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Abstract

A series of experiments was conducted to determine the growth ability, nutritive value
and rumen degradability of OPL (il palm leaflet) and OPF (oil palm frond) with six species of
white rot fungi (WRF), which included Pleurotus ostreatus, Pleurotus djamor, Lentinus
squarrosulus, Schizophyllum commune, Lentinus polychrous, Lentinus sajor-caju (coded PO, PD,
LS, SC, LP and LSc) were grown on OPL and OPF for three weeks by solid state fermentation.
The results showed that LSc had a significantly (P<0.05) higher growth ability on OPL and OPF
than for other treatments. Supplementation of OPL and OPF with O, 0.5 and 1% urea enhanced
the colonization and growth rate of fungi, particularly LSc treatments had higher growth rate
ability on OPL and OPF. Among the WRF groups, the LSc showed in reduction of its cell wall
components and increasing of CP and adding a high amount of urea (0.5-1%) intended to
increase CP in OPL and OPF.

The rumen degradability of OPL and OPF is fermented with six species of WRF using a
nylon bag technique. The results showed that ruminal DM disappearances increased with rumen
incubation time for all feed sources (O to 96 h). LSc treatment had the greatest values at all
times. The degradable fraction (a), degradation rate constant (c), asymptote (a+b) and effective
degradability (ED) of DM was highest (P<0.05) on LSc as compared to all treatments. Similarly,
supplementation of OPL and OPF with O, 0.5 and 1% urea was higher (P<0.05) for LSc than for
other treatments. It was concluded that treatment of OPL and OPF with the fungi of Lentinus
sajor-caju (LSc) and urea (0.5-1%) for three weeks under solid state fermentation system

improved the chemical composition and rumen degradability.

Keywords: Oil palm leaflet, oil palm frond, white rot fungi, rumen degradability
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shell) ne T Lﬁ@“mqe] (kernel) Undxsinsusisyuusnuy fibrous root system Tmm"lmﬁﬂuﬁy’mmw%iy
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8171531198 60-120 LEHRLHAT NN 3.5-5 IEHRNAT LAZLAMNAILUNERUNT4 (ol palm petiole 13D
stem) fA9NENT 130230 WAmAS (Figure 2.1 WAz 2.2) 304t lawynatndnndnelssannms 12-20
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- / o d‘.}wa«’MMr}u*
P 0 rq-ng{mw\

|

Leaf — | “M“H\hnu

Trunk —_—
ek —Petiole (Stem)—>

Leaf —[[PlIITIP

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

ﬁm: Ishida and Abu Hassan (1997)
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Table 2.1 Estimated availability of oil palm frond (OPF) classified by age of oil palm (kg, fresh weight) in Thailand

ymingas Wminianae dmsinianae
mqmﬁmﬁﬂﬁu Fraunaluldy ansTuthdu naluthdu T
I L@ﬁﬂ/%ﬁ@?ﬂ gl LQﬁﬂ/ﬁNT‘U TN Laf‘?iﬁ/m\ffu
@) (119) @lansn)  @lansnw)  @lansn)  @lansn)  @lansn)  (@lansw)
3 18 59.4 3.3 45.0 2.5 14.4 0.8
4 18 75.6 4.2 59.4 3.3 16.2 0.9
5 24 112.8 4.7 84.0 3.5 28.8 1.2
6 15 130.0 5.2 97.5 3.9 32.5 1.3
7 48 283.2 5.9 211.2 4.4 72.0 1.5
8 78 546.0 7.0 421.2 5.4 124.8 1.6
9 33 293.7 8.9 231.0 7.0 62.7 1.9
10 39 401.7 10.3 315.9 8.1 85.8 2.2
1 12 144.0 12.0 114.0 9.5 30.0 2.5
12 33 415.8 12.6 326.7 9.9 89.1 2.7
13 9 116.1 12.9 92.7 10.3 23.4 2.6
14 18 237.6 13.2 187.2 10.4 50.4 2.8
15 3 39.3 13.1 31.2 10.4 8.1 2.7
16 6 78.0 13.0 61.8 10.3 16.2 2.7
17 3 39.3 13.1 30.9 10.3 8.4 2.8
18 6 78.0 13.0 61.8 10.3 16.2 2.7

finn: A uaTANE (2546)

Lﬁﬂﬁm‘imﬂﬁuﬁﬂqﬂmﬁu WRTHANARTIUSTMANLAN H1BHN0uAnE1aNn 3,714,967 11ls
Tt .1, 2555 11w 4,148,168 &mls Tl w.a. 2557 (@ineAsEgianIsinens, 2557) AR
dunanaseFrometutidnsinmes [fsyanm 2,190,232,704 nelused] @, 2558) (Table 2.2)
NNFENAVFINGT AATIeERNANRANS UL AT a8 20.87 Bl (dmiTnamsyanns
9.55 flansusionasly) (slam et dl., 2000) Usznauduluilagiuiuiiugniidusinitunnals
A& sEnaNn gy vninanans [Fmaniinn oy soeit ssmana@einanans [Fasannsly
Un@uninTuszanos 26 Fususiatl (Wanrosli et al., 2004) faris mavimneTuLdnsinsimwaua iy
BNNIF MR ARSI AEEEY Aedraziiuunantiielunisuiilyninisannuas wenmnney
wanznananaziiunislistlemiannnanans Eimas annislgnindnindiuuge daduniafis
yarngassluladaiuiangas nsluadiiaiudmantamnsaiuiduewnamermauw
Asudndieades Tunnasiidinsunaunaniitenvnadnd e ludasiianmisneulsznnaniisnan

W (61
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Table 2.2 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 rali

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

TNo. of OPF = Total area x 44 x 12 (ﬂ‘u, 2558)

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

4During Juanuary to September 2014

nn: dineuAsEgianIsinEns (2557)
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waneowns U dnintus fasialus

2.2.1 \ 7R lad (cellulose)

|
=

waglaaiiussindusnnilse (polysaccaride) Aflnnnfigalusssnmd nasdaznauans
wlaradile  gnadisiusdnsadnanalnaruaunisdunmsiugs Tuiiniley Ayazadraraglos
Uazdind 5 WHAMAY (Ryu and Mandels, 1980) Tm\m%ﬁwmL%@@@ﬂﬂi:ﬂﬂﬂﬁ% polymer molecule
2B9NIQLEBYNaY D-anhydroglucopyranose sBansofiuanssnafasiiey B-1,4 glucosidic lingkage
agnefsndeu Wuduann 300-3,000 wiaTaelaRfefm (Figure 2.3) (B9AnT uazmdeans, 2532) 1
Arsonegluunnnisdndasenamisdosfidendaiuazag udnune chan form usiazluanal
mﬂLqu@me‘%uﬁi@ﬁ’uﬁQEﬂ’uﬁzfﬂTmﬁwu (intramolecular H-bonds) 911374 hydroxy! group (-OH) i
FAuMKs C-atom 1 3 U ring oxygen ﬂ@dTNLﬂQ@ﬁ/m\fﬁLLZ\]ZL%@NGI‘@’%WJ‘"I\?N’IELeﬁﬂqiﬂﬂ'ﬁﬂu’mﬁ%ﬂ
intermolecular H-bonds 5¢%1919 hydroxyl group figumsis C-atom # 6 U O-atom A@ENITNING
TNL@QN?IT’N D—anhydrogluco pyranose TWBnanemie (Sasaki, 1982) ﬁq‘v‘heﬁﬁLsﬁﬂquﬁiquﬁwﬁu%u

ti?/ A S ! ¥ 1 !
AW LL@ZN@‘E‘LAWNUG{E&INSN"IEHW HINFIBINITERHU NN

3 1-=4) Glycosidic linkage

\ CH,0OH
H (0]
u (0]
OH H
o] H
H OH

O
OH H

CH,OH
i

n

Figure 2.3 Unite structure of cellulose

fin: yeykew (2546)
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TaealaglastuessnmiazeyugUassantusaglas (ignocellulose) iraglasazidonag)
ﬁ'ﬂwﬁwﬁﬂmvf‘aﬁﬁluj 1w AR wiwaglas ulfs uaz phenolic polymer ¥898NHN (Reese, 1976)
idasannraglasisznaufnanglamdudiuunnndonsdaduiudunssfosiuszuuy B-1-4)
linkages  tiinanuasdelefinvusanistessnunss winsne aellannnsnteslFfasouloduesdns
nasnzifinn usszannsnsonlanqdunidifiauladionguea (cellulose) Tunazinizgius (rumen)
uazTnl#R9 (coecum) vasdmdiAnaIEas (UsyAan, 2546)

2.2.2 Lﬂﬁt‘h’ag‘[ﬂﬂ (hemicellulose)

wiimag lasiinindusannlss (polysaccaride) Fifndandaznevesiioagiuduii Tnaed
waglasazilansnangnensdaaenlziandadnazmiziien wideslilnegfuddunasmizgu
ravdndinadostiiudeaduinaglas  wfiwaglasfilassasradumninalsinfusanilsd
(heteropolysaccaride) ﬁﬂizﬂ@uﬁfmﬁﬂmammdﬁ 2 ¥UA ﬁmmﬁwumﬂﬁ@ Tflaw (D-xylose) wazme
518Tua (D-arabinose) Baifinsinanafifiansuan 5 azpan (yoydan, 2546) wansinianadl nglag (O-
glucose) wNlu (D-mannose) AuAn g (D-galactose) LLmﬂ‘immyﬂ‘iﬁﬂ (D-glucuronic acid) L%ﬂmﬁu
Faemiuszuuy B-(1-4) linkages wazm1as side chain #agl (Figure 2.4) ERmaglas 8199 uNnANEIAN
vosimaiifuesdsznaulfiuuaminn (mannan) nudnum (golactan) Teuas (xylan) nglawsm
bW (glucomannan) pyandlulzuan (arabinoxylan) warazsdluniuinuny (arabionogalactan) Wsaging

(Bedford and Partridge, 2001)

H H H
O, o
& H 5 H - (o O H
~ A H OH H H
H OH H H OH
© o
H o

HOHC A arabinoxylan hemicellulose component
H
o

Figure 2.4 Unite structure of hemicellulose

‘ﬁm: Runsseloer (2005)

2.2.3 an#u (lignin)

¥ v
1A o o o '

antbufiuaslanalngfifliminluianasious  10-10,000 kDa  aeflugUIndnedaes

a19Usznaunslan@neas cnnamyl dlcohol 3 #fie A p-coumary! alcohol, coniferyl alcohol UAE sinapyl

a A

alcohol (lorahim, 1983) (Figure 2.5) @ﬂuuquuﬂZjuﬂ@qﬁﬁﬁﬁﬁ@ﬁﬁLﬁﬂaﬁqmﬁﬂﬁTﬁmquLL%@LL‘NLLﬂ'ﬁ?ﬁ

Tnafniifenguinazfianiiuninndnfeiidenyties Tnsenizioune:fanfiuunn misetesvasaniu
szdudaiinlnsedneaufi Tngasfinisaseiusy ether szndnsnnduaudumisiidnessunaufives
Aupnsupufidiaumls B 999 side chain (Cowling and Krik, 1976) TussanmAaniinazduatsaue
Tuanaressaglas uariinisfiniusylaauduendssnineaniiuiusaglasiiuasusznauaniy

. o 2 a_ a A & ' ! ¥
L%@ZET’N’N (lignocellulose) WWT‘ViTNLﬂﬂﬂﬂ@ﬁ@ﬂuuﬂﬂqqﬂwﬂl@l’ﬁﬂ V]quuﬁﬂﬂqﬁﬂﬂﬂﬂ@qﬂiﬂﬂuqﬂﬂﬂ‘ﬂﬂﬂ
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Figure 2.5 The three phenyl propane monomers in lignin and unite structure of lignin in natural plants

fan: Nimz (1974)
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(Fapun  wazaeaNg, 2532)  wulwndwnnndada 8dnwasenisgeslFaes celliose  uaz
hemicellulose Tuanfinausifioandn 1 fennnndn 22% wusanluwiediag wenanniu enadusada
innzussasineg tuRzemsdnd vinlrnsld s lonilneqaunddlifind UsunasadTuiesa
AHENTWELBIAY (negative correlation) fiuAtnTsgeas Fuewdeleuamisneiy Ae Eflusniod
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2.2.5 wwatin (pectin) wsmalsindudnanlsiviegsannumaglaatmioaadiy vming
Faunenilamad antuadnenig avatetuiuduud HazaisTuinden UszneudiaaD-galacturonic
acid ilumansiafiudaasiuiis o-(1—>4)-D-galacturonic acid U19A3IBIAYN esterified HagnainFa &

AMANTRARIYTU (LUEYADN, 2546)

L4 4
a

v
2.3 anstalse lemiarnnisluldnsinduivdnsinandas
v

2.3.1 qmﬁi"rmﬁﬂ"mzwmme"fuﬂﬂéuﬁqﬁu

yalutndnsingi munefedauaamnstusionen YszneusasTudes (edflets) wazununasly
(petioles) annguLNENINT BeBundn oil paim frond (OPF) mnsTutndnsinsiudedunanass (Fan
anamnssngmindaringiy imsnznstuldnidiuadaningjargnoniioinguin nianniie o
U Tnelapeliqanvadindessaiatszaunns 6 Wawdsaznateduile SsnananslFinielulidy
waiia s dR Tl daqiugmituniduundsemnaneudiniudn e
BpenEeunaT bsszne uazdnsdszne Taemnnglugafisnauaauaimianeny

fmﬂm‘aﬁmsn@mquqTﬂ%u:ﬂmmqsﬁumﬁuﬁﬁﬁuﬁmiﬁuﬂi:mm 4.2-6.25 Wosidud (8o
% 44.8 1Wa3GUA 181 4.7-6.6 1Wa3idus (Ishida and Abu Hassan, 1997; Khamseekhiew et al., 2002;
Zahari and Alimon, 2003) ?Jm:ﬁ Abu Hassan et al. (1995); Abu Hassan et al. (2006) 91871431
p9AsEnaUN1 InTuz ISt E s T ER (fresh  oil palm  frond) shilsenaudaalisfiu  2-6

wesidud @aly 38.5 wasdud mitwad 78.7 wasdud anluwaglas 55.6 wWasidud 1 3.2

-4

Wesdud anslulmnsafiazaaliding 20 wWesidud uasnaseuiitislomils 5.66 wnzqasis

AlanSHIMIINUTY YuesAgaiuamse (2549) A1897997 nsTulndnaniilusfiugeuay 5.2 dau

9
& '

Toaugaug sufAnlndifestu atnalafinnn aodmnslnazenaduulsivegfunaneiiads w any
weatdn waznsluldusingy orgfiuifen anudtunadu dadamesluduunumisty augay
anugoiunsfn uazanmeIne s aguvnsTuladiiaiulszneudasdaguit Tussn i wi
\ad Anluaglas uazaniu WA 31.1-39.6, 4.2-6.3, 3.2-10.0, 60.2-69.5, 45.5-55.6 Uaz 22.5-

47.4 Wasdud anadiu (Table 2.3) Beasdusznaunaaiilnsianizlussiu wisead anluoaglas

v
o o

LAYANAW 9zinulsldatndaulasnauaasisiufde nielutrduindurisnisluesdudunondals

snndmnstuthaniidagauinlueen Weasendantautuesnduguidviuoudelonnign uasi

@ 4

Tusfingingn v0udt Tugesnduindu (edflets) Hlusfiuade 11 wWesidud gondamnsTutdnsin

o/

v & ! 1 4 ¥ o ' Aa o ¥ @ ¢ 2 g
LLNG‘I\‘]T‘VTL‘lﬂufm?ll?_I@?_Iﬂ’mNHWNuLﬂuLL‘WﬂG@W‘W’I‘i‘WE’]UWNﬂﬂilﬂ"l‘wZE\‘]N"IN"I‘EﬂT%Lﬂ%@’MW‘iﬂW}Lﬂ?_IfJL’r]ﬂﬂ

szilUBanallsfingendisyiuanudissnisiienisanssdn 6.25 wWasidud) udndiAnaans

(Playne, 1972) aaAA&BIUI18974289 Oshio et al. (1990) 19197197 TudesUdurnsuillysiin uay

Tastugendmnaluundasingi aouedt nslutduin uaztudestndminiuilisaglaa (cellulose) an

2
o o

1 a . 1 s ¥ o 1 ) 1 dld
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WHalBaufiauasAlsenaunis N sas NN SN AATRAUaIITREUEEaaN 1 Weding
wudnfiAnnnasias [FAauineen udindifasiuniadas (Faasnieding (Abu Hassan et al., 1991) agusfi &

Tusfiugendn uazfiuFunoulnaueindifasiundgruaded (Mohd Suki, 2003) BRI MUl

1
a A A

s anumnzanamnanihsn dumadsnmanenudmiudsdnddodos uardndineineg
(herbivores) T# (Alimon and Hair Bejo 1995) senslafiny WeRasauadidudlnyusfdas Faan
(TDN) waznsgosifoesinguits (in vitro dry matter digestibility) gpanns o dnsinnudngian
Aauiinein TngvnsTutdusnei fuwlesidudlnmsiidan (e wazniadenFuasinguits iy 35.1
ez 35.6 1asidus muaney (1shida and Abu Hassan, 1997; Wan Zahari and Alimon, 2004) 2guzii
weuudilnausiigesFaan 51.4-52.0 wWesdud (Airaud, 2544) SolnausiidaslFaanan inlHan
flomnisiulieasdndideades Tandedpdfudnluinsunndaduayninanndnin dndazda
yeannAuNLAT alaun sz mnaRanaEnas wananni mﬁumzﬁ'uﬁqﬁuﬁm@%ifuﬂﬁ:LWﬁ:gLuu
W (long rumen retention time) ¥inHaRsINs Ak WaDNeINNTTIWIZgNWENAY (R3xde, 2529) ¥inTH

o/ g

AnsAnstuthdnsinbaindni bl Fdesasiinsenfiomsfinegnszinng

Table 2.3 Chemical composition of oil palm frond (OPF) (% DM basis)

Composition’  OPF' OPF’ OPF’ OPF’ OPF’ OPF° Napier grass’
DM 39.6 38.2 311 - 36.4 - 31.6
OM - - - 94.70 - 95.7

cp 5.1 5.3 42 6.3 5.8 4.7 6.2
EE 3.3 2.7 2.0 - 12 2.1 19
Ash 10.0 8.2 47 5.3 6.6 3.2 6.8
NDF 60.2 68.7 69.5 67.6 - 78.7 -
ADF 54.1 54.6 - 455 - 55.6 -
ADL 47.4 225 - 26.6 - - -
Tannin - - - 8.5 - - -
Ca - - - - 0.6 - 0.36
p _ _ - - 0.09 - 0.14
TDN - - - - 35.1 - 416
IVDMD® - - 35.6 - - - -
ME (MJ/kg ™) - - - - 4.9 5.65 5.94

firn: fautasann 2dyann uazAo (2549), “atAug uazAniz (2551); Ishida and Abu Hassan (1997);
“Khamseekhiew et af. (2002); *Wan Zahari and Alimon (2004); ®Alimon and Hair Bejo (1995); "Mohd Suki
(2003)

DM = 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
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warnages Faaslnmus Tudndls (Dahlan et al., 2000; Islam et al., 2000) *?!\‘1 Abu Hassan et al. (2006)
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PN NI UBIMITRYTUR RS LRI AL B @mmumﬁﬂiuﬂq\i@mmwwmsfum@umm platiu a9
vinlngueananidndimeadnsfinananusulanmnmess luldushiuie idndauluundusindi
THnnnan uazlfisuansnmnsgedn  lorahim (1983) na1991 naneAsnisiianunsariinntélunig
V519019998 U AN IWATABIANADIANY199719115 UF10innaiin waznisdenld Soueeanidn 4
3% A8 1) I8N NIWATIN 2) FFNITNIAN 3) FBNTIAR-NIYAIN LAz 4) FBNIZININ

1) ABNININIYAIN (physical treatment)
Lﬁumiﬂ%uﬂ‘gq@mmwmm‘mmﬂmm‘isﬁ%m‘%mﬁ@ﬂmqm WaliAnn1sl Aeuulag
AMANTANNARLATNIEAN 1931 A1TUEHT N199U N15UA ANeFaLfia N19FENN15T9 nTauletn uay
[ v , & I o o/ ¥ 1 =%
AneaneLas Hudu nsudinesgaalunianidaansaansgiian (oxalate) aanlEursdan uwiddaide

An ez iilnmusfiazanslil (soluble nutrients) geyidalUdiag THfin1sAnennisdu nsue waznis
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o & ¢ a v ' % a [ ¥ ¥ ! & v o
RIAENG %ﬂLﬁm%mmmmmmWN?ﬂq WUQWﬁN@T‘VFﬂW’iﬂNW’Nﬂ’WTWN"Iﬂfllgu AIUN1TRY ﬂ’?ﬁ?ﬁ‘i\ﬁﬁ

wnEH N3t lrn3ananansmininistes (fussemnsgeduiiasaniinisaatesoreanaglas uas

¥
t%

wiimaglas uderinsaaeinszeesdniin @sdnuol, 2543) daunisfnunlunteludadumunsiu

| ¥
Y a

Bengaly (2002) wudﬁmiﬁﬁmﬁumzﬁuﬁ’]ﬁuw%mzﬁmﬂmﬁﬁaﬁqaLL‘Nﬁuqqﬁﬂfﬁm‘jﬂ@ﬁfmmwﬁu

[Hesanyinliiusynnsinsiuesanaglas uazisfiwaglasiiiniziuaninanas saandasiunis

1
a !

VARBIYBY  Paengkoum et al. (2006) 713189TWIN AINETNITAIHNNTE B [FuasTngquits uaz
Aundadnguamisnduiduandlnenisilsfasuseiugegendinguauan (nsUndaninduil
yAndlaanIaRifnausdiug) adnalafnnn Anamanissimnanieslilussduinussns vis
WsuaAn Wasannnisdaniaraniinsein uazAnEaege (Ibrahim, 1983)

2) 38n15719vAR (chemical treatment)

dunnsusuaanninlpenistiansns Taasaaditibasnnstiudadu 3 ngu e nan
g wazineandnd (Doyle et al., 1986)

1. nanfiliunnsfinAnnseos [Fuasmnameny Thud nsadafiadnin uaznamnde
Tnansnazlalnslafisfiaglaaluniomad vinlnliinsesnn wazuwassiinlinuszasndng
Anfin uwazadlulemanuenean 9 Doyle et dl. (1986) vinn1aAnElunasding wudnvintinaednadien
nstleelEAnEN uaz Saha et al. (2005) AiFnENNEnIATaRIBNBAENEN 1% (viv) pretreatment 47
$i19 wudannstias T REY

2. dfilituniaiindnisdestiansanmianeny THud Todeslansenlsd unadunlansan
To6f gi3e uazuanladle Wi Jackson (1977) vinnnsitnuntunneiing THsnaemdnssasyinufizen
Aunnednnlnsazrintiuenraslalasauidussndnraglas 2 Tuanadousaas uazssazdag
ysaasasuInidufusndnenguansnsng laileasefinaglaabiduinnatelaanglas uaziaala
Tlos uardesnguardfavassfimaglaslinaefmimalalan (Crosthwaite et dl., 1984) yinl
danusznaursiiradianiseauda vinligauradansnsadin Ui uazdas (Fanntu vinTinag
HrafidnnstanlFanntu daunsTlnsonlansansdlunsdinnazintinisdenls uaznisfnlia
wsdnfinsniu wanzdnserineianauanansoazats funiu waevinliniadudaiuamdng
Anii vidangu phenolic TUFIHTa@aaNAaaY (brahim, 1983) M3 lduaaiden langanlar g

aaa

#raazifinUfAsentnninlndenlansenles deiednisiiunadenls-nsanlodsoniulnfenlansan

Tedievintiszezinantunisminguas (Doyle, 1982) n1sldigBe-uanluflelunneding Wedndfinnng

P

frafidgBednll  gBuezgndealnsenledigiioa  (urease)  anqAwnddlFusnladadiv

Y U

asvanlnaenless wenludganinufsenduinfuenludenlonsenled Gafudradnlvinans

o

Wwsrasndnaniufisuiumaglas WisRiraglas uazqanuvaddaananliUszlemiannuenlils

aan o a

TnevinUfiBeniunsndle (keto acid) annnistieasanemslulansn Filunsmesfil Seazgnadtaiu

TUsflurpsqdwaddeezgndeatunssmnzuivazanmdnlnaeulefvesdmndiieduunaslusfivan

1%

#ndsiali (Ibrahim, 1983) @23 Iy9LNAx1NTTe Abu Hassan et al. (2006) 51847497 N9RSTNYINLNEH
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andaniugde 3 wWedidudaryinliluatuindutn 125 wWefdud nisdenld 4420 wasidud
u0uefl e duaadandug @ 6 wWefdudazinilusiuAsdudiu 20.89 Wesidusd usinis
datlFiazanainda 35.80 iasifus (Abu Hassan and Ishida, 1992) ua Diaz et dl. (2013) fifnuIns
% alkdline peroxide USuEAN (pretreatment) $1¥namudanisdes HAnEN usinnsUsuanInsa#ag
aaafiaine 1 fisAnfledsdunsnsanaanifioranndiiieinfduemiadaddas

5. famondladildlunisifinAinistesiaasemnaveny THud Arsaaeiu uazdamasin-
aanlad udiu Taadanandladazsinainliiussssninsdniu uazanslulamnsaunnda iefinnis
doolfravgaglas uazgfinaglaauslsfinasanisanUFunowesdnin  uafinnswudndmantd
aaadfifpdiniugeazdnainBianinarans geiulag luaaussivgassndneqaiianaasaniin
38 phenolic group fiudanLsznavwesinad vinthanduuansasnutaineaglas (lorahim, 1983)
faiduranisliansiafl Ao nsaouge naRfwendn  nnagadsTnsusiiazansdie
aslulanan uazefizaglan (B, 2539) Bnvivpnafdunaiasidnd waziUfiifen naonaud
wamndnaluAsndosvinliiAnnanaz i3

3) A5N1SNNBAIN-LARN (physico-chemical treatment)

v
Y o A

Lﬂum‘m%uﬂ‘gq@mmwmm‘mﬂmem‘szﬁmqm@ unzASIARdanTlneia lUudanudn
Anafunnndinstinalsviofiavatiaion Ayaddnd, 2530) TaeAsnsiliud nsuanaeding

a

danfunIs i FaganlEs n1saadanisinadandunis g lanfanlgasanlas uayn1giesanty

2 1
=

nslileAealansantes udu n19m waznisunasiuniafiaiuifoeesinednidadu vinTs
aaAfansngavinfizenivindein dewalidinisdosliifindn A8 Tiaandl i gBadadunis
safavasrnstinuiatasliniadanlifdn azanasenluszndnniadafaesdaa iy Suaaisda
duwenlidly daunnsliransseudandunistiasniisngg axidnqussssmdnifiosegidamng
wiliAnStuinlidnsdosligedu (i, 2531)

4) 351159119890 (biological treatment)

A nsusudgennnmassnsdinalnetiqdwradusssnmd Ussnn wuefiGedas 91 vae
woulael (Ibrahim, 1983) @gﬁuw%ﬂ’?uﬁﬁiu%ﬁﬁﬁﬁm”mmm‘zmi@ﬂﬁﬂﬁu@uﬁumjmmL%yfﬂ‘m Class
Basidiomycetes & 3 ﬂ@ju #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 mg:uf: white rot fungi LﬂuﬂﬁjNﬁﬁﬂ’izﬁwﬁﬂ’IW
Tunnsdea@niiu (ignin) wazansdsznausslsunfin (aromatic) %"'w'f qqﬁqﬂ (Cowling, 1961) Hanenil
@831 Class Basidomycetes ﬁdﬂﬁNﬁﬁﬂLﬂﬁﬁuﬁﬂiuL%ﬂqiﬂﬂ (Iignocellulose)cfﬁﬂmﬂLﬂufﬂ’ﬁﬁuﬁﬁf%lﬂu
amnsrasand(FanAae (Romeo, 1983) m‘iuﬁm@mm“ﬂmmmﬁ‘mmuTmT%L%qumju white rot fungi

THamsl¥iuegniniswans Taamwizinana Plurotus wiaiidmsasnsalunistessansansis

Tuanadudeulid @efined uarilayyn, 2533) Wwwanfiseusaglaa (cellulose) uaz@niin (lignin)

o/ lﬂl

Fani i unnsmnzfinmanias deaniufesUsulqennninnen  weneind delidanmnzliotdng

ndeae amnsnliTaqunuynedeiidunanasslfennisinunsnsss uazanarnssnanndiuily
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o Y & o { a o v
Tnawannznneding wenanilinana Plurotus Seansrsaifewansefiunad ulagsanluniedingli

nanaiiuansBuradulaseuld inlddnsnaaeesansdwad lnsangedn doalinednadaonm

! 4
A AR

inauan (Uag (Undiasn, 2548) Rahman et al. (2011) AnennngusuUqeansasnsaiunisgesaans
Tﬁ"ﬂmmqsﬁuﬁﬁﬁufﬁﬂﬂ@ﬁsﬁ%ﬂdu white rot fungi WUIINGN white rot fungi 9 e (Ceriporiopsis
subvermispora, Pleurotus ostreatus, Phlebia brevispora, Lentinula edodes, Pleurotus eryngii and Trametes
versicolor) fiannannsngasaninligega wazfidnanmluniaii unandnnan laduiiszme Hann
msAnunll in vito gas agnalafiann Saiiesndaieatusraziaan iunnsanelalafilunszuaunis
minuULem1aude (solid state fermentation) ifiegannfifinniagayidsasdundsdng (OM) uas
asdsznauneliaadfiazanerin(# (neutral detergent soluble, NDS) uazvinliamaauasisalunis
aaneliea9aniin (Rqj et al,, 1989; Singh et dl., 1990) Hanand gﬁ%uﬂgjﬁuﬂﬂﬂﬁuﬁ:ﬂ@%%ﬂ‘m D113
LZ%?NL%V@ LLmﬂﬂ’]W"ﬂ@\im‘iLWﬂ:Lﬁm (culture condition) 1lsgiu (Tripathi and Yadav, 1992)
2.4.2 nalnmstaasatadniiulag white rot fungi
nalnlunnsdesaansdnivesainsusazefinazunnsnsiuean(y uslagnszuounisnanuda
fanwoadnaiu lnatunistesaais@niu white rot fungi axmAmenlE 3 #fia Aa LIP, MnP uay
glyoxal oxidase (GLOX) (Kirk et al., 1976) Tnaenliieanuiinisrinensan (Figure 2.6)
Tnstusuduuanionlod GLOX axvimmiidiluniananlalaseudesennlsddmiuniainem
289 peroxidase udnazdl LiP Wwenlainantunazuaunisteslaseasneiiiiiu non-phenolic 2898niu
Tudanfifiu aromatic nuclei @zgn oxidized Tuifiu oryl cation radical @eazgndnluatauntg
fragmentation TN veratryl alcohol %ﬂLﬂu secondary metabolite ﬁﬁiﬂﬁﬁﬁﬂ’izﬁum’iﬂ%w LiP ey
iugiananstunisavsngazq (charge-transfer mediator) oulwsl MnP azn@n Mn3™ #aiilagn chelote
aziimiinil oxidize @1awWan phenolic a15sEMdLFABEWORTn diiphatic uaz aromatic fiazgn
metabolize sialaganauinafuenlpaaniafuazin @gayni, 2546) Sawarasdffifenaziangin
deszuanfiunsadiamanzan (Jazsu, 2536) Tmm%ymﬁmggm (Pleurotus eous) 9x8NNI0EDE
FngAulififlong lianiwacaiiunsadiifiunans (oH 7.0) winagTudae pH 6.5-7.5
maneasafEatunsia pleurotus Tumaﬂ%uﬂfga@mmmmm@wmsﬁﬁmqmimwmuﬁq
shadesdndlussmalneiaqiugsiifiansnn nanisfnendassiu ednuol (2543) naaasliifia
w199 (Pleurotus sgjorcaju) Tnnstsutqsaninnaamdiudnudnit fumanduyssaninnssos ity
wnz  wudmdudnitiFauneintunsusulssnunmd A dndazaninnsten Heasdundaing
Tushusan wiluead waziwaglas Wsduanndaudndnd 5117, 16.14, 29.43 uay 25.21% Liiu
54.87, 33.32, 31.40 WAz 28.68% AINAIAL WAL UNFT (2548) 5184 udnfia pleurotus ¥in N4
rafiAnnnstanliansinquivgedn  uazdsansniinnistenliensdunaedngunielidndas
atslafimnu dsraniniadesifiAsiuaiafianuuendnsiduediuria uazlaunomeen (b
WananEERUEId e ausazelnfif ArnuuAns19i (Ball and Jackson, 1995; Phan and Sabaratnom,

2012) WALAHIANILLANLIIFBLRABINIT (substrate specificity) Marfimifalvaafinudaraiia
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Figure 2.6 System of lignin digestion of white rot fungi

‘ﬁm: Krik and Hammol (1992)
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manan nanaaasiiufiuniamesesusniiinisfnuifeetuniandsnie iU dainuisnnn s
aosdnielnan: Tnanistiniandindesansqanadiunandndadineades  Tnaniafnuiezyinly
sUuuuasnts e Meiieiliteyafigndies uasidedofelinuaensfidesdnddondes
Tuszmalneamnansinanismeaesi U liTunsimmdumassmnmen ieliuanamnesn

o

manandndiReades Fagradugusss uasfidss@ansnmsialUinauan
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v v
2.5 UNLM2BITARYISS ADNSHaLNATHaTIWIS AR ALILEaY

9

¥ |
[% o =

fndreadnsiidamnisuasiamnsfidanmanizds TnefiaouansnsnlunisdussToed
arnenaiiels (dietary fier) edmdinlulnemnnzdndlifon e ilammnsatiusslamils Tnoande
e iuresqAunidienduaglunszimazgus Tiud waflide (bacteria) Tuslada (protozoa)
waziFnan (fungi) %ﬁ?uﬂﬁzmﬁmu ﬁﬁzﬂ@ufﬁé’qmﬁﬁmw@aLmﬂﬁﬁﬂﬁ@?qﬁfywﬁﬂﬂﬂwﬁm 30 #iia
(species) uaziauudininagugag 10°-10" waddafadansveswssmadtugim Aluslnga 40 i
(species) HAnadiaiin 10°-10" eadsefadAnsrasananaagn uazflidne 5 ¥in (species) HA9n
dnduiioandn 107 iraddefafansaesmanlunszinizgas Senudiuuafidefunuim uas

ANANATYNINNd LS lede uaziinssednan LarsaLRInInTstesRANEaIniidely n1INARnTa

Tousymelfiviannn waznisdansziedunadlsfin namladuszva Fianunargnaagunnmuwis
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gpsqusiindanlnajazanos 85 Wedidud e lfiduunamaneoanassu dongdwadluan (o
uazanslulmnsmuasgfunadaannaudaueaslnuzassemnasfivde arbaimuesnainnazsmnzgm
Wingnnaifinemsdauans lagenwnzfisnlfan iennsdeasany uazn1sgaduliiugadndse (1
(Ghorbani et al., 2002)
dy a = g kA L4 ! a ! 1
wanani qAwad unszmnzgumdsansativaslomiannunasiusfivsneg Tnsenizadne
Feanrnsaliulnsiandt ldl¥lusfinud (nonprotein nitrogen, NPN) Tneiq@unEdasyinaml@iddnanin

anelunazmnzgwusianaiunga-A1e (rumen pH) fimsnzan Ao agtudas 6.5-7.0 uazfigomgiag
521919 39-40 aeFmades vnlieuuedide Tusladauazdasn amsafinewanlFagiasansa
UAZIANIZANADNITEAYRTMNS (W1, 2533) 91NN199189 4888 Satter and Slyter (1974) wudn
uﬂﬂmﬂmmLﬁuﬂﬁm—mﬁuﬂﬁqu:gLuuﬁmmmu uia svsiunan lfle-tulnseutunszmnzg s
mwﬁqﬁzy@i@mfjLﬁm?qmuﬂmq%ﬁw’%ﬁﬁw %@i:ﬁuﬁmmmmg%ma 4-5 mg% @94 Song and
Kennelly (1990) wuci%:ﬁmmu‘[uLﬁalﬂmwuﬁmmmmq‘mﬂuﬁw 15-20 mg% Tiazralifn
NATUIUNTE I AANELAZNTE USRI g RS I sAnAm N ax

2.5.1 L:NLmufaﬁe?jmm‘l:ﬂ‘sﬁu?unszmwzgmu

Tusnulupmnsdnusznavsiag 2 dau Aa 1) TU5FWWT (rue protein) 1w insulin, globulin,
alburmin ua keratins udu uay 2) Tulnsiawanlusfiuluudt (non protein nitrogen, NPN) fviadiids
a19Bwad 1Wu nsauef ludasy nanfianddn wlne (amide) 1w (amine) wazgBe uaziiuasaiu-
vad i uenludennanlsd uazuenlufandamns Wudiu (yodew, 2527; wen, 2533) Feflena
NN9EALNATLUANFNAN WUIIN1T non—protein nitrogen (NPN) ﬁé’mﬁmfmmm%ﬁqm Fannsdoauas
msmsnluagnasansUsznouulnsiewesdndinandes (Figure 2.7) Hufu peptide namueflu

uaruan iy sesniuasiinisaansdanaauail udaunislagngsuaunig deamination laeande

Snladannqd@nnad [Miduuenluily uay Ol-keto acid (ysy&en, 2527; W51, 2533) Wia9AWEd %30

9

o—

o o

sdndimsanihuMuslumidonssiidngfumddlusiu wen (2533) na1adn 80% vasiulnsianees

qawadgnaaassdlnenisuenludly daudn 20% MWnsauedlulnemse dou d-keto acid 819gn

U

ﬂﬂ’mﬁfmﬂfﬂLﬁ@?%?lm’]’iﬂ%’mZ\I’]iﬂ’izﬂﬂuﬁu‘"{ WAL UUIAINAI91Y 11 acetic, propionic, butyric,
. . . . @ Y
iso-butyric WaE iso-valeric L1114
2.5.2 mLmua?ﬁmmﬂqﬁufatﬂsmsfuﬂszquzgmu
Tudndipeades aslulsnsnaonlnag@eegugiasinaudnanslad azgndenlanqdunadi
1 v @ ¥ a ! = ' ad | &
agunszmnzgmmnlidwinealuanaiion wu nglas vasmulag Tngsuadsneg anniunglaa
= % 1 < o/ re [ a . . =
vasmnlagazgniniunszmnzgeuasnesansa uargnasasizdlUidunaalngda (pyruvic acid) wie
Twgian (pyruvate) Baflusinnaniidrdgtunsdanssinsa latuseme (¥ Uszunm 60 wWesidud aa
aslulamsaiiden Fiannnargnuldsdudunsaludusznel (voltile fotty acids, VFAs) @aifin
HaNARgAYINY (end-products) andsy [Fur namez@Rm (acetic acid, C,) namdafi3a (outyric acid, Cy)

n9elwsResila (propionic acid, Cs) HIWNan (Figure 2.8) WazNIAI1a13A (valeric acid, Cs) Taleana3m
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(isovaleric acid) uazlalafiafizn (isobutyric acid) anawutinsusdulEamion SedndazgaBunnunris
naznzgsiie sy lomisal arnnsineanudn Wimaszgnildsuudasegnesande 5p9amn

@ v o ! { %
Aoutl wazwanfiiulaseadmesianadiy ww waglas wazisnluaaglaa szgnivfewudasi

|
=

ign wananddefiufisnisueulnasnlesd (€O, ufgamiow (CH,) uazaNsaufiUzH1ms 20% (ME)
AUNANUAINARHTNGY  ATP  annnszuaunisndniunssmnzgmugniiiedngussasdnan 2

Ugen19

a

1) Wiwunsmdsomlunnsadnaaadqaumsd

2) M aInasIIAeN19A1998NW Nocek and Russell (1988) nana41 @afianfinnig

a s o o A

Fupanehlusfnepsqaunadiiandnyfie waww dail a1 launaefioed lnsuendsauunqdunad

q

!
a

AEILNEIND LL@sziTmhuwmm:mﬁuﬁq%ﬁﬁﬁiﬁmiﬁqLmﬁ:ﬂmﬁuﬁm:ﬁw%qu\iqm

E Carbohydrate CHg + H2O
Large Peptides Qligosaccharides
Disaccharidas H co
; Monosscchariges 2508 2
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Amine Acias
i g5 5 |
S l_..'“. RN RN M,orr!bra'ne'_,: 2 W ’ --—
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AP ATE *NH,  Monosaccharides NAD  NADH,
NAD
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Figure 2.7 Utilization of protein and carbohydrates by rumen bacteria
#inn: Nocek and Russell (1988)
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Figure 2.8 Outline of the pathways of carbohydrate in the rumen

‘ﬁm: Preston and Leng (1987)
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2.5.3 nsdauaszhafunadlushiu

qawnadllaulunszmnzgndonasiannaauenil uasldddiliannniates aans
Tusthdananiteg uguaase adnslsfmamudiuenluflefivgudaungnnety nazmnzguaiuungs
Tulnsiaunantunisdairsnzsflusfiuguiu (Aharoni et al., 1991) Al-Rabbat et dl. (1971) 97897497 61
wesiudvasgdunddlsfiunnannuenludle uar 39 wadidudniainnsaueniily uaznlng
2819(5AMIN Maeng et al. (1976) 91897197 Andaufimsnzanszdnuen iy uaznsauandluly
mafaaseiqauEdlusivAe 75 Wesiduduenlude-Tulnsian uar 25 Wedidnudnsnuanilu-

¢ o { o v o 3 % 1 @)
Tulnsian wananil wassu ATP idndlasu Selfarnnsdesaaaanilulmeaniunssmizganidn

!
A 1

a o cs! cild ° o/ ! o/ ¢ a = a a = a til
ﬂﬂﬂ@@ﬂ‘lﬂu\ﬁ/liﬂﬂ’]"liﬂﬂ’]ﬂiymﬂﬂ’]‘iﬂﬁ Lm']mq@umﬂmmu ’iﬂu%‘i%ﬂfﬂ‘i@uLN@ﬂﬂﬂﬂﬂﬂ@’]ﬂ‘V]ﬂ‘i&L‘W 1<

Y

o ° ¥ & a ! 4 a 0y A a S oA v
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aninundon Anvisansnaminnuszgndilnefingsuauniafidialigeenn fuusin TaenguqRundd
Aenl¥ fo nguiinfnll dedamnanifinuBinosiulitunmameusnnduindos

maneaeadaatiuntsiiin pleurotus TuniaUsuUssannmeasranans lnnsntainenaude
vundeedn ulasmalneiiaqiugadtiosmnn nansfnendosiu Gednuol (2543) Tinaasslfidina
w199 (Pleurotus sgjorcaju) Tnnstsutqsaninnaamdiudnudnir fumanduyssaninnssos ity
wnz  wudmdudnditiFanneintunsusulssnaun A ddazaninnsstas Heasdundaing
Tusflusan wilwad uazoaglas Lﬁ&l%‘t&‘«ﬂﬂ‘lﬁfﬂ’umﬂﬂﬂﬁ 51.17, 16.14, 29.43 uay 25.21% {u
54.87, 33.32, 31.40 UaY 28.68% ANNATFL WATUNTIATT (2548) 9189709Wie1 pleurotus Vinlsinaad1a
firnnsdenFunsinguiegetn uasisaansainniatos ioasdurEeing s Fandos

Dorado et al. (1999) yiMN13AnEINI9MinWIILUY solid state fermentation {wiaan 60 Fu dag

L%@mg':u white rot fungi 4 ##Him A\ Phanerochaete chrysosporium, Pleurotus eryngii, Phlebia radiata wa

v
A o o/

Ceriporiopsis subvermispora WUAN9AUNZEYN 4 FRARINITONARLEWE] Mn2+ peroxidase Fafidan
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ﬂoﬁﬁiy@i@ﬂ’]‘jL‘iJﬁlﬂmmNQTWNZ\T%’N“ZI@\?@ﬂﬁuTuWN:ﬂ’]'J WREWUAIN Pleurotus eryngii ﬂﬁﬂﬁﬂﬁufﬁqaﬁqm
W8l Pleurotus eryngii way Ceriporiopsis subvermispora Tﬁﬁﬁfﬁ%ﬁﬂﬁ%ﬁﬂfﬂﬁ@ﬂﬁ@@ LATHAEAAYANTHN
Thignmsaludes 30 Suwsneesniandn aenadesiusieaiuens Punj (1967) Getinfindnliana
Pleurotus 3 $ia 8 P. ostreatus, P. cajus W& P. florida Msinlunasinanudn aunsndesaana@niin
uazanUsHweasaniuluinedinali ean 6% wis 3% wdfinsgduesAlsynaurssinguitediy
50% waztlamusesnandn daintuana Pleurotus sp. ansnsevinlintasas Funstineafifisduann
40% iu 60-65% (Zadrazil, 1984) u@ﬂmﬂﬁ?u WU’J"]L%@ Coprinus sp., Pleurotus florida, Pleurotus
sajor-caju WAz Sporotrichum pulverulentum ansnin [UsAudiunneding wazswdes lunnamsinuuy
Wi (solid state fermentation, SSF) Tnsfiszsznisnsinuuaan 14, 21 uaz 30 41 neanudiniedinn uay
%quﬁﬂﬂﬁfﬂﬁﬁuqqﬁu (P<0.05) uazlufinasnrnisdesld Wislinafivindasde Pleurotus sajor-caju
Wenlusfiugegn (P<0.05) Unnosdniin uazdnluwaglaganaadnties (P>0.05) FHandnufiuoan
30 4 (Uqe874, 2536)

Hadder et al. (1992) naaasmsinrtsinaiungn 30 5 Tnalide white rot fungi 3 =fim A
Cyathus stercoreus ATCC-36910, Pharerochaete chrysosporium BKM W& Pleurotus sajor-caju357 911
Aansinuuuusivine M dausesly waranduaeeantedne wudadn In vitro dry matter disappearance
(IVDMD) Lﬁm“ﬁ/mﬁu 49% LRy 46.3% Lﬁlﬂcf%l,%ﬂ Cyathus stercoreus (Cs) ATCC-36910 was Pleurotus
sajor-caju (Ps) 357 ANNANAL

wanannis @’qﬁﬂﬁﬁmm@gﬁuw%éﬁm wnlieAnyszansnantuniandn WRZADAINIS
8115 Tne Streeter et al. (1982) vsinWAsinaandsdaai@e Pleurotus ostreatus 3anU@BUUATIES
Erwinia carotovara wusnAnnisdea lHifnann 32.7% 1w 47.7% (P<0.05) Singh and Gupta (1979) 1a
&aLactobacillus planarum astnaauwanzasWisdnatundtunsn Tagvinnamsiniduaan 35 51 wud

fU3nNaInTaLanfnineTn 1.6 W 2.18% waznsa (wiusse FiANann 3.6 W 6.54% a9
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T Class Ascomycetes anunsnady lEvaluanmiiieandian uaslddoandian dadiduuaslafiu
waAnnfindia AluUsfudazanos 40% posiminusienssdad wazflUBanomensnnzAuladngs usily
MaLBHE AR e saRIRTinseindinsannUszinns 20% 289 crude protein nitrogen TuEaENAN
damra9 nucleic acid sdin iAol madnd ensdailyminiafineesszduginuedn
navusRen (Charline, 2000) Bydsnasraguanaaydn
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anviauiie I lFeyaiuguiiasilugnisimuninisTius TaminsTundainaiufinounns
inpournlneAsnismistannTusmiananasudan ninaimianandsagy (total mixed ration,
T™R) dmsuidsslade Taun naztle une uazunedelu Taefanyfigiude nnslinnsliqaunadin
Aqx white rot fungi @snsanATATslaE uazntasasFansnisTudaiigetueiinnis
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uni 3

FEaRRNI5I9Y

N199981989 WA fungal treatment FaaNALTENBLNINLAR Lm:m‘m'@ﬂﬂmﬂsiuﬂ‘mww:;smu
TnsA% in sacco 2999119 TUNENINT (Effect of White Rot Fungal Treatment on Chemical Composition

and Ruminal Degradability by /n Sacco Method of Oil Palm Frond) TnennsRnunAseinAenssnnT3ae

1 @) o ¥ 1 o &
LLUQﬂ’ﬂﬂLﬂuﬁ'}?Jﬂf:lﬂilsT PN

‘l: ' P a 2 T < ? s 5 o T s ¥ o
AN BN 1 NI IY VDI R EILAA U VUIRHRINK N9 IULIFNRINY LLREDBINS

dﬂ/ 4 dil
LReNLTB NN
Cd ad
FUNTHUUITIENTS

1.1 daifin

dofiefilinaansFsuainguisraandedia dsinideiammaluladfanam nadanis
INYAT NTINNY 11494 6 B3R Fo 1. AANNTNEINTS (Pleurotus  ostreatus, PO) 2. LAAWINMIR
(Pleurotus djamor, PD) 3. Wimaaua19 (Lentinus squarrosulus, LS) 4. RIGER (Schizophyllum commune,
SC) 5. Winn9xAng (Lentinus polychrous, LP) uae 6. WiaRulann (Lentinus sajor-caju, LSc) ATHATAL

@oiipynaiaaesliuuamngiu PDA (potato dextrose agar) wazfiusnuA(37 5°C daunis
naags vnadinedeaaesun PDA Twemiasedeidunan 5-7 Fu fefeidenadeslueanfindn
§rafnsfierin@oudadungn 7-10 fu wisewdsasgyiinaanwantnonie @edenaa i
inoculums THANTNARDS

1.1.1. NaRauUN1sIasyaiinuuaminsi (PDA)

ymanaSsuifsusnniaedygreadiiane 6 wila (ausieazidualudatanii 1.1) 019
UALNNTNARDILLUGNANY DT (CRD) vinluansdeaidaiiugsganmiaiu PAD (S5 200 n¥u +
1i191@ dextrose 20 N5 + 41 12 n3u Dusindw 1 An9) USn19s 20 wa. Aannanasaslignedons
\eauup e PDA inams 5 du Aalifenzenaadn uin 5w, lenzesulalativasdedinu
azafionfie i inoculum dnduntamaaas ndsannisUgnidauatinide fnfigomgfvies (28-32
°C) usinzifinvin 4 plates (4 replication) f?ﬂLﬁuNﬁqu?ﬂﬂmﬂﬂT@ﬁ“ﬂmLﬁmﬁ@mu 2 AT 4 T3 ANAIAL

1.1.2 wma@umsw’%iywmLﬁmuu?uﬂﬁéuﬁlﬁﬁuum uazmstut @i

yinmade wazualudda sentvlidnasBensagiriodn udadniuidnasiuamites
oliwin Daremdssdaudniiremasadaldadugamaafinmudongeay 4 a1u sinluilslu
autoclave figaumgfl 121 °C Wi 30 wft Uasefislilindu falgnidafinusazefinashl ndsniadgn

v

g ¥ 1 g v { a v O 3 ! L4
FoudaUnge [i7gomgRvies (28-32 C) NMINASBIATIH 1 NUNBNITVARBILUUENTNYT0] (CRD)

(%3 (%

Tnefingumaanssznaudnpidasn 6 +in (musreazidualudataad 1.1) Saduingudnanslalad

2BUFAADATY 2, 4 UAT 6 W ANARL UANINTaYAT [HANNNITARBIININANTILATIZARI AN
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wi9U59KLUY Analysis of Variance (ANOVA) sinuiNWNI5aaadkiy Completely Randomized Design
Tnal¥ Proc GLM uaziBauiflaumuuansineaasdaferssngunaasediaadd Duncan’s New Multiple

Range Test (Steel and Torrie, 1980)

1.2 NeRaUN1siasyauiuly Wiauslutndnsingis waznmsTutndusing

AnunnaesadulnlaeedunisBeudiey uasdanmesdnanisesyfivlnresds uay
ATHATHNTAIUNTATDUAGHUS I RIMTINYBYENIIS (treatment) FAnwn

Tun9naaaInses vinnnssanEnmiLLY 6x2  unaeBaulidunitsnaaesuumnnis
Vlmﬂml,muzjuﬂuuﬁiﬂ (6x2 factorial arrangement in CRD) ‘ﬁﬁ@ﬁ (treatment) 8% 4 flask INN15AN®A 2
tlaqafa

fladeft 1 @p91 6 w0 (useanBunluiadesd 1.1)

fladeft 2 amnsiResde Ae Twdnun wazmne U drsinun

neaau i flask 2341m 500 ml Firsinlutndgnue wasnnsTutngasinsuun W aanng
Ugza1ed 60% Flaasin flask e X RETS flask ﬁﬁfﬂﬁqﬂ’ﬁ@ﬁqmmﬁ 120°C fsuaan 30
wiit Wedinadddd@efiausazeiafidss Bunmanininsasllugng 5 niuse flask udaweniin
i YnnsUaniunisiesyeesEanasnistnide 1-3 FUan

1.3 N15U52LHYW (measurement)

YinmsUssdunnenasnisUnEed NUausn W, = First week of incubation

ﬁﬂmﬁﬁﬂm W, = Second week of incubation
Fpviiann W5 = Third week of incubation

MTNTINNARD Lﬁ'@ﬁyuqmmﬁﬂuL%@Tuﬁﬂmﬁqmﬁm Yinmagaiudiaag1e udninUuanu
pzungIA 2 AaAwRs e Ars1siniesdusznauniond 1w Snquii (Dry matter, DM) Tuisfiu
98U (Crude Protein, CP) LEin (Ash) ANuAEN19289 AOAC (1990) wazdtAg1e3 neutral detergent fiber
(NDF), acid detergent fiber (ADF) Wag acid detergent lignin (ADL) @&A8N19289 Van Soest et al. (1991)

1.4 MsAATeidianan19niif (statistical analysis)

ﬁﬁ%@sﬂ”@ﬁfﬁ@qﬂﬂfl’iﬂﬂ@ﬂﬂﬁg\‘mﬂﬁu’ﬁLﬂ’iﬁzﬁ‘iﬂ’lﬂ’l"mLLU’i‘U’i'JuLL‘LI‘LI Analysis of Variance
(ANOVA) AMHINUNITNARBILLUL 6x2 factorial arrangement in Completely Randomized Design Tng 1
Proc GLM LL@:L‘U‘%EULﬁﬂ‘umwLLmﬂﬁmﬂmﬁhmﬁmmmjwmmﬁqsﬁ% Duncan’s New Multiple Range

Test (Steel and Torrie, 1980)
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Tasenstianii 2 Nﬂ’ll?]x‘iﬂ’lit@%iyLﬁu?ﬁLﬁﬂU%?ﬂﬂ’lﬁNgﬂﬁu (OPL) uagyn9luLas
3415 (OPF) FINULEe

2.1 Nmmmsw‘%iyL%'meﬁmuusfumﬁufﬁﬁu (OPL) saufiugi3s

UnIniuALIENe

2.1.1 @owin (Musreazidantiudadesit 1.1)

2.1.2 nagpUNsasaednlefaunlusdamin

Tunmeaesnsad vinnisdananauduy 6x3  uwineedeulituniasenaassiuununis
NARBILULENANYT0] (6x3 factorial arrangement in CRD) #HA9 (treatment) A% 4 flask ¥inn15AnEA 2
1l3981AiD

fladei 1 @91 6 970 (musresvdaniudiadesi 1.1)

fladefl 2 9zfug@s 0, 0.5 uay 1%

nasaulu flask 211A 500 ml Lﬁmﬁ/ﬁwﬂmi:ﬁugf‘?m:ﬁu&iw (0, 0.5 uaz 1%) ludduun
uazLlsuTARAasEuszns 60% Aalaastu flask UszannmEamiianns flask ﬁﬁfﬂﬁmﬂ@yﬂﬁqmmﬁ
120°C ifiwaan 30 Wit iladuidadadinusazeiafiaesBumdaininsasuTusnem 5 niuse
flask waaginlHdinfu v‘hm‘sﬁ‘mﬁumﬁw%iym\iL%ywﬁ\im‘n_imL%yﬂ 1-3 U@

2.1.3 N19U5ZLHEY (measurement)

1
=

YnmngUssfunenaIn1sUN e f NUausn W, = First week of incubation
fAnnifians W, = Second week of incubation
e W5 = Third week of incubation
MTNTINARD Lﬁ'@ﬁyuqmmﬁﬂuL%@Tuﬁﬂmﬁqmﬁm Yinmagaiusineg1e udadnlUuanu
pzungIA 2 AaAme e Arssiniesdusznauniond W Snquiie (Dry matter, DM) Tuisfiu
W8I (crude protein, CP) L8171 (Ash) m1HAEN19289 AOAC (1990) wazdima1eii neutral detergent fiber
(NDF), acid detergent fiber (ADF) az acid detergent lignin (ADL) An#A33N19289 Van Soest et al. (1991)
2.1.4 N19ATREBYaNNaETA (statistical analysis)
ﬁﬂ%@a@ﬁfﬁmﬂmﬁwmmﬁy’mmmmmﬁzﬁmmwLmﬁﬂmmmu Analysis of Variance
(ANOVA) ATHUNUNITNANBILLUL 6x3 Factorial arrangement in Completely Randomized Design Tl
Proc GLM LL@:Lﬂ‘%ﬂmﬁﬂumwLLmﬂm'ﬁwmﬁhmﬁﬂﬂmmjmmmﬁwﬁﬁ Duncan’s New Multiple Range
Test (Steel and Torrie, 1980)
2.2 Nmmmiw‘%iyLé’?u?mﬁmuuwm?umﬁufﬁﬁu (OPF) saufiugl3e
fUnsluardsnIe
2.2.1 @ofin (museaviduaiudadasii 1.1)

2.2.2 naaaunisiadeyreadulyminuunietunadasingy
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Tun9nAaaIASel vnnnsTaENILRLLY 6x3  urnaeBanlituniisnaaasuummnis
Vlmﬂml,muzjuﬂuuﬁiﬂ (6x3 factorial arrangement in CRD) ‘ﬁﬁ@ﬁ (treatment) 8% 4 flask YINN19ANEA 2
tlaq8fa

fladef 1 @091 6 w0 (MuseavBunluiadasd 1.1)

fladefl 2 sziugEe 0, 0.5 uay 1%

neaaul flask 23490 500 ml Lﬁuﬁqwﬂmzﬁuglﬁﬂi:ﬁu&m (0, 0.5 uaz 1%) tunelutdnus
uaztlsulARAasEuszins 60% Aalaastu flask UszanoumEamiianns flask ﬁﬁfﬂﬁd?iﬂL%yﬂﬁqmwgﬁ
120°C Wimaan 30 Wit Waduaddde fiausdazaiiafiaes Bummdninoineasusng 5 nSusie
flask udmgn g vinnadsndunisedyeesd@ensenisunde 1-3 FUad

2.2.3 NM5U5%EY (measurement)

1
=

Y¥nmngUssfunenaIn1sUN Eaf NUausn W, = First week of incubation
ﬁ/ﬂmﬁﬁﬂm W, = Second week of incubation
e W3 = Third week of incubation
Tuszndnmasas Wednganisindeudavigaing Yiantagaufudansne udainfuuaniiu
ATUNTIIIA 2 AaANAT es [UATzineedUssnauniand Faquita (Dry matter, DM) Tu/sfin
M8 (crude protein, CP) L1 (Ash) MIxABN19289 AOAC (1990) WazALAT1e9 neutral detergent fiber
(NDF), acid detergent fiber (ADF) Wag acid detergent lignin (ADL) AM&A8N19289 Van Soest et al. (1991)
2.2.4 M5IATERIBYaNT9RTH (statistical analysis)
ﬁﬂ%@a@ﬁf@ﬁ@mmwmmﬁ\mmmﬁmifl:ﬁmmwLmﬁﬂ'ﬁqmmu Analysis  of Variance
(ANOVA) aMHLNUNITNARBNLUL 6x3 Factorial arrangement in Completely Randomized Design Tl
Proc GLM meﬁﬂmﬁﬂumwLLmﬂm'wam@iflmﬁmmﬂ@jwmm@ifmﬁ% Duncan’s New Multiple Range

Test (Steel and Torrie, 1980)

1 a 1 1 ad |,

Tassnisdewdl 3 nsAnuiamAmsinzuzuazMstessaatunssinzsulaeds in
sacco 2@4TuUAN1TM (OPL) wazyeludnsingdy (OPF) fsinunisiinlaauslaalénsusin
1 a o
tiDEADIRUNIE

3.1 36N1939¢

3.1.1 AINARBILALNITATLNAATNARDS

Hladpgnuanitufios-nilsadnegianznazinizgiim 3 da (vineds 32645 nn.) 1Ae

=] o/ gil = )% g’ di o/ LY [ v o/ v o/ 1 o/ 1
LLUU@ﬂ?_IHTﬁQTW’h’@G‘NLWﬁQ HINWBINT LL@%QQEHW@]N@@T‘HNWﬂﬂ@"lu‘ﬁu"l Tﬂﬂﬂ@QT®§UﬂqﬁN7@]®ﬁﬂVl@

U

A o

AN T AT ALBIMRNTZNIZNEN (rumen cannulated beef cattle) WBIARIINEINITO NN DE AR [
rpednguite TUsfiu wardundedng by in sitv sasepsnelulnduidufidiunisifinlne: Tnatnns
NiNEaY899AUNIS TmaT# nylon-bag technique (@rskov and McDonald, 1979) fiauflazfnun Taay

TEsuneruiouuuidind (ab fibium) waztiemnstuaduifilusfiuneiy 14.0% Tusedu 0.5% 284
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siniinda w2 A%9 ¥ 8.00 w. waz 16.00 w. Tnsusudadifiuann 15 fu uazlisuiuazudsns
(trace mineralized salt) BgNYBN5Y

3.2 NSLAFLNBINTTVIARDS

FrgALa NSRRI innsAnEnAssd THur gy (0PL) waznieludanindis (OPF) 7
madnlnmuzlpelinianingosunsq@uad (annamaansdesd 1 uaz 2) guifufetamnslag
Fuifuamedou douiiniaimndsiminuazeui 100 ssreaBea fwaan 48 $alug aanduds
simindsauiiarinsmnenafdufiasinguits (% DM) Tuaniwan wazdand 2 siluauiigemgf
60 avriradaa (waan 72 Falne uduildunsiunzunssaun 2 ua. ieninisteslilaeds in
sacco (Wam in situ %a® nylon bag technique) ANNATURY @rskov and McDonald (1979) AwAg1ei
paAUsznauniauailneds Proximate analysis (AOAC, 1990) ua¥AlATNzimlaadn1nAsnisaas Van
Soest et al. (19971)

3.3 NSIASENGIIUADN

wsengtuaeulnaliqeum 7x15 o 71513 (pore size) aw1m 40-60 Lm (@rskov and McDonald,
1979) fewinnsvnassfiawitgeuneudl 60 ssrsa@as Uszrnns 48 Falus Waliimninas aamis
dsntaulagaansdu seliidu udaisnd apiudiniminessgaudacTunamnaaeiinniuls

3.4 AEN1SNARBY

| |
o A a

1. dinag1e U dun wasnsluUn g uARun1ainlnase i ae tdn1snsinedasanas

JAUYRINIUAKTHAZUNTS 2 NN,

2. widenguaaufiflawnn 7x15 ou. J21193 40-60 Lm

[ ¥
o o %

3. Hasiameinatlszannns 3 N3 (ar dry bosis) Talwgeuasniideinminuga shilddestunszinnzg
wnpslaiianznszmnnz Budaiflszesnantunisudeguiusineg i fa 4, 12, 24, 48, 72 uaz 96

Falus AmnsuaaiiGuUnuie asnsaigeesninlunafieaiulaesndl 1, 2 uay 3 wpsusiasyian
wngazgnuaugTulasion 1, 2 uay 3 amandy shgesiapdausiazyEnmdniasiasnuguafaoii
NTARAN LI ENANERANEILUTZHI0s 30 on. uaziiBangnatszios 60 an. ewiadaiunnte
canndla FuaTimENzaNaens la g uaenTunsznnzgwuAe AnUsyanns 50 @x. 91nH1 cannula
Tnatviag tuaanansanegm (ventral sac of the rumen) snzifiusinwndfigeansnsandeny (Fasnsdasy
& 1 4' @) =4 . . . A o =] g
vialusaidn 2e9uds (solid phase) uazamemaa (iquid phase) EBATURTMUALAIFIWIAKABBNAN
NIUNZZHWWEBNTW danAn washing loss vinlaevinsaagne(Uuglugasingu (water bath) igaungi
39 asrmaBea Wwean 1 99lus Tnalddasudlunszmnzsian vinluwdasnanilnfidestiunising
VNANABBNAINNTZNIZINY Waa i [Uidrdasdnimdauii Aeesdaedsiigamne ldaings
gafitinindauiiavany i
o . Ao ° ' a 8§ @& o oa A A~ o
gesinagneiieanainnszmigmuargnin (Ul unssiniiui it eangamgRieei
nszuaunamTnTiesfintunennsznnzg e andsimndnsdiaerinazenn eeAeensTulngjann
Y =K ° o v dl o/ v v o/ o/ 1 dl 1 1 dl Y o/ A = o/ 3
wiaAsiniEndaensastniwiandugeiastdivnatdauiiazaa Fiuiszans 15 Wil nasaniu
FnenunEITesuaNyao] B89 “War99 fungal treatment fiaasdsznauynuall uaznatnsaatelunsznnzglneds in

sacco BN TUUNENTNTWT NNTIAN WA 2559
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° { = o v o~ o o ¥ o A ¥ o 4

infuaud 60°C iwan 48 Falus auuieaiinubadeisniminimie  wdaninauamisfimaeugell
Anszindnquits unsadeg lUsfiuuazuiomad a1a3Bn13209 AOAC (1990); (Van Soest et dl,
1991) uazrnAAInTstien Faasiaguisuaslnmuy Buwndedng miaduazliusfiu amuans)

ATNANNTTVBILNET (2533) A9

nstlaslFrasinguiiy (%) = 100- (WL.QINFBNAERE — W) X 100

1. AIDYNBHGN

msdenlFaeslnm (%) = 100- (Usfifudunsdnmuimannstuge) X 100
wesEudlnms Bugn

Al fifudnisdeslinsinquits mateslFensdunaednquazlusiniimmuends
ansreznaiugUnTunssnzmsin ﬁﬂ%ﬂ@dmﬁ’uﬂ%‘ﬂ\iﬂ@NﬁQLGl@%Lﬁﬂﬁ’m’)mﬁﬁﬂ‘izﬁ%%ﬂ NS e
aane(§ (effective degradability) # out flow rate 0.08 ANANNITIENFIUTEA P = a+b(1-e ) Au
48989 Brskov and McDonald (1979) #nslaeinsn (2533) dauArdnsnsrzdslaesin (washing loss
rate) UAZANASTIUDIARTINSHBEEANE (degradability rate constant) Ba9imquits BuvdsdnguasTiatiu
neulee ¥ IFRU fitcurve procedure M1NAT2AY Chen (1996)

3.5 n19ALATIERdayan1eaiia (statistical analysis)

ﬁﬁ%@%ﬁjﬂﬁfﬁ@ﬂﬂﬂ’]‘mﬂ@ﬂdNﬂﬁ’]ﬂ"l‘ﬁm‘a"]zﬁﬁ’m'}’mLL‘]J‘EU‘&Q‘LM"NN?]@LLUU Analysis  of
variance (ANOVA) leLLNum‘i‘wm@mLLUUZjNTuUfg@ﬂNNU;ifﬁ (randomized complete block design,
RCBD) uazisuiiiaud1aaslne® Duncan’s New Multiple Range Test (Steel and Torrie, 1980) 1i®
danladonEnuudiviabinsluUrduiniufidnistssaaneannisialaeds in sacco geitgeiie
Usznaumaiansaniunis i lusdamingi waznnelulndusisidinunisdinlngus e ¥nnsminges

18998WaH lnevasautianmnsinld negenls wazannabilasienbimsvnansd 3 dall

7. SewRiivinnisviaaas waziiudiays

1. ApIUURN1TAAIITAAUNINEINNIFRT A1ATEITAIAIEAS ADENINYINTEITNER
NANANENRY AU IUAEUNS INLNIANIATATY 9. F9PR1 90110

2. gudlrEpsfiainenmans i AnNduaIaIuAEUNS Aneniaeniaive) 9. St 90110

3. T59BauALUNg NARTNRRIANTAS ATLSNYINTEITHYIR NATIVEIAL FILRIWAHNS
Ingaania e 9. #9281 90110

4. APRTRAINITHASENNE AEARINTTHANERS NNNANN AL EIRIWATNS AN mnalngy
90110

5. #eeUIRn193AIITRAMNAINEINITERT NIATEIARIAIEAST ATMENINYINTEITHER

WAV RUVIA AT T1AHIARBEIN N UANANAWAT 9. FNAUAT 47160

8. STHLLIRININITINY

Wamaaes 2 T Fausifan SunaN WA, 2556 — IAauiueen W.A. 2558
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unh 4

HANISNARDY WAZITITOI

N15VIARE9 WA2DY fungal treatment FaaIAUsTNEUNINAT BWATNISHaENAT IHNSTINIY

A, s ¥ o
ztﬂ‘i‘!‘[ﬂﬂﬂﬁ In sacco ’Zl’ﬂ\‘l‘i’ﬂ\‘i?‘l_lﬂ"lﬂﬂu’]ﬂu

fnansdsautseanduwiaianiamasnsdes Ml

4.1 msw‘%ty"umté’iusfﬂLﬁﬂuummﬂé’ﬁu%@ﬁﬁm (potato dextrose agar, PDA) Tuinds
Jﬁﬁu (oil palm leaflet, OPL) LL@ZV]"I\‘ITUﬂ"IéN‘lil’Tﬁ:IJH (oil palm frond, OPF)

Tumsinienq@nunadene NﬂT%Tuﬂﬁ‘iLﬁN@mﬁ’] w‘%@@mmwfﬁﬁummwmuLﬁ'@u‘jummi

FodRaades Tnaantztuluundasindi (ol pam leaflet, OPL) uazy19luLNdxsns (il palm frond,
OPF) Wu AefinaaAniletle uonannguesqauvadiiazinnndmaenimsnzanie Hannsades
9

1
=

aseaniuliige uariinsgaydaanslulamsatieniigaviniieniulUl feddn Aefoins wiosnu

Tnrnelupmnsdnd (3 linnniign  uariiddgqawnidesdacliifnfivdenu niedidnd  uaz

[ '
1% a o °

anwuandan anvleamnsndislszand e dnszuounisivia ideann uazdiunuan Taengs

]
A caAa

qawadifianldfe nguiinfiuld (edible mushrooms) Zedeanusainy3unnlusfnlFnue ey

v
=KX A

NINAUBNAE
¥ & A & X v o/ 'S < ¥ 4 S o A o o
o ldnaanansail TﬂﬁuﬂQﬁN@gLﬂiﬁ:ﬁ@ﬂﬂﬂuﬂiqummL%‘@mm FIUNTILNEN LA
wialuladZanin nsudrnisineEns n3emne S 6 1l (Taole 4.1) Usznaudag 1. ifiauness
#3013 (Pleurotus ostreatus, PO) 2. Wiaun9uaa (Pleurotus diamor, PD) 3. Winwauwa (Lentinus
squarrosulus, LS) 4. D IGEN (Schizophyllum commune, SC) 5. WinngzAng (Lentinus polychrous, LP)

WAy 6. Wimdluwlaan (Lentinus sajor-caju, LSc) mnansy Geviannaiduideinsfafinuld

Table 4.1 Number, code, common name and scientific name of six species of white rot fungi (edible mushrooms)

No. Code Common name (in Thai) Scientific name
1 PO WiAun95:E9nT3 (oyster mushroom) Pleurotus ostreatus
2 PD WiANNIUIR (pink oyster mushroom) Pleurotus djamor
3 LS Winaue1a Lentinus squarrosulus
4 SC RALATY (split qills) Schizophyllum commune
5 LP WiAnszAng Lentinus polychrous
6 LSc Windulaan Lentinus sajor-caju

Wimdlnadnvadngs white rot fungi fAnuannsnlunisdeasaneaniulige Bulzintin

n1staeAnfiulsrnaudiag laccase, manganese peroxidase WAz lignin peroxidase B99RuNFIuAnaz s
a & o | d' | o v & ' ¥ 1 . .

aznandulriludnsndadiuansineiu Tassadnsadulnilsznaudagdanicon porphyrin complex

vaa8w (heme) WimUff3elne hydrogen peroxide nszduufiiBenaanBininfsiendiannsansanain
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phenolic ring 289AnTN YR InAwes2e9Bniuuanda 7 pH munzan (Bednued, 2543; Hadder et al.,
1993)

4.1.1 ﬂ’lit@%iy‘llﬂx‘iLé’iu?iluu@’lﬂ’lﬂgﬁﬂl%@
4.1.1.1 8m59uAALE (potato dextrose agar, PDA) ANNIARBIRENEW T 6 1in
U wngd (PDA) et 2 uaz 4 4 wudn @ewiiadiudasn (LSO Wiy FRgendinguaug atne
Ted Aty Bennead (P<0.001) (Table 4.1.1) uasdnauiananninezaslalafinie 85.5 mm fdnuos
ughdenaiiu waslanssmiuiuiiewdsudeutufinefindn (Figure 4.1.1) 9047t N993ayzaadin
5 L&

HWKIR (PD) LL@ZL%@WI@M?I’VJ (LS)TNILLWﬂG]I’W\‘iﬁIu (P>0.05) WRFNINAANTZANS (LP) LL@ZLﬁ@LLﬂ‘N (SC)

HN191935YAnNdINgNENT (46.3 mm) adiidedAyBmNadia (P<0.001)

Table 4.1.1 The mycelial growth (mm) of six species of white rot fungi on PDA after 2 and 4 days

Species Colony diameter (mm)T

2 days 4 days
Pleurotus ostreatus (PO) 245" 61.5°
Pleurotus djamor (PD) 28.3° 69.3"
Lentinus squarrosulus (LS) 27.3" 65.5
Schizophyllum commune (SC) 23.3° 46.3°
Lentinus polychrous (LP) 34.5° 73.8"
Lentinus sajor-caju (LSc) 37.0° 855
SEM’ 132 132
P-value <0.001 <0.001

““Means within rows followed with different superscript letters are statistically different (P <0.05).
1Co\ony diameter in mm.

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

SC = Schizophylum commune LP = Lentinus polychrous LSc = Lentinus sajor-caju

Figure 4.1.1 Colonies of six species of white rot fungi on potato dextrose agar (PDA) after 4 days

v Vv Y
4.1.1.2 ?‘uﬂﬁéuuwu (oil palm leaflet, OPL) FINN1TNAAIALLERTFATY 6 iR 1N
819 UUNAN (OPL) 1iNan 2, 4 uay 6 44 wudnieReaEa s 6 54 Winsiullasn (LSc) Winuauaa
(LS) waziinuass (SC) nnsiadey (iR lunnsinarii (P>0.05) udgendingudu agreiliadideygemng

&ff (P<0.001) (Table 4.1.2) dnamimmainndnenaslalaididegiugas 78.8-82.0 mm (Figure 4.1.2)
104zl M99 0aeIfinuIenaa (PD) fFdindd (32.3  mm) ngudug agneibiadAnydmneaan
(P<0.001) Favin Tudaiaris 6 ¥fin Bifin 3 29n fa LSc, LS Waz SC ARAMMNIMNIZAN WATATINITD
\waay(## (P<0.001) Uss OPL snndndaifinaiadn dufuiioyafiainfuazyndlituniadmdandia

dl = ! =1 1 = 1
PNBLWHATHATINE TR IR OPL WIBUAAITTATINETL BN WI?JT‘U

4.1.1.3 ysTuLgasnee (oil palm frond, OPF) annnnsvnasaiaednleinis 6 wdn umn
g TuLngx (OPF) Wiwnan 2, 4 uay 6 51 wudn WeReadsld 6 5w Wiediuaan (LSO uazifin
uAg9 (SO AnnsiadeylaaTaiunnsnafiu (P>0.05) wigendinguang od1efidedidgydamasaan
(P<0.001) (Table 4.1.3)

Fauwnannnsneaslalaiifidegturas 82.3-88.8 mm (Figure 4.1.3) s89anAn inuau

' o ' !

2419 (LS) LLﬂzLﬁﬂﬂ‘iZﬁ"N (LP) 26Wei ﬂ’]‘iL@%iy"ﬂ’ﬂﬂLﬁ@uW\‘i‘iN (PO) LL@ZLﬁ@HW\?HQ@ (PD) HAPNNIINGH

9
(2

B (43.5 uay 43.5 mm ARaNdiy) sdneililudnAnyBaneafii (P<0.001) fiaiin tuiamiianis 6 «fin &
Wim 2 #im e LSc uaz SC ANANmNNzaN Lazad1Taesey (iR (P<0.001) Ut OPF danndni@eidin
siindu FaluioyaiienhlUusygnd b unsdndenfiaieingniAmeemisues OPF vEsumas

4
BB sia L
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Table 4.1.2 The mycelial growth (mm) of six species of white rot fungi on oil palm leaflet meal after 2, 4 and 6

days
Species Colony diameter (mm)’

2 days 4 days 6 days
Pleurotus ostreatus (PO) 6.5 17.8° 385
Pleurotus djamor (PD) 9.8° 18.8° 32.3°
Lentinus squarrosulus (LS) 29.8% 57.0% 78.8°
Schizophyllum commune (SC) 33.0° 64.5" 81.0°
Lentinus polychrous (LP) 25.8° 49.3° 59.3°
Lentinus sajor-caju (LSc) 31.3° 55.0° 82.0°
SEM’ 159 2.58 156
P-value <0.001 <0.001 <0.001

““Means within rows followed with different superscript letters are statistically different (P <0.05).

1 . B
Colony diameter in mm.

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

Figure 4.1.2 Colonies of six species of white rot fungi on oil palm leaflet meal after 6 days

"PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune,

LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

FENmMNTATERTUANY50! (389 “NaTB3 fungal treatment siameAUsznaLaA warnstesaaeunsznglaes in
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Table 4.1.3 The mycelial growth (mm) of six species of white rot fungi on oil palm frond meal aofter 2, 4 and 6

days
Species Colony diameter (mm)’

2 days 4 days 6 days
Pleurotus ostreatus (PO) 15.0° 25.3° 435"
Pleurotus djamor (PD) 13.0° 23.5° 43.5°
Lentinus squarrosulus (LS) 16.8" 41.0° 64.8"
Schizophyllum commune (SC) 33.3° 67.3" 88.8"
Lentinus polychrous (LP) 21.0° 35.5° 64’
Lentinus sajor-caju (LSc) 33.8° 55.3° 82.3°
SEM” 1.59 2.21 3.53
P-value <0.001 <0.001 <0.001

““Means within rows followed with different superscript letters are statistically different (P <0.05).
1Colony diameter in mm.

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

Figure 4.1.3 Colonies of six species of white rot fungi on oil palm frond meal after 6 days
"PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune,

LP = Lentinus polychrous, LSc = Lentinus sajor-caju.
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4.1.2 miw%fyﬂmL'é’iusfmﬁﬂuu?uﬂﬁémilﬁﬁu uazyeluUE s

snn1aRnen anEeuisunissiyresdlededia uazamiadedasiniaduinig
@oifin 9119% 6 #ila fe 1. WinunesuEn3 (Pleurotus ostreatus, PO) 2. iAHMIa (Pleurotus
diamor, PD) 3. Wimaeua1q (Lentinus squarrosulus, LS) 4. WiALATS (Schizophyllum commune, SC) 5.
Winngeéing (Lentinus polychrous, LP) Wae 6. WinfiuUaan (Lentinus sajor-caju, LSc) AMHANAL LAY
ANSIRLITRNUNENINTY 2 #ia Aa TuLngNinel (o palm leaflet, OPL) wazyns T &asingt (o
palm frond, OPF) @MHaTAL Giﬂmﬁw‘%fymuﬁubfm%mﬁm

NANNAMARDY NUANRBVENATINIDIEEIRA WazaMNTIRENTRINUNdHNY (Toble 4.1.4)
Tasdaifin LSc uaz SC Anaimnnanaidolu OPF gandntu OPL (P<0.01) uazgendndenfeuidaudy
L%ymﬁmﬂ@jwﬁ'w] gL ilefiansnaamswdiiresdlanudl @aiin LSc firnag usiugandn
nquaEn uazideiitiaasmniiresdlesesasnde @a SC, PO, PD uaz LS mnA1AU 104l (e
1P fHasmmudnaeudnloundign fedndnde P (Fansedng) wiglidesndingu@ue (P<0.01)
(Figure 4.1.4-4.1.7) sl TuiBaufinvis 6 #n fuin 2 99in Ae LSc uaz SC AflANmmIzaN uay
ansaa3ay (A (P<0.001) Un OPL waz OPF sanndni@eifinyfingy Gafiufieyafiavsinfiuszyndls
siall

Table 4.1.4 Number of days for full colonization of six white rot fungi on OPL and OPF

[tem Type of white rot fungiw' ° Average SEM P-value
Levels of urea PO PD LS SC LP LSc

Growth” opL® 90° 11" 50 41° 61 41" 655 002 <0.01
OPF 80" 80 500 40" 50 40° 568 <0.01
Average 851" 953 502° 403 553 405 <0.01

Density5 OPL2 ++ ++ ++ ++ + R - - - -
OPF ++ ++ ++ ++ + R - - - -
Average ++ ++ ++ ++ + 4+ - - - -

% Within rows not sharing a common superscripts are significantly different (P<0.05).

'White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

*OPL= oil palm leaflet, OPF = oil palm frond.

*Treatment combinations: T;= PO-OPL, T,= PO-OPF, T,= PD-OPL, T,= PD-OPF, T;= LS-OPL, T,= LS-OPF, T,= SC-OPL,
Tg= SC-OPF, Tg= LP-OPL, T,y= LP-OPF, T,;= LSc-OPL, T,,= LSc-OPF.

4No. of days for full colonization of substrate.

°+ denote the density of mycelium. More + indicates more dense growth of mycelium

SEM = Standard error of the mean (n = 4).
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1LP, LS, SC, LSc, PD, PO LP, LS, SC, LSc, PD, PO LP, LS, SC, LSc, PD, PO

A = OPL-WK, in flask B = OPL-WK, in flask C = OPL-WK; in flask

Figure 4.1.4 Growth of six white rot fungi in flask containing oil palm leaflet meal as substrate after A) 1 week
(WK,), B) 2 weeks (WK,) and C) 3 weeks (WKs), respectively
'PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune,

LP = Lentinus polychrous, LSc = Lentinus sajor-caju.
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sc LP ' LSc

OPL out of flash WK;

jPO

OPL out of flash WK,

LS

LSc

OPL out of flash WK

Figure 4.1.5 Characteristics of oil palm leaflet meal after colonizing by white rot fungi for 1-3 weeks (WK;, WK, and WKs),
respectively
'PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP = Lentinus

polychrous, LSc = Lentinus sajor-caju.
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1LP, LS, SC, LSc, PD, PO LP, LS, SC, LSc, PD, PO LP, LS, SC, LSc, PD, PO

A = OPF-WK; in flask B = OPF-WK, in flask C= OPF-WKj5 in flask

Figure 4.1.6 Growth of six white rot fungi in flask containing oil palm frond meal as substrate after A) 1 week
(WK,), B) 2 weeks (WK,) and 3 weeks (WK3), respectively
'PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune,

LP = Lentinus polychrous, LSc = Lentinus sajor-caju.
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OPF out of flash WK;

OPF out of flash WK,

LS

LSc

OPF out of flash WK

Figure 4.1.7 Characteristics of oil palm frond meal after colonizing by white rot fungi for 1-3 weeks (WK;, WK, and WKs),
respectively
'PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP = Lentinus

polychrous, LSc = Lentinus sajor-caju.
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4.1.3 naaasriadlafiafifideasdussnauniaaiizasTuladasings (OPL) uaznastu
Un&nsnsT (OPF)

OPL uwaz OPF #ildlunnanaasenseriiiu OPL uaz OPF Finnnanndudidnsinduluulas
NARBIVBINIARBIRYAIIAS ADENSNYINIFTITHEIR NN1ANB1IRYFIDATUATHNS BLABNIA M o
FaiAR92a1 90110 91NN15FALATIERBIALTENBUNIARYEY OPL LAY OPF (Table 4.1.5) WudA19RY
whis (OM) Tafugan (CP) wifsiad (NDF) uazdnTuaglas (ADF) Tifinsnatanvasdodin (F) uas
AMNSIALITDINNLNANIET (O: OPL uaz OPF) uAflANuANA9 (P<0.01) 989 MnsiAg@nann
Undnsinsu (0) spasdsznauniand Tna OPF fAiaasaas DM (66.30%) NDF (76.79%) waz ADF
(65.98%) gandn (P<0.01) iilai/Feuifluudu OPL (60.58, 7452 uaz 61.00% AMNAIAL) dauA1e
Tusiusannudn dnedslisfiuaes OPL (8.77%) gendn WleiBsuiflendy OPF (5.77%)

yneaienturinees@odia (F) wodnfinasoAaanees CP, NDF waz ADF 8w A1 DM 7

Trumnsnefi (P>0.05) frnasTugng 61.50-65.03%

U

Table 4.1.5 Effects of six white rot fungi on average chemical composition of dietary treatments at 3 weeks (% DM basis)

of OPL and OPF

[tem Type of white rot fungi1 Average SEM P-value
PO PD LS SC LP LSc
DM OPL® 59.54  59.29  60.92 60.16 6195 6155 6057 176 O <0.01
OPF 6535 6372 6641 6774 6810 66.47 66.30" F 042
Average 6244 6150  63.67 6395 65.03 64.01 OxF  0.96
CP OPL2 8.38 8.44 835 895 920 927 877 021 0 <001
OPF 5.76 5.49 577 604 550 606 577 F <001
Average  7.07° 697 706 750" 7.35°C 766" OxF 0.1
NDF  OPL2 7462 7526 7627 7208 7730 7161 7452° 087 O <0.01
OPF 76.72 7797  77.85 7495 7836 7490 76.79" F <001
Average  75.67°  76.62"° 77.06"° 7352° 77.83" 7325 OxF  0.79
ADF  OPL2 60.95  61.06 6281 5837 6477 5806 61.00° 212 O <0.01
OPF 65.80  67.06 6813 63.66 6881 6245 65.98" F 005
Average 63.37 64.06" 65.47° 61.01° 66.79" 60.26° OxF  0.99

" Within rows not sharing a common superscripts are significantly different (P<0.05).

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP
= Lentinus polychrous, LSc = Lentinus sajor-caju.

2OPL: oil palm leaflet, OPF = oil palm frond.

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

911 Table 4.1.5 LﬁﬂLﬂ%ﬂULﬁHUT‘LAijL%@‘ﬁ WUIED LP, LS WAy PD fA1 NDF waz ADF (u

uANFNin usifiANgendN@e SC uaz LSc uamednfimanaIn1salunisaans NDF uaz ADF anile

FENmMNTATERTUANY50! (389 “NaTB3 fungal treatment siameAUsznaLaA warnstesaaeunsznglaes in

sacco BN TUUNENTNTWT NNTIAN WA 2559



44

WAsnfeuifunguaug Ssnaanasees NDF uaz ADF 819929619 nidas1annanasaniiomad
(cell wal) e lHifuumasansarsuen fsiu FadeudndanrasasTulmnanfiazanednld (soluble
carbohydrate) wazazaeunWl# (insoluble carbohydrate) T OPL T# aeap&aeiusnee uzes Singh
(1990); Fazaeli et dl. (2004) asin9lafinu nasisaataas NDF uaz ADF 1a9idnsniaasunnsnii
TungAunatsiiads W ¥finveadine (Jalc et ol., 1996; Zadrazil et dl., 1996) HAnNd s Heesnm
M3anasres ADL TuWsdinnanafivandsaei@asn P. pulmonarius waz P. sgjor-caju (Moyson and
Verachtert, 1991)

\Wafiersnnnisaeuuases CP wudnde LSc, SC uag LP fAn CP Tiupnsinarii s ANga
nd1d@e PD @alaevialu CP RAnfisdunianasniavsin TasmawizyBunos P T mycelium 5189
WudELUENI04G9 (Ragunathan et al., 1996) fsriudinfianandsdn opL Fivanddandaadusunn
Tusthuiaau dafs aanniafnensuieutuda oo 6 «ia wududs LSc, SC uay LP fdn CP g9
ndngHEN Seduius iAWY wazdRTnaanRLlade aenadasiuntafnEnees Fazael
et al. (2004) At Wasdinnaafvandieadasasnsodin CP aBsURBUAUNgNATLAN

fiim 2 1ilm fe LSc uaz SC ARAMNWNIZAN WazaN1saLa3ey (AR (P<0.001) U OPL uaz
OPF sanndnide finyfladn nsnefidn NDF uaz ADF fiasndiussidn cp gondn ufhdioyaiiazinly
UszgndlEsinll Tnsanizean NDF uay ADF ﬁqaﬁmﬁuﬁ’uﬁ‘?m%@@uﬁuﬂ%mmmﬁﬁufﬁ uAzN19EaY
Tun1m152898m 5 (Hart and Wanapat, 1992) 204zt 15an0s uazAasninanslsiufigeiinasiatasno:
el waznaihluiusslenivasdad uazanansenustelnaeAlisudon nnusnanisfulisi
FazdanalilnmneilF5usntuUsiag (Oldham, 1984)

9INN1AANIASIH OPL ez OPF 8 CP ogtutag 8.35-9.27 uay 5.49-6.06% ANATRL LARS
Wifudn oL ifiuunadsamnsmeufifdnenngiaansn Hiduemnsdndideadas insziiuaunos
Tusfugendnasiumnsdissnisiiieniainssdn (6.25%) TudmdiAaades (Playne, 1972) samndesdiy
58MMBB9 Oshio et al. (1990) finesudn OPL Jlusin uazlusiugondn OPF duin Tnaunamaniz
dagtdmnisnez s e dnenmgeasnsaidinemiadadifead e Hf aned
CP 289 OPL #ANg9n9191897114284 Ishida and Abu Hassan (1997) uaz Alimon and Hair Bejo (1995) 7
57897497 MUndNsinsan (fresh o odlm frond, FOPF) § CP 4.2-4.7% w04zt Abu Hassan et dl.
(1995); Abu Hassan et al. (2006) 18110 edsznaumaslnsuzans FOPF iutaznaudasTsm 2-
6% HILTAR 78.7% Anluaaglan 55.6% 1 3.2% andlulmmsmiiazaneliing 20% wasnasmii

Husrlanil 5.66 wnzqasiaflansuimminusis
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4.2, Nﬂ’il@x?ﬂ’lit@%iyté’iu?ilL%@Lﬁﬂuu?uﬂ’lﬁu‘g’lﬁu Lmzma"fumﬁwi/ﬂaﬁ'uéwﬁ’ugL‘%.e_l

4.2.1 Nﬂ’ll@x‘iﬂ’liﬁ%i}jLisi‘u?f—_lL%@Lﬁﬂuu?ﬂﬂ’lﬁug’lﬁué’zﬂﬁugL%f-_l

4.2.1.1 mswsydinledadin

snmarnen WewBsuiisuninesgyeeadnlodedia uazemisdsagoainuaduingg
sonfugBefifidafin 4109 6 oia Aa 1. HiawesEINTa (Pleurotus ostreatus, PO) 2. HAMIIHIA
(Pleurotus djamor, PD) 3. Wimaau219 (Lentinus squarrosulus, LS) 4. FALATI (Schizophyllum commune,
SC) 5. Wimn9¥@ng (Lentinus polychrous, LP) uag 6. Fiadiulaan (Lentinus sajor-caju, LSc) AMHAFL
wazTutdusineiss (oil palm leaflet, OPL) ﬁﬁi:ﬁugﬁﬂ 0, 0.5 UAZ 1% AINAIAL ABN15I93ey2a9duly
aia

NANNTNAGBY WUAEBNENATINTDaTRIiA LareIINTIAENIEe (OPL) TiflszduyFasineiin Tne
@owfin Lsc uaz SC Annsimunvesidarialu OPL genda (P<0.01) leissuiieuduidaifinngudeg
AHAIA (Table 4.2.1) B19tiasnne nidnsnguiiamnsaazananiorad (cel wal) e tiuunas
yaenrduanlunisasadulnlad ety fuUfsudndaueasanilulsnsniiazansinli (solule
carbohydrate) wazazaeun+l& (insoluble carbohydrate) T OPL T# aemAdeariusneeuaes Singh

(1990); Fazaeli et al. (2004)

Table 4.2.1 Number of days for full colonization of six white rot fungi on OPL supplemented with different level of urea

[tem Type of white rot fungi1' 2 Average SEM P-value
Levels of urea3 PO PD LS SC LP LSc

Growth” 0 900° 1005° 500° 400" 802° 505 685" 033 U <.01
05 712° 905 505" 400° 800° 400°  6.20° F o <01
1 712° 002" 500" 400° 502" 400° 569" UXF <01
Average 7750 937" 502° 4000 701" 435

Density5 0 ++ + ++ ++ + +++ - - - -
0.5 ++ ++ ++ ++ + - - - - -
1 ++ ++ ++ ++ + +++ - - - -
Average ++ ++ ++ ++ + T - - - -

% Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP
= Lentinus polychrous, LSc = Lentinus sajor-caju.

Treatment combinations: Ti= PO-OPL-0%, Ty= PO-OPL-0.5%, Tz= PO-OPL-1%, T,= PD-OPL-0%, Ts= PD-OPL-0.5%, Te=
PD-OPL-1%, T;= LS-OPL-0%, Tg= LS-OPL-0.5%, Tg= LS-OPL-1%, T4o= SC-OPL-0%, Tyy= SC-OPL-0.5%, T(p= SC-OPL-1%,
Tiz= LP-OPL-0%, Ti4= LP-OPL-0.5%, T5= LP-OPL-1%, Tie= LSc-OPL-0%, T7= LSc-OPL-0.5%, Tg= LSc-OPL-1%.

*Levels of urea = 0, 0.5 and 1%.

4No. of days for full colonization of substrate.

°+ denote the density of mycelium. More + indicates more dense growth of mycelium
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afersnammnusiueadnlenudn daia LSc frglusziugoniings@ug uandad
Tiarmmnwiuadnlysasasmnde @ SC, PO, PD uay LS muasy aniil @0 PD uay LP finans
yuirasduluunsiign f9dndnda PD (Fautswaa) Wi litiosndangsane Tasanazlu opL
fipundnlu OPF) aauedl LP (finnszéing) 93y ltinsndnnga@eg vialu OPL uaz OPF awdd (Figure
4.2.1u82 4.2.2)

1A5A3A4A6A2A1—OPL—O%—WK1 |n A5A3A4A6A2A1—OPL—O-5%—WK1 |n A5A3A4A6A2A1-OPL—O-1%—WK1 |n
flask flask flask

A5A3A4A6A2A1_0PL_O%_WK2 in A5A3A4A6A2A1_OPL_O-S%_WKz A5A3A4A6A2A1_0PL_0.1%_WK2 in
flask in flask flask

A5A3A4A6A2A1_0PL_O%_WK3 in A5A3A4A6A2A1_OPL_O-S%_WK5 A5A5A4A6A2A1_OPL_O-1%_WK?, in

flask in flask flask

Figure 4.2.1 Growth of six white rot fungi in flask containing oil palm leaflet meal as substrate after A) 1 week (WK;), B) 2
weeks (WK,) and 3 weeks (WKjy), respectively
k As= LP = Lentinus polychrous, Az= LS = Lentinus squarrosulus, A,= SC = Schizophyllum commune, Ag= LSc =

Lentinus sajor-caju, A,= PD = Pleurotus djamor, A= PO = Pleurotus ostreatus.

1 v
4.2.1.2 N@?I@Q‘lfﬁﬂl,é’fu?ﬂLﬁﬂﬁﬁm’ﬂ@dﬁﬂizﬂ@u%’mLﬁﬁﬂﬂﬁ?ﬂﬂﬂﬁﬂu’mui’)ﬂﬂugL?a'i’-.l

INN1TAATIEAasfaznauniaAiany OPL (Table 4.2.2) wudnanlUsRWaan (CP) Wilias

a

(NDF) Anluisaglas (ADF) uaziéin (ash) HdvBwasanwesd@iofia (F) uazsziugiBe andu dnguits
(OM) ldfddvBnasanzeadeifia (F) uazssiugBe wasdaoauansdwiueesilnuesdedin (F) uas

=Y

suiugBe (U) desedisznauniand Tng OPL fidnefzoes DM Aiszsugde 0.5% gendngi@ail O
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waz 1% 204efl Ffladafinnudn e LP Sr1efures DM gendinguauy udliuansneiu ngu PD,

! !
o A

LS uaz LSc lnenga PO fenpndign

]
\HaRan30iAn CP wudn ngw LS, SC uay LSc fiszdiugBe 1% favsulsfiugendnnguaws

uay 1@ LS fszsiugiSe 0% fAmngn viwaafaaiudn NDF wudnflmansusnsneii Tag LSc uaz PD

|
° |

Tziug 3y 1% JANPININNGNENT UazA1 ADF Wudn LSc Asenugiay 1% HAdnndnnguany aoei

WaT LP 719edugiae 0% Hengendingudug WanensunaAdnganeesynngs (Table 4.2.2) wudnd

D

NBWa99NY89 U WAz F uazngy LP uaz LS Jrngendn (P<0.05) Wailssuiinuiunguauy s

szau U Humnenerie (P>0.05)

Table 4.2.2 Chemical composition of fungal treated oil palm leaflet at 3 weeks (% of DM basis)

ltem Type of white rot fungi1' : Average  SEM P-value
Levels of ureoz, % PO PD LS SC LP LSc

DM 0O 59.57 59.17 6055  59.98  62.27 61.80 6056 153 U <01
05 66.80 6755  68.40  63.86  68.15 65.75  66.75" F 010
1 59.93 6413 6348 6309 6584  63.66  63.36 UXF  0.64
Average 62.10°  63.61"°  6415° 62317 6542 6374
0 898" 944 885" 895" 9507 931" 917" 016 U <001
05 9.65% 11.96° 10057 1093 9357 1036°  10.38° F <001
1 9.61" 1094°  11.66°  1158a  955° 1164’  10.83" UXF  <0.01
Average 9.41° 1078"  1019°  1049°  946°  10.44°

NDF O 72620 7217 73077 7206™°  7232"°  71.24F 7225 048 U <001
05 7200 67.96°  71.647°  71.98"  71.78"  69.58°  70.82° F <001
1 700907  66.72°  71.40° 70807 68427 6677  69.17° UXF  <0.01
Average 71.85" 6895 7204 761" 7084  69.20°

ADF 0 58.80°  57.88"° 5646 57.04°° 6057 5697 5797 110 U <01
05 56.55°"  56.96"° 55627 56.40™° 5772 5592 5653 F o <01
1 56.96"° 54377 5563 5450 5747 5407"  55.46° UxF  0.01
Average 57.46"°  56.40°  5590° 5601  58.49" 5565

Ash 0 7060°  6.85° 697 616"  699°  6.36" 675 013 U 052
05 6.15" 5.48 7.82° 67677 782" 6607 677 F o <O
1 5.79' 6.550" 744"  6.41% 718" 674" 668 UxF <01
Average 6.33" 6.29° 741" 644 733" 5.56°

*J Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP
= Lentinus polychrous, LSc = Lentinus sajor-caju.

*Treatment combinations: Ts= PO-OPL-0%, T,= PO-OPL-0.5%, Tz= PO-OPL-1%, T,= PD-OPL-0%, Ts= PD-OPL-0.5%, Te=
PD-OPL-1%, T,= LS-OPL-0%, Tg= LS-OPL-0.5%, Tg= LS-OPL-1%, Tio= SC-OPL-0%, T;;= SC-OPL-0.5%, Tyy= SC-OPL-1%,
Tiz= LP-OPL-0%, Ty4= LP-OPL-0.5%, T;5= LP-OPL-1%, Tis= LSc-OPL-0%, T;7= LSc-OPL-0.5%, Tg= LSc-OPL-1%.

3Levels of urea = 0, 0.5 and 1%.
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¥ ¥
4.2.2 maasyrasiula@afiouwmeluunduiniusaniug S
¥

4.2.2.1 araasydinladadia

annsAnEn Wewisuieunisedyrenduledeia uaremiaidsadaanndidunigu
ganfiug BeifEewin 41 6 ¥ila Ap 1. WHawesnEnT® (Pleurotus ostreatus, PO) 2. WiAWINUIA
(Pleurotus djamor, PD) 3. Wimuenu19 (Lentinus squarrosulus, LS) 4. RIIGER (Schizophyllum commune,
SC) 5. Wimn9¥@ng (Lentinus polychrous, LP) uag 6. Fiadiulaan (Lentinus sajor-caju, LSc) AMHAFL
UATBMNIIAENES Ae e TuLdNsndu (ol paim frond, OPF) #iflazdugi3e 0, 0.5 uay 1% ATNAFL
1 a v ¥ =4
Aan1se3tyraaduladadin

. a > Y IAa A : Y & g

NANNTVIAREY WUd1N5I93greduldadin idaninasanansdadin uazamiaiResde
NUNENHNITH (Table 4.2.3) usifipanuansnsiasssiinee@adin (F) wazsziug@e (U) Insgain
LSc uaz SC AMamunzesdings (P<0.01) WawSsuifleuiud@sfinngudu] amuadu fleafiarson

1 [ ' 3y =4 P 1 o ! oA { A®o 1

prmmwinrasdlanudt @ain Lsc fAneag Tusyiugeninngudug wazi@eiiliannumuunnang
winleseensunfe 1@ SC, PO, PD uay LS auansy ool e LP Hacumwiwinaasdulaunsdige
A99ndnEe LP (Winnszding waeyitienndinguane (Figure 4.2.2) fdrin tudefinvia 6 ofin fifia 2
#7im Ao LSc uay SC ANAMmNIZaN waranTaies ey [RALW OPF ’inndn@ainsiingn Fafin

myafiazsir(Ulsvgnd sl

Table 4.2.3 Number of days for full colonization of six white rot fungi on OPF

[tem Type of white rot ]‘ungi1 Average SEM P-value
Levels of urea PO PD LS SC LP LSc

Growth 0 7.10 7.10 5.02 4.00 5.03 4.00 5.36" 0.02 U <0.01
0.5 710 710 500 400 500 400 535" F 005
1 702 702 500 400 500 400 533 UxF  0.48
Average 700° 710" 5000 4.00° 500° 4.00°

Density 0 ++ + ++ ++ + +++ - - - -
0.5 ++ ++ ++ ++ + +++ - - - -
1 ++ ++ ++ ++ + +++ - - - -
Average ++ ++ ++ ++ + 44+ - - - -

" Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP
= Lentinus polychrous, LSc = Lentinus sajor-caju.

2No. of days for full colonization of substrate.

°+ denote the density of mycelium. More + indicates more dense growth of mycelium
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AsAA AAA-OPF-0%-WK; in | AsAzAAsAA-OPF-0.5%-WK; in | AsA:A,AzA,A-OPF-1%-WK, in
flask flask flask

AsAzAAcA,A,-OPF-0%-WK, in AAZA AcA,A-OPF-0.5%-WK, AAZA AA,A-OPF-1%-WK, in
flask in flask flask

A5A5A4A6A2A1—OPF—O%—WK3 in A5A5A4A6A2A1_OPF_0-5%_WK5 A5A3A4A6A2A1—OPF—1%—WK3 |n
flask in flask flask

Figure 4.2.2 Growth of six white rot fungi in flask containing oil palm frond meal as substrate after A) 1 week (WKj), B) 2 weeks
(WK5) and 3 weeks (WK3), respectively
! As= LP = Lentinus polychrous, As= LS = Lentinus squarrosulus, As= SC = Schizophyllum commune, Ag= LSc = Lentinus sajor-

caju, A= PD = Pleurotus djamor, A= PO = Pleurotus ostreatus.

4.2.2.2 N@’ll’ﬂ\‘i‘lfﬁﬂl’ﬁ%?ﬁlL‘ﬁﬂ‘ﬁﬁﬁﬂﬂﬁﬁﬂizﬂ’ﬂu%’mLﬂfl’tlﬂx‘lWﬂﬂ?ﬂﬂﬁﬁuﬁlﬁﬁuéﬁuﬁugL“:'EI

A1nNMsAATIiesAlsTnauNaATEDg OPF (Table 4.2.4) wudnsnlusfiugan (CP) wilasad
(NDF) Anluaglas (ADF) uazidin (ash) Tifiavanadananadafin (F) uazasiug @ aniiu dnqui
(DM) fifianswadas (P<0.01) usifimnuansnsiuaasiinansdodin (F) uazsziugids (U) do
asfaznaunnandl Tne OPF fldafierss CP fissiug@s 0.5 uaz 1% gendig@edl 0% viues
WAt NDF wudnAnindenes NDF flszsugids 19% fosndigiedl O waz 0.5% aausn ADF uazidi
Tifpnuuansineii Fan19anasnes NDF ua ADF 1aazilasnnannidesiansnsnazaianiad
(cel wall) iNaTHifuumasansanfuen iy Faasudadawnssaslulmnsnfiazatsia(# (soluble
carbohydrate) wazazaeiWT# (insoluble carbohydrate) T OPL  T# aeapfeeiusnee uzes Singh

(1990); Fazaeli et al. (2004) agin9lsfinn n15tiagaansaay NDF way ADF 2B AN UANFNITU
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¥
o

Iungiunataade vy ¥ima09d897 (Jalc et al., 1996; Zadrazil et al., 1996) Hnndiu Sa1891u
MM38nasre9 ADL Tunnsdinnanafivandaaidasn P, pulmonarius W&z P. sajor-caju (Moyson and
Verachtert, 1991)

\defersananinaraatain (F) soasdlaznounioniinudnde LSc, SC uaz LS fdn CP g9
ndngudse 404zt A1 NDF wudn @e LSc Sansnfigauansnsainngs PO uag LS vimasifaadus

ADF Wud1 @8 LSc uay SC HAMPNINnguanT (P<0.01) a19iHaImaNassinanauiuatdnediy e

AEn9aN [N umneneri (P>0.05)

Table 4.2.4 Chemical composition of fungal treated oil palm frond at 3 weeks (% of DM basis)

[tem Levels of Type of white rot fungiL ° Average SEM P-value
urec12
% PO PD LS sc Lp LSc

DM 0 64.40° 63717 6595 66147 6596 6502 6520 035 U 012
05 65.12°° 6497 6637 6480° 6642° 6580 655 F <01
1 65.48"° 6585 66.64° 6334 66.06° 6596 6558 UXF <01
Average 65000 6484 6632 6476° 66.14° 6560

cp 0 5.86 5.49 5.84 6.09 5.50 6.13 582° 022 U 002
05 5.77 6.05 6.10 5.86 5.82 658  6.03"° F <001
1 6.20 5.70 6.49 6.30 5.92 650 6.9 UxF  0.67
Average 595 575 645 6090 575 641

NDF 0 7345 7096 7490 7406 7078  71.80 7274 255 U <01
05 7391 7319 7750 7109 6939 6814  72.57 F 003
1 7145 6228 7529 7098 6831 6353  69.11 UxF  0.60
Average  72.94° 6881 75.90" 7204 6949 67.82°

ADF 0 56.65 5816 6517 5912 6340 5739 6044 203 U 038
05 56.46 6012 6714  57.73 6463 5651  59.98 Fo <01
1 5555  57.61 6407  57.88 6226 5585  58.87 UxF  0.99
Average 56.22° 58.66 6546  58.24° 6343  56.58

Ash 0 5.89 6.52 571 4.91 456 450 535 065 F 038
05 425 5.09 6.03 5.59 4.20 5.28 5.08 UXF  0.70
1 5.8 5.47 5.45 4.87 5.31 5.69 5.35 0.50
Average 5.14 5.70 573 5.13 4.69 5.16

4 Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum commune, LP
= Lentinus polychrous, LSc = Lentinus sajor-caju.

“Levels of urea = 0, 0.5 and 1%.

*Treatment combinations: Ts= PO-OPF-0%, T,= PO-OPF-0.5%, Tz= PO-OPF-1%, T4,= PD-OPF-0%, Ts= PD-OPF-0.5%, Te=
PD-OPF-1%, T,= LS-OPF-0%, Tg= LS-OPF-0.5%, Tg= LS-OPF-1%, T;p= SC-OPF-0%, T;= SC-OPF-0.5%, T;,= SC-OPF-1%,
Tys= LP—-OPF-0%, T14= LP~OPF-0.5%, Ti5= LP—~OPF=1%, Tis= LSC-OPF-0%, T;;= LSc-OPF-0.5%, T1g= LSC-OPF-1%.
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4.3 ﬂ’liﬁﬂﬂﬂﬂ’l‘iii@ﬂﬂﬂ’lﬂ?uﬂizLW’I%ELN%?I@GT?]L%@T@&I%% in sacco 2astULEN uAL
wﬁa?uﬂqﬁugqﬁuﬁﬁquﬂﬂsLﬁNTﬂwuzTﬂﬁ?"i'fmswafl’nii@ﬂ’am'??mw‘%{l

4.3.1 Nm@wﬁmé’m?ﬂLﬁmﬁﬁmaﬁi@miii@ﬂﬂma?uﬂs:LWﬂzgmuTﬂﬂ‘%% in sacco #asly
UndnsinsTia (OPL) uaznietutn@nyingiu (OPF)

nsiAsnzdanatsnsalunsdesaana (A lunszmnzguueesingauainisdnd Tnald
wARAgauanu (nylon bag technique, NBT) sausnslu Figure 4.3.1 uaz Table 4.3.1 ANansiy
m”mNﬁN’]‘iﬂTMﬂ’]’ﬁiiﬂﬂNmﬂyfﬁﬂm"ijmqLLﬁq (dry matter disappearance, DMD) ﬂﬂqgﬁlqﬁumwﬂ‘mmﬂm
719 12 ¥fn wudwmiﬂﬂﬂﬂmﬁﬁw‘ﬂ'NﬁumquizﬂmaﬁﬂﬁiﬂusfuﬂﬁzLW’]:;&Lam (rumen incubation time)
(0-96 #alns) Tneida LSc AAArsansnsalunnstiasaaeligegn sa9aunfe SC amsfingudue &
AntndiAesiu Tnangs LP fidnsinga anaiiasanenn feadastuanuansnanlunisimunnisiasoy
vaaide Tnuidaifia Lsc  Annaimunassdelfndingudng  (ennanimeansi 4.1.2) &9
AYNAINTTD INNNTE B AATe R AN uAN AN TRAEEAnT T e nnsnd [Ud e aaneniga s
(Jennings and Lysek, 1999; Call and Miicke, 1997) RaAAABNTTLIIENIUAAY Jalc et al. (1996) Fianeanm
1 pawEn1sa M sts s sane NN TUTAneeds Tonudinistenaaizes DM, OM uaz ADF
gaennslinaEATiUNTIaaT 48 Falu ﬁﬁhqqqmﬁmﬁﬂﬁqmﬁy@ﬂ@u Plyporus ciliatus WazaINNITANEI

WalBeuniiausendns OPL 11 OPF wudn OPL Renaruainnanlunistasaans (§ (0-96 #alu) Tag

\RAEgINTT OPF Winfiu 30.47 Uaz 29.46% ATHATAL

60 -
50 4
40 -
30 -

20 4

% DM disappearances

10
——T10 TN Ti2

0 4 12 24 48 72 96

Hours of incubation

Figure 4.3.1 In situ DM disappearances (DMD) of OPL and OPF as affected by WRF at various hours of

incubation

iHpfiansnnanynrAANaTNNIn IuNsEasaaia [Fuas DMD (DM degradation) 2893Rgiu

BIMNTNARBIVINNAIIN Figure 4.3.1 919 OPL sy OPF flAguanunsalunistesaans (Faaniinagn
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(slightly low degradation) LiafiasasAANEINTsaTunatasaa1s (Hras DMD 994 LSc fitasiaan
96 ol wudrdmrmansnsatunistasaatslians DMD a1nndn 50% 1a9viavae 'ggmdﬁmﬁuﬁ'm
uansTifindn DMD 289 LS iiuunasndsaniia uazqanviadansnantinszlomilifndangsang Ty
NAUNIE I B0UETl nawAEne Bl LSc anaansntuniatossansass DMD Hesnd1 50% uam
Wiiudn DMD 2249 ﬂZjNT’d_‘liW’[ AN130 AR WABNANLAEN (by pass WD escape) A1NNNSLBY AN

melunszmnygnm uazenaasnsaten Fiuan [Manuoadng

Table 4.3.1 Degradability (%) of DM at different incubation times of rumen incubation

7

Parameters PO PD LS SC LP LSc

2

OPL OPF OPL OPF OPL OPF OPL OPF OPL OPF OPL OPF

3
TC TW T2 TC’) T4 T5 T6 T7 TS T9 T10 TM TTZ

DM disappearance (%) at different hour of rumen incubation

0 12,37 1236 1271 1218 1165 11.86 13.34 1324 11.32 11.87 12.94 12.93
4 17.46 1746 2097 19.23 1945 18.00 2279 2125 1648 16.48 26.32 21.95
12 2645 2573 2958 2812 2848 2775 29.65 2812 26.32 24.84 3110 28.89
24 3152 31562 3137 31.37 3244 3173 3252 31.02 3143 3070 38.28  37.20
48 3435 3433 3418 3347 3375 3375 3857 3564 3501 3501 46.63 45.54
72 3599 3599 3585 3556 3541 3498 4244 3949 3596 3596 48.42 46.22
96 40.58 38.40 40.45 39.72 4045 38.99 44.87 4190 38.40 37.67 5161 48.68

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

*OPL= oil palm leaflet, OPF = oil palm frond.

3Treotment combinations: T,= PO-OPL, T,= PO-OPF, T;= PD-OPL, T,= PD-OPF, Ts= LS-OPL, Tg= LS-OPF, T,= SC-OPL,
Tg= SC-OPF, To= LP-OPL, T,y= LP-OPF, T,;= LSc-OPL, T,,= LSc-OPF.

mM3ATzRnIsdoaaats [HiunszinirgenesingAuamisand (Taole 4.3.2) wudn (s

D

a a '

AVBWATINE9 TR (F) wastndnsindiu (0) dorrdmanmsrsansingsin (washing loss rate, a) Anasdi
ARI1N19LLaa18 (degradability rate constant, c) ﬁﬁﬂﬂﬁﬂﬂﬂfﬁﬁfuﬂﬁzLWﬂ:gLuu (potential degradability
rate, a+b) uazAUTEANENINNTTHauaas (effective degradability, ED) 289 DMD (Table 4.3.2) ugifl
AITHUANFINNTH (P<0.01) "LI@QﬂZjNL%’ﬂ‘i’] (WRF) Traningasmudnids Lsc ﬁﬁ”lqmdﬁmjm%@mjmﬁ'm

1 p= o  a

pdafiiudfAyneadia (P<0.05) Tnaianng LSc-OPL, LSc-OPF 589a481A8 SC-OPL WAy SC-OPF
404zl ArATiERgINTTEinYaANY (degradability rate constant, ) NNAKN HEAIIHUANFNT (P>0.05)
andudangu PD uaz SC fdndndingudueg 10 OPL waz OPF Telumnsingriu (P>0.05) uaztungn
FasiaanLdn AN b fraction (not soluble but fermentable) Tuﬂ@juﬁﬂﬁﬂ@?fm LSc Hpgugn 898907
Aa SC me‘}’ﬁﬁqm?umju PD, LP taz PO MIHATAL

HlaRansonAlsrRvBnmnnsdeaaans (effective degradability, ED) 289 DMD 7 outflow rate

0.08/h fiAnaetugng 22.3-30.8% wudndaasuansaii (P<0.01) 389nguIEas1 LSc RAngendnngs
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Wanguaue agnedidedAmynneadin Inengw LSc-OPL fangegn winfiu 30.8% 104zl AN2e9 LP-OPF

9

a1

fensingn Wil 22.3% uaniflalEenifiensiidns OPL uaz OPF wudn OPL fidngenda OPF (P<0.01)
a19\ip9n191n OPL §if1 NDF uaz ADF N9 (RINHANNSNAREST 4.1.2) @ Gutierrez et al. (1996)
NA1991 AanTnnnedaeda Pleurotus fungi FAAUTNIUNITI TR waziindanaasadlulansnd
azanevin (e luvsdenasianisdesaaneFanaenls] Gesneas ED 999 DMD AlFarnnisAntnass
7l fenmnndnsn ED m\‘im\fﬁumq (old sago leaves) uaznNNE1R (old sago petiole) (40.6 uaz 40.2%
MINAAL) (Chanjula and Ngampongsai, 2007) me%’mfi'wﬂulﬂﬁ (cassava hay) wazTuudsnauia
(cassava leaf) 64.7 WAz 65.0% AMNAIAU (Chanjula and Sornnok, 2007) wazsnndiendeuieuiy

UARNWNAIIT LW J3LAN SUWIA NNEUIAR Wazs19eL (63.0-92.5%) (Chanjula et al., 2003)

Table 4.3.2 Effect of treatment on the DM degradability of the fungal treatments

SEm’

ltem Type of white rot fungi1 Average P-value*
PO’ PD LS sc LP  LSc

a opL’ 124° 12700 16% 133 1.3 129° 123 052 O 088
OPF 124°  122° 19 132" 1.9 129" 124 F 002
Average 12.4° 125° 17 1328 16" 129" OxF  0.94

b OPL 25.8° 257 256 334 256 399" 203 047 O <0.01
OPF 246° 251° 2445 209" 250° 359" 274" F <001
Average 25.2° 2545 250" 316" 253 379" OxF  <0.01

c OPL 005 004 006 003 006 004 004 001 O 059
OPF 006 005 006 003 006 004  0.04 F <001
Average 0.05 0.04A° 006" 003 006 004" OXF  0.97

a+b OPL 38.1° 384" 372" 468" 369" 529° 417 079 0 <001
OPF 37.0° 372" 63 431 369° 488"  39.9° F 005
Average 37.6° 37.9° 367 449° 369" 50.8 OxF  0.10

D’ OPL 233" 26.0° 250" 274" 227" 308" 258" 047 0O <001
OPF 231" 246" 239" 258" 223" 278" 245 F <001
Average 23.2° 253" 244 266 225 293" OxF  0.10

" Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

'White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

2OPL: oil palm lecflet, OPF = oil palm frond.

*Treatment combinations: T,= PO-OPL, T,= PO-OPF, Tz= PD-OPL, T,= PD-OPF, Ts= LS-OPL, Tg= LS-OPF, T,= SC-OPL,
Tg= SC-OPF, Tg= LP-OPL, T,p= LP-OPF, T;;= LSc-OPL, T,,= LSc-OPF.

4SEI\/\ = Standard error of the mean (n = 3).

° Effective degradability in the rumen (assuming rate of passage of O.O8/h_1).
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BIANUANANIRINANIBN9HBINN9n AnHuANATsasriaul uaz3unadels %!o’ﬂguﬂgj
Fuwnasfinnzesuts uasUiunondelefiuansneii uazeedisznauniand (Huntington, 1997) & Vitt
et al. (1999) 18991 AMANEINITaluNTEaaaataFans DMD laenistineiiageluaon &
ANFURUEN9AY (negative correlation) fiUAT NDF uay ADF KaaMnnI9ANEIASIs Wudn SC-OPL,
LSc-OPL uag LSc-OPF fidnanmgedmiutinfiuunasanmanentudadifnadoadafansanaind
ED waz@oifia LSc uay SC drandudfinfiazinandnuseiioUsuanisfivisnsantuniswies OPF
uay OPL iuunasavinavanusiely

atnslafinn Tuniafnunnssd Apasmnsalunisdasaanslilnanistimafiagsfudon
LilsuaneBideanarasnistesaans Fiommaluvianiafiuenmis uazansamngn nnsges (s 4
\RNYBIBINNS %Qﬁ/\iﬁﬂ’mNLLGIﬂ@iﬁd?uﬂiﬁmﬂﬂdﬁ/@qﬁ‘i_lﬂf]‘ﬁﬂ‘iﬁmfj( waziladefianadudonnsdes s
ndugiasfinigvinnsfnendel Tunisfinersuauisatunistesaanatual@dn Tneldmain
mobile bag technique (De Boer et al., 1987) WianAsaInIN13tias [f AR T (in vivo) sialyl

Auaderasaafiunanss (ruminal pH) uaznamg i Iunszmnyguluudazgasiaan (0-96
#alus) sasladognnaniudes-aslandnag @l uniafnuasd (Tale  4.3.3) wudiaghurag
6.3-7.2 uaz 38.0-39.7 °C TnaflAnafnsan Wiy 6.9 uay 38.9 °C mnandu duiiusziufivianzan
sanievinsnnsgRwAdidasaaeiole (celluolytic bacteria) (Hoover, 1986) uaznnstinsuns et
(6.0-7.0) (Hungate, 1969) #AAARDITLIILNIHIBINT (2533) ﬁ"mmudﬂ 96 pH ﬁmmmﬂu
ﬂa:LWﬁszuuﬂ%’Tuﬁw 6.5-7.0 peinglafin ﬂ'ﬁfqm‘wqﬁTuﬂﬁ:LWﬁszNuTuLLGi@:ﬁqqLqmm@ﬁmmﬁfﬁ

! o '

g fUdaaigy sunisfigy gomgRaesiidandiu enn1ameaasInudl gaananiigunending

q
a 1 !

(12.30-15.30 1) Hegomnfigendinsaaitguaenidi (6.00-9.00) yiEananafin (22.00-03.00 W)

q Y

Table 4.3.3 Ruminal pH and temperature (°C) in crossbred beef steers

h post feeding Temperature means + SD pH means + SD
0 39.1+ 0.1 72+0.3
4 39.3 £ 0.6 7.1+0.6
12 39.7+0.6 6.9 £ 0.6
24 39.0+ 0.0 6.9+0.2
48 38.0 £ 0.0 6.9 +0.1
72 39.0+ 0.0 6.3+ 0.7
96 38.7 £ 0.0 6.7+ 0.1
Means + SD 38.9+0.2 6.9+03
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4.3.2 Nmm"ﬁﬁmé’iu"fﬂLﬁmﬁﬁwasi@msf-_i@ﬂﬂmﬂsfuﬂi::quzgmu‘fﬂﬂ%% in sacco 283U
Un@nsingiis (OPL) FINNULLTE

mMARTeARNaNnsa insteaans (i unssmnzgumeasingAuemsand (OPL) Taels
wiARlAgeuasw (nylon bag technique, NBT) Fauamalu Figure 4.3.2 way Table 4.3.4 ANNAIAU
mmmmmfumiﬁ'ﬂﬁﬂmﬂﬁmﬁmqLLﬁa (dry matter disappearance, DMD) 2841RALBIMNITNARNDS
71918 ¥fin wudﬁm‘sfj@ﬂNms’-ﬂfﬁl,ﬁu%ummwzLQﬂqﬂWiﬂuTuﬂizLWﬁszmu (rumen incubation time)
(0-96 #alu9) Tnaidn LS Arrpamaunsnlunistasamelfigegn raiiasnnann ifeadiasdy
pamsEnantuniaeagianenta Tnedadia Lsc fnaimuesdalindinguiug (31nwa
ManAaesd 4.1.2) mm:ﬁﬂ@juﬁ'uﬁ AenTndiAneiu wazifiefanannnazesariasgde Wudﬂﬂfgjuﬁ

i3y B 1% Henanannsniunistesaans [FAndnguileBug@e 0 uaz 0.5% AMuaTRY

60 -
£ 50
O
c
S 40
(o]
2
o 30 4
o
0
S 20 1
s =TT —=T2 —==T3 —=4=T4 —9-T5 —T6
; 10 4 —T7 ——T8 T9 ——T10 —m-T11 T12
i T13 =T 14 T15 ——T16 T17 T18
0 T T T T T T 1
0 4 12 24 48 72 96

Hours of incubation

Figure 4.3.2 In situ DM disappearances (DMD) of OPL with levels of urea at various hours of incubation

a

WeRansananE e AIANEINITa INStaeaas (289 DMD (DM degradation) 2844mgAL

q
'

AWNTNARDIIANAGIN Figure 4.3.2 ANANNEIHNTntunIstasaane(faes DMD 189 LSc i@
(50.12%) fiiaai9an 96 Falua AidngBaaziusineg (0, 0.5 uaz 1%) wudnfianannsaluniadas
aanelae9 DMD 1nndn 50% sasvianun gendingaang lnsianizngs LSc-OPL-1% uanstiiifiuda
DMD 289 LSc tiuunasndssmiid uazqdunddamnsalisslonil@dndinguaug tunszmnzgim
unuefl naudne fannansnsatunistasaangaey DMD faendn 50% uansliifindl DMD 1a9 ngn
ﬁ'm ANNT0 AN TIDNRNIALY (by pass WAB escape) annstieasatanialunsznnzsem uas
arassages Hiusn [fdnyedng
mM9ARTTAn1sd s A [ un TNy NNeeeingAUaMNTERg (Tdole 4.3.5) wudniidnina
Sonmaadie (F) uazszdug@e (U) darndaainiasednslnesin (washing loss rate, o) Arnnasios (i
NFZNITFNU (potential degradability rate, a+b) 8NN ﬁ’]mﬁé/m’wmiﬁﬂﬁlﬂﬂ’m (degradability rate
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constant, ¢) warALUTEAVBNIWNITEiasaaY (effective degradability, ED) 289 DMD (Table 4.3.5) uazi

a1 1

AYHUANANITW (P<0.01) 2B9NENITDIT (F) LAsnmaaunudnge LS AANgenImnguinnguane

a9 d1Aeyn19adif (P<0.01) Tagianiy LSc-OPL-1% gl AnAsfidmInnisdasaans
(degradability rate constant, ¢) Giflaannuansinseeneiliaddnmieadin (P>0.05) uazlunguies

YIMHANLAT A1 b fraction (not soluble but fermentable) Tunguiivsindiag LSc fAngegn s9aenn fia

PO, SC, LS uazaniigaiungs PD uaz LP muansiy

Table 4.3.4 Degradability (%) of DM at different incubation times of rumen incubation

Main factor DM disappearance (%) at different hour of rumen incubation of OPL
Foou” 0 i 12 24 a8 72 9

PO 0 12.39 21.94 28.14 31.78 37.17 41.08 43.90
0.5 13.34 22.79 28.20 32.52 37.13 40.99 4414
1 13.52 22.95 29.08 32.66 37.26 41.12 45.72
PD 0 12.86 22.01 28.54 32.15 37.51 41.40 43.84
0.5 13.34 22.43 28.92 32.52 37.85 41.72 4414
1 14.43 23.41 29.82 33.37 38.64 42.46 44.85
LS 0 11.90 21.51 27.75 31.40 36.82 40.76 42.85
0.5 12.39 21.94 28.14 31.78 37.17 41.08 43.53
1 12.58 22.1 28.30 31.93 37.31 41.21 44.02
SC 0 10.64 20.01 26.71 30.41 35.91 39.90 42.40
0.5 12.10 21.32 27.91 31.56 36.97 40.89 43.35
1 14.42 23.40 29.81 33.36 38.63 42.45 44.84
LP 0 12.86 22.01 28.54 32.15 37.51 41.40 43.84
0.5 14.27 23.26 29.68 33.24 38.52 42.34 44.74
1 15.34 24.22 30.57 34.08 39.29 43.07 45.43
LSc 0 15.78 24.61 30.93 34.42 39.60 43.36 49.25
0.5 16.22 25.01 31.29 34.76 39.92 43.66 49.51
1 16.22 25.36 32.00 36.15 40.62 44.36 51.62

'White rot fungi: PO = Pleurotus ostreatus. PD = Pleurotus dijjomor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentirius polychrous, LSc = Lentinus sajor-caju; *Levels of urea = 0, 0.5 and 1%.

*Treatment combinations: T,= PO-0OPL-0%, T,= PO-OPL-0.5%, Tz= PO-OPL-1%, T,= PD-OPL-0%, Ts= PD-OPL-0.5%,
Te= PD-OPL-1%, T,= LS-OPL-0%, Tg= LS-OPL-0.5%, Tg= LS-OPL-1%, T,,= SC-OPL-0%, T,;= SC-OPL-0.5%, T,= SC-
OPL-1%, T.3= LP-OPL-0%, T,,= LP-OPL-0.5%, T;5= LP-OPL-1%, T;s= LSc-OPL-0%, T;;= LSc-OPL-0.5%, T,s= LSc-OPL-
1%.

WWHaRasAlaz@nininniatiasaang (effective degradability, ED) 289 DMD # outflow rate

0.08/h feneglutag 22.5-28.8% Tasnwsasmudnide LSc (28.1%) ﬁﬁi’]’sﬂdﬂﬂ’lﬂqm%ﬂﬂf\jﬂéuj DE

o o

i Ayneadii (P<0.01) 2ousdl szsugBasiamnuansineiu InesziugBed 1% (26.4%) g

1
1 A

NINEeSUWEUAUATZAY 0.5% (25.5%) WAz 0% (24.8%) U ANNAIALU 919BINIe1n 1Ngade9ny
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o o g g =4 A [ ¥ ¥ A ' oA
mwmmm?ummmmwwm'ﬂmL% TW?_IL%’BL‘M@ LSc Nﬂ’]‘i‘WGNu’]“ll’rNL%ﬂfﬂﬂﬂﬂ'ﬁﬂ@N@u"T (AMNNA

q
1

ANTVIAREIT 4.1.2) FIATHNAINITO N9 asFaN R AHLANFNTRATNTInTasEaAa N 1
HAUNAUNTNIEAN (Jennings and Lysek, 1999; Call and Miicke, 1997) aaaARBITLT1E9 MDY Jalc et
al. (1996) AT1L9THIT AITHATHITO WNTHBYFANE RNAUETLBRATDITD TINLINNTITE08 N AU

|
1 a

DM, OM ua¥ ADF 289Wednanafiuu Mian 48 . Hengegaiilevsindaaidangs Plyporus ciliatus

Table 4.3.5 Effect of treatment on the DM degradability of the fungal treatments

[tem Levels of ureo2 Type of white rot fungi1' ° Average SEI\/\4 P-value
% PO PD LS SC LP LSc
d cd de e cd ab C
a 0 124" 129 11.9 1065 129° 158 127° 047 U <Of
0.5 133° 1337 124" 1217 143" 162" 136 F o <01
1 1357 144" 126" 144" 1537 162" 144" UxF  0.05
Average 1317 1350 123 1247 142" 161
b 0 335  315°  315° 3237  315° 376 330 038 U  <Of
05 33.0de  31.3° 3137 3187 310" 374 327 F o <01
1 36.2c  30.9° 309° 309° 306° 413 337 UxF  <.01
Average 342° 312 319" 3160 3.0 387
c 0 0.01 0.02 0.01 001 001 002 001 002 U 0094
0.5 0.01 0.02 0.01 001 002 002 001 F 088
1 0.01 0.01 002 002 001 002 001 UxF  0.98
Average 0.01 0.01 0.01 001 001 002
a+b 0 459 444" 435" 430" 444" 533" 458" 058 U <01
0.5 463 447" 443" 439" 453" 536" 463 F o <01
1 49.8° 454 449d™" 454  460° 575 483 UxF  0.05
Average 474 4497 442" 442" 453 548"
D’ 0 26.4 24.4 238 225 244 276 248" 052 F <01
05 269 248 243 237 256 280 255 UXF <01
1 273 258 245 257 265 288 264 0.59
Average 26.8° 2507 242" 239" 255 281

" Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

'White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

2Levels of urea = 0, 0.5 and 1%.

*Treatment combinations: T,= PO-0OPL-0%, T,= PO-OPL-0.5%, Tz= PO-OPL-1%, T,= PD-OPL-0%, Ts= PD-OPL-0.5%,
Te= PD-OPL-1%, T,= LS-OPL-0%, Tg= LS-OPL-0.5%, Tg= LS-OPL-1%, T,,= SC-OPL-0%, T,;= SC-OPL-0.5%, T,,= SC-
OPL-1%, T.3= LP-OPL-0%, T,,= LP-OPL-0.5%, T;5= LP-OPL-1%, T;s= LSc-OPL-0%, T;;= LSc-OPL-0.5%, T,s= LSc-OPL-
1%.

4SE/\/\ = Standard error of the mean (n = 3).

° Effective degradability in the rumen (assuming rate of passage of 0.08/h4).
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afinae9 ED 189 DMD #ilHiannnsnunaisil ddrsnndasa D 289M19LUa1g (old sago
leaves) WaTN9EIA (old sago petiole) (40.6 WAz 40.2% ATNATAL) wazanndsTued (cassava hay) uae
TusTudnUsmasuia (cassava leaf) 64.7 uaz 65.0% AMuATRL (Chanjula and Sornnok, 2007) uAZAANGN
BT UAULAS NN 1 TudN A nnTd uazSMeNY (63.0-92.5%) (Chanjula et
al., 2003) AAHLANANSFINERaafinmnan AauAnseensnu uazSunoudels %ﬁ“fuﬂg
fuwnaefinnreuts uazBanondelafiuansneis uazesdszneuniaadl (Huntington, 1997) @4 Vitt
et al. (1999) 18991 AAHETNITauNNSEasaats [Aaes DMD Taennstimailageluaou &
ANFHRHENI9AU (negative correlation) fTUAT NDF waz ADF W&SInN9ANEIASIH Wudn LSc-OPL 3
ﬁfﬂﬂquq@?m%’u?%ﬂmmdqmmﬁmmcfuﬁ’mf‘itﬁymLfﬁymLﬁ'@ﬁmﬁmqmmﬁh ED

aginalsfimu TunnsRnunasa ﬂ'qmfmmm‘aasﬁumiﬂ'mﬂmsﬂfﬁ%ﬂm‘aT%mmﬁ@qﬁmi@u
Lilsuan Wideanarnsnistesaans Fiomaluianiafiuenmis uayanuasngn nnsges (§ an 4
\RNYB9IBINNS %Qﬁ/\iﬁﬂfmmLLGIﬂ@h\‘i?umﬁmﬂﬂﬁfﬁ/@qﬁ‘i_lﬂﬂ‘ﬁﬂ‘ifﬁm‘j( waziladefianadudonnsdes#
Juiludiaafinnsvinnisineasielt TunisAinerauainsalunistesaasiua l&dn Taelfmaina

mobile bag technique (De Boer et dl., 1987) W3anaaaInIN1tias i AR T (in vivo) sialyl
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4.3.3 Nmm"zfﬁm,é’iu?ﬂLﬁmﬁﬁwaﬁi@m‘sﬁ@ﬂﬂmﬁunizwa;ﬂ,uu‘[ﬂﬂ%% in sacco A4
ysTuL&asinT (OPF) FINNULLTE

mMARTeARNaNnTa insteaans (i iunszmnzgumeasingAuemsdnd (OPF) Tnelé
wiARAge(waan (nylon bag technique, NBT) Fauamali Figure 4.3.3 uway Table 4.3.6 AMNAISL
m‘mmmﬁﬂfumiﬁ'ﬂﬁﬂmﬂﬁmﬁmqLLﬁa (dry matter disappearance, DMD) 2841RALBIMNITNARDS
¥ 18 #in wudﬁmﬁﬂ'@ﬂm’mfé’l,ﬁu’ﬂ?ummw:mmm‘zﬂu?ummq:gl,w (rumen incubation time)
(0-96 #7lu9) Tnende Lsc firaanannsatunisdenaans (Fgegn aneiaennen Auadipaiy
AHEINNTa NSy aWneesde T @efia LSc ﬁm‘sﬁ’wuwmL%@Tﬁﬁﬂdﬁﬂ@juﬁ'uﬁ (AINKA
ManARBTl 4.1.2) anzfingudng SAnlndifesii uazifaRansnazduresyde wudingu fladug

B 1% HeArAnasnsaiunnstesaanalFfndnnguiadngBe 0 uay 0.5% AMNaAY

60 -
§ 50 - ==
c
S 40 4
o
a
a 30 4
o
2}
e}
= 20 - -T2 —==T3 —-T4 —-T5 —T6
??. 10 —_—T7 ——T8 T9 ——T10 —m-T11 T12
T13 ——T14 T15 ——T16 T17 T18
0 T T T T T T 1
0] 4 12 24 48 72 96

Hours of incubation

Figure 4.3.3 In situ DM disappearances (DMD) of OPF with levels of urea at various hours of incubation

a

WeRansananE Mz AIANEINITn IuNNStaeaas (H289 DMD (DM degradation) 2844mgAL

q
'

BMNTNARBINIVINASIN Figure 4.3.3 AMANAINNTaINNNSEBeFaTe [§109 DMD 289 LSC 19as
(50.19%) fida9iaan 96 Falus AiEngFuseausiaeg (0, 0.5 uay 1%) wudnfiansaixaniunisdes
aane(firas DMD #1nnd1 50% amavionan qujnmjuﬁ'm Tnaanizngs LSc-OPL-1% (50.83%)
uansTifndn DMD 289 LS iiuunasndsaniia uazqanviadansnantinszlemilifndangsang Ty
NTUNTZFINY Yl mjuﬁ'm flAnnaIN1Ta NS e aaNE28d DMD Siaendn 50% wamamifiudn
DMD 289 mjmﬁ'uq A0 AR YEENANLALN (by pass WaB escape) annnsdpaaaienie iy
NITNTFINN WaTENeENNIndes (A wan (M@ naednd
m‘z“fﬁLmﬁzﬁm‘m’ﬂmmﬂﬁfuﬂ‘quxgLmu‘*umf“fmqﬁmmmﬁé&’mf‘i (Table 4.3.7) WUINHBANTNS
sonvasEeT (F) wazssiug@e (U) derdnainisszdnslnesin (washing loss rate, o) Arnnaeios (i
NIZINTTIINY (potential  degradability  rate, a+b) wazATUTEANEAIWNNTEBRENANE (effective
degradability, ED) sintiu ANASTiEAIINNTE DY AN (degradability rate constant, ¢) #8494 DMD (Table

4.3.7) uazdAanuuansneiu (P<0.01) 289ngni@esn (F) lagnaaunwudnds LSc Aageniinguide

FENmMNTATERTUANY50! (389 “NaTB3 fungal treatment siameAUsznaLaA warnstesaaeunsznglaes in

sacco BN TUUNENTNTWT NNTIAN WA 2559



60

ngnaue deiiadAynieads (P<0.01) Tnaanay LSc-OPF-1% 2mdzil Amsdisnannistoasans
(degradability rate constant, ¢) Giflaannuansnseeneiliadfaymieafia (P>0.05) uazTunguies
YIMHANLAT £ b fraction (not soluble but fermentable) Tunguiivaindiag LSc fAgegn 3998931 fia

LP, LS, SC, PD uazanfignlungs PO muandy 1osdl szaugEe lifannuunnsineiu (P>0.05)

Table 4.3.6 Degradability (%) of DM at different incubation times of rumen incubation

Main factor DM disappearance (%) at different hour of rumen incubation
Foou 0 4 12 24 48 72 9%

PO’ 0 13.05 22.17 28.69 32.30 57.65 4153 43.96
0.5 13.52 22.59 29.07 32.66 37.98 41.84 44.26
1 13.54 22.59 29.07 32.66 37.98 43.29 45.35
PD 0 11.15 20.47 27.13 30.81 36.28 41.73 43.85
0.5 12.59 21.76 28.31 31.94 37.31 42.68 4476
1 14.43 23.41 29.82 33.37 38.64 43.89 45.93
LS 0 11.14 20.46 27.12 30.81 37.01 41.72 44.96
0.5 12.11 21.33 27.92 31.56 37.70 42.36 45.56
1 14.43 23.41 29.82 33.37 39.35 43.89 47.00
SC 0 14.41 24.83 29.81 33.35 39.38 43.88 47.15
0.5 15.34 25.63 30.57 34.08 39.99 44.48 47.99
1 15.13 23.31 28.71 33.37 38.70 43.29 48.33
LP 0 11.62 22.36 27.52 31.18 37.36 42.04 46.82
0.5 12.11 22.05 27.92 31.56 37.70 42.36 47.1
1 13.52 23.31 29.08 32.66 38.70 43.29 47.96
LSc 0 15.79 26.02 30.93 34.43 40.31 4477 49.32
0.5 16.04 24.13 29.48 34.08 39.36 43.90 50.43
1 16.91 24.92 30.21 34.77 39.99 44.48 50.83

'White rot fungi: PO = Pleurotus ostreatus. PD = Pleurotus dijomor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentirius polychrous, LSc = Lentinus sajor-caju; *Levels of urea = 0, 0.5 and 1%.

3Treotment combinations: T,= PO-OPF-0%, T,= PO-OPF-0.5%, T;= PO-OPF-1%, T,= PD-OPF-0%, Ts= PD-OPF-0.5%,
Te= PD-OPF-1%, T,= LS-OPF-0%, Tg= LS-OPF-0.5%, Tq= LS-OPF-1%, T,,.= SC-OPF-0%, T,,= SC-OPF-0.5%, T,,= SC-
OPF-1%, Ti3= LP-OPF-0%, T,= LP-OPF-0.5%, T;5= LP-OPF-1%, T,s= LSc-OPF-0%, T;;= LSc-OPF-0.5%, Ts= LSc-OPF-
1%.

WHaneTonrnlss@nsninnisdesaans (effective degradability, ED) 289 DMD # outflow rate
0.08/h fenaglutng 22.5-28.8% Tnanwsannudnde LSc (27.6%) HArgeninnguidanguang et
fldAynneadif (P<0.01) 104l sxAugBeliuansng (P<0.09) udfunaliuiinan TnosziugBad
1% (27.1%) HArgendnflaFaufieunufsedy 0.5% (26.5%) uaz 0% (26.4%) U AINa1fy 819
A A ¥ o o o/ g {y & a o g %
Hesnnenn fgadisstumnnaisisalunisedyiaweeats Taadawin LSc dnsimmnrnads

= ! ! dl dl s ! = ! o/ PN
ANITNRNE U] (FIMNNANTINARBDIN 4.1.2) %\‘]ﬂquﬂ’]Nq‘iﬂT%ﬂ’]’iﬂ@ﬂﬂ@’mNV"IQ’]NLLG]ﬂG]"I\?ﬂMW?N‘D'uC"I
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ppaFafannsadn(Udasaananiaiad (Jennings and Lysek, 1999; Call and Miicke, 1997) @ana&ad
fU918914229 Jalc et al. (1996) 191841197 AINEINITalHNNTtBRANERNANS TUTTinYeate B
WudINN9EBEaa18Y89 DM, OM Uaz ADF 2890193198 a7LN lian 48 . HengegaifandnAas

Fangu Plyporus ciliatus

Table 4.3.7 Effect of treatment on the DM degradability of the fungal treatments

[tem Levels of ureoz, Type of white rot fungi1' ° Average SEI\/\4 P-value
% PO PD LS sc LP LSc

0 AT 143 1" 158 128" 043 U <01
05 1357 126° 124" 1583 124" 180”7 136 Fo <0t
1 1357 144 144 154 1357 169" 146" UXF  0.05
Average 1337 1277 1253 1490 124 16.2"
0 324 377 375°  381° 4100 3900 372 051 U 067
05 322" 351°  36.8° 3637 304 421 369 F o <01
1 348°  344° 359" 373 388" 416 37.1 UXF <Of
Average 3315 361 366 3720 397 409
0 0.01 0.01 001 001 002 002 001 002 U 084
05 0.01 002 001 002 002 002 0.01 F 086
1 0.01 001 002 002 001 002 0.01 UXF 099
Average 0.01 0.01 001 001 001 002

a+b 0 454" 469" 484" s25 526 548  501° 063 U <O
0.5 457 477 4907 516° 5157 581 505 Foo <0t
1 483" 488" 503"  B24° 523 585 517 UXF 0.03
Average 465 4777 4925 5217 s s71

D’ 0 267 252°  252° 287" 248" 283" 264 053 U <09
0.5 2717 264" 260" 278" 2477 270" 265 F 001
1 272" 279%™ 280" 259" 2597 2777 271 UxF <01
Average 27.0° 265 264" 274" 251° 276"

" Within rows not sharing a common superscripts are significantly different (P<0.05).

* P<0.05; ** P<0.01.

'White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC = Schizophyllum
commune, LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

2Levels of urea = 0, 0.5 and 1%.

*Treatment combinations: T,= PO-OPF-0%, T,= PO-OPF-0.5%, T,= PO-OPF-1%, T,= PD-OPF-0%, T,= PD-OPF-0.5%,
Te= PD-OPF-1%, T,= LS-OPF-0%, Tg= LS-OPF-0.5%, Tg= LS-OPF-1%, T,,= SC-OPF-0%, T,;= SC-OPF-0.5%, T;,= SC-
OPF-1%, T.s= LP-OPF-0%, T,,= LP-OPF-0.5%, T.5= LP-OPF-1%, T;s= LSc-OPF-0%, T;;= LSc-OPF-0.5%, T;s= LSc-OPF-
1%.

4SE/\/\ = Standard error of the mean (n = 3).

° Effective degradability in the rumen (assuming rate of passage of 0.08/h71).
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fafinae9 ED 189 DMD #ilHiannnnsnunassil fiednsandada D 28919 LUA1g (old sago
leaves) WaTNNEIA (old sago petiole) (40.6 WAz 40.2% ATNATAL) wazsnndnshugd (cassava hay) uaz
TusTunUsmasuia (cassava leaf) 64.7 uaz 65.0% AMuATR (Chanjula and Sornnok, 2007) WAZAINGN
BT UT LA INA 9T 19 A& WA AN uWazMENY (63.0-92.5%) (Chanjula et
al., 2003) AHLANANIFINaRaaifinsmnan AauAnseens s uazSunoudels %ﬁ“fuﬂg
fuwnaefinnreuts uazBanondelafiuansnei uazesdszneuniaadl (Huntington, 1997) @3 Vitt
et al. (1999) 18991 AANEINITatuNsEasaats[Fues DMD Taenistimeiiageiuaow &
AMERUEVNAL (negative correlation) AT NDF uag ADF WaannnsAnmnAssi wuda NGN LSc-OPF
faBugEaasiusn SdnanmgedmsuiifumsemameuTudndAeadedafiarsonaindd D

atinlafinnn wnsineansodd m'qmfmmmmsiumaﬁ'mmwfﬁfmﬂﬁﬁT%Lmﬁmqqfudﬂu
TilsuansBitonazanistosaare imnntuvienafinens uavaanantsounistes a4
\dnvaeamis SededanuuandnlunguuesingAuainisdng uariladefionadudanisdasls
Jufiudiasinisvinnisfnundel TunisAnenauamisatunistiesaansluand@dn Taeldmedia

mobile bag technique (De Boer et dl., 1987) W3anaaaInIN1tias [ AR T (in vivo) sialy
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uni 5

ﬂfgﬂwﬂm‘mm@m

N19ANYT WAPBY fungal treatment #iaavALTENAUNIIAN Lm:mﬁﬂﬂmmﬁuﬂixqug

wnlaeAs in sacco amannsluLANIT arnnsdeTupssilamnsnagUnisaiunimeassineson

IGER

e

5.1 ﬂ’liL’Q%iy’ll’r:lsiLi’iu?ﬂuuﬂ’lﬂ’lilé/ﬂ\‘lLﬁyﬁ‘h’ﬁﬂﬁi’mj (PDA, OPL uaz OPF) a1NN151IARSIALN
diuleifiadis 6 ¥fin wudndaiasiuuaan (LSo) Wi liRgendinguany adwiiidAgmisainuy
amsiaesEerfingngg (PDA, OPL uay OPF) iflalfeuifieudungsidasiieg

5.2 msw‘%iy’a'au%m?ﬂLﬁﬂuuTumﬁmfﬁﬁu waznsTuLAnsing

mﬁﬁ'ﬂmmﬁw‘%iy"ﬂmLﬁusﬁmﬁmuﬂumﬁquﬁu wazn U &urisiunudn fenBnasanzes
Foifin uazamadssdinannuiduingu (OPL uaz OPF) Tnedawin Lsc uaz SC Snnawmunzaside
Ty OPF gendnlu OPL LLngmdﬁLﬁlmﬂ%ﬂuLﬁﬂuﬁUL%ﬂLﬁmﬂzjuﬁm anddy  iflafiensnaan
nuiueasdnlonud dauia Lsc ﬁm@gjsﬁm:oﬁ’uqmdﬁﬂéuﬁm wazdef A umuine nadul
589893 AE 1@ SC, PO, PD UAY LS Andndy a0ieil e LP fannsmsnuduvaduluunsiign 39dn
dnde LP (Fanszding gy lidesndingaiug (P<0.01) dwiu tndawfiane 6 1iin fifin 2 2iia Aa
LSc uaz SC Aflmumsnzan uazannsaeey[#5 un OPL uaz OPF ’nnndndaifingiingn Suiu
Hayaftazsinudazgne oty

5.3 Na"zlmmsw%iyLé”mcfm%mﬁmuu‘fuméuﬁlﬁﬁu Lmzma"fuméuﬁ’ﬁﬁuéquﬁugL’%ﬂ

5.3.1 msﬁﬂmmsw%iyL%m?m%%’mﬁmuu?uméuﬁ’ﬂﬁu (OPL) saufugL3e (0, 0.5 uag
1%)

wud1@ain LSc uay SC finmanmurasidaviol OPL gendn (P<0.01) Ilanfeuifisuiiide

@ '

Winnguawg uazanmsinssiesdisznauniaaizes OPL wudnanlsfinaan (CP) wilaimad (NDF)

a '

anluaglas (ADF) uaziiin (osh) fBvEnasanves@eia (F) uazszsiugBe aniiu Jaguits (OM) Gf
a a ' & =4 o = a ! o a = =4 o =

BNBNAsINYBITDIA (F) uarssiugiae uaziAnuuanseiuessiinueadiawia (F) uavssdugiay
(U) sippedsznauntaedl Tng OPL fiAnmAzss DM fiszdugBe 0.5% gendigEeil 0 uay 1%

AUl ARATERTIANLIN @a LP RANaAYres DM FINdNNGNDUT ] CHT Tt R Eac nqx PD, LS uay

|
oA

LSc ipfiansainsn CP wudn ngu LS, SC uaz LSc fisvdugiBe 1% fazsulusfiugondingudusg

q

b

yiupaiieaiuA1 NDF wudnfiaanuansneii Tag LSc uay PD fisvdugide 1% Hanmndnnguaue
WarA1 ADF WU LSc fiaeAugiae 1% Hesnndinguaug
4 ¥
5.3.2 nsAnensiasyiulydefiaunlulndusiidi (OPF) sandugide (0, 0.5 uay
1%)
! = 7 y & 1Aa o ! y & o 2 1A ' o
WuINSI3reEnle @efin llanEnasanweadain uarsziugEe uailauuansnaiy

rnsfinee@efia (F) wazsssiugBe (U) lne@awdin LSc uaz SC inmswmunzes@ings (P<0.01) s
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WRsuifeududafanguiug sy WeRsrsanaamuwieesdlenudn dafia Lsc fid
ﬂﬂ?uﬁxﬁu@dﬂdﬁﬂfﬁm%uﬁ uazideitiammnuinessdnlesesasnde da SC, PO, PD waz LS
ANFSTL o Tudeiania 6 9in Jifin 2 9fin A LSc uaz SC ARAMNIINITEN WATAIHITOE3Y
T OPF snnnddiauiaufingy Sufuiioyafiasinfuszyndlisaly

uazaINnsAATIieAlsynauNaATees OPF wudnenlusfiusan (CP) wilalnad (NDF) &n
Taglaa (ADF) wazidin (ash) TifiEvEnadanaesdadin (F) uazseduy@s anidu Saquits (DM) 7f
AnBnadan (P<0.01) udfiAauansnsiusaseiiavasdadia (F) uavssiuyide (U) dessdfilsznaumng
wnfl Tae OPF fidniadsaay CP fiazugyide 0.5 uay 1% gondng@edi 0% viuasifeardiusn NDF wudn
FaALYD9 NDF flszdugiEs 1% fiasndngideil O uaz 0.5% dausn ADF uazifinlifansumnsnario

5.4 msﬁﬂmmsﬁi@ﬂﬂmﬁuﬂszLWﬁszuuw@aTﬂLﬁaTﬂﬂﬁﬁ in sacco 2@sTUUNAN uay
me?umﬁmilﬁﬁuﬁshumﬂﬁ'uTn’zszﬂﬂGf%mswai'm—_i'awm@ﬁuw"’sé

5.4.1 Nmm%ﬁmz’iu?ﬂLﬁﬂﬁﬁNmifam‘stifaﬂamﬂefuﬂszLngmuTﬁﬂ"‘idﬁ in sacco 29ty
Undasings (OPL) wazynstur&aninalia (OPF)

wudﬁm‘sﬁﬂﬂﬂmﬂﬁLﬁuﬁummmszJmm‘aﬂNGﬁuﬂﬁxL‘Wﬂ:gLuu (rumen incubation time) (O-
96 Falu) Tnende Lsc fAnmnanTniunsteasana [fgegn savasnnfe SC ﬁm:ﬁmju‘ém fein
TnéiAeeiu Tnengu LP fid1sngn uaznisiiransinistessans [fiunszinizguueesingiuaimis
&nS udANERInsTEanlaen (washing loss rate, a) AMANTIEMIINMSEBEaATe (degraddbility rate
constant, ¢) mﬂﬁﬂ@ﬁfﬁsfuﬂﬁm,wwzgmu (potential degradability rate, a+b) uazAUsz@NTNINNTED
aa"8 (effective degradability, ED) a9 DMD Taeide Lsc firngendnngsidangsaug asrefiiaddy
V9aaR (P<0.05) Iaeiany LSc-OPL, LSc-OPF 38989%1AB SC-OPL uaz SC-OPF

5.4.2 nazasafiadiulafinfiinasanistessaialunszinzgianlaeis in sacco aasty
Undasingiia (OPL) FINNULLTY

WudﬂﬂqﬁﬂﬂﬂﬂﬂﬁﬂrﬁLﬁﬂﬁu@]"m’izﬂxLQZ\l'Iﬂ’IiﬂNTuﬂ’ixL‘W’lz’gLNu (rumen incubation time) (O-
96 dalu9) Taendie LSc Arnanuaanantuniatosaaneligeqn viueaiiatusiamussisalunis
danaanelAaay DMD (DM degradation) 2894RQALEWNINARDITINKA WUAIATAINEINTTA 1A
danaanelAras DMD %89 LSc 1t (50.12%) fidasinan 96 Falus fiadugiduszdusineg (0, 0.5 uas
1%) wudndanssnsalunistassaialfaes DMD  snnd1 50%  wasvianun gondngue
Tnenanizngs LSc-OPL-1% uazn13aAsneinisdeaaans (i iunszimizgiuneesingiueinisand

4
oA ! '

WUINHBNENARIINYBUTRTT (F) uazsaugae (U) FaANERTIN1972819lALN (washing loss rate, a)

Annstioa [ iunsznnzgisw (potential degradability rate, a+b) wudnide LSc fAngendnnguiangs

1
=3 1

A atifldadAmnneadii (P<0.01) Tapanny LSc-OPL-1%
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a [~1 § 1 1 o .
5.4.3 Nmmﬁumé’?u?ﬁmﬂﬁﬁwamﬂmiﬂ@ﬂﬂmﬂuﬂizLW‘::;&LN%T@E’:% in sacco ¥4

=}

¥
‘ww?uﬂ'lﬁuwmu (OPF) FIHNULLIE

wudwmiﬂﬂmmﬂﬁw‘ﬂ'N“ﬁummwmmmiﬂﬂuﬂﬁzLW’]:;&Lam (rumen incubation time) (O-
96 #alu9) Tnaitie Lsc frrmnnannsaluniadasaanslfgegn inneafeeiussiuresyds wud
nauAEngEe 1% frpansmnsatunistessana(ifndingaiiadugde 0 uaz 0.5% Auad
Tagnmsasmudndie Lsc fdrgendangadanguing adnsfiiadidgmisada (P<0.01) Tneiamiz

LSc-OPF-1% 20Uzl Anmsfiensnn1stiaaaans (degradability rate constant, ¢) (NEAHKANFNIREN9H

o o o

HUFAIAYNIFIR (P>0.05) LLmTuijL%mﬁwmwudﬁ #in b fraction (not soluble but fermentable) Tu4

i
=t

nanfiningiag LSc HAngegn 9898981 Ap LP, LS, SC, PD uazanfigalungs PO aInandy unsed

q

srsue s (U A NuAnNF19TY (P>0.05)  LiaRa1sIAUIeANTAINN1asaas (effective

UG

degradability, ED) 289 DMD 7 outflow rate 0.08/h ﬁm@g‘twm 22.5-28.8% lnennsannudnde LSc

a0 1

(27.6%) Hergendnnguidanguang agrefiaddgnieafinn (P<0.01) 2ol szavy B lluansiag

(P<0.09) ugiflunalibindunnszdugBafindu lagszdugBei 1% (27.1%)  HaAngendnile

v v
o/ A

WEELTEUTUATEAY 0.5% (26.5%) Uas 0% (26.4%) U AMNE1L a819lRaH WN15AnNHIASIE A1
ﬂ'}’mN’mf]‘iﬂ?uﬂ"l‘iiiﬂﬁlN@ﬂﬂTﬁTﬂﬂﬂﬂiT‘gﬁLWﬂﬁﬂqﬁu@'@u Tlduarsidenaasnissesaas [FHisrne
Twlenmafinemng uazanannsnunistenFiuanfianaaseming Seiedianuuansnelunguess
o a o & % 4' v o 1 ¥ o @) [ =y o |
TagAvemnadnd uariladeiionadudsniaten (f andudednisiiniafineisely Tganizyaans
winatias lfdadnd (in vivo)

FINNANITNARDIASIN ITDLRATS 6 18 Jifin 2 #5A Fa LSc way SC ARAMNIANIY A
uaraINTae3ey (AR Ut OPL uay OPF wnndn@einefingn daiiulieyafiaxilUlsyyndltise

a v ¥ & r' ¥ o 4 ¥ o I [ =2

wazanAsAnEINaTaIn1TesyLEuled e inunludaduinu LLZ\]ZVINTU?J’]NN%"INN?QNﬂU%L‘i?—_l
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Nutritive value of oil palm fronds treated with white rot fungi
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Abstract: The effects of biological treatment with white rot fungi (WRF) on chemical
composition of OPF were investigated using a completely randomized design with a 6x3
factorial arrangement consisting of eighteen treatments and four replicates. Fungal treatments
decreased (p<0.05) the amount of NDF and ADF, but they increased (p<0.05) CP content of
OPF. As a result of this experiment, treatment of OPF with six WRF particularly Lentinus
sajor-caju (LSc) and Schizophyllum commune (SC) resulted in reduction of its cell wall
components and increasing of CP and adding a high amount of urea (0.5-1%) intended to
increase CP in OPF.

Keywords: Fungal treatment, oil palm fronds, nutritive value, white rot fungi

Introduction

Oil palm, Elaeis guinensis, is an important crop of Thailand and other tropical
countries. The production of palm oil has expanded rapidly, which is associated with
production of a variety of agricultural co-products among which are leaves and petioles from
oil palm trees, also called oil palm fronds (OPF), are an important co-product. OPF in
particular has been given emphasis lately as it has great potential to be utilized as a roughage
source or as a component in complete feed for ruminants. However, the utilization of these
materials as a feed source for ruminants is limited for their complex biological structure and
low protein content (Ishida and Abu Hassan, 1997). This is consistent with low OPF
digestibility in ruminant. As a result, OPF have a low energy value, varying between 4.9 and
5.6 MJ metabolisable energy (ME)/kg DM (Zahari and Alimon, 2005). To degrade the
lignocellulosic bonds and increase bioavailability of nutrients, various physical and chemical
delignification methods have been examined in agricultural co-products such as rice and
wheat straw (Hamed and Elimam, 2010). Although these methods have advantages, they are
costly, low in effectiveness, not environmentally friendly and also require application of
technology. Additionally, colonization with white rot fungi (WRF) is considered to be a
promising technique because of its preferential degradation of lignin (Okano et al., 2005).
Due to the existence of many species and strains of WRF in nature and their possible
different effects on the nutritive value of the substrates, there is an increased research interest
on the characteristics of the species and strains including the ability of their growth on the
OPF and their effects the nutritive value of the OPF. This study was conducted to assess the
effect of six WRF for their ability and selectivity to degrade lignin and their effect on
chemical composition.
Materials and Methods

Preparation of the white rot fungi inoculum: Stock culture of six WRF (Pleurotus
ostreatus, PO; Pleurotus djamor, PD; Lentinus squarrosulus, LS; Schizophyllum commune,
SC; Lentinus polychrous, LP; Lentinus sajor-caju, LSc) were provided by the Division of
Applied Microbiology, Department of Agriculture, Ministry of Agriculture and Cooperative,
Thailand and kept at 4 °C. Before being used, each WRF was separately grown in Petri dishes
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containing 25 ml potato dextrose agar (200 g potato, 20 g dextrose and 12 g agar) at 25 °C for
5-7 days. Then each WRF was transferred into sterile sorghum seeds, incubated for 7-10 days
and it was used as inoculum.

Treatment of oil palm fronds (OPF): This study based on OPF were randomly
assigned to a completely randomized design with a 6x3 factorial arrangement to evaluate six
white rot fungi (WRF) (coded: PO, PD, LS, SC, LP and LSc) with three levels of urea (0, 0.5
and 1% DM basis). Fresh OPF were chopped into 1-2 cm lengths, packed in cotton bags
(30x45 cm) and then autoclaved twice at 120 °C for 30 min with cooling between cycles. The
autoclaved OPF were inoculated with spawns (at a rate of 3-4% wi/w) of six WRF cultures
with three levels of urea and repacked in plastic bags (17.8x30 cm). Before inoculating with
the WRF, the moisture content of OPF was adjusted to 600 g/kg by adding 45 ml of distilled
water to 40-45 g OPF directly in each inoculation recipient. The chemical composition of
fresh OPF is presented in Table 1. The bags incubated in the fermentation chamber where
temperature was automatically adjusted to 25°C and relative humidity was kept at 78+5% by
spraying water.

Chemical analyses: After 21 days of incubation, the OPF were removed from the
fermentation chamber allowed to dry at 60 °C for 96 h. Samples were weighed after drying to
determine the DM. Sub-sample (about 20 g) were taken from each experimental unit and
milled, through 1 mm sieve and analyzed for DM, ash, CP content (AOAC, 1995), and NDF
and ADF (Van Soest et al. (1991). All data were subjected to the analysis of variance using
Proc. GLM and treatment means were compared using Duncan’s New Multiple Range Test.
Results and Discussion

Average chemical composition of fresh oil palm frond (OPF) is presented in Table 1.
OPF contained 62.95% DM, 5.30% ash, 3.57% CP, 86.02% NDF and 71.69% ADF.
Nevertheless, the nutritive value of OPF may depend on the combined effects of age and
environmental factor including cultivar, growth stage, response to environmental factor, plant

density, plant part, soil fertility, harvesting frequency, season and climate.
Table 1. Chemical composition of fresh oil palm fronds (OPF)

Item % of DM basis
Dry matter (DM) 62.95
Organic matter (OM) 94.70
Ash 5.30
Crude protein (CP) 3.57
neutral detergent fiber (NDF) 86.02
Acid detergent fiber (ADF) 71.69
Hemicellulose 14.33

As shown in Table 2, there were no AxB interactions (p>0.05) with respect to growth
rate, density and chemical composition of OPF, but there were significantly affected (p<0.05)
by cultures of WRF; after 21 days of incubation, the maximum growth and density were
observed in species LSc and SC compared with other treatment groups and the minimum for
species PD. Likewise, growth rate was affected (p<0.05) by levels of urea; species of WRF
receiving 1% of urea had greater growth rate than that of 0% of urea, whereas 0.5 and 1% of
urea showed a similar growth. The chemical compositions of OPF are shown in Table 2. The
CP, NDF, ADF contents ranged from 5.49-6.58, 62.28-77.50 and 55.55-67.14% respectively
and were significant (p<0.05) among the treatments. Biological treatment of the OPF with
WRF had significantly (p<0.01) increased the CP content. Among the treated WRF, CP was
higher for the LSc, LS and SC. Similarly, increases in these CP levels were reported by
Ragunathan et al., (1996) for straw. It may be related to the amount of growth and cultural
differences. The biological treatment of OPF with six species of WRF significantly (p<0.05)
reduced the NDF and ADF contents of OPF. Similarly, decreases in these fiber fraction levels
were reported by Jalc et al. (1996) for wheat straw. However, the ability of the WRF to
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degrade these components varied among the species. LS and PO showed significantly
(p<0.05) lower ability than the others to decrease the NDF and ADF contents. The ash
content ranged from 4.20-6.52 % and was not significant (p>0.0) among the treatments. At
all urea levels, CP increased significantly with increasing urea levels. Urea addition of 1%
increased CP significantly compared with 0%. At all urea levels, NDF decreased significantly
with increasing urea levels. Urea addition of 1% decreased NDF significantly compared with
0 and 0.5%, whereas ADF was affected (p<0.05) by levels of urea. In conclusion, treatment
of OPF with WRF particularly LSc and Sc resulted in a growth and reduction of its cell wall
components and increasing of CP and adding a high amount of urea (0.5-1%) intended to
increase CP in OPF.

Table 2. Number of days for full colonization and chemical composition of fungal treated oil palm frond at 3
weeks (% of DM basis).

Treatment Number of days Chemical composition
WRF*  Urea (%)  Growth? Density® cP NDF ADF Ash
PO O 7.02° ++ 5.86% 73.45% 56.65" 5.89
0.5 7.00° ++ 577" 73.91% 56.46° 4.25
1 7.00° ++ 6.20% 71.45%¢ 55.55" 5.28
PD O 7.10% + 5.49" 70.96%° 58.16°%" 6.52
0.5 7.10% ++ 6.05%% 73.19% 60.12°%" 509
1 7.02° ++ 5.70% 62.28° 57.61%f 5.47
LS 0 5.02° ++ 5,843 74.90° 65.17% 5.71
0.5 5.00° ++ 6.10% 77.50°% 67.14°% 6.03
1 5.00° ++ 6.49% 75.29°% 64.07%0% 5.45
SC 0 4.00¢ ++ 6.09%° 74.06° 59.12°%f 491
0.5 4.00¢ ++ 5.86% 71.09%¢ 57.73%f 5.59
1 4.00¢ ++ 6.30%¢ 70.98%¢ 57.88%f 4.87
LP 0 5.03° + 5.50¢ 70.78%¢ 63.40%% 456
0.5 5.00° + 5.822cd 69.39%¢ 64.63% 4.20
1 5.00° + 5.922bcd 68.31%¢ 62.26%%" 531
LSc 0 4.00° +++ 6.13% 71.80% 57.39%" 4.50
0.5 4.00° +++ 6.58° 68.14% 56.51" 5.28
1 4.00° +++ 6.50% 63.53° 55.85" 5.69
SEM 0.02 - 0.22 2.55 2.03 0.66
P-value A2 * - ok ok ok NS
B? * - * * NS NS
AxB NS - NS NS NS NS

#T\Within rows not sharing a common superscripts are significantly different (p<0.05).

"White rot fungi: PO = Pleurotus ostreatus, PD = Pleurotus djamor, LS = Lentinus squarrosulus, SC =
Schizophyllum commune, LP = Lentinus polychrous, LSc = Lentinus sajor-caju.

“No. of days for full colonization of substrate.

%+ denote the density of mycelium. More + indicates more dense growth of mycelium

*, ** Significantly different at p<0.05 and p<0.01, respectively. NS: Not significant.
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