pretreatment 47
$19 wudnnnades [HAnE

2. finafi ¥ tnunnafinAnisges Huesamisnay Tiud Tndeslansanies uaadeslonsan
Toef 930 uwazuonlandle {iwdin Jackson (1977) vinnsAnunlunneding THsneewdndneazyinfizen
Aunnednlnsazintiuanraslalasauidussninraglas 2 Tnanadousiaas uazssazdag
‘Ll’]\‘lf\f’au"ll@\‘lLLﬂuﬁé/‘uﬁui:iﬂ’jﬂﬂﬂ@jﬂ‘ﬂﬂdﬂ‘jﬂgi‘jﬁﬂﬂﬂﬂLﬁﬁL%@QTﬂﬂTﬁLﬁuﬁlﬂmﬁﬂrﬁiﬂﬂﬂg‘[ﬂﬂ waziala
TWloa uazdosnguerdfavaasfioaglastinaedwinpnalalas (Crosthwaite et al., 1984) ¥l
danilsznaueasnigadiianiaseusi inliqauyadamnandn Udnia uazdanlinangu vinlinag
JrafifnnatieslFunngn douns i lnienlgnsanladunnsinaesintinisdea s uaznisinlions
Wt afinmnds  wanzaneazdaa AN fiuasnsnazate Fnnniu  waevinldnssusiatuaznds
anii vidangu phenolic TUMTIEa@aaNAaEY (brahim, 1983) M lduaaiden langanlar g

aaa

#raazfinUAsentnninlnden (gnsenlas dviednisliiunaden(g-nsanlodsoniulnfenlansan

Tedieviniszezinantunisminguas (Doyle, 1982) n1sldigBe-uanluflelunneding Wedndfiunng
§rofiflgBednly  guszgndeslaneuledeBies  (urease)  a1nqAuvad Huanluido iy

: ; ]
asuaulapantes uoxluilsayinugasenduintduesludenlonsanled Safusnaiialviians
Wuszazianiuiduiueaglas visisfioaglaa wazqannadiaanantisslumianuanluds
TaeninIfizandunsadle (keto acid) sannisdasaaenslulmnsmlFidunsaessily Gsazgnadioiv
TUsfinasqaunddaeszgndestunssmnzuivardn(dnlneonlsiansdndiieduundslusfinaes
dadstalu (lorahim, 1983) danlunsundusingiis Abu Hassan et dl. (2006) T1emdn namsinynsLnd
andaniugde 3 wWefidudesinilustudindudn 125 wWefdud nsdesld 4420 wasidud
¥0uef mavinmaduaadandugde 6 wWefdudasinilusiuAsdudiu 20.89 Wesidusd usinis
dat(fiazanainde 35.80 wasifus (Abu Hassan and Ishida, 1992) ua Diaz et dl. (2013) fifnuInIs

°o v

% alkaline peroxide USUSAW (pretreatment) $199nudnistias [HANTN uinnsUSuan NS Sne
A 3 @ o =< = [ dd‘ @ 4} o I o Y
a19LAdane Wi fesdniliiiviunsnganansefifienaandnadminiidusmnadadsia
3. faand (nd7 [ iun1TAnAINITtas [Fraeai19neny (FHun Andaands wasdaiesin-
aanlnd 1udu Insdanan@lndarfinarinRusysenieanin wazaslulmasauanda afinnis
donlfrevaaglas uanefimaglaaudiinasanisanlBunomesdnin  usfinnswudndminly

asnififiandninvgeesinavih aninazana iginlna Uanusefegaszndteqaideneesiniu
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v

38 phenolic group fiudanLsznauwewLad vinthanduuansasnuteneaglas (lorahim, 1983)
faideraenisliannafl An nnaaequge nnaRfwandne niegadslnmusiiazanedng g
aslulanan uazefizaglan (W, 2539) Bnvivenefidunaesiadnd uazfufinu naaneus
wannfnshudsuandonvinlifinsanizla

3) A5N1SNNBAIN-LARN (physico-chemical treatment)

v
Y o/ ad

@) o a ' [ @ 1% !
L‘Uum‘m‘a‘uﬂ‘gq QMﬂWW@’W‘M’]‘EﬁE’]UT@ﬂﬂ’T‘iT‘H‘V]Q na waLionng Lﬂﬁ‘i’]ﬂﬂ‘lﬂ:ﬂﬂ%'ﬁﬂ BRINWLIT

1 Y @ & 1 a o/ cg = v 1 v
Anafunnndnnistinaleasniafiavadiaion Ayaddnd, 2530) Taedsnsiliud nnsuanaedng

a

danfunis i aaganlEs n1samdanisiinadandunis i lanfanlgasanlas uayn1giesanty

¥ |
=

et lefanlgasanlas 1udn N9l LaznisunasiuntsiaiuRoaaswesaTHRAnT. vin e
asaftannnsayinfisen iviafelin danaliAinisdes [Hisiu 35n1stansail Wu gBasaniunis
o =4 @ 4' | % 1 9/44? ¥ 1 o & | v =1 o/
Fainaasnedinaiedas Finsdas (Hazw Lw‘sflxmﬂm@usfm:mwmﬁ@mm%mﬂwgmmmam

aaa

duwenlifly daunnslinanasaudandunistiaanfisngug axdinqussssimdniiosefisamng
Lﬂﬁ?ﬁLﬁ@L%’J%uﬁ’]?ﬁﬁﬁﬂ’]‘iiiﬂﬂfﬁ@ﬂ%u (231m, 2531)

4) 351159119890 (biological treatment)
Lﬂuﬁ’ﬁmﬁﬂ%’uﬂ‘gqvjmmw?Jm‘v\m%’ﬁquﬂGﬁ%fzﬁuw‘%ﬂuﬁﬁmqﬁ sz wuafliFadad 51 waa
wslaal (Ibrahim, 1983) qAuVAdusssnmATfmNamIsadesaninaziunguanadas Class
Basidiomycetes # 3 ﬂféju #A® white rot fungi, soft rot fungi Waz brown rot fungi (Cowling, 1961; Kirk and
Alder, 1970; Kirk et dl., 1978; Gilbertson, 1980) &slu 3 ﬂ@:Nﬁj white rot fungi Lﬁuﬂﬁjﬂﬁﬁﬂizﬁwﬁﬂ’lw
Tunnsdea@niiu (ignin) wazansdsznausslsunfin (aromatic) f’ﬁuj @umﬁ@m (Cowling, 1961) Hananil
{831 Class Basidomycetes ﬂ/ﬂﬂﬁmﬂ‘imﬂfﬁlﬂuﬁﬂTuLsﬁﬂQT@ﬂ (lignocellulose) TnanefinTusmnié i
a1mnsra9and(Fanfag (Romeo, 1983) ﬂ’]‘iLﬁN@mﬁwmﬂﬁ‘wW‘EWHWUTQEIT%L%ﬂiWﬂZjN white rot fungi
Tidnnsl¥ruatinanineans Tasanzifinana Plurotus iufafidmnasnsalunistosaaiaasis

a a A

Tuanadudeulid @efined uarilayayn, 2533) Wwwanfiseuaglas (cellulose) uaz@niin (lignin)

o/ Adl

Fani i unnsnzfinmanidas e iiufessuugnoninnen  wenend dalidanmnzliodng
n4199919 - swnsnlETaqunuynefiaidunanass (Fannnsinensnssy uargaannssnaInfuis
Tnawaniznnedng wananfivinana Plurotus Sesnsnsnnldguansafiunadulnsianlunneingl

nanaifiuansBunadulasiauld inlisnsndamesansduad ulnsiangetin doualivnsdinaiaanm

| ¥
A

s lUfas (Ugiagn, 2548) Rahman et al. (2011) ﬁmsﬂﬂ’]‘iﬂ‘%/‘i_lﬂ‘gdﬂQWNN’INW‘iﬂT‘LAﬂW‘iﬂ@ﬂNﬂ’m

Tﬁﬂmwwcﬁuﬂqﬁuﬁﬂﬁﬂmﬂ%mjm white rot fungi WUIINGN white rot fungi 9 e (Ceriporiopsis

subvermispora, Pleurotus ostreatus, Phlebia brevispora, Lentinula edodes, Pleurotus eryngii and Trametes

versicolor) ﬁmmmmmﬂm%ﬁﬂﬁqmm uarfdnenInlunISIANNanAnNTA ([2auAT e [Hann
. . 1 & o Ay o o A o ¥ =

AnaAnElil in vitro gas pgalafinan fSeidaandmasatusrazaanunisailaladliunazuaunis

winuuuamnsude (solid state fermentation) HB9aInfiRanIsgyIReYesBunEadng (OM) uay
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asdsznauneluaadfiazanerin(# (neutral detergent soluble, NDS) uazvinlianaauasisalunis
aane(FupsAniu (Roj et al., 1989; Singh et al., 1990) Hana N Sslungiuaeiigansdns a1ms
L?ﬁy?;lﬁl,%@ LLN%NﬂWW‘Umm‘jLW’]ngﬁG (culture condition) 1w (Tripathi and Yadav, 1992)
TuUszmeng Chanjula et dl. (2017) TaRnuNTanavasnisTulnduinsdindndae@dasnde
anssanmnisiedaivln ganinen uazaodmlnnnisseadeuny Buneldsuomis
NaMLEET 3 gaa A onadazneudasnstutndaningdiudi livin (UOPF) msTutdanirdiudinngiag

@831 (FTOPF) waznslulndunnsiufindndiaa@asndauiugida 1% (FTOPFU) taaliunsyndal#isy

= ey

BIMTTHANATUFIN IUFRT1BIMNTEN:BMNTNeU 70:30 % WULLENT (ad fibitum) Yinnn9ginuneiile
RLASURIMNA 90 51 ﬁuﬁﬂﬁwﬁﬂmﬂﬁu LAzDIALSE BTN SARMANTINGALHDEN ALTIRART
e uazesfsznouniaafisaendiniile nantsvaaes wudnsandais Usnannisiuldans
amnaanae (TAgui) dasniaedniuls wednsnislasanmiaduiminfsessuns g
AHUANGAY (P>0.05) Yimuaaiieniiy andnsoeen uazamAmsingunisrasiaunsis 3
g wudnldupnsneiulunea@a (P>0.05) a1nnnafnuAdaassfiannsaagulidn nnalivaely
Undrsinsmsin@esfisysiu 30 % (Hinansenusel3uinnisAinld wazmviue laviludnauns
oty anmnsatinneluldnsimin@esnndumnase mnseunauwnnlunis AaedndiAeaaes
AOAAABITUN1SANE1Y89 Hamchara et al. (2018) #igne91udn amngalinnstutndnsinsumsnidasn

T3 10-30 a5 ‘1/161LL‘VTLA‘V]Nstuﬂﬁﬁmﬁﬁﬁuﬁiuqm‘iﬂﬁﬁﬁ‘iwNZLILﬂ%@ﬁﬁ‘iﬂ%ﬂ@ﬂ%m:

o

2.3 NANNN LATNTTUIRNITHNNNLTBIRITNOT
= o . = = o g ! v v v | v @ A &
Ayndn (silage) Munedy ReamnTandsinae @y Futinalne Fudinanine e WAz MLy

AenTuaedifias@ume sy dnsnminduBluanmgaane fuawenBluanimminees ey

BIMIRATERT WA U assanwiufemanuga %mmmﬂgfﬁﬁmmmu vajmmmqmmﬁ

TAgunlas FeRsiinumTnAasiaNgulsyaios 60-75 wWasdud daslulansnfiazansaun (@

Trignndn 15 wWasiduddnguite fe buffering capacity an FeazyinWmmntniiunsmsaan wenanil

=

AEAUTHIMANAITHINIAUTZHID 3-5 L URLNAT (W1, 2533; N80, 2547) Nndnfden A

o 1% = & o =y o ¢ = ¥ o ¥ =
sV linnggnia iunsauenuazfusnunfisamnsdnigluounisiiaansar Fnaant Tag

ga

nnansinazvinlidnfurasfieamiadndiuls domjs daefinaanusinfin inidndauaniaiadn
Amsuiadurnsfiondn e fewihfiremsdadumindesduRrevnsdndnon ateemilsidns
wanfiu uarTunsdiiennierden dndadanioninlinuen axvinTiAn@esuazsinde e e,
2533; aNLIWA, 2547)

ATTUIUNITA9Y ﬁLﬁmiﬁyumwﬁqmiﬂmﬁw‘%wqwﬁﬂ wiald 2 nszuaunns e fe
nezuIMaRdasHennBiaw uarnszuanns? Wdesieangian Tneandont (2547) naadn nszuamng

a A 1 o

FuNANI9isRUNNN viaadesTuediun1ainueesBaq g s UssnaienAffumaan1enaenig
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sinfimdndasinudn uarasdusznausineg metuRiinuyinfiedin W PBanosieng ansdu uas
w3sme s Wngiu Tne Oude Elferink et dl. (2000) 85131 nszuamMandnRTmdnas1sawL
aaniiiu 4 szay As

1. Aerobic phase Un@aziindu 2-3 Faluauan laendsaniivinnisdaiandnasudmsnuga

|
N oA

apnBlaniimisagnieludonin axgnisaduesieifizdneg Hunszuon memels hanefiqfwadn
TannBiau i G691 (yeast) uaz entercbacteria auiAemans lulamsnidinanduenlneanlzse 1n wazAanu
Sen (ansTounh, 2547) wanannidulmsi iy v Tusfiea (oroteases) uaza3lulaimsa (carbohydrases)

yinembugastifian Taamansudnnsa-sns (pH) FovpgTugas 6.5-6.0

¥ 1
= A

2. Fermentation phase 578i77az 30T apanBiauneudoningnifaumuaniaag uanin(3
a9nBLau (ancerobic) Tnatintuasnssiaifiomansiuuasnansdniiuss funnanRuesiefiinn
NN UAZEN1ITYBINININ MIANTTUIUNIANTAENY SRS NINGRNTALANAN (loctic acid bacteria,

= a A o £ o DN a a p ! o o )
LAB) axwryFulnuazifinsmamnntwinifiiansnannsauanfin uaznanaug deawavinaonndu
n3n-AnvanaIngugag 3.8-5.0

aaa N o

5. Stable phase szt (iR AB e TAsmulneq AnvAdiias Tuszes fementation phase azamd M
GNGEUN L Twmmzﬁqﬁw‘%ﬁﬁmmm:@gﬁm Avinaeessulnilusfies Wulniaslulanss way
AUV UEHA 1 Lactobacillus buchneri 9zaRA®s

4. Aerobic spoilage phase %L’%mﬁ'@ﬁwﬁﬂ%ummﬂ ‘jz‘iﬂfjwﬁﬁﬂﬂﬂﬂmmﬂﬁmﬁﬂ Treans
Ainnnavsingesnandwnd (organic acid) Tne 889 uazuuafiBandnnanuadin (acetic acd bacteria) 11113
mnmﬁuﬂﬁm—@mqﬁu meﬁmmﬂmﬂﬁuﬁ?mm@qmmﬁ WATNNYINNUIBI9AUNTES W bacili UaY

RUNIINABINITBBNTIAU 13U WD UAZ enterobacteria

2.3.1 lasniimruanamnwaasiansin

aEoni (2547) ndnadn fladeiifestinstunisinfentn usiBvenasonmnimaasiansin
AaBATULNFE619 Antnlunnsviin THud

1. efiouazany oo fvudazria faumsnzanbinsismminusnsaeis wu fnalwaeos
Fanvinfemdniladnnadidsegluszanduinmnonndaauds a0if Frainspasintuszaztend
foarAugaazaznisaonaen i

2. pupvastuRiefinin n1evintiduessReiiundndaundnas vinlidisagnudes
aanu1se denalifansauaninidaiu vinrdaliuiu uastudanesiedsaunsongniadiils

|
o

it TagAnne22893uRe NN §1689n15 RTATNARLELA AT AN 1-5 LEURINAT IS
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5. matsuszAUAEEnluRy ssAuasEnsAvsnzaiunsvinfeninegsndng 65-70
e frandusinndy 60 Wesidud nasauiessRensineslifuaziindesau s
Hmdinpnadisnnndn 70 wefidud Tanafies ifemindifgomnmiaaiiann manzeemani ineensn
i dminagvintigoydensuasmemnaiiuslanidedndlsinmzaslulanen

1%

4. nsmauANg g ALaznIaIiangn Tugasusnuazesnisnialersssad iy ey 4

a g a

'3 3 v o/ I3 =1 g cgj o v A o/
ﬂ’T‘iUﬂuTﬂﬂ@ﬂrsﬁﬂ LRCAITHNTBEHE NANITINLERNYBINTHAEY L%ﬂ‘i’?LL@Z%IZ‘IVI"VZW‘E@%HW’]T'VTW‘D’WNﬂN

Ao Tnenfidleannagniiluvun wasirezaedeuusiiGefiagunlu uazanfivaznannsm

v
! % o s o P

uwanfindaa izeg luglaes@mdnaes duiu nindanasfigminHuwiwuazeinianaaniestias

Y U

qmwgﬁﬁlﬁmﬁuﬁ%ﬁh Qmwgﬁﬁmmmuﬁm%’umﬁﬂﬁLﬁmﬂﬁmmﬂﬁﬂzﬁﬂ'm‘a:mm 38 B9f1
Salbitdtal

5. N3 aN9LEBH (additive) a19taBnenaas [Ureinninednyiulnesd@eauuafiBeniensevide
NNEBN ﬂ‘jzéjusfﬁLﬁ@ﬂﬁ‘i‘lfiﬁﬂﬂﬂ\‘lﬁ‘i‘jwﬁ"lﬁ (nature fermentation) BT uB9aNLeBNA T NN
aonifiu 5 Uszam 6

5.1 A15N9LHUNIBTINTTUINNNTNN grevinlAnn19inEaTu TnefisBanomeundBe
FuAANIALANFn W nsldZauuafiBefindnnsauaninasuieinlnemnss M‘%@Tm,ﬂufsrjﬁ@hm

5.2 asiEinANdiunsa iR nlnanss Lﬁ@ﬁmﬁmmﬂﬁf‘?ﬁumju clostridium ann19
godslusfuuaziasiuniafauanluifly nsails THun nsamasfin naminde uaznanriazdu

5.3 §19LEENTAYI8BLINNTIUTINTTUINANTNTN FuA Wesu1aR (g (formaldehyde) ua

v
o a

Toiemman fuFa v (sodium metabisulphite) FegaemeinvBadudaqaundd bilvvinem

=1

5.4 83AH

2
o o

fAgiusiadte dostridum Tnerss v e bunan (sodumnirate) uazangURTame g
5.5 ansfitnagaduastu W mslisyRnietsduansduanfeifinnndull wanand
Saaengsliiinnsnuananisatu
madntunmunmasRaninyiliisamtsaRasanfennnimidosiusnsfanding aanals
sz mANAETI N9 RBUADININ 119 197 NTENAT NTANNEY 9INTI89IsasnaHURdnd
(2547) THdunndunnnamassieninlnsnisUssduuasidunsum Tnadmnnfendnd azuumon
faust 20-25 Az dauufgamnandinaon nian Azuaan 15-19 Azuud dadufraimnaniin
AN 6-14  Azunu dadufgemisndnamnindaunans 0-5  azuun daduRzamiandn

ADINNF (Table 2.3)

0 @, 1 s %’ LY LY

2.3.2 ATAMHINASA-AN9ABINI TUUIRNRINWANA
INNTANENLBIBTEYANT WAZAME (2549) WUFT N TUUNANENTmTn uaznietutndusinedy
nnNTINTUNINUNIRNaTTEAU 6 1WasiFud HaA1ANiuNGa-ANeAsYINGU 5.25 uay 5.78 ATNAIFL

aanARaetuNIsAnEI2890igeT (2552) wudmnsludadadniundnsoaiuninunaaiisziu 0-6
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© o '

@ ' i ) o o a
wasidiug Faraanudunsn-sne aglugas 4.60- 4.95 vinusaReaiumsfinunaes Uszivg uazaoe

(2551) 71978913497 N9 TUUIENHIHTUATN wazy9 U AN ST ndaNAUNINUANansy ey 2

@ A

wasidud AAnANlunga-FAg 4.29 LA 4.48 ATHATAL

Table 2.3 Evaluated method and physical quality of silage

ANWOUTINNLNIN 2 15EAR

1. NAu NENARLNAUNG (A WEBUIRNAYY 12

- liven Snfuguantiss

a &

- fnfAuaunnn wazsmfiudniios

& '

o A c&l
= PAHUIET IBHNAUIT

2. Weaduna - wu Adanlusazadunisimsaninimin uasHiFuEaUN

N O~ O M O

- win danlunaradiudeaduiantion muiuien

N

- wiw dndlunarandinlesgannn $Raden
- wadudenuazandsnuin

a

3. & - WARIENEYT WIRRNNA

N A O

- @uneNwides Wasaadiy

- sheanes 1

— shmadiaEen
4. pH - 36-43

- 44-47

- 48-5.1

o M M O O

- >5.1

NANNTFUIURUAMAIN 20-25 ANTN, 15-19 A, 6-14 YA uaz 0-5 #in

'

fan: nandeand (2547)

1 v
2.3.3 A1 & nAngawelul &N TN
9INN9ANE1IDY Big91 (2552) WUdANEoN & uazn@n aasne Ul dnsindumdngany
¥ ¢ © g A o 1 a =4 A A dy ' A o
ANHIANe 0-6 Leadidud Hanuueuiy Welanfdinasy dnaunenidigasany esraunes
AnHIAN AN Ue19YIn R se TuU dunSunindddamna FelndiAeedunisfnenuesadyain
WAZADTLY (2549) 191897191 MatuLdnsnfundn fddetenmAssuaziinfunen n1elutldungu
o o ¥ ~ o ¢ & g A d Y A A ¥ & v Py
NANIINAUNINUINNATATEAL 6 1adidud RAUIRIaaNaN SNAUNENTEININUIRNALANTaY 10dei
UszAnd wavanz (2551) 51891997 n1eludn@ninduniin uaznietuladusinduninsandy
¥ = o ¢ © g A = = a 2 A A o '
AMANIRNaTsEa 2 Wesidud Afdetenindes nAuEeaiunan TneieRensounanndnune i
) 1 Q' = o [ A o @ =S o [ = o a
prsdunsn-rne & uaznfnimndnazdosianynreswnafnosnusznadedmiu Rendnaonma

snDLTiIes Trinder (1983 d1lae yayfan uazym e, 2525)
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2.4 glﬁm ﬂuﬂ’ﬁwmguﬁ%ﬂ waznrsun T3 se Taasd

=

938 (urea) dmiinansusznauulnsieniilslussiu (non-protein nitrogen, NPN) fiansnsa
s tHiduumasiulnsian (N) sesqauadlaeg Gefinsintinnniigaluussaansyszneululasian
PlTeTsfin Wesanmniing uazistmgnileneuiiauiuuwmalUsfinaug sdnamn Uaniu atls

uaznINaamaes i (Wanapat, 2009)

a A

o @ =3 g ¥ o @ ! v o v & Y
pAlrREN ﬂwmxLﬂumﬂﬁmqmmaﬂ@mﬁmmw%’mmmmﬂfw VI’WTMU’]\?N’]H@UWQﬂHLUHﬂ’ﬂH

Y
¥
¥

usiaraeun[AF Hgnsnianil As CHN,0 1138 CONH,), UNATIBN9TEW NH,CONH, WNBUAAITNANE DL

'3

Tases3enesgBe uaznissusazesliananguaziilu (NHy) 2 ngu fiulsananguaisuaiia (C=0)

95T Wlnsianlsznavey 46.6 wWasidwd Favindufilusfiuneny 291 Wedidusd (46.6x6.25)

v ¥
v o a =1

g5esunvidmna e hlasaudmsuity uifinodn ssnsaiwnsdaliensdadimead e

a = v

HasniiaagnndigBeiindntndimiuiduaimisdadlaeaniz (feed grade ureq) fiaRnuiagans
flpafiinn5gAAINTY Fesansaazanesin FRuReei uwiesiililnsenls: nauagtinands Tnad
Tilmaiauiies 42 iwaSidusd wihdulusiumeny 262 iwesidus iy
yidefladngnsznnzgiuuazgnlalastada (hydrolysis) TaenowleleBiad (urease) anqanyad
Tunszmnzgumlfduuenlily (NHs) uazarsusulneants (€O, FeazifAntuAeniinags uonludls
AlatlazgnaduwnddinlinugfsentunandlaiindnFannszuauniamiinandlulamnen tunsainizs
wulafinunsnesfludeasinfuadafinlustulumadansqgdundd (microbial protein, MCP) usiinnin
qawEd Huan i ey idusunaandiniviasuenluflogetunsznizgum Tnedndess

=

nagadnuenlndeluiiduiieananuinislnedewing By uazdufionsilaanss wiflyide

veganassainausn il Elaanmmmisinans waznsinszmnzgim Tnammnnzugaeiidnd a5y
o s = |

avnsiifl lnsiawsn wiesgusraranaimng

o o 1 =

Cherdthong and Wanapat (2010) (HiaBunedn nsiiemnsdmdatnefiusz@nsnmazdaaanUiuno
va9gide uaznsdassfinsuenTuily Tasfiazuuniandndadifendas uunssduiaiidiAyeos
nafiy anaziunafivludin i warnisuassfnglunsaeonlad(NO,) AT ANAFBADNINEINA
uanaNi MaimRAR ey EefauanaanslanusssuenTufstunszmns g s @ Tnaly
a19U5rnBuyREaa1eET (slow-release urea) Toun TU%L%G] (biuret) aLeIL38 (starea) giFENBFNA (urea
phosphate) W@’%ﬁuﬁfﬂﬁmﬁﬂugﬁﬁ (formaldehyde treated urea) Wae W@?}LN@%LW@@U%L%EI (polymer-
coated urea) HaNIINH uAenAaD(3H (caldum chioride) dadnfiuansfitasandnanisides
wenladdeanngBeliings nameassufeslfifinislnedunaneosgy BouazunniBendams (urea-
calcium sulphate mixture) Faaanasdindurnuenlfly naaneutanlsuannavesgawEd unszinne

sumdaBeuflsuigBefinandmsudivemadadlaammniz (feed grade urea)
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2.5 upaldanlansanias anliRvasuaaBanlansan s

waaidunlaasanied (caldum hydroxide) figmnannaiafl fa Ca(OH), HBakiasine i caldum
hydrate, slaked lime, hydrated lime, carboxide, calcium dihydroxide wag lime water a9AUszNaUNINIAR
Usznausing wAs@en (cadum, Ca) 54.09 Weasidud (alasiau (hydrogen, H) 2.72 wWasidud
28NB19% (oxygen, 0) 43.19 WasiEud ﬁfﬁ%ﬁﬂfﬂL@qﬂLﬁﬁﬁu 74.10 Anuoszifiung vierasuisienn
Tifinaw gaiien 580 ssrirades fanmdudwun Weazansinfidaanmiungn-dazanos 14
(USDA, 2002)

wraidan(ansantss Aemnnmindani Fainnawniiugu weadennsuome) Taalinnasou
g9 axlifujugn waaBenasntes, Cao, lime) Ilaindasudonaninligs Yugnazinfizendy
sinlfifuunadenlansantes douidunsuiel@idngnmg uazdmiiiiuansurouaes A siyulad
(milk of lime) w99 [Nz U s A ilnnuAnaEew W svuuinlminge nnefsansiae
Unlunanamindssun g

m‘aﬁﬁ%ﬂiﬂﬁmﬁuﬁmﬂqﬁmfi T@fﬁ%mu@Nﬂmwmﬁmimﬁu 9 wnau W Fnu i T
ﬁﬂmmﬂu@h\uﬁ'@@mﬁmm@hm Wandl Paganndeidaaneaanufivresaiseiiundd waz
angAurAdeneg Alurnduyadadumada wu widnld qns aananszusnudaRufidutiognise
sruuvnaiunelaresdnd antlominisinizinees Hunaeii Ts meﬂmwﬁﬁué’mﬁmﬁu wanand
Usglamintadinuemsdnd Dias et dl. (2011) TaFnen mstunadenlansentaininuondania i
wiasamavenulula wudn UBnninisiull warnisdes lHesssensesndniiatuiis e oy

naNAILAN SEAULANZeN (ansanlaATinanzan fa 12 nSussfilansuuandasan

a o o 1 1

-3
2.6 UVITJ’IVI‘ZI@\‘]'?@%VI‘E%Iﬂ@ﬂ’]iﬂﬁﬂﬂ@ﬁﬂ'ﬂﬁﬁ’]i?%ﬂﬁ’)Lﬂf_l’JL'ﬂ’EN

AR BT mIInsuasTmmMsTifiaanizsa Trefannannngn unns s Toes]
arnenaiiels (dietary fier) edmdinlulneannzdndlifeondeclammnsativsslomils Tnaande
m‘:ﬁwquﬁ'quﬁu%m@gﬁuwdﬁﬁmﬁm{fmi:LWﬁszuu THun wumiiBe (bacteria) 1Uslmdn (protozoa)
waziFnan (fungi) %a?uﬂﬁzmﬁ:gmu ﬁﬁzﬂﬂufﬁé’qmﬁﬁmw@ameﬁﬁﬂﬁﬁqﬁfywﬁﬂﬂﬂmi’i@ﬁ 30 #iia

. [V 1 ) 10 12 sl a an o a
(species) uaziinauiindiunglugas 107-10" wadsefadansynsresnaslugun dluslada 40 viin

I A a

. Y 5 7 P a g PN .
(species) HAMNENTW 107 -10" IHARFDNARARTVDIZBINAIZNU LarHiTD31 5 ¥HA (species) HAINY

U U v 1 5 g 1 =Y aa & 1
UIRUEeENIT 10 L"ﬁﬂ@@]’ﬂﬂ@ﬂ@@]’i“ﬂﬂﬂLﬁNQTNﬂ’izLW"IZ’ELNH FINUINUUATIZYRUNLIN uay

' [ % I

ﬂqqﬂﬁﬁﬁmﬂqﬂﬂdqiﬂﬁiﬁsﬁ/ﬂ WCHbhealzhhe! LL@:"H’FJ‘LIL°ﬂ@ﬂ@ﬂﬂq‘iﬁl@ﬂﬂﬂqﬂﬂﬁ‘iﬁq‘ﬂgﬂfﬂ NITNARNTA

¢ _ a P

Tousymelivianun waznisdanszieaunadlsfin namladuszme Fiannnagnaadusmuwis

9
|

©

gpequsiindaninajiszanm 85 Wediind e lfifuunamaneoanassu danqdnradlusin (ol

warAslulgnsnasgduiadaaanausaueaslnauzaasasfivide aziraiesnainnasnizgmm
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(% ! Aa ! ' A o v & A 1 9! o o &
Wingnnaifinemnsdouans  lagewnzfisnlfan iennsdeasany uaznisgaduliiugadndsall
(Ghorbani et al., 2002)
d’l a =9 o/ 2 4 U a 1 ]
wananil eawvEd unszmnzguudeansativssloniannunaslusiiusine Tnamnizadng
Feannnsaliulnsiandi lElusiinud (nonprotein nitrogen, NPN) Tneiq@unatiazvinalfisdnanan

anelunazmnzgwuiianadiunga-A1g (rumen pH) fimunzan Ao agtudas 6.5-7.0 uazfigomgfiag
52919 39-40 aeFmaEes vnlieuuedide Tusladauazdasn amsafindwanlfagiasansa
UAZIANIZANADNITEAYRTMNS (W1, 2533) 91NN199189 4888 Satter and Slyter (1974) wudn
uﬂﬂmﬂmwLﬁuﬂfam—ﬁhabﬁuﬂﬁqu:gLuuﬁmmmu uda svsiunan ifle-Tulnsieubunszmnzgid
mwﬁqﬁzy@i@mﬁLﬁm?qmuﬂmq%ﬁw’%ﬁﬁfm %ﬁ:ﬁuﬁmmmmﬂuﬁw 4-5 mg% @94 Song and
Kennelly (1990) wudq‘j:ﬁuLL@NTNLﬁﬂlﬂmwuﬁmmmmq‘mgﬁuﬁw 15-20 mg% #azrslifin
NATUIUNTHaEAANELAZNTE USRI g RS IS AnAmN N ax

2.6.1 mLmum‘ﬁﬁz’imaﬁﬂ‘sﬁu?uﬂszl,wwzgmu

Tusfnulupmnsdnussnavsiag 2 dau Aa 1) TU5FWWT (rue protein) 1w insulin, globulin,
alburmin ua keratins udn uay 2) Tulnsiawanlussiuliudt (non protein nitrogen, NPN) fviadiidin
a198wad 1Wu nsaued ludasy nanianddn wlne (amide) 1w (amine) wazgBe uaziiuasaiu-

1%

nadl win uanlflonnaalsd uazuanluflandama Wudu yden, 2527; we1, 2533) Beildnan

3

M9LaYARLUANGNTI WUFIE1T non-protein nitrogen (NPN) A8mannnsaanaiiafign Sennsgesuas

ATHIUBATNIasa T neU lpsaneesdmdfenides (Figure 2.4) [5ilu peptide naruafily uay

o

uanlnily daanniuasinisaasdansauailuaauniislnengsuaunis deamination tneanfe L (o

arnq@wvad [Mduuenlfly uay O-keto acid (yay&en, 2527; wWen, 2533) wiaqanad vassadnd

iwsazin (U lEUselamidansziiiingfunadlusin wen (2533) na1ad1 80%  vaslulnsiauves

qawadgnaaassdlnenisluenludly dawdn 20% MWnsauedlulnemse dou d-keto acid 819gn

U

Z\Iﬂ’m(ﬁ/’mﬂfﬂLﬁﬂ?%?lm’l’iﬂ%’mZ\I’Iiﬂ’izﬂﬂuﬁu‘"j WAL UUIAINAI91% 11 acetic, propionic, butyric,

. . . . @ v
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Figure 2.4 Outline of the pathways of protein in the rumen
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‘ffim: Leng and Nolan (1984)
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Figure 2.5 Outline of the pathways of carbohydrate in the rumen

ﬁmz Preston and Leng (1987)
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Figure 2.6 Utilization of protein and carbohydrates by rumen bacteria in the rumen

‘ﬁm: Nocek and Russell (1988)
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1. 5zprU5udmd (adjusting period) YINNNSFNARINARBIAINUNUNITNARBIUUY 4 x 4 Latin
Square Design Tmﬂﬁmi@:fﬁ%ungﬁﬁmqmﬂzjwmmLﬁumm 15 &4 91vns7i W wnsnaasaiivanmis
HANATUAIW (total mixed ration, TMR) Aifldasauaistusiaammaeny (mastulnduinsfmein)

60:40 Taal#y1e TuUNS NS AN NN TIRaaY (Table 3.1)

Table 3.1 Ingredients and chemical composition of goat diets containing amounts of FOPF' (% DM basis)

Dietary treatments'

tem FOPF (T,) UOPF 5%(T,) COPF 5.0% (T5) UCOPF 2.5% (T,)

Ingredients, %
FOPF' 40.0 00.0 00.0 00.0
UOPF 5% 00.0 40.0 00.0 00.0
COPF 5% 00.0 00.0 40.0 00.0
UCOPF 2.5% 00.0 00.0 00.0 40.0
Ground corn, GC 35.8 35.8 35.8 35.8
Soybean meal, SBM (44% CP) 7.9 7.9 7.9 7.9
Fish meal, 55% CP 0.4 0.4 0.4 0.4
Leucaena leave meal, LLM 5.4 5.4 5.4 5.4
Oil palm meal 7.2 7.2 7.2 7.2
Molasses 2.2 2.2 2.2 2.2
Dicalcium phosphate 0.3 0.3 0.3 0.3
Salt 0.2 0.2 0.2 0.2
Mineral and vitamin mix’ 0.6 0.6 0.6 0.6
Total 100.0 100.0 100.0 100.0
Estimated nutrients (%)

CP, % 12.50 17.50 12.50 15.50

TDN, % 64.54 65.50 63.57 65.90

'Diets= FOPF=Fermented oil palm frond (T,), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

? Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 IU;
Fe: 50 g; Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1 g; I1: 0.5 g.
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dawdi 1 guifiudsznnod 40 ARRANT AN M H,S0, 919U 1 RARRATFa289ARI9INFINN 10
fadang eangansinaueesqaunad v iusies (centrifuge) Aaamruida 3000 sausaundt
81 15 Wit L e zauile (supematant) WEuTHazanns 20-35 RaRans sialuiuTnguruds
aomnftazanns ~20 ssAeades teinUArarsiuen Tty - [lnsies (ammonia-nitrogen, NHs-
N) TneA8nnanas (Bremner and Keeney, 1965) lneMiades KIELTEC AUTO 2200 Andlyzer (Foss,
TECATOR) LL@:;?JmmmﬁﬂdwmﬁqﬁﬁfﬂﬁLm’]zﬁ‘mﬁﬂﬁﬂfﬂﬁuﬁzmﬂﬁﬁy’w34m (total volatile fatty acid,
TVFA) waznanlasiussme a1 foyliun names@Rin (acetic acid, C,) namlwsfeaiin (propionic acid,
Cs) waznaada?ian (butyric acid, C,) Tnal¥ipAes HPLC (Hewlett Packard) Uszneudag water 510 pump
(Millipore), UV Detector 210nm., ODS reverse phase column (5L, 40x250mm) AnuLaIaNATNI92808
Samuel et al. (1997) wazAMIMUFHIDULANRVIUAINAEN19289 Moss et al. (2000)

duft 2 Yinmaguifin 1 38883 fin 10% formaldehyde 9 fafAns Wevinlungaaiiy
U531n998UN3E (total direct count) THun wumfide (bacterio) Tu5lwedn (protozoq) wazIZasn (fungi)
Tma 0% Haemacytometer 2177 400 %89 (haemacytometer Ha1IA NN X 8719 x AN = 1x1x0.1 mm) Tog
yinnsiuuuafide 20 daadntuunamzussyy Tnesu 2 suflenidnafenisdinisses Galyean
(1989) daluslndauazi@osminnisiiu 1 9eetne) Tnevinnsiuionun 25 gaenans TaevinisriuTus
Tndauaz zoospores tunnawul¥ndosqanssesd (Olympus BX51TRF, No. 2804492, Olympus optical Co.
Ltd., Japan) Trnasenesd wafiBeuay@esntitngmens 400 wir (40x) Tusladaléinasens 100
Win (10x) Yinnnaviy 2 91 aenfuienAsdeeslszanns

4.4 mMsgunUAIattfan

Fudantnadan Maan 0 uaz 4 Faluansnisiamsrasiugaiinrasusiazazesnaans
Tagifiuanniduidens majudiomne Gugular  vein)  U3uiow 3 RadAnS Tanannfidiannidy
(heparinized) WintfasiulilFdnufosa nasanniuinnniumans (centrifuge) iraniEasa 3,000
sousiaunft Maan 10 ufuazifudan plasma Tagiiuutuisfigomgf 20 ssmwaies e
AmszimnssiugBe-[ulasianluden (blood urea-nitrogen, BUN) (Crocker, 1967), PCV ua blood
glucose 1fudin %A% GOD-PAP method Tmﬂcﬁ%ﬁﬁmzﬁ%%gﬁ Glucose Liquicolor” USsnAaWuE
a151305 09T Faunnaiiastiuianms PCV 1835013 Liqui Color Procedure No. 2440 (Bull et dl.,
2000)

4.5 msgunusisadsilaanz

mafiutlaanas iugasdndagunnsasmsnluads Tagvinnsifiufisdeii 5 Sulwgasgavingees
srezfudagntintnafuiuiomn Tnelidmanafinauinaaag 5 ans definnagungaeansly
UUINNAERNAREIaNSUTAE1IZARDALINT Tuﬁiﬁlﬁm‘meﬁmj‘%ﬂ 1M H,S0, TH&Raan M H,S0, #ie
flagng 1: 10 Weinnesdsiulnnauluiiaazua 50l pH eavilaanziidiatssndng 2-3 e

a s

ngpfianssnensgdwadnazdin desaans lulaseuluiiaana: vinnsdausunsiomuedilfuusdas
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o ° | & oy ¢ ® &< A o v o A
qmm:mﬂﬁqmﬂﬂqmzmm 10 Wadudaasiiaanaesnanng Nev(Usantdudui 2, 3, 4 uay 5
wRavinagudnAsIUazins 5 wWasidud uni [iuwtsineiase 3,000 sausiawil i 15 Wil
Wueniraanla naseniin s lamsnsinndannosblageuluiaanyainisnisaes AOAC (1995)
WarinanAnsnzinananaa lasiaw (nitrogen balance) siafy

4.6 MaguiiiudIatya

Bavinnafundanduniafuiiaanay Taefiu 5 AuRasaiuIuEeTingaasn1ananany 1
ABnafiuuuuyionae (total collection) Tnevinnaifiulugasdn a1 06.30 u. laenistensinga
viave n1aifiufionasesyadeegfitundsensninsestlagnay dewiuvinnisagnynaasiiinfiuuay
WAL 2 d9u e

AT 1: 1BUUTTNIL 100 N3N s (Uau?l 100 asAnai@as Wian 24 $alus 1iednes1ei
wiinquitsrasyaiiiuaeennan uusardu

[l d' & £ ¢ @ 3 ¥ %3 & 1 (% ) [~3 sud'

Aaui 2: 1fulFlsenn 5 LﬂmLeﬁummmwuﬂ;ﬂ@mmm?uum:qu WU a7 —20 aga

o =4 Il dy [ [ o &< a d' | o 1 1 dl @ £

WaEed VInn1snuEuianasy 5 quummwwmmsﬁuﬂﬁmmwmﬁﬂu*ﬂmmeﬂqwmmmﬂﬂqm
agnIAdin inmsgaifiuness 5 Wedidud uazinlleud 60 avamaaiBuaidnngt 48 4alus vide
FUNINTLUFIFRN LEMNUUANINAZINTITWIR 0.1 Rafias WianUArssiniesdlsynauniaiai
ERRgafUn1TaATIzirasflarnaunaeienns et lUaiuosmnnistas Hanudsnisaes

Schnieder and Flatt (1975) faauniasie s

matlas{Fraednguiis (%) = 100 - 100 x (WknyaUsuu)

LNWRNADIBTIANSANRUSU LI

Anasias [Faaslnamey (%) = 100 —100 X ( %Tﬂﬁuzsfm;m X NMHNYALTUUAY)

% Tnaneluannig x HIMINe9aInSAANUS L

5. MsAATIERdayan st

ﬁq"a’mj@ﬁfé’mﬂmﬁwmmﬁy’wmmﬁmﬁ’]:ﬁmm’mLmﬁu'ﬁfsmmu Analysis of Variance
(ANOVA) SINHUKHUNNSNARDY 4 x 4 Latin square design taal# Proc GLM uaziU3auitsuainuusnsing
?Jmmmf?‘ﬁ'mmmjwmmﬁmﬁ% Duncan’ s New Multiple Range Test (Steel and Torrie, 1980)

6. AauAvNNISNAADS waziiudiays

1. NNIAUNE NIPTBINAIFNERNT ATULYITNYINTTITHINR NNINLIAYAITNIUATUNG ANLUR
A me) 90110

2. ABNUHURANITTATIERAUNINDINNTART NIATEITAIAIEAS AMNLNINEINTBITHER

NMANYNALEIIAINABUNS Angemvaavie] 90110
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3. TSINANDIMNTART N1ATUTRIPNARS AMETSNEINTTITHYNR NNTANENRE FIVATNATUNS
Angaania e 90110
7. S28ZIAR1YINNN5398

FLYLIRYININIGTATY ARIAN W.A. 2560 — HYIYW W.A. 2561
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unit 4
NANISVIAREY UREIANTO

4.1 @iquﬂszﬂ@uwwmﬁLm::ﬁ'num::mﬂﬂﬁWﬂmwNTuﬂqﬁuﬁlfﬁuwﬁngL%f-_um::
waaienlansen fadissAusne

asAsznauynaAfiuaznen s AR min (FOPF) ynstuhdaindumiing S 5.0
a5t (UOPF) msluthdssinsumsinuaaidenlansanias 5.0 wesidusd (COPF) uaznsTutndaninty
wingEauazuaadenlonsanted 25 wasdud (UCOPF) #ildtuniamaaes (Table 4.1) wudn &
asfsznaunasiuansineii IdeRansanusinasdnquitsnetutndniniumsin (FOPF) fidngend
m\iafumﬁmfﬂﬁmﬁﬂmﬁm%u@ﬂNﬁﬁﬁﬁﬁﬁm@'ammﬁﬁ (P<0.01) WasnanunszuauniasTn (W F Hasin
w0uzit Dmmslutndnlmiinnguang SnnaigBouazuaaides lanson fofun azatariideunasdnf

BTt fumein fd\iNﬂ?ﬁV’IQ’]N%HTHWNTUUﬁﬁﬂﬁﬁﬁuiﬂﬁﬂﬁﬂ'f]zgdﬂ’jf]

Table 4.1 Chemical composition of urea-calcium hydroxide treated oil palm frond

[tem Dietary treatments' SEM
FOPF (T,) UOPF 5.0%(T,) COPF 5.0% (Ts) UCOPF 2.5% (T,)
DM’ 37.16° 31.33° 34,33 34.00° 0.31%*
Ash 7.34° 6.94° 13.66° 0.89" 0.54%*
oM 92.66° 93.06° 86.34° 90.11° 0.52%
cp 7.98° 16.26° 5.61° 12.07" 0.26%*
EE 0.78 0.88 0.89 0.88 0.07
NDF 82.18° 78.98" 67.29° 74.27° 1.87%*
ADF 66.50" 65.61° 56.59" 63.47° 1.7%%*
ADL 26.45" 24.29° 19.36" 22.81% 1.28%
GE, Mcallkg DM 414 4.26 3.61 3.50 -

'Diets= FOPF=Fermented ol palm frond (T;), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated oil palm
frond (T3), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

“DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NSC: non-structural carbohydrate; NDF: neutral
detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin; GE = gross energy.

" Means within the same row not sharing a common superscript are significantly different (P<.05)

* P<.05, ** P<.001. 3SEI\/\ = Standard error of the mean (n=3).

-4

asinel3fmN Lﬁﬂﬂm‘imqﬁaﬁ'ﬂmm%wummffumﬁuﬁﬂﬁuwﬁﬂgjL‘%ﬂ uazuARLGN HRTaN (26

o/ ! ! a Aﬂy Ail o A g g ! Aﬂy Ail A o/ Itil
Tu‘imumm WU Nﬂ‘m&l‘ﬁu‘ﬂLWN"I‘::NNT‘LAW‘I‘WI"IW‘H%NTW FINUIN AITHTHNIANICTHYBINTNHNAIIDEYN

g g

S26 65-70 asiFud (Bl9ayl, 2559) A2uiBNToadn wudn s luddnsnssnueaEanlaasan

Tt 5.0 wasiing AangondmaluhdsnintumingGauea@en lansenlaiiisziusineg atriiladAny

Y U

=

Fan19adif (P<0.01) iilavanuaaidanlgnsonloffduussindedanaidUiunoudagenin v

g A

arnodafinsan wud ymeluihdssinbamingBe 5.0 wedidud fanlusfinsongendamelutdunine
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o/ = a'cil o/ cﬂl 1 g ° o/ c;l a cﬂl o =2 2
wing BaussuwpadenBnsenleifissiuaug ednfitaddyBmneatia (P<0.01) WeaRansontieannn
gpanilnad uazdnluoaglas Udnmanactunluldminfuminuea e lansen lod 1o
WasueuiunsludnsnTminnguanede il andnydmeadia (P<0.01) spandssiy Wanapat
et dl. (2013) AlFaeemfeaiuasfszneumnaaiiosmiedin Wisdnoming Sauasuan Ben Ensen (s
wazvhstinoming Be wudn WaednaningBoueaBenlansenodfiusunneeaiiasad anlusaglas
AN B FnaTn doundsemusan wudmnelulndunsdniis 4 gas SAmaseusane ugae 3.61-

4.26 ME call kg GE ag9lafinn wudn asdUsrneuntaafiaaaniatutndasiniulunnsfinennsad fen

%

Tn&iAsariunsAnE1aes Wan Zahari et dl., (2003); iggn (2552); Chanjula et al. (2015); Suryani et al.

A . PR

(2016) Aige9mdn netutdaming UsznaudaadunEedng 96.8-89.3 wasidud Tusfiusam 4.7-
7.9 wWafdud [afusan 1.2-2.9 Wasidud 1fin 3.9-10.7 Wedifud mitead 66.9-76.1 Wasidud an
Tu-1waglas 55.6-58.1 wWesidus uarfindsusonszanm 3.61-4.26 nzuAasa/Alansuinguis

Arpaafiunan-ang nasennianastuUndanindiie 30 4w wudn ngs UOPF, COPF uas

UCOPF fisanaifinnan-snsgendangu FOPF agefiiuddnylanteadi (P<0.01) (Table 4.2)

Table 4.2 Characterization and physicochemical parameter of urea-calcium hydroxide treated oil palm frond (UOPF) dietary

[tems Dietary treatments' SEM
FOPF (T,) UOPF 5.0%(T,) COPF 5.0% (T») UCOPF 2.5% (T,)
pH 4.54° 8.82" 8.09" 8.19" 0.06%*
Lactic acid, % 7.23 7.13 7.15 7.08 0.89
of DM
NHz-N, % 6.23 8.37 6.01 8.05 0.57
total N

Color value”’

L* 53.83° 23.90° 21.74° 23.67° 1.39%*
a* 1.09° 5.39° 4.12° 3.70° 0.50%*
b* 2130 16.27% 14.04° 14.27° 141%
Odor fragrant like pickle the smell of fragrant like pickle the smell of ammonia from -
(lactic, fruit aroma)  ammonia from urea (lactic, fruit aroma) urea slight (very small)
Texture little soft, medium soft medium, little very soft, scurvy, very soft, scurvy, without -
hard part hard part without hard part hard part
Visual yellowish green little—dark green little—dark green little—dark green -
assessment

" Means within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T,), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

SEI\/\3 = Standard error of the mean (N=3)

°L (lightness)*: O = black to 100 = white; a (redness)*: O = green to 100 = red; b (yellowness)*: O = blue to 100 = yellow.
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ag9(5finn EpRTI9EIUANYILNINAMNIN WD N TUUN&NHEUA mTnAnsTiuans 1y

a A

A A o ¢ 8 o Aoy A @ & P ) ]
NﬂﬂuLﬂWq:m"JiﬂﬂLQW’]%VI’]QT‘UU’]@NquuWNﬂquWNNﬂQQﬂL‘jﬂ“ﬂﬂuﬂ@u"ﬂqqLwNuLL@NTNLuﬂ N'D%ﬂ’lﬁ@’m

U
v

maUsziRndonanann wudn Adadingjar iUl @esransenrdesiuaninanasguunuiieu Ang
Taefen® L*, a*uay b* AlFeniedesind (CHROMA METER CR-400) iadnasiiudag 21.74-33.83,
1.09-4.12 uaz 14.04-21.30 AMHAAIL

NanFAlATIsiasAlarnaLnaAflansgRTaNMIaNaNLEES (total mixed ration, TMR) AifinsTy
Uhdniitmiing Beuazuaieslansan fadifunsdlaznoy (Table 4.3) wudnfldindsaesinguii
(DM) Tost (EE) wiaimad (NDF) Anluinaglas (ADF) waz@ndin (ADL) YDAV 4 gm5
BaAUazNeUA INAFD9i WasEWa W TaNYea T-T, Winfiu 4.33, 4.30, 409 uaz 4.21 Mcdl /kg DM GE
WABINANEZINGN T, (UOPF) uazamanaiasangy T, (UCOPF) fuFnnoulusfinsanwindu 17.77
uaz 1512 wasidud Segendiemanasadangs T, uay Ts 819150991nAMNUANANI 18952 AL
Tustbmeluindaifming Bouazunadenlanson fofunnsneti (Table 4.1) Felifidounanans

g 5adanaviniiszaulUsfiutuamng TMR uansinariv

Table 4.3 Chemical composition of urea-calcium hydroxide treated oil palm frond

Dietary treatments'

Item FOPF (T)  UOPF 5.0%(Ty)  COPF 5.0% (Ts) UCOPF 2.5% (T,)
DM’ 97.71 97.23 97.90 97.58
Ash 6.24 5.43 8.60 7.43
OM 93.76 94.57 91.40 92.57
cP 12.62 17.77 11.98 15.12
EE 2.36 2.45 2.59 2.47
NSC® 20.99 17.52 18.22 19.09
NDF 57.80 56.83 58.61 55.89
ADF 31.87 32.71 32.56 31.43
ADL 9.63 10.03 10.24 10.05
Hemicellulos4 25.93 24.11 26.05 24.46
Cellulose’ 22.23 22.69 22.32 21.38
GE, Mcallkg DM 4.33 4.30 4.09 4.21

'Diets= FOPF=Fermented oil palm frond (T,), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

DMm: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NSC: non-structural carbohydrate; NDF:
neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin; GE = gross energy.

*Estimated: NSC = 100~(CP+NDF+EE+Ash).

“Estimated: Hemicellulose = NDF—-ADF.

5Estimoted: Cellulose = ADF-ADL.
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4.2 Usansmsfiudnquiisliindnedass wardSunmmsiulivasdnmuzainams

nanlgranmianaiasaiinslutdainfuming SeuazunaiBen lansan lofiiiy
a9AlszneUAeRoUEN N s ARIETaiNaaiAnTu BN oinRe (kg/d) uwazAnulediudans
simiinga (%BW) dansusianlansiiminusunuedn (gkg W) saaynngs (Table 4.4) wudnlaisl
ANHUANA9Y (P>0.05) Tmﬂ%mmm'aﬁﬂﬁﬁy’mmmﬁ(ﬁhﬂgﬁuﬁw 1.05-1.13 kg/d uANF491n
sAnENas Wanapat et al. (2009) AliinnsAnEuAsuifeunarasnialivineing waednaming e
5.5 wasidusd uaznsinaningBusanunaidonlansantad 2.2 wasidud e wodalaumdlasy
WrsdinandngBeuwazrednoning SusanuaaBunansenizsd fUsuiunisfiulfiedwdsss uaznisties
Thondlngurgendamaeting (P< 005) Usmunisinlifiupndnsetafiasannafinesdnd szazms
waRulmesdnd uazdnunramisiinmiing BeflpasinAunnndmsnh§aindming @ 50
wesidud adrelafinan unengy T, uasT, AunalHinL B o9 AulERNT W Lﬁ@Lﬂ%ﬂULﬁﬂuﬁ/ﬁﬂ@:NB
anaifipsnannnaunfivzesesldy weranusiiduzesmislulrdeidming Sy sanndosdy
578974289 Paengkoum et dl. (2006) fivin nanunialinslutdmindumsing 3efiszdu 10-50
nsusinflansn Tuune wodnudaunslisumetinndanindiuning Befiszdu 10-30 nfustedlansu &
UBHnniMsAupssAasingw wiillafinenssziug Beninndn 30 ndudeflanin wnsilAuinimnetiv
Thneinsdaazanas (P<0.05) ifiavannanusifivanas uaznausesuenluily aenslafinuainsieamn
94 Wanapat et al. (1985) Wudn wsdnamsingde 5.5 Wesidud aunsadsuigssniaden (i uazifiy
UsnAninNsineImng enaiilasannaiidisiveasdnsasnsminaeiissieamesssndnsdni of
wraglas uazinag laaawiniiinlslasesdnasad e f donaliqauradiunsumzgumannsages
Tassadanslulansnfiiulaseadnalidietu vintiRnnstes Hooslnae [EATy wazifinusunm
nnafulatigein fennaUsulssnanndasyBauazunaidaslansanladumnsinagunsndasiis
Yunaunsinl@ilula a1n 6.56 i 6.89 Alansusiasiasiadis (Qingxiang, 2002)

YiupaAeniuUsamnisfiueeslns (OMI, NDFI, ADFI uaz ADLI) wudndentndifasin Tng

o

U%mmm'ﬁﬁufﬁﬂm@uw‘%ﬂffmqﬁﬁ'ﬁL‘Vhﬁ’u 1.035, 0.965, 1015 uay 1.007 Alansusasifadu

.

o o ¥ o & v © [ @ cild
FINANGL (P>0.05) NBAANBNNLNITANEIZEY 9IAR (2560) F9lEVINNTA NN F BTN A HLRE TR
LALLM N@e9avay 0, 33, 67 uax 100 wasiFusd Juny wudunsiBunnnisi
THoesBuvdedngogtugag 1.030-1.130 Alansusasasedu adrslsfiniu wudn Usnnsnnsfinldves

Tusfusanasunzngai Fuamnanasiasafifinislulduindming3e 5.0 wefidud (7,) finneau

THoeclusfiusongendings T, uaz T; (P<0.05) WesanUBunnmesgBeiigelungy T, inliang
anngnfinlusiulfegean
WaRensnnBannnisinlfeesiasad anwaglas uaz@niiu wudmuneynngs (T-T,) &

VBN ANIFaassTa® Wwinfu 0.632, 0.577, 0.652 way 0.607 Alaniusaffadu aMuNaIAL

Balslupnsineiuneaf (P>0.05) vimwaaiAeaiu Ussnm n1sfinlfeesdnluaglasuaz@nfinessuny
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ynngN Wiy 0.350, 0.335, 0.365 uaz 0.346 filan3usasasiaiu amuaidy uaz 0.115, 0.100, 0.112

uay 0.107 AlansuAafasadi AN T HuAnAeTwneadn (P>0.05)

Table 4.4 Effect of urea-calcium hydroxide treated oil palm frond on feed intake in goat

Item Dietary treatments' SEM
FOPF (T)  UOPF 5.0%(T,)  COPF 5.0% (T5) UCOPF 2.5% (T,)
Total DMI, kg/d 1.10 105 113 111 0.04
DMI, %BW 2.98 2.81 3.16 2.99 0.16
DMI, grkg W™ 73.52 69.39 77.09 73.08 3.69
OMI, kg/d 1.035 0.965 1015 1.007 0.03
CPI, kg/d 0.140° 0.182° 0.135" 0.165% 0.009*
NDFI, kg/d 0.632 0.577 0.652 0.607 0.03
ADFI, kg/d 0.350 0.335 0.365 0.342 0.01
ADLI, kg/d 0.115 0.100 0.112 0.107 0.006

““Means within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T;), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

2SEI\/\ = Standard error of the mean (n=4).

DMI = Dry matter intake, OMI = organic matter intake, CPI = crude protein intake, NDFI = neutral detergent fiber intake,

ADF| = acid detergent fiber intake, and ADLI = acid detergent lignin intake.

4.3 ﬂ'lﬁﬂﬂ’lﬂ’l‘iﬂ?uﬂ’l‘iii@ﬂfﬁ Ltﬂgﬂ%ﬂﬁmﬂﬁiﬁurﬁﬂﬂﬂiﬂﬁusﬁii@ﬂ?ﬁ?u@’lﬁ’]i

1
A

ilefensondnszaninnstioslfaaslngue (EE, ADF, ADL uaz TDN) (Table 4.5) wudnynngs
fenTndAeeiu (P>0.05) aousdt Frlsr@niniadanFuas DM, OM, CP uaz NDF umnsinsri (P<0.05)
Tasingst T, (FOPF) fldnsnndnngsifiug aenadesiys Wannapat et al. (1996) fisnensdanissinstums
UuLsR e maEnUassevin B duUs AvE naten liaasinme uanBanaumatinlfeasdndfisd
UBNAINTU ANEINTIAERLEsaaAaS T ieAN AN ifiraglan uay lwaglas Svannaniany
Tnssasvasiy Awinliniateslffadu uanannil nnslirnsTuniasulqenmnmessmnsiingas
dawalilassadneffinuRafiindn vinthgauddunssmnzgunasnsadinlUdos i geduuazyiaby
WndRmsiiarmaemndniiiunistes hwnausmiszesiasau (Mapato et dl., 2010)
doRarsonlnmsitdonlisanansunsalisuamananadaynngs fdnagiuiag 63.57-
65.90 \wWafidud llunnssiumnsada (P>0.05) a1aiilasannamsiitimaanstuadsiidunimis
wanase Belnmuefitionaunnsneiibinndwinlnsusfdoslimaeosuns lluansineis PBanninnsin
Thanslnmuiidantiluamisonsuns (DOM, DCP, DEE, DNDF, DADF uay DADL) wudnlsfiaanx

uANFer (P>0.05) BALIUAT DCP NaN Ty UAz T HAPNINNGNEN (P<0.05) #AARDIfU Gunun et
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1
=\ 1

l. (2013) fig1esmdn nnsldyEemdinganiunasiinsintivsanomeslnousiidenligedn uazainnis
A nanaea i sz lemsllE (Mcalid waz Mcalkg ME) wudn TdRaansuansnei (P>0.05) anii
ngud T, fid Mcalkg ME) siandnngaai aoaeft An Mcalid Tiumnsinaiin TaefAnasugng 2.37-2.58
Mcalkg @eln&idesiunaseui s lamilainuam uazieanasaninudasniszosunsiiie ¥l
aswa3eyidule (NRC, 1981)

Table 4.5 Effect of urea-calcium hydroxide treated oil palm frond on nutrient digestibility and digestible nutrient intake of

goats

[tem Dietary treatments' SEM

FOPF (T)  UOPF 5.0%(T,)  COPF 5.0% (T;) UCOPF 2.5% (T,)

Apparent total tract digestibility, %

DM 62.09° 62.89" 63.60° 65.14° 0.38%*
oM 64.03" 64.78" 67.01° 67.96° 0.35%*
cp 56.04° 67.09° 61.18% 65.60" 2.11%
EE 55.98 56.51 65.48 63.42 3.19
NDF 55.25" 56.24° 61.31° 60.72° 1.46%
ADF 36.31 38.63 42.41 41.66 2.33
ADL 23.99 21.19 32.31 25.97 3.37
DN 64.54 65.50 63.57 65.90 0.84

Digestible nutrient intake, kg/d

DOM 0.657 0.627 0.680 0.680 0.03
DCP 0.075" 0.125° 0.080" 0.107% 0.01
DEE 0.017 0.012 0.020 0.017 0.002
DNDF 0.347 0.325 0.402 0.365 0.02
DADF 0.122 0.130 0.155 0.142 0.01
DADL 0.025 0.022 0.037 0.027 0.004

Estimated energy intake’

ME Mcal/d 2.50 2.37 2.58 2.58 0.10

ME Mcallkg DM 2.28" 233" 2.32% 2.39° 0.01*

G_b/\/\ecms within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T,), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

*SEM = Standard error of the mean (n=4).

*TDN = DCP + DCF + DNFE + (DEE x 2.25).

“1 kg DOM = 3.8 Mcal ME/g (Kearl, 1982).

4.4 N@Nﬁﬁ@ﬁﬂﬂizu‘]uﬂ’]iﬁﬁﬂ?ﬂﬂiz EPNTZTEHY HRTE 158 —Tuiﬁ!it@u?%ﬂﬁz LNLRBR
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! @ ! . ! P

Arpadnnsn-snelunsznazgem (umina pH)  Atuenlufle-Tulaseneesasaman
NTZUNZFHI (NHz-N) uazAnsuwnualaiaasidon (blood metabolite) 289unzgnnanisiiiasing uang
fa Table 4.6 Wud1An pH Tunszimnzgmnd 0 Falus uazANRALIBIUNEAIHSU UCOPF 2.5% fengs
nIUNENgNT[A50 FTOPF (P<0.05) usliflannnuansnadanaudieunuunsngui sy UOPF 5.0%
uaz COPF 5.0% (P>0.05) ANNANAU §aAANENTTLS1291%4289 Polyorach and Wanapat (2014) Wud1 N4
Wy BouazgBasaniuwani@an gasenmiminniedinayinlidn pH TunssnzguwgendnlaileiilFsy

W9%19 (P< 0.05)

Table 4.6 Effect of urea-calcium hydroxide treated oil palm frond on ruminal pH, NHz-N and blood metabolites in goats

[tem Dietary treatments' SEM?

FOPF (T)  UOPF 5.0%(T,) COPF 5.0% (T  UCOPF 2.5% (T,)

Ruminal pH

0 h-post feeding 6.59" 6.69" 6.732% 6.94° 0.08*
4 h-post feeding 6.38 6.53 6.51 6.50 0.08
Mean 6.49° 6.61" 6.62" 6.72° 0.04
NH5-N mg/dL

0 h-post feeding 12.14° 17.50° 11.43° 13.57° 0.91*
4 h-post feeding 12.86° 22.86° 13.21° 16.43" 0.64*
Mean 12.50° 20.18" 12.32° 15.00 0.60*
BUN, mg/dL

0 h-post feeding 14.74° 27.04° 14.00" 24.92° 0.96*
4 h-post feeding 14.81° 28.01° 14.79° 25.31° 0.92*%
Mean 14.78° 27.53" 14.39° 25.12° 0.90*

Glucose, mg/dL

0 h-post feeding 62.25 64.75 60.00 63.00 1.28

4 h-post feeding 61.50" 64.25% 62.50™ 65.00° 0.91*
Mean 61.88 64.50 61.25 64.00 0.92
PCV, %

0 h-post feeding 29.00° 27.00° 27.75% 26.50" 0.40*
4 h-post feeding 26.00 26.25 27.00 25.75 1.21

Mean 27.50 26.62 25.37 26.12 0.76

““Means within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T;), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

*SEM = Standard error of the mean (n=4).

NHz=N = ammonia nitrogen; BUN = blood urea nitrogen; PCV = packed cell volume.
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IINMSANEIASIR NudrARAe pH Apuinemst (6.49-6.72) Baidussiuiimanzansans
yinsuresngueanvadiidesaanedely (cellubolytic bacteria) waznistannaslisiin (6.0-7.0) uniil
A NH3-N 289unzngaifi [#350 UOPF 5.0% Sengendiunsynngs (P<0.05) se4asnnAnngs UCOPF
2.5%, FOPF wWay COPF mInandiu anqtiiavarniSunamesydelugraainisfigendinguaneg
aaAAdesiuNTANEIIE Wonapat et dl. (2013) wudn Usasaes NH;-N Tunszimnzgmaeslamdi
ThsumnsdnmiingBauaznednaniing Bedoniuunadaslansanladgendlaunguiilisumising
(P<0.05) uazAnnunus [avisineg Tunszumdannasuny wudnen BUN oglugng 14.39-29.34 mg/dL
Founenaui (450 UOPF 5.0% waz UCOPF 2.5% fifin BUN gundnunsnguiilis FOPF uay COPF
5.0% (P<0.05) aaAAAadLI189114289 Wanapat et al. (2009) Wud1#1 BUN PRI T LA Rt
niing3s warnsiinandngdedanduunaBenlonsanladdrgendilanunguildsunaeting (<
0.05) atslsfimn Junnafnunassd BUN fdnaghunosifunaluune fufudasivunzanluunzeg
Tueia9 11.2-27.7 mg/dL (Lloyd, 1982) Fernauifinduaas BUN ﬂﬂﬁ@zﬁuLLﬂﬁﬁuﬂgﬁ’uwmﬂﬁ@'%’ﬂ L2
gy a3 PasnodlUsAnAfulE uaslneiamnzasiuzes NHs-N Tunszsimnzgm said Ausdenes
blood glucose wazAn PCV fiAagunag 61.25-64.50 mg/dL uaz 25.37-27.50% AuaSL Wudn (3
ATTHULANFANTH (P>0.05) %@ ﬂﬂﬁTuLﬂmeﬁﬁﬂﬂﬁTuLLm Am 50-75 mg/dL WAy 22-38% ATHAAL
(Jain, 1993)

4.5 aadindineasnsalaiufiszmelBrasaaanaslunszinizgiam

AraNdnduaInsm lususzme [Fviansn (total volatile fatty acids, TVFASs) SINTITEA AN
dindureansnez@@ia (acetic acid, C,) nIAlwsRaafin (propionic acid, C) nsAdaT3A (butyric acid, C)
Tuusiazgauann 0 uaz 4 Falumasnnstienmns uazAnAesan (Toble 4.7) Wudn TVFAS 91n289IMA7

ﬂ‘i“’LWWV‘iLNHL’J@’]‘W 0 ﬁQTﬂN ﬂﬂu?‘iﬂﬂ’]‘ﬁ"l‘i) ﬂﬂQLLWwWﬂﬂﬂNTQJLLG}ﬂGﬂ\?ﬂH (P>0.05) ¥ I’]ﬂ?_lsfuﬁfN

U

107.56-120.53 RRAHAARART ATNAIAL 8niiu 717991987 4 Fluandanistiennng uazA1nae s
NgN T, (FOPF) &esnndinguau (P<0.05) aaaniasfiuangsiuees Wanapat et al. (2013) #ilg#nun

maltfgBe 2 wesdwd sonfuueadenaasenlsd 2 wWedifngd e uaswnsdinandngBe 3

g 1

Wasidud Wisuiteuiunieding wodn TaflEsunsdinaningde 2 Wesidud sonfuwaa@enlans
anloe 2 wWasidud uazrnsinondngBe 3 Wedidud SnnsdeafvesBunssdnquaznanlaiuszme
Tsvianungendngai (F3unneiing prailasenuBanomamiorad anturaglaa wazdninesmn

Tuihdssihduminfosy Souradenlansanlzianas donaliuiinmnsiulfredusedng Usnimn

ﬂﬁﬁﬂ@ﬂfﬁﬂ@aﬁuw‘%ﬂé’mq Lmzﬂ%mm@uw%é’mqﬁﬂ@ﬂfﬁﬂmLLW:LWN% NRAARDIAY Sutton (1985) 71

'
a o

7897497 UBN104189NTA [2Euszwie [HAignnAn Hanndunusiulsnisnisdes (Haasdunisdng

U 9

1 v [
1 2 =2

t”m‘mﬂﬂ‘%mmmﬁﬂ@ﬂfﬁﬂmﬁuw‘%ﬂf”fmqmeu VBN o489 N5A [Tz ine (RN N1z AN

Sindinaeasnsn s lEnaaRnauluda AU unsinsAulduasdunddsng UsnnoinnsAula

9
!

yp9lnmusiidas [Fupedunading wazannsiisanslulansniiilslnseadnes g9 (Van Soest, 1994)
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uanenil emaifianslulmnsniitasaanelidng (soluble carbohydrate) 9 uaziidnarananistios
Thgeazifndndanunsnanlnsfianiinlunszinizgiunugsiu (Nocek and Russel, 1988) Bamanaiiiadi
voansn fuiuszme Bt lianmafiindsnugs Wasnanfaslulansmidessana e
g Tnsunfudaaannmesnss lussme Bimun dndfsadaseuaiuliamdne 70-150 fad
Tuasindns (Yaydon, 2541)

Table 4.7 Effect of urea-calcium hydroxide treated oil palm frond on volatile fatty acid profiles in goats

Item Dietary treatments' SEM

FOPF (T)  UOPF 5.0%(T,) COPF 5.0% (T}  UCOPF 2.5% (T,)

Total VFA, mmol/L

0 h-post feeding 107.56 114.36 116.45 120.53 5.52
4 h-post feeding 101.90° 113.45° 115.04° 122.08" 3.16%
Mean 104.73° 113.90™ 115.74° 121.31° 3.06*

Proportion of individual VFA, %
Acetate (C,)

0 h-post feeding 60.74° 61.97° 55.27" 58.52% 1.38%
4 h-post feeding 58.34% 63.98" 55.87 54.23" 2.04*
Mean 59.54% 62.98° 55.57" 56.37" 1.12%*

Propionate (C5)

0 h-post feeding 24.42 25.80 27.59 28.58 0.51
4 h-post feeding 29.06 24.88 30.10 31.10 0.58
Mean 26.74° 25.34° 28.85" 29.84° 0.47*

Butyrate (C,)

0 h-post feeding 14.83 12.22 17.13 12.89 1.95
4 h-post feeding 12.59 11.12 14.02 14.66 1.00
Mean 13.71 11.67 15.57 13.77 1.40

Acetate: propionate ratio (C,:Cz)

0 h-post feeding 2.51 2.43 2.03 2.07 0.14

4 h-post feeding 2.05 2.67 1.86 1.75 0.20
Mean 2.28° 2.55° 1.94° 1.91° 0.07*
CH,

0 h-post feeding 26.98 26.14 24.63 24.14 0.97

4 h-post feeding 23.82 26.84 23.01 22.27 1.00
Mean 25.40 26.49° 23.82" 23.21° 0.48*

““Means within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T;), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

2SEI\/\ = Standard error of the mean (n=4).
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FlaRensnnUBanninsauediin (Cy) 1A 0, 4 FaTng (W& Ha1113) ATLAREIIN WUFT U
4N T, (UOPF) f¢in 61.97, 63.98 uaz 62.98 Wasidud gandiunzngw T; (COPF) uaz T, (UCOPF) a8
fednFyneadn (P<0.05) aouzit uaztBaounsalnalefin (C;) Ainan 0 uaz 4 Falusnaslianmnis
wudn i Aonsuansneriu (P>0.05) Taeiirnatitugas 24.42-28.58 winsidud uaz 24.88-31.10 wnidud
AWAIR wiwudn URsnounaa s lafinindeasunsnga T, (UCOPF) uag T; (COPF) fldngandnunzngy
Au (P<0.05) ifimvsnsnsvinliusanomesniorad anlusaglasanas denalifnnseosligaiu 39
yinlFUSuneInsauednAinanas ud Cs m‘imq\ﬁ’ﬂgu pe19(3Am N USuod Cs aviudsmndsnned
awintiu (Uaydon, 2541) daulEsnnanaidintiusansniafian (C,) 1wanf 0 Falus (Aenliianis)
a7t 4 $alue asFeng) wazAdNduaR BN 4 ngn [Husnsinediu (P>0.05) fenag

o/

g9 12.22-17.13, 11.12-14.66 way 11.67-15.57 Wasidud suansu TnsUnfivsunsnesnsm iz
semelEazius lanuefinaaseng uazsveznamasenifenins Usniowesnsn sz H7s
urnfign Ao C, Tnafluszunn 60-70 wasiiud ansnamludinazmealivionue uazataaranaaidie
AnFINIDIDVNTIUANTY D00 UBHn0sey Cp axdliaznnm 18-20 wWesidudnnansmlusiuss el
Vravnm Lﬁm:éfmmmmﬁugq’%u yintAUB N 04089 Cy ﬁﬂ%mmqﬁumw‘%uﬁmmm‘rﬁu a4 C, 9%
Tiruuslngaziidazanos 10 wWesidud sesnanloiuszmeBimun oo, 2541) inueafeady
Hungate (1966) #nanadn Ardnduee Cy, C,uay Cs Tuﬂﬁ:mﬁ:;jmummgﬁ 62, 16 Ay 22

L4

¢ @ ' o A v & °  a ! @ A o
L‘U’ﬂ‘iLsﬁ'um"ﬂ’ﬂﬂﬂ‘iﬂ\t‘ﬂNuW‘iiLﬁﬂT@‘VN‘VTN@I ATNRIAUY ’ﬂf:l'NT‘iﬂG]’]N FINNTTTIEITHYDITH WREINUD

b

(2558) wudn unzgnuanfiiias-uasinayden 50 wesidud AlEsummslundniniumindesi
561U 30 wesifud HUSN1uD9 TVFAS, Cy, Cs WaT C, @%'Tuﬁq\a 74.05-79.2% RaALNAADART 68.00-
70.20, 19.18-20.95 Uaz 6.33-6.76 WoAEud auasy aa9nan suiiszme (Fiomn

AAINIDY CpiCs TAMT O UAZ 4 F9lenaalFonanudn [HRAHuANAA9i% (P>0.05) usune
AgH Ty (FOPF) uaz T, (UOPF) Hamdaulaunsieey CpiCs mz‘%ﬂqqmmw:mjm T (COPF) uaz T, (UCOPF)
aeeflfefAynenan (P<0.05) anaifisennannUBuoiesdnaanees Cy ﬁqﬁmﬁmﬁm:ﬁwmmq
Tuthdusisminueadanlansentsd 5.0 wafdud uasmsthdnifming Souazuaa@enlans
anlasl 5.0 Wedidus aeandesiunisfne1zes Ebrahimi et dl. (2015) AlFvNMSANET Usnnoiemis
$u wWasuWsutuansdusantunislutidasinsiusadia 25 wWedidud uazemnsiusantunisly
Urdnsinsudmda 50 wesidud Duung wodiungngui Fsuamnaiu uazamnstiudandunistuhds
siniudaidin 25 Wesigud filBuomesdasom C,:Cs= 1.79 Uy 1.89 Sapnndunsnguiilisuamati
sanfuyslutndaindusadin 50 Wesidud (P<0.05) WaswnanntuuneA Fsusmnstusaniunsly
thdaninsudadia 50 wedidud fidelagendinguaueg atnslafinn dndaunes C,:C; Anviuaztaeyinli
Wuwasligeau ez C; TiszavBninansndssngonda ¢, (Van Soest, 1994)

fndauans CH, 71981 0 uay 4 Falnanastanmnanudn THRAHUAnANail (P>0.05) usiune

nQN T, (FOPF) uae T, (UOPF) TR ITRCE NN CH, g9nIMUNENgN T5 (COPF) uaz T, (UCOPF)
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peaflilud Ay 19adf (P<0.05) anaiiinsainiuemng T, fidlalusansn uaziiaslulawmaniiils
Tmm%’mqq YTHUBNIMYE9 C, Uaz C, 9 WARUSNIDEY Cy 6N Fagana WiUsu1inTlantans
ulafmuenUday 89 C, way C, Wiuaamadiuluniandn CH, (B9dnuol, 2560) Wa9a1nNnNazuInNnig
MINTUNTNZIHUNTHER C, WAz C, VinAIfinnnsaAadansuaninannled (CO,) Haalalasian (H,y)
Aaduuiafing (COp+H,=CH,) (Preston and Leng, 1987) wdllunszuauniadaAsesd C; axlidl CH,
A X o da 2 e oue X ¥ 9 o "
\fintw penalsfinnn CH, AfinTwindndiaeadesafianisgadendsmlugUuuunisenmniisan

v cil a 4?/ o
FINANNSIAUTLAATHINNNTZUINNTNEN (RABY, 2541)

4.7 Gi"m'mﬂ‘szmﬂiwmﬁgﬁuw%{ffun‘szwagmu‘[mﬂ%‘émsﬁ’uma (Total direct count)

91NN19NARDIH Wudre Nl szansresuuaiie  TUslnds uazi@esniunsyimnzgiauneng

' | ! o ' . | \ 10
unz wodnBifiaanuansinaiu (P>0.05) TnefiAnndnettugas 3.88-4.16 x10" cell mL, 3.27-5.29

x10° cell/ mL waz 1.31-1.96x10° cell/ mL A&l (Table 4.8)

Table 4.8 Effect of urea-calcium hydroxide treated oil palm frond on rumen microbes in goats

[tem Dietary treatments' SEM

FOPF (T)  UOPF 5.0%(T,)  COPF 5.0% (T5)  UCOPF 2.5% (T,)

Total direct count

Bacteria (><1O1Oce||/mL)

0 h-post feeding 3.89 4.04 3.01 3.56 0.31
4 4.07 4.28 4.74 4.76 0.45
Mean 3.98 4.15 3.88 4.16 0.26

Fungal zoospores (><1O6 cell/mL)

0 h-post feeding 5.79 2.54 3.00 3.99 0.68
4 4.78 3.99 3.79 3.78 0.54
Mean 5.29 3.27 3.39 3.89 0.47

Totall Protozoa(><106 cell/mL)

0 h-post feeding 1.56 1.31 1.96 1.90 0.39
4 2.00 2.26 2.22 2.23 0.46
Mean 1.78 1.79 2.09 2.06 0.35

G_b/\/\ecms within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T,), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

2SEI\/\ = Standard error of the mean (n=4).

(%

aEAASBdAL Hungate (1966) Mis18471d Uszrinseesuuniiide Tuslada  wazi@esniu

|
' o '

i 1 \ 10 12 4 6 ° o ]
NIZINTSGLNY ﬁm@gfumq 10 =107 uaz 10 -10" cel/ mL AMHEIAL UFHAIRINTITIEIHADS

Chanjula et dl. (2007a, b) 151897491 Yszannseesiszanslsladaiafsvasunsgnuanufiosine
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] (Madas-uaslnayiden 50 wasidus) fduntuegtuie 2.87-5.65 x10° uay 2.41-3.57 x10°
cell/ mL AEGL 19427 Khampa et al. (2006) Tdvinnnanaasstilansmegaen wudiduszannslys
Tndainan 1.4x10° cell/ mL 21HDINITIN BIVNTAUANANT B Jouany and Ushida (1999) 518913441
maEnuEasRmu sy divineecllsiadasanndasiu Russel (2002) fisnasiudn n191a3ey
gpslusTadainainiufieduds wazdramasUaranuileaaumuuduees lusleda uazdnginis
dpeeIananueranas @9 Jouany and Ushida (1999) 5189nsdn fé’mquﬂmfﬂﬂmsﬁ’ﬁuagﬁ’u
vnana uazuilofiazaneliluenmns  ednslsfinn Uszannslusladafianasinasvinduszsins

¢ a

wuAREeANgeTW inIFRnsdansnziedwadiindn Tnadnfinnelianiazuandenfivinnzanllsln
F9zi93ey [F5 uazugvamnsanuuaiie uarlfuuaiiBeidnannisfiaziiandu Russell (2002) 518414
41 FmanluslpdafidindwinuuefiBuanas Wesannluslndaduin (engull) wuaflBaduainis

2 & | |

TnavinlulusladasansatiuuaiiBedivamnslfigedis 40 WeddnuduassmuauuuaiiGevionnafitios)

UG
& o o~

agalsfimn drlugasamnsiwdnsyindundn Tusladaesfnmdaudeannsngasuso pH uay
Tasinaniazaansfiunsalunszmnzndnli (McAlister et al., 1993)

adnalsfinu ﬂfj:mﬂwm@gﬁuw%ésﬁuﬂﬁ:L‘WﬂzgLNuLL@'@:ﬁﬁmmﬁmﬁuﬂgjﬁuﬂ@%w@w
1szns g siinvasnwnafidndlisy a1gand szeznantunimdndealunszimnzgiam ananaanu
NIA-ANYBINTLNZIINT ANHANTUTTNT199RWE TunTznnzgiimg uazdnaaneesa1isduse

1%

aaneny g (Von Soest, 1994) wudnamnsfifilinlageyinisluuafiGangs celluolytic bacteria
. dad o b e a A vy da
gendnamnsfitifalunn wanainisziuans NHs-N vidpuszansnmnisden (i Tnaemnsiiinisdes
Y da o @aa ¥ . T Y,

Trge uazemnsnfinayin N5 induweeseiuans NHy-N - Tunszimneguamiingu vinlfsnuan
WUATAEELANAY (Song and Kennelly, 1990)

4.8 aanaA2aslulnsian (N balance) waznisidusylensdaaslulnsian (nitrogen
utilization)

HaEBIN3 I luldnTmdng Be uazuaa@enlgnsanlodiungnsnnnnananasa e
annavasulnsian uaziFrnawesiulaseuiidnAulEla (Table 4.9) Usingdn Ussnmnisfinldians
Tulmsiawsioving (Total N intake) Haanuansinerii (P<0.05) lnsunzngs T, Hudunolulasaniilisy

oA A o/

qmd%m:mjuﬁ'u (P<0.05) diantFunmun1siululasian (N excretion) wuduneyngsdanonisd

Tulnsianluya (Fecal N) Tumnsinariu (P>0.05) TneflanagTudas 8.24-9.74 nSusesiafadu wsune
naN T, uaz T, fUuun1stuiulnsiaunatiaanay (Urinary N) ez BrnsnnsdulpsEwiomn (Totd
N excretion) gundnunzngaau (P<0.05) sampdasril Wanapat et al. (2013) Ail#vinnnsAnuanislaving
wiingEe 3 wWasdud Wnsdinandng BauazueaBunlanseniad 2 Wesidugd Wisu@auiunisiiigty
Tans wudnlananguilisumnemiingde 3 wWedidud wstinoning SuuazunaBeslansanled 2
wosiduddusinulnaenilisy warlulnseuidusannisiiasazgendinguildsunaeiing

(P<0.05) a1atiaeannuuimnisinlfegnedasy wazSunnnisfinlfanslnmme lUsfugsluenms
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wasasaniRazAstuhdindming 3y uazy SounaiBualansanlad fvinlivsanatilngewd
150 wazlulnaniidueangaguii Sasuoilulraaniume i3y SanuduisiusEunnnisiuls
DEWNDNTY

Lﬁ@ﬂm‘jmmﬁﬂmLwﬁgﬂ@m%u (Absorbed N) WU UWNEN T, ﬁu’%mmfﬂmwuﬁgﬂ@m
%mgmdmw:mjuﬁ'u (P<0.05) wsitAanaunasnifiululngiantiusnniy (Retained N) amumeiis 4 NaN
Triusnsinarins (P>0.05) TaefidnagTudag 11.11-15.61 niusadasiain SssuallnaaniunelFsy §
poHANETUUS i sl BsnsBasT uazAwsmanunases T ednalafinn ieRansnnd
weodidudlulnsauiigadusasunsngy T, uaz T, fArgendiunznguauodneiiiodidomieadn
(P<0.05) ustilafisnsaundsrniesidudiulnnanddnifulusnsneg wodn Tdusnsinedu (P>0.05) Sadin
yndndlasulnaeuannemistiesdndasiinnafudntlaseulusnne Tneannisiuesnyes

=

gBemeilaanagin Mg BovsnAsundugnszsmnzgumsa i (Charch, 1993)

Table 4.9 Effect of urea-calcium hydroxide treated oil palm frond on N balance of goats

[tem Dietary treatments' SEM

FOPF (T)  UOPF 5.0%(T,)  COPF 5.0% (T,) UCOPF 2.5% (T,)

N balance, g/d
Total N intake 22.09° 29.12° 21.26" 26.03% 1.73*

N excretion, g/d

Fecal N 9.74 9.46 8.24 9.10 0.38

Urinary N 1.24° 4.04° 1.06" 415" 0.54%*
Total N excretion 10.98" 13.50° 9.31° 13.25° 0.82*
Absorbed N 12.35° 19.65" 13.02° 16.93" 1.55%
Retained N 11.11 15.61 11.95 12.78 152
N output (% of N intake)

Absorbed 55.96" 67.02° 61.11% 65.46" 2.15%

Retained 50.52 53.46 56.16 50.31 3.18

g_b/\/\ecms within the same row not sharing a common superscript are significantly different (P<.05).

* P<.05, ** P<.001.

'Diets= FOPF=Fermented oil palm frond (T,), UOPF= Urea treated oil palm frond (T,), COPF= calcium hydroxide treated
oil palm frond (T5), UCOPF= Urea-calcium hydroxide treated oil palm frond (T,).

*SEM = Standard error of the mean (n=4).
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! 1
! a v A

Tunszmnzguueasuneynngs IfANinssAuAuuzianiun sesgivinneanesqdunatd (5-8
ma/dL; Satter and Slyter, 1974 %28 3.3-8.5 mg/100 mL; Kang-Meznarich and Broderick, 1981) @151
a a o ¢ _a P 2 N ' PO v
mawsgifvle uaznisdansnziedunadlsiugegn uanatiiudiennnsfitinazesnistniety
Udsndnifidimindang Bauazunaden lnsanins ngnsnmisnasiass dndannnsainfuis:Tomild

= =\ ! i [P 1 a a v o/
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Abstract

This study was aimed to study the effects of urea-calcium hydroxide treated oil palm frond
(UCOPF) in total mixed ration (TMR) on feed intake and blood metabolites of goats. Four
male goats with an average initial weight of 30.0+1.00 kg were randomly assigned according
to a 4x4 Latin square design. Four dietary treatments containing 40% of fermented oil palm
frond (FOPF), 5% urea treated oil palm frond (UOPF 5%), 5% calcium hydroxide treated oil
palm frond (COPF 5%) and 2.5 + 2.5% urea-calcium hydroxide treated oil palm frond
(UCOPF 2.5%) were used as main roughage sources. The diets were offered ad libitum in
total mixed ration (TMR) at 40:60 ratio of roughage to concentrates (DM basis). The result
revealed that voluntary feed intake, blood glucose and PCV of each goat were not
significantly different among treatments. Ruminal pH was unchanged by dietary treatments,
except FOPF was lower (P<0.05) than other treatments. The concentration of NH3-N and
BUN were found highest (P<0.05) in UOPF 5%. Based on this study, UCOPF at 40% in
TMR diet did not affect on feed intake and blood metabolites of goats.

Keywords: Oil palm frond, Urea-calcium hydroxide, blood metabolite, Goats, Feed intake

Introduction

Oil palm frond (OPF), a cheap and abundant by-product of the oil palm industry, particularly
have been given emphasis lately with great potential to be utilized as a roughage source or as
a component in complete feed for ruminants in many tropical countries such as Indonesia,
Malaysia and Thailand. However, the use of OPF in livestock production is limited for their
complex biological structure, low protein content, metabolizable energy values (Ishida and
Abu Hassan 1997), and as up to 20-20.5% of their dry biomass is lignin contents (Abdul
Khalil et al. 2006), thus resulting in low voluntary feed intake. Various treatment methods
have been used to improve nutritive value of agricultural co-products such as rice and wheat
straw including physical, biological and chemical treatments. It was found that using urea
treatment could increase nutritive value of rice straw (Wanapat, 1994) and sugarcane bagasse
(Ahme et al., 2013). However, the cost of urea treatment was remarkably expensive which
resulted on higher cost of production. Similarly, Wanapat (1994) reported that the use of
urea-treated (5%) rice straw with increased nutritive value especially protein content and
fiber degradation but the cost was relatively high due to increasing price of urea. Fadel Elseed
et al. (2003) suggested that when amount of urea was reduced and combined with calcium
hydroxide Ca (OH),, it could improve rumen digestibility. The concentrated alkaline agents
can chemically break the ester bonds between lignin and hemicellulose and cellulose, and
physically make structural fibres swollen (Wanapat et al., 2009). Therefore, the aim of this



experiment was to therefore to determine effects of various treated OPF on feed intake and
blood metabolite in goats.

Materials and Methods
Animals, treatments, and experimental design

Four male crossbred (Thai native x Anglo Nubian) goats at ages about 16 months old
with 30.0£1.00 kg body weight were randomly assigned according to a 4x4 Latin square
design to investigate the effects of urea-calcium hydroxide treated oil palm frond. Dietary
treatments were as follows: fermented oil palm frond (FOPF), 5% urea treated OPF (UOPF
5%), 5% Ca(OH), calcium hydroxide treated OPF (COPF 5%), and 2.5 + 2.5% urea-Ca(OH);
treated OPF (UCOPF 2.5%). OPF was collected from the Faculty of Natural Resources,
Prince of Songkla University, Hat Yai Campus, Songkhla, Thailand. OPF treatments were
prepared by adding urea and Ca(OH)2 (as hydrated lime) according to respective ratio using
100 L of water to 100 kg air dry OPF. OPF was then packed in plastic container (50 L) for a
minimum of 30 days before feeding to the animals. Four experimental diets consisting of
40:60 ratio of roughage to concentrates (DM basis) were offered ad libitum in a total mixed
ration. The diets were formulated to provide the nutrient allowances to meet or exceed the
NRC (1981) requirements of growing goats.

All goats were kept individually in pens (0.50x1.20m) under well-ventilated sheds
where water and mineral salt were available at all time. The experiment was conducted for 4
periods, and each period lasted for 21 d. During the first 14 d of each period, all animals were
fed by respective diets for ad libitum intake, whereas during the last 7 d, the animals were
moved to metabolism crates for total collection during the time goats with restriction to 90%
of the previous voluntary feed intake to ensure total feed intake. Feeds were provided twice
times in two equal portions daily at 0800 and 1600 h. For determination of daily DMI,
refusals were collected and weighed daily before feeding. Feed samples obtained each time
were oven dried at 60°C for 72 h, grounded to pass through a 1-mm sieve, and composited by
period on an equal weight basis, and analyzed for DM, ether extract, ash, and CP content
(AOAC, 1995). Goats were individually weighed before the morning feeding at the beginning
and ending of each experimental period. At the end of each period, rumen fluid was collected
from all goats by using a stomach tube at 0 and 4 h-post feeding during the digestibility trial.
This was strained through 4 layers of cheese cloth and pH measured immediately using a pH
meter (HANNA instruminalts HI 98153 microcomputer pH meter, Singapore) fitted with a
combined electrode. The ruminal fluid was then acidified with 3 mL of 1 M H,SO, added to
30 mL of ruminal fluid. The mixture was centrifuged at 16,000xg for 15 min, and the
supernatant was stored at —20°C before NH3-N analysis by using the micro-Kjeldahl methods
(AOAC, 1995). Blood samples (about 10 mL) were collected from a jugular vein (at the same
time as ruminal fluid sampling) into tubes containing of 12 mg of EDTA. Plasma was
separated by centrifugation at 2500xg for 15 min at 5°C and stored at —20°C until analysis.
Plasma glucose and packed cell volume (PCV) were measured by using commercial kits (No.
640, Sigma Chemical Co., St. Louis, USA). All data were subjected to the analysis of
variance by using Proc. GLM and treatment means were performed and compared by using
Duncan’s New Multiple Range Test a level of a = 0.05 to determine the significance between
the treatments.

Results and discussion

The results showed that (Table 1) overall mean of feed intakes of each goat in terms of total
DMI (%BW, and g/kg BW"") were not significantly (P>0.05) affected by dietary treatments,
ranging from 1.05-1.13 kg/d and greater values for the goats fed COPF 5% was observed.
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However, Wanapat et al. (2009) who found that the treatment of urea 5.5% and 2.2% urea +
2.2% calcium hydroxide could increase (P<0.05) dry matter intake (from 4.4 to 6.3 kg/h/day)
and digestibility in dairy cows (from 49.5 to 61.6% DM) when compared with untreated rice
straw. This could be due to the differences in animals and their physiological stage. Indeed,
these effects may be related with smell and low palatability of OPF treated with urea and
calcium hydroxide as compared with urea-treated rice straw. Similarly, Paengkom et al.
(2006) reported that intake of OPF by goats increased quadratically, (P<0.01) with increasing
urea supplementation up to 30 g/kg OPF and thereafter, decreased (P<0.05) with 40 and 50 g
urea/kg OPF, probably due to low palatability of the diet containing a high concentration of
urea.

Table 1 Effect of various treated oil palm frond on feed intake in goats.

ITEM Treatment! SEM?
FOPF 5.0% UOPF 5.0% COPF 2.5% UCOPF

Total DMI, kg/d 1.10 1.05 1.13 1.11 0.04

DMI, %BW 2.98 2.81 3.16 2.99 0.16

DMI, g/kg W°" 73.52 69.39 77.09 73.08 3.69

Treatment FOPF = Fermented oil palm frond, UOPF= Urea treated oil palm frond, COPF= calcium
hydroxide treated oil palm frond, UCOPF= Urea-calcium hydroxide treated oil palm frond.

SEM = Standard error of the mean (n=4).

DMI = Dry matter intake.

Table 2 Effect of various treated oil palm frond on ruminal pH, NH3-N and blood metabolites

in goats.
ITEM Treatments® SEM?
FOPF 5.0% UOPF  5.0% COPF  2.5% UCOPF
Ruminal pH
0 h-post feeding 6.59" 6.69% 6.732% 6.94% 0.08
4 h-post feeding 6.38 6.53 6.51 6.50 0.08
Mean 6.49° 6.61% 6.62%° 6.72°% 0.04
NH3-N mg/dL
0 h-post feeding 12.14° 17.50° 11.43° 13.57° 0.91
4 h-post feeding 12.86° 22.86° 13.21° 16.43° 0.64
Mean 12.50° 20.18° 12.32° 15.00° 0.60
BUN, mg/dL
0 h-post feeding 14.74° 27.04 14.00° 24.92° 0.96
4 h-post feeding 14.81° 28.01° 14.79° 25.31° 0.92
Mean 14.78° 27.53° 14.39° 25.12° 0.90
Glucose, mg/dL
0 h-post feeding 62.25 64.75 60.00 63.00 1.28
4 h-post feeding 61.50° 64.25% 62.50% 65.00° 0.91
Mean 61.88 64.50 61.25 64.00 0.92
PCV, %
0 h-post feeding 29.00 27.00° 27.75%® 26.50" 0.40
4 h-post feeding 26.00 26.25 27.00 25.75 1.21
Mean 27.50 26.62 25.37 26.12 0.76

#“Means within a row were compared which were significantly (P<0.05) different.

Treatment FOPF = Fermented oil palm frond, UOPF= Urea treated oil palm frond, COPF= calcium
hydroxide treated oil palm frond, UCOPF= Urea-calcium hydroxide treated oil palm frond.

SEM = Standard error of the mean (n=4).



Table 2 presents the effect of UCTOPF on ruminal pH, NH3-N and blood metabolite. In
current study, Ruminal pH, NHs-N, and BUN were found higher (P<0.05) in the treated
group as compared to the control. This increase was partially due to urea treatment enhanced
its nitrogen content of OPF which contributed to the addition of nitrogenous substrate
(Ahmed et al., 2013). These results were similar to previous work by Polyorach and Wanapat
(2014) reported that higher in the treated group as compared to the control. Ruminal pH and
NH3—N ranging from 6.49 to 6.72 and 15 to 30 mg/dl were reported an optimal range for the
improvement of fermentation, microbial growth, and feed intake in ruminants fed urea-
treated rice straw (Wanapat and Pimpa, 1999). Furthermore, BUN of goats consumed treated
OPF ranged from 14.39 to 27.53 mg/dl, which was reported in the normal range in normal
goats, which has been reported in the range of 11.2 to 27.7 mg/dL (Lloyd, 1982). No
significance (P>0.05) of by dietary treatments was detected for blood glucose and PCV and
all were within the normal ranges 50-75 mg/dL and 22-38 mg/dl, respectively (Lloyd, 1982).

Conclusions

In conclusion, treatment of OPF with urea and/or Ca(OH); had no effects on feed intake and
blood metabolites of goats but could improve rumen fermentation mainly ruminal pH, NH3—
N, and BUN. However, further researches on feeding trail of treated OPF are recommended
to investigate its effects on animal performances and production such as meat and milk.
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