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Fwunviinveseulesinuundsiiuleied

1) ouledandnd wu lava (lipase) iy (pepsin) W5UTU (trypsin)

2) wulesinnniiy wu Taluwuduy (chymopanain) wiwdu (malt papain)

3) wulvdangadn 1y azluaa @mylase) Lwagiad (cellulase) ngAua (glucanase)
oaxlulangla@ing (amyloglucosidase) iefiwagiaa (hemicellulase) uinwa (lactase) laia
(lipase) iniiua (pectinase)

mslfleulwiluewnsdairdasandvinavesasdudanisliasemsitegluingiiu
awsdnd (anti-nutritional. factors) 19y wiagadvesiunsian Ussnoudae wan-nguau (-
glucan) ua x5 Tlulaiaud (arabinoxylans) Fadufsnisdeslalulridoliuszavanmmsld
gsanasuazlnfndiomaivisuas maiveuledinldlusvmisdniffidiulsznavaesdn
udtadiduvdnluannsliide wu weuled wan-ngamua ssviliussans amnnsldensuas



nsasyAulaveslidaaiy LﬁaamﬂLaulwﬁé‘f@na’nmmamaiaaamaaﬁwm—ﬂQLLﬂuléf ladins
Uszgndldieuladiun-nganiua uaglauauualuingivemnsdugde wu 41180 411003 uas
lsd Faldlarlunasensuildlfifusuluemsdniuafeusnanlidends
wulesitieiulseavinmnisdosldveansens thdesandnionaliannsadas
asomnsiddegldfinsudu azdunislivsslovdldvosmsomsteuandosas Feiuatifuniin
raaingAuuaztdndninae é’miﬂiul,wwLﬁ'aaavlﬁﬁmulﬁzjﬂﬁmﬁwﬁium'ia'aai’mﬁumms
amwzuaauﬂimaumaamﬂadﬁimama mstesvesdninTsmizffiaranasamuUSinunin
TLU’;GIQWUEHM’I?EW]TUU@IUU‘] waansldiouloilving (phytase) LW’@%’JHLW@Jﬂ’]‘iﬂE]EJlﬂTJENLLiﬁ']W
weala3alufiy eglusuiidadld usslevdldion WHudy
Laulsliflﬁw‘ﬁ'lEJLﬁlllﬂ'i“’ﬁiﬂ%ﬂ’l‘wﬂ’l‘iﬁjaaﬂaﬂﬂﬂﬂ‘lﬂmﬁliﬁﬂ‘i“’m%l‘lﬂ‘ﬁu{]d (non-starch
polysaccharide ¥38 NSP) n138@8 NSP Uasdmninssiimiaganu fivsy awamwmmnwaaﬂu
oty Lf;:mmmamumwsamaa”iuﬂsuwaw was i aueTiEslulE Taevluudrenana i
FminseomzdoThiduliannsodss NsP 18y onvhilugnsmasesamaduiatuliludiues
aldlvg) Tnwedeqduvidludildidundn nswandailulagiuieldinsfauiouladunie
tawgosduves NSP Weglugtvauhmabuanaifiv: (monosaccharides) Mduysslovises
dnisaly 1u nisldleulwliafiwaquaanavwagas udy
uanniinisSmaeuluiiiiatiomsdesansemnslity lunmswaniouleiluda
fuanaiiudiadlineiosiudise s Tgaweiudnianviednigeenglainisadueuledas
luensgnansuargaln Weiuusydndamusinistese mnsWirBeiu Ly gnansusnifislugis
aaaﬁaamé’ﬁJmﬁ%ﬁﬂ%mmmu‘k&ﬂuﬁﬂmaq\amﬂLﬁasiaaﬁ“}wmauﬁniwa’(,ufmu Anuazanas
ufeulugey ﬁﬁﬁguﬁww'law%aﬂﬁIUlamelugUﬁu‘]ﬁ%ﬁmisjaaléfﬁw nstasueulusiasiy
ownsgnanssulumailsitagaaelinissose sy

2.2 asAusznaUvasfivamsand

gsdniil doulszneudidny Ae uifieadiy UssnnveantiueadRundudiuiiddy
weiinadensdesawnslagany luemsildidedniiendndude dulsznovvonead
fisvnaude fuuendendt mlnvadiundn Tuiieindluwadizoni aiuwadses (viufe
usearfan 2544) wadfiviuusznoumigindwesedussnaundn 3 vin do wagled adivagla
wazdnilu Lmaq‘[aaﬁiuwaﬁLua'isuaa‘i:fwma ngleafideudaiusetusy B-1,4-glycosidic 18
waglaailuuvdsmsveuiihnniiusususesanivaglaa Wuwedesvenimiamilag uie
thanawenlea 1éun nauwAw (glucan) wuuwuu (mannan) wazlowau (xylan) lasdlauauiy
aafUsznaundn drudntduiluasusznouddautszsinvnedil-usdn (polyphenolic) gy
\Hundulwajuazvieruisagloauazieiiwaglacionl iy (Wong et al, 1988)

viavendeleidfalufiveninsdndil 3 vlin Ao 1efiwaglaa waglaauazdniu sy
FasildareimeiauazUSunameudsloudaredaianii Detergent Analysis 3938151
sl mnumanzanegieis dwdumsi iesgomnsdniid Welogaqudu fvemsdas



m'ﬁLmiﬂzﬁﬁqa%ﬁﬁagaﬂuﬂﬁmLLaﬂﬁiawuaqm’mié’mfiﬁaﬁ%mmié’mﬂugwaﬁmqLLﬁwaﬂiﬁ 2
winluaq fe

221 a*'mﬁagjms;’tuwaéﬁﬁuﬁgwm 138071 Cell Contents w38 Neutral Detergent
Soluble (NDS)  Usznaude thmia utls anflulawmsaiazanoiile (Water  soluble
carbohydrate) nsnezdlulusAunin Soluble protein @15UsznauwiIn Non-protein nitrogen
lusfu 158 wnuily wafu wedanfiunan Water soluble vitamin (udiu didasvesdninneda
aunsaderinquitsdldifaufmuauasdniansailuliusslondld

222 dwidumineaduesiivionun 3ea31 Cell wall constituents 3o Neutral
Detergent Fiber (NDF) liur elevisnun Ao waglad Lefivaglasuaraniiu uenainisall Ao
fiu 801 uaziAsTiu Uszneudnthadndes tdaslunsamsniedildvesdniimluliannse
doedalowails dnimardidlieunseldvselonild andudniifondeardnismniy
nsvsihe SenduvSiiiannsatesivaglaa uay iefiwaglaa T du Volatile Fatty Acid (VFA) ol
Tunszneguunazdilddin Caecum  Fadndvsannsogadu VA Tulduselonildsely
(Schroeder.2004) NDF wusldiilu 2 wan @s

2.2.2.1 alewan Acid Detergent Soluble

wwiiwaglaa Fududiudsznavvewiiigatuiizesrotie sduaisuszneunan
arfluleinsaithiiazatadh Ussan Hetero-generous polysaccharide @ ﬁlmaqa%aaﬂf’]ma
vangviaunmednaiy loun nglea unuanlaa weulua lolsaezsiilua wagnsaglsia o
waglageuisnazangldnlunindeulazesgeu toliwaglaalufiansegavdiagdsznaude
Tuanavesthmalalsauiiasdatu uuu wi 14 Wuaeen wasiAsmanniivsznoudae
nsawvzangmlsin nglea muanlnauag aus10lua (Dekker and Richards, 1976) funsqa
veevilislivaglaggenitiunszgads sswuieliwaglaaunniidaluvesity fuiididsenssldie
fwaglaaiilumdniuems Wemndnimnudalithhsesdmiudes sfiwaglaa usqdunic
luszuunisderevnsvesdnitiendes fuagnseine aunsades eliwaglaaliiu via 14
fafudaimaniTiamnsolivsslovinneiivaglaald wiidesnluiivensdaiaznued
waglaaogsmAvdniuivnandasadiuiians iy antiudednurinisgeslavesiiwaglaa
iliafiwaglaagndesldlivun msfefiuaglasazgneesliuntienifivdla Tuogiuuium
vasdnfludritvewnadnd 2 4ila fuSansiiwaglaawindy wifivesdnfviausniianiusin
Tilvemnsdnfviiniians msdetlivonsiivaglaavasivewnsdniniausnazdesldunniing
dosiafiwaglasvesiivenmsdniviiniiaes mavhanewussidensswieiiwaglaaiuiniy vh
lalagnsldarsuszinnaanieans Oxidizing agent aﬁﬁﬁ]z"hJﬁ'lmaﬁuﬁxisijwﬁvna@aaﬁ’u
anfluvinlinisdeslfvesiivaglaaiiuanniy

2.2.2.2 Balown Lignocellulose %38 Acid Detergent Fiber (ADF)

Usznaudie wwaglaa wazdndu uenainiesd Avdu uaz 3801 Snthadntaes
dulsznovvemilngadivdnlngezduvaglaadudumilulawmsamanitliazatoihiigns
Tassaaiiluanavesimanglaandefuuuuud 1-4 Whuansens Wiifsiuane Taeiiend
wuluindeussvidluenavasnglaa wiaglulanavenvaglaaazusznoudsluanaveninia



nglaaegradas 1000 Tuana Hufe ﬁwmamglmaﬁmﬁaLszﬁaémaaﬁmza&jﬁma@laaﬁwum 157
IuLaﬂawaanaiﬂamﬁéaﬁ’uﬁﬂ%ﬁuLaﬂasuaauzjaa‘[aﬁﬁmmu%um ONgvYMIBNIATULAYAIEaY
‘Lmammmﬂ'ﬁmmemialﬂmﬂaw&aaiaa‘[,wduﬂaiﬂalm mEJawaaamwﬂmﬂlumuﬁmaa
waglaals Lmaauwiwaa‘lum LW’I“‘iL;JU“UENﬁmTJLﬂEJ’JLaENLLa arldidnvosiwaznsseng
awnsnteswagladla o iy dn A ndes 5 uagnszee Swansalfiwaglaaduuszlowdld
meiaaalmawaaa‘[aammﬂ‘mauamwaalmuumuaaﬂuﬂimmmmaﬂuu WulRgIAUNTalves
\siliwaglaa

aniu Wudelefduasusenau ndwes vaamn Phenylpropanoidusy ﬂa"us’hamm
mauau Telasiau sandiau waz lulnsiau Imamuimmuﬂi znavsguszunn 1-5 Wadldud 3
muaaawumaaww dntluludiuuszneufidfyvesilumadis vilinduradiowdause Ju
drulsznauvention 45 e auiudalovesinadu wavas gnasnsnndiulaudulug
EJBWL&JBW‘U&JE]TBll'lﬂ“lluﬂiu'lmaﬂUUHT\]“‘LWMiﬂﬂ‘UUWJU (Schroeder.2004)

2.3 MsAnanenuuaiBERInnsTwsRinYesdnilAgises

gﬁ’itﬁ&l%é@Gﬁuﬁ‘ULfJumﬁﬁﬂﬁﬂ Tunszinig 'wmﬂua@amLﬂaul,aaammaumaawaaa
vaneailn fe wueiise WWsladh uas Wos aaumﬂmmummEJ’Lum'ﬁai'mt,auieamwaaaawala
fudsudulasuz Lm“uuml,l,avammwawauw':?EJawuﬂwuiﬂlmuaaﬂummwaﬂﬂmu
Tnsiamzedsddnuustssnuidnnsuindesls athdlsianlunsemnsminvesdnfiisdes
UUZLIQTUTJUU‘S%‘EHﬂi“ﬂ@iLLUﬂV}L‘imﬂﬂWE‘jﬂ Tnelulansydoivdeniissmusssvplusuunues
Ussinrlve wudunuwuaiBelunssmnzvineanssts 1.61x10 wadreiadans vauzilulad
wuRilieag 1.36x10° wadsofiaddny (Wanapat, 2001) lums@nundsvrnsesuniiisly
nsznzniinvansyeUdnlulssinelvgdmeBmatilnanalaenisiinss wisiadusnssumasdy
165 rRNA wuiwﬁmflwmnumwaqﬂssmﬂiLLUﬂﬁL%'aasim lngdinguusernsuuniiiss Low
G+C gram-positive bacteria mﬂwaﬂm 57.8% Lga“LUuLLUﬂwL'iemmmsawamau‘wﬂunamﬁaa
LaaLLa*’lﬁmLauLua"l,ﬂ uaﬂmﬂuaawummwﬂwsawum’waaalmﬂ&J'i”laq'lumﬂaumman'ﬁ
msAEaEe (unculturable bacteria) 8¢t 56.07% (A¥uen abmdiiuiiand. 2551) wansldnsy
m']vLaaaL‘ﬁaﬁmﬂi“wnw‘muﬂﬂuaqniv‘ua’tuﬂiuLwﬂmajmmimﬂuwuLmﬂwsamawuﬂwuF;"Lﬂ

TN isuloraassmisninueeda wuiidwuaiieddesaany
arilulamsmdununiiiendulugifian TnenuuuailiFefianunsodesanisieaglaa taud
Fibrobacter succinogenes (Bacteroides succinogenes) ,Ruminococcus flavefaciens, R.
albus, Clostridium  cellobioparum, Cl. Longisporum, Cl. Lochheadii, Eubacterium
cellulosolvens (Citlobacterium  cellulosolvens) uazuunii3uiianunsagesaasisfivaglaa
laun Butyrivibrio  fibrisolvens,  Prevotella  ruminicola  (Bacteroides ruminicola),
Eubacterium uniformis E. xy(anophf{um (Kamra, 2005)

miﬂmwmwﬂm‘iwmmmmamaul%m@ﬁaaLaafﬂmwaﬂmaﬂuniumwmun*’uaﬂﬂ
wumaq Imaﬂmw'vaastummst.L?qum rumen fluid glucose cellobiose agar Vidod 37 °C
luannzlisendiauiunm 3 fu lnewuihuvafiSedlug duwnsuvangunay uasdlewsn



u;uaﬁﬁaﬁammmagiaalmaﬁ cellulose agar Ul 37 °C TuanwlSaendaulduuniiFetammun
101 leleian asrvseumuannsalunsaastwagas s taudinaanasing wui i 31 1o
laan danuenunsaaaeaglaalags (sefinsso Buduni. 2530)

ufian ywan (2555) ﬁmwﬂmeﬁL‘%ﬂﬁ?‘immmm%ﬂLaulﬂﬂmaQLaaLLaslsmLaut,uammlu
nsgmznsElaunams rumen fluid glucose cellobiose agar Unidaluanmyl¥oniady
1an 48 9lus nudenumiiGaiouun .8 x 101 CFU/mL AndonidonuaiiGeniignuaslalai
unnaeiula 32 lolaiaw Lﬁaﬁmﬁammﬂﬁa%fzgﬁﬂmma’lmmiuﬂ’m}aamaQiaaLaazlﬁmau‘uu
97115 CMC agar Waz xylan agar wmwﬂﬁﬁfaﬁuamﬁanﬁimauaulfdﬁma@Laa:ﬁ'}mu 19 lals
anuaztoulwflyuauuadiuiu 4 leloian uandeainisdnsuunsidauuailiSefivuianssy
wouledas 6 leloian

Sewell et al (1989) aunsafauendaiUafiGestalmily 6 loloian fiAanssuoule
lguauiuaatnnsemsvlineesla Hedaduunareiusfimudfiaulnddafunuaiise
Butyrivibriofibrisolvensiazaunsadasaaisleatauainwal Napier 1o

Oyeleke and Okusanmi. (2008) anunsaimisAnuendunsdanaszmizndnuadla
uny uazuwe lawuaiiSengu Pseudomonas aeruginosa 9.0% Bacillus 37.8 % Micrococus

8.1% uax Streptococcus 44.3% laguuniiieuanlaimnuaiuisalunisdesaatswagladls

2.4 wulwsldasdalofiv

wulsiiivhiidendaleiy T

2.4.1 LoulaiigagLad

Huouleiinsydudiifeimsdesaaeiuss B-1,4-glucosidic vasiassasravaglaa s
Widuihmanglee wuledfiwagaaiannmamienhmsdiasmilasgdund s piulauy
daudszneuiiflwaglen (d3ue axnuwi 2551) wulmiwagiaasiunoenauianssunsyiny
16 3 ngu fe

1) endoslucanase (1,4-B-D-glucan-4-glucanohydrolase) %Eiaﬂaa’lﬂlﬁﬂaqiaﬁ‘lﬂlﬂu
nglaaialaluleauazledlnuarailsdlngvzdesaasauluveaisivaglasiuudy

2) exoglucanase (1,8-B-D-glucanglucohydrolase) staigaglaauazlodlnuganilse
Widualalulealneszdovaaafudasveiasivaglas

3) B-glucosidase (B-d-glucosideglucohydrolase) szgaaaamevagluloaliiiiunglaa

2.4.2 wouladlguauua

lauauualueulvifidesaatelasadvedawaudadulndwe fiussnaudotnia
lalaa Weudefudewusy B-1,4-D-xylopyranosyl lnefimyjaysrdluda (arabinosyl) ngalsia
(slucoronyl) WInazdfa (acetyl) ‘[mv‘z’iausiaé’mﬂﬁ'ﬂwm‘lfu'[aa‘l@wyjasswﬁiuasiaﬁ’uﬁumﬁd -
3 vyeslalaamyjngalsdadedudumiso-2 vedlalaadiuvyerdnaneiufmumis 0-3 uaz 0-2
vadlulaa (Dekker and Richard, 1976) wusaaniiu 2 nguie
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1) endo-xylanase %38 1,4-B-D-xylan- xylanohydrolase EC 3.2.1.8 Laul%ﬂ‘ﬁﬁﬂﬁlw
gosdareusy  1,4-B-D-xylanxylodicuvudulilelaauaslodlandnanlssaedug dundnsus
gavina(Agboret al. 2011)

2) B-xylosidase 3@ 1,d-B-xylan-xylanohydrolase EC 3.2.137 ieulesieiiniazdon
danewuse 1,4- B-D-xylan-xylopyranose flag 1 wilsainuangdiuuening (non-reducing
end) lalelaadundnsiusignineg

2.5 maasuouludlusmsdad

lyayi et al (2005) Iovianisdnen Temnsduiu 3 g0 el gasfl 11 ownsidedld
nsy wwumummniwmmwaﬂmﬁﬁmmﬁmaimaulw amm 2 mnvdesuie (BDG) a5y
oulal wag amw 3: niflewidauduung (PRV) Lﬁimau"l,szm Favsusay gasudseaniiu 4
ngy wuin leideediee s BDG way. PKM VILa‘ﬁJﬂ’JHL@MI%&HiUquJ”Laﬂ (starter phase) i
mmwmﬂmayamwm'ﬁﬂummiqaammuamﬂEg (P<0.05) lpfssseenaudnain (finisher
phase) Wué’mwﬂ'ﬁﬁummﬁﬁﬁhLﬁuﬁuaémﬁﬁaﬁwﬁ@ (P<0.05) 91NNTSLABIAIEE M5 IESY
woulal uinsataiulendulsiiinastaditiod A (P<0.05) ?jqé’m’lmimﬁaummﬁ (FCR) wa4
mmsqmﬁm‘%maulsaﬂaiﬁmmLLmnsi*maejwmuamﬂmlulﬂiya%aﬂ uAdlafiesgazroudsman
wurmLﬂﬁaumm‘sﬁwaqaeiwﬁﬁ’aéﬁﬁm (P<0.05) anmluwumwmmnmaamwuamﬂm
(P<0.05) vasthuinlastldsswinsnisiadudasieulss wudmidnussugouiissy waytmnls
ﬂaslﬂmlmummiqm BDG uay PKM fliaSuteuliifidnanasadaiiiioddny (P<0.05) An
AnuaEEnsntumsgndasaatveslusiuneny (crude protein), lusiusa (crude fat) uasdule
(crude fibre) WWelvovmaiaiageauled ndufidngetuosaiifuddny (P<0.05) msiaiude
wulzinanluamsnuitheanySinaenudesnisginaluewnsiilussesdnuasszasnay
A9Ra1ANIT 319 WAL 52% AU

Meng and Slominki (2005) 51847177 msmmmu‘l«uﬁlﬁLgauLuasmﬂULaulaﬁuquaaLaa
(Cellulase) anunsagoedelelunmnuubaniunziu Safmisiu wasawnsladeléd dalunings
wiieswu touleslinafiuaasliuanisdeadelaldfigaudedadlsinuntnasueulelvaiua
\wagLad u,axLwraaﬁLuaﬁauﬁ’uﬁwvdwaﬁﬁﬁam

Tufarelli et al. (2007) ﬂﬂ’l]T]ﬂ’l‘ﬁLﬁillLaulﬁliﬂ‘dLLﬁuLuﬁLLE”?J‘LHG]‘UENEMH'IF]‘VIHGN?WIB
inawﬁmwmaﬂmuewm%mn AdsassemsiTdnadnuiimaasuelelouaualy
mmwmmﬂﬁunmamﬂwaxLaamxmaﬂiuﬂ‘;wixammw'lum‘m:t@LmuiﬂmaqlﬂLuawuqum
U1

Lu et al. (2009) Anwweuluilneifuluawmnslinssnidnenanlugnsemns wuledild
LouA toulenliudn-ngaiua (B-glucanase) toulwiiivagiaa (cellulase) toulwiiisfiwagias
(hemicellulase) touluiilviaa (phytase) toulexllusfiod(protease) wazansusausitemsdng
wuhnsliieuladluemsvednitiuiusnsdenlvaitu fidediudu

Abudabos  (2010) lavin1sAnwmavesnisiaSuieuleinienisdn Bercazyme P 39
Usznaumgiaulediui-iwulagnud (3-pentosanase), woaw-ayluiaa (a-amylase), ngALLE



(slucanases) uagnuaalaluulug (galactormannases)  snen1swaulus1sdnludagaly
%’Tﬂﬂﬂ—ﬂ1ﬂﬁ?LWﬁ@WWMWﬁWE}WﬁﬁLgaaldﬂivmaw 1-49 Yy 1¥lnWug Cobb 500 310
WsuTewde (commercial hatchery) 81g 1 Judruau 800 ¢ udslisandu 3 ﬂammam
913 Ao gas T e st lwa-mindauwdesliiaSueules] (gniruAy), gas T2 Ti+
Bersazyme P/t 250 g uavgns T3: Ti+ Bersazyme P/t 500 g wud1 misiasuioules
Bergazyme P USuay 250 o/t wanluewisdnd Wunisiivaussonimnisudals a1nn1swy
mm‘ummmmiaaaa‘lﬁwumumﬂawwaa

Shirmohammad et al (2011) ﬂﬂwmamaﬂmmaim“maulw ReAP® Tuamisdnalng-
5’3m§mmamﬂﬁuwmammaamﬂlml,awmamaamammw%aﬂﬂﬂ g 1lAdg Wudddr-usimd (sa-
Brown) 81¢ 50 &Umw waglomsfidAmd sy 2 seay (2650 way 1759 kcal TME,/kg diet)
wanfueulual REAP” anuidudu-o waz 0.1% [fiafnuaTnaanuildusslondld (AME) uay
wislnwagussea (Ross) 93¢ 3 Fu AnvimavemsldomsniAmdaeu 2 52U (3100 waz
2980 keal TME,/kg diet) wasiutenlyst REAP® Aa1sdudi 0-wag 0.1% Wusn avinsdaifiaty
f1e REAP" mwsuﬂmumumwmma vanluiulutesvioy mauuawasﬂimﬂmmiammaiu
foieulay REAPT TV HAMAIAITE M5V 10 M IR A-And R s el undnily
Awalinsem

Sharmila et al (2014) @Anwinaveinisiasueulellatauiuauay ziauladiwagagly
m'vn'i‘vmmﬂLﬁaL&Ja@mammuu (PKM) 1 upeAYsnaunan maammmwmsmm dulrivug
Cobb weigf @18 75 U Lammaammmi TL (PKM 20% Usadainnisiesusaoulsd), gns T2
(PKM 20% Lammal,aulﬁﬁlmaul.ua) Wawgns T3 (PKM 20% Lafumsieulsdiwagias) Tnowasy
wulwlustazadiafinuidudiu 200 U/ks of feed Iﬂalﬂmwmuma 35 mﬂ“aﬂuﬂ'ﬂm wazliy
dlddrudumeamaiinUaaadoiioliasasiuiunm VFAs wasudssainsuuaiise NISLETUARY
Laulsaﬁlﬁm,l,aumauaztaul&ﬁuLsuaal,aa‘luawm PKM #WURBRBANTINNTMNILA38Y, Suulseanng
wuaiiseludldduiu uasUSuna VFAs flumnanaiu Taawudn PKM mainmmau’wywaam
amUamﬂﬁauammmﬂmamquuamﬂmmamwﬂu PKM Aesudeaeuluilytauua wagomns
PKM fiusimaannisiasudietevlesl @ Faaindifyduazsasnmswdsnemsduhwn
(FCR) azanluuiasvinuusldiienuunadwiuaealifad iy navssnisiaduiooulsloway
waunasiaulwiwagaasanisiyvadlingews fandiudvosnsnisivemsiniuuay
Pganduiulszernsuuaiionelsaludlddiudu Seemsiasudeeuleslewauiuad
Uselomivaslilinsenafinnisazaunsiuons fiwdn waz FCR gaﬁu



12

UNN 3
Aandueuide

3.1 fedhadeuuaiiie

Fauvafiselelaanmunaay ID2R1PL Aauenldainveanalunszmsvinuasnssdan
NUMBEIWI1N1 AR IlIAMIERN  ATUVINUNIUAT wsAgeiisamns Rumen  Fluid
Glucose Cellobiose Agar vudsluanmglone Wunan 48 Falus (Deharity and Grubb,
1976) fifanssuteulaiuus sl CMC agar uay xylan agar lneiisleulasoulaladindy
HuAudnasla 2.53£0.37 wufiwes war 2.09:0.13 wufiwns audwy Audeiuenlaly
asaza1enilesea 30 Waildud Miguwnl -80 asdTwadiea (il yan, 2555)

3.2 fed1eingAvaTvisan

'?mqﬁUﬁ"zjmmsﬁmiﬁi‘ﬂmﬁmam W daredn s1917 nndwdes dnlne Ty
dlzud udy) wasvinedn Tasdanetin s mndmdes e wavifudy Foanuvas
mhgingavdmiundne @l leaenseds  nRwvEues  danednzeay

DUATILIIININYAINT  Waaanssts niunwevias  emisdaniildiuewisindeuming
204

3.3 nMavadevanizivsnsaulunsidsadaiondnioulos
Lwwzz,gaaL%aLt:uﬂﬁﬁsﬂuqmmmimawaq Berg et al (1972) WneluingAuomsdniidu
uwadsnue Wi Uarethy $dn nmnfmdes 4alne Sudiusvds @uldn) uasvhstn Tag
Sulidnaseesostuinall Jouthunssunsuta 40 mesh rsthniagendgindu nses
v udreuudiedl 50 asraaifua wiu 26 4alue Guaiing nstagn waseals, 2550) naly
ownsmadfsiuRnadidy 1, 2 woy 3 wedidud (wa) sy duliluguuiwenly
AT 200 seurowT# Mgaugll 37 evraied ushesnaimnAlduusnzadudinisua
24 48 uay 72 e amdey Yuntludosisranuisl 10,000 saudeund Wuan 10 uail
wonifvdnda dlvinssimansseuledisagaaaglonauua  ntudsihingiuens
dniliiAanssueuleigefianvhmavingevanmedimnzalunadsatoseld

3.4 nsuAmauly

wzdsauuaiisslugnsamamalves Berg et al (1972) Tngldannzivunzeausie
nsedneulednangs dnunduwiswennuds 10,000 seudeuii Naamall ¢ ssrwaided
[ = = 1 v o
Wutian 10 wit wennvaiula Wilu crude enzyme

3.5 N15IATIZRAM U NTUYaelUSAY
yIauiSuee Bradford (1976) Tnetihasgeuloinauiuiheialusiu (Biorad, USA)
o ey ) 3§ & v a v P v e w o o o
auAsnslugiiovasuiem Aafislioumaiivies 5 wift udnhluindimegniuuasnanugadu
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uae 595 wiluwes  Anamaeududureslusiudigudunivunnsgiuvesansazany
bovine serum albumin (BSA) A1idiudu 0.2, 0.4, 0.6, 0.8 Laz 1 meg/ml

3.6 myiaianssuveseuluiingnsmuTunainnasiod

iana3Sues Miller (1959) Tnadnaulsiunauiuasazatvduansn 1 wWesidud (w/v)
favanaluearairimaiaudiudu 1 M (pH 7.0) tiluvedt 50 ssrwaided wiu 30 Wi iy
ansazany dinitrosalicylic acid (ONS) lneravlidniy dilusuludiiien 10 wii dluinminis
@mﬂﬁuuaﬂﬁmmmmgu 540 wiluwes laensvageuianssuwagaald cMC uduamse
wazldnglaadmdvasensinnsgiy dwunis Anssuwaaaald xylan Wudvamsauasly
lalaadmsuasiinsvunnsgiu usaziadisasassuUiisen ¢ vaon Ao vaon reagent
control laildsduamsauazioulasl waam substrate control ldduawmnudlildaulyl vaon
enzyme control Tateulesiudlaldduainsn uazvasamnaaulanadumasauazieulss thainis
aAnfuLAITBIAYRAB UL NAUBBNMBMT IR InTasAnTURI s ivaen  thlUTeed
Uinahaaimdtnatulaeisusmnnmisssukeyiuaianssweuled o 1 gd
nvasiouleiigaginavisleuauiua wed Uiinaeulnifsesduainsnlilundnsusiima
nglravialealad 1 lulasluase 1 uail msdidu meldanngivihinisvsgeu

3.7 msUsadivanasiimnzaslunsinuveaeules]

3.7.1 vanfwsngaslunmsinuveteuly

Uueuladifuduamsn CMC ey xylan Tiazansluveasdvlines 1 M (pH 7.0) 4
aun)il 50 esrwal@ed Wiy 10, 20, 30, 40, 50, 60 U AINA1AY Sauzuranhanasidiile
wazthlu  1agld DNS “reagent idonsgusnimusinsuuiilisifanssueuleigeiignion
Wiz

3.7.2 aranuidunsaaig (pH) dmanzadlumsieuveeules

vueulediuduaase CMC wag xylan favanslutiies 1 M 7ifiF1 pH 3, 4, 5, 6, 7, 8,
9, 10 uay 11 Ay fanmgl 50 asriwaifed uazmvangan Jauiunamaiidils
Tneld DNS reagent a1 pH vesnmsuvilirRanssineuliigeiignfoidudfivunzas

3.7.3 gumgifwanzaslunishauveseulusd

Vuaulugdfuduansm CMC uae xylan fiazandlutvives 1 M fifien pH fAwmangay Uu
flgamndl 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 WAy 80 BsrwATEa AuARU TuszozlIAT
wnzay Wi iaunahmaiiaditldladld DNS reagent gauvipfvasmsuudilianianssy
wulwigsiianioduaiivuzay

3.8 n1sUszdiunnsdegdngAvivarnisdnd
thinadsinghuiivemmsdafintulidnasoriosininald  dethaaeense

ndu nsaainfe udreuwisiigumall 50 esriwaidua w1y 24 ol vhmsdensetieingauiie

swnsdninuIBfisauasann Wu et al (2004) Tngtu crude enzyme 10 gila fuTagiivening
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&l 1 wWesdud (wh) fanmefiungen Jeasunanfin 1 M HC 1 faddns way pepsin
3000 giln Undafionmndl 40 ssrwaldea uty 45 Wil Wiu pancreatin 5 faanufazansly
Todulumiuaiumivivies 1 M vudiunassafiguvnll 40 ssrnwads wy 2 $alus vign
UFAndeuuthuds thhedeiiliazaeludies pH 6.0 Usinms 200 fadens udnsesy
nsgmI¥nIaRUes 1 weniiusznoululiesisiosausznaumaall wasifvawlailuiesizd
Usnashanaimadile

3.9 msianziesAlsynauiele

ymsiAseiinvnuiinuiEuas (AOAC, 1990) waziielovesiialaun waglad adl
waglaa wardniu auisgves (Van Soest et al,-1991) Wisuiaurnaunazudnissendaly
soteulusfluaniisfinzas
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o
uning
NaN153AY

4.1 annziwdnzaulunisuaneuley

i
= Al

wuafilefidaden fie leleian ID2R1PL Fflavuansalunisudaeuludivagaauay

2 & & o & = =
vL‘fjLLaULualﬂQQﬂqﬂﬂ?iﬂ@ﬂﬂuuu@"['ﬁqilﬁﬂ\‘]L‘UﬂwLml!ﬁqiﬂﬁﬂu CMC  UadIfndn1IEy

-

wnzauvinieuuafissinanssueuledgaian lneviinisAnuinavesgunnll pH 5l
' =l
wiadlulasiaunayszagnaimngay

4.1.1 HAYDITZETIIAINTULIYD

dewnzidsauunadiGalelaan 1D2R1P1 luems CMC broth uaz xylan broth Uudl
goungdl 37 sernwalys Wusveraanseanufe 1, 2, 3, 4 uay 571 audeu lugnne
leiinuigs 230 sausiewndl waziefanssueuleiwuinlelaian ID2R1P1 HenAvnsyuioules
qaﬁamﬁamwmﬁaﬂummi CMC broth ﬁqm‘:ﬁqﬁ 37 pr N uas xylan broth ﬁqquﬁ
37 psriwaidea Wussozinm 2 Ju nefidweneuluiivagiaa winfu 1.248+ 0.014 U/ml Hn
wulesflouauiaminiy 50.728 + 0.113 U/ml sudndu (ndl 4.1 )

®d -
100 -
80 |
60 -

40 -

Relative activity (%)

=== cel||ulase
20 - == xylanase

Q
[y
N

3 4 5 6
Day

o w g

=l ' £ - « ' & & &
AN 4.1 ﬂﬁﬂﬂﬁﬁhﬂﬂﬁ‘ﬁ@ﬁﬂ’]iﬂamLaul‘ﬁl.lWjﬁqL’ﬁﬁLLaﬂ‘dLLﬁuLuﬂIﬂ‘ﬂ’NL’Jﬁ’lf‘l’]'ﬁlsﬂﬂﬁﬁﬁ) 57U

4.1.2 Naﬂaaqmwgﬁmiﬂmﬁa

dlomnsdsauafiduleleian ID2R1P1 luams CMC broth waw xylan broth Yudt
gnviniieng q fio 33, 35, 37, 39 way 41 esmuwalded Wunan 2 fu luannudfieu
230 soudaund wut lalewan ID2R1P1 dArAanssueuledgeigadiomzidsdusmns cvc
broth flanmgfl 39°C uaw xylan broth figamgll 37 ssrwalded lnelidwevouleivagiaa
Wity 1.946 = 0.013U/ml fieoulullouauiuavindy 57.439: 0.019U/ml Ay Bz
hmsudneuleizanadogunginisudogadu (nwil 4.2)
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120 -+ ==f=xylanase
llul
100 === cellulase

60 -

Relative activity (%)

20 A

33 35 37 39 41
Temperature (°C)

@ er o &

< ' < a I3 ' P o o " w
AN 4.2 ﬂ’?q‘l’lﬁﬁﬂwuﬁ’ﬂmﬂﬁwaﬁL@ul‘é%.lL?JﬂQLﬂﬂLLﬁz‘L‘ﬂLLauLuﬁlu‘li’Na‘m‘ﬂﬂ“ﬂlmiimmaﬂumﬂﬂﬂﬂu

4.1.3 wavesanuilunsn-fuetemsiiente

dowmnzdauaiidololman D2R1P1 Tus s CMC broth uag xylan broth fiusue
PH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 uaAY 9.0 MuFIFY Vuiefigaumgii 39 asmwaidea uay 37
ssenwadea audwuiuean 2 fu wud Afenssuerledasge veseuludiwagiea winfu
2.03420.039 U/ml 1fleiweidesil pH 7.0 fifAsnssueulesleuauageen wihiu 183.272 =
0.011 U/ml dloinasdesil oH 3.0 ausdu (il 4.3)

120 ~
=100 -
%
Z 80 -
2
2
& 60 -
S =l—cellulase
= 40 3
8 =i==xylanase
£ 20 - M“‘M

3 4 g 6 7 8 9
pH
ETENT : 5 e Iee :
il 4.3 Angvisduiudesdentsudnevluisageasaylawaualuemadeaenimanudunin-rs
ginariu

4.1.4 navesUBunamvanriveuluswnsiisade

dlemzdewuadizglelaan 1D2R1P1 Tuemns CMC broth waw xylan broth fiiuuds
asusuRuAnaNItuRe CMC 1, 2 way 3 Wasidud mudifu wazuSue pH 7.0 ﬂm*"?'}'aﬁqquﬁ
39 peAwaldea Wwian 2 Juuaze s xylan broth agldunasaiiveuns xylan 1, 2 uay 3
Weddud USue pH 3.0 Uudeflgamgll 37 sswnwaidea e 2 Yu wuin ddidenssu
euleigandomadoduemisit cMc 1 wWeddud Tnefidrdenssueuludivagiaaiiniy
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0.821 + 0.002 U/ml uagdidnfanssuioulesilouauiua wihfu 134.004 + 0.012 U/ml iledasly
xylan 2 Wosidus (vmdl 4.4)

= e
o O N
o & S
L i 1

—4=—CMC
40 -

== xylan

Relative activity (%)

0 1 2 3 4
Carbon (%)

o &

= ' £ ar a { v oW ' a1 w
AR 4.4 Angsduiustesnsdaeuledgegaauayluauuanauiduduesasasueuiiaeiu

4.1.5 wavossdaunddulasauluaswafeada

domnzidouuaiidelelsian ID2R1P1 luews CMC broth wag xylan broth Aidiuvds
Tulnsauiiunneinaiiifie yeast extract, urea uag tryptone Armudiudu 0.1 wWesidud wazuiu
A1 pH 7.0 ﬂmﬁaﬁqmmﬁ 39 pernwadva Wulian 2 Julage1ms xylan broth Ysusn pH
3.0 vuideiigamnil 37 svrwaidea iWunat 2 Sy wu1 Sianssuevlusigamiiownsfedly
aWs7El yeast extract (uuadlulasiau Tnefimasnssuteulefioagias widv 2.612 + 0.040
U/ml uasiimianssuoulodlauamua Wity 3.681x 0032 U/ml snugdu (aandl 4.5)

3 A
T 25 -
oa ! b,
% 2 &
E— \
£ 15 - Py
S m cellulase
o 1
£ [ Xylanase
g
=

urea tryptone yeast extract
Ntrogen source

Al 4.5 Afsnssuveseuledwaguauazlauauiualuamns CMC broth uag xylan broth Tagldunds
Tulnsiaudnediu

145323
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4.2 AnauUANMInuvaeulal
WielinuisaeutAnisievsaeuludindaldanleleian ID2R1P1 fidauenain

nszimgginunzde Sefesinisnwiszasnalunisuy pH wazgamgifieuluiassinauld

UsyAnsangaiiga laeth crude enzyme fildanmamizidsadiondnyinaaifveseuled

4.2.1 navasszezIaIfensituvesouled

NAFBUNSYITUTR crude enzyme Thaan 5, 10, 15, 20 undl teulusifadmanuueiiSele
Toan ID2R1P1 fiAnAanssueuludigagiaagegandeanuuuiu 10 wil laedimfanssueuled
Wiy 17.40760.022 Umg' (100%) vaigiisiendsnssumeulusilouauiuaggavdanumiu
@ 5 Wit iy 229.13020.037 U.mg '(100%) Lagifieiiuszeznailumsusdiizeneules
wuunuhAfnsseuluiienwidnanaedmng (i 4.6)

129/

=
(=]
o

I

80 -
60 - —@— cellulase

== Xylanase
40 -

Relative activity (%)

20+

0 3 10 15 20 25
Time (min)
AT 4.6 Agqrdiudvesianssueulesiioagias (100% = 17.407+0.022 U.mg') uaslauautua (100% =
229.130£0.037 U.mg ) Tuthaaawesnasua s, 10, 15 kag 20 wifl

4.2.2 naveenuilunsa-aedenisiteuveseuled

\Wovy crude enzyme Tuarsazanadwinesid pH 3.0-10.0 Wuin Asedu pH 7.0 A

=

Aanssuvesevleiviawagaauaslelauualiriggnie 6.150:0.003 Umg  (100%) uas
372.008+0.055 U.mg " (100%) auddfu (il 4.7)
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120 - —@— cellulase

lanase
100 - == Xylan

o0
o
1

[=)]
o
1

40 -

Relative activity (%)

3 4 5 6 7 8 ] 10
pH

Al 4.7 ﬁnqw”éﬁuﬁuﬁ'&umguﬁﬁwﬁqLaa (100% 6.154+0,003 U.mg ) warlouauiua (100% =
372.088+0.055 U.mg ) iileunilsesdiu pH 3.0-10.0

4.2.3 wavasgaunafisen1sinsuvadenlel

Sleva crude enzyme ludwloslansuaz@ion pH - 7.0 dmduaar 10 wdt wudnd
gamgfi 50 esmwaidea eulviiwaglaaiidueniifdwizgignfo 24.926:0.002 Umg
(100%) wnrievlgdlauauneaimionssuveseulyigaaiovafigungil 00 swnwaiBua
Wiy 224.369+0.067 U.mg (100%) (1wl 4.8)

120 1
100 -
80 ~

60 -

40 1 —@— cellulase
20 - —— xylanase

Relative activity (%)

30 37 40 50 60 70 80 90

Temperature (°C)

ait 4.8 Agrisduiusuasouledivagaa (100% = 24.926+0.002 U.mg") uazleuauua (1009% =
2243090067 Umg ) Wevuiigaumigll 30-90 sernwaidd

4.2.4 anusuwizveseululianisdssansisdiu (substrate specificity)

-:: o £ A ar = ol ) e 73 1
Woreulisiunasnanwuafiseloleian ID2R1P1 UMAdaUNSHRYFUAATA LA
CMC, avicel pH101, xylan, uag filter paper (Whatman No. 1) sannzfimnzaulunis
Meureneuled wuin eulatannlelatan ID2R1P1 @nsagdey CMC wag Avicel labnaAes



20

fu Taefluoadifdnme 1wty 21.24320.053 Umg uae 18.439£0.016 Urmg ' awdisu
wazenunsndesnizaunsadlarwanfIfdny Wiy 8.700+0.052 Ume  nanilddneulusiy
ndnanuuaniselaleian ID2R1P1 zm'nanﬁm,aulmsaaal,aamLLUULauImammaLLavLaﬂima
ATLUE uaﬂmﬂumu‘wumﬂlaismaw ID2R1P1€3a130888 xylan 1Af ‘[maumuaﬂmmw
WAy 263.980+0.017 U.mg (M137971 4.1)

A3 4.1 anwansovesauleflunisdesasisiuaiinsnen

AN5A9AU AaARIRT NI (U.me )
Xylan* 263.980 + 0.017

CMC** 21.243 + 0.053

Avicel pH101** 18.439 + 0.016
NFEA1HNT8Y Whatman No. 1%% 8.700 + 0.052

*Uudijiisent pH 7.0 gaumaii 90°C wru 5 i Fdudiitenit pH 7.0 anmgl 50°C w40 unil

4.3 wavasmsteuingAvaiwisdand

LﬁaﬁﬂmsﬁﬂmmmamWia‘ua@Laulﬁzfaﬂum'ﬁeiaﬂﬁ’mqﬁummiﬁmi A tiudUsndasntg
F1luanas mndawmded s 1 ndl ’L‘uama:'ﬁ'LaulszﬁﬂﬁwmuﬁﬁqmaxﬁuLﬁunm 30 W
wuineulnifindnanuuaiiololaan ID2R1P1 ffanssueulwinisdeedilnaligean 28.09
fladinunglaa deusia Suduznadsldsesann e 27.48 fladnfunalaa uag 26. 85 fadniu
nalag MuaIAU uaNIINIs AN odoEnInmaedld 14,54 Hafinsunglaa ( (#1547 4.2)

AT 4.2 U‘smmmmaﬂ@lﬂawalaammaﬂ 1 nsu vavouladannainuuaiiSelelean ID2R1P1

mgAvamIER Vnanihataiing @adniu)
Hudiuends 26.85
19N 27.48
41ilne 28.09
AnfmEDa 14.54

4.4 UssAvsmwnisdesansladaseuleiiaia

dethewnsladsaguuinisdes sty crude enzyme 20 glln Auemsdad
duagu 2 Weddud Mannzivnzay wuh euleiasnndeuuafiSeannsadenemsls
dusaguld lneanunsnges NDF 16 3123 wWedldud des ADF s 0.660 wWefidus dasied
waglagld 2.46 Wesidus udlinunistesaniiu (Aedl 4.3)
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A571497 4.3 U%mfuLﬁaisjiuamﬁlﬁéwﬁﬂgﬂdauuawﬁam'isjaﬂé’:;maulsuﬁaﬁ'mmm%a ID2R1P1

Treatment %NDF %ADF Y% Hemicellulose % Lignin
Without enzyme  20.60+3.50 6.278+0.81 14.33+3.05 3.782+0.20
With enzyme 17.48+2.35 5618+1.64 11.87+2.33 4.117+0.23

Digestibility 3.12 % 0.66 % 2.46 % 0%
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UNN 5
dyUnanisIdguasdatduatus

mmaamau ImmﬂwmemmmmmiummamLaulsnmszjaaLaaLLaulmauma
ID2R1P1 FIfALENIINNTEINE sunszle wull Iaiﬂm,ammmmmaaﬂ,ummaauummima
CMC agar uag xylan acar ?Aﬂ’l’;\ﬂ,aﬁl]mEJ?JEJG]’JEELEUIEUNLEEJEBLB&LLBuldeLauLuaﬁﬁ detide
wuaiiiulalean ID2R1P1 wuAslue s CMC broth finnunduty CMC 1wedidud was
yeast extract 0.1 Wasidun 1Wuszeziiar 2 Tu wammu 39 asfwadaa pH 7.0 weiee
AILTITAY 230 FOUSBUT WU Lauvi,ﬂuwaaaLaammiammulmmm 10 W pH 7.0 geungdl
50 asFTRLTYE Yy mauLcem”l,eziLLauLuammaulsuwmawulmiumqamwml 30-90 89"
waldea ouluifiadnainleluar ID2ZR1P1 HAEUURALUT multienzyme complex Aodaiunsa
aaa1mmaﬁmmuaﬁuaﬂmuwawaaiaa (CMC) wazlatau (xylan) LAa1L1508a8NTEATENTD
ledes Fadnoglunduienlangaua (endoglucanase)

wulwifindnannuuniiselelaay ID2R1P1 finmaninsalunisgesingivemisdnils
Tagtundeatnalnauangu $9919 MUH’I‘U“’VTNLLauﬂﬂﬂﬂlL‘i/‘IaENIﬂEJUQJﬂU’mQG}UaW‘HﬁﬁWAL‘IJ‘L:
a1 30 Wil wEvIMTIeTERUSianianaimd wudt teulediinisgerdalne 1 ndy e
mmaﬂaiﬂamam 28.09 dadnsu wuludauisodessitn uuawvwaqlmﬂummaﬂaiﬂa
27.48 uaz 26.85 dladnsunglaanuainy uanmﬂua\maamnmmaaqlmmmaﬂaiﬂa 14.54
Hafinsy

nmvageulaesulsraviawnisgasamisiaiiie Inevnfivcrude enzyme 20 glin iy
?J'I‘!M‘iﬁ@]’;ﬂ‘?l.'ﬁ‘iliﬂ%ﬂﬂ’l’) N391a0dnIELIEERIUNn wumLaulmwiﬂmmmﬂmialaimaw
ID2R1P1 fimruesnsalunistisdos Tngiuluamsialainineavnsitliildouled wuin weuled
annsndesomisinldlaegas NDF Id 3,12 Wesidud dow ADF 14 0.66 Wasidus dosisd
waglaale 2.46 Wesidud waliaunsadesdniuld dafumsiaueuleslusmisdniausn
Wuvsyavsnwnnsteely Bﬂﬁdliﬂﬂﬁuﬂ’liﬂﬂ’liﬂﬂﬂﬁﬂﬂiﬂﬂuﬂﬂ‘ﬂﬂﬁmLﬂﬁldlﬂLWE]ﬂ‘L}‘SvaVlﬁﬂ’lw
msdesla Lwaﬂ50‘Ia°ﬁu‘1umsmmam’£uaﬂmwnﬁmmﬂamlmua
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LONE1S919D4

nsuUAARd. 2552, afifinmindn-oon dudaded. nquansaumeuasdoyaadi, audansaume,
U, nsgnsrnnunsuazavnsal. GudUadninedou 39 11, adud 12
Ussinfiousuay,
nsudedor. 2553, deyadunununsnsuasugdnlutszmealng Uszdhd 2553, ssuugudeya
mwmmamam (TH-LiFDS), ﬂama'ﬁaummawmamaaam ﬁuamiaumﬂ nsuUAdn .
wufe upsatan. 2504, @3sAnenvaivg. fuviaded 2. dinfiaviaunfing, vy, 380 u
yaydew Frzdasyna. 2541, Tnvuanidnd. fuindsil 6 natudmmand auzinuataians
U IMgNEedalun 170 U,
wnilen ywan. 2555. miﬁmﬁaﬂLLUﬂ'ﬁL%‘Uﬁﬁmmmmialuﬂﬁa%'waLsda@taaLLas“LsaLLauL‘uamﬂ
nszmzwinvasnsele. Inerlinusingmaniumdude, ngamma: an1fuwalulal
WIZADUNANITAUVNITAIANTL TS
Auading lesloyy Ansnqual muzedian nun Sauznundt war Au @d g 2550. M3ty
:;amwiaammqm‘aLﬂwm'iImahLau"LsuﬁlunauL%aﬂulammmmﬂaa‘llalamnmn Bacillus
sp. angviug TWAL U Seudunisuszgunmiyinmsvesmivendunensians adsi
45: @I IATEARS. NN, wilh 85-92.

senssa ButluuAn 2520, wueisslunssinay vmﬂﬂuaﬂﬂwumaeLtavmmamaulﬁzmmaaLaa

o

Inentlwusivendnusunidoma, Wedng: swiinedodnd,

A¥auen admdiiuidand, 2551, ANUMAINVaTEIWUgN T suTesUsETInTLUATIEEluns sy
vaunszloUdn (Bubalus bubalis). Fneniiwus Inerdwusuvitudin. nguvmwuvuns:
aodumaluladnszreminaannunsainnszds.

oy avrun. 2551 . 9adAineuasmalulagiBanmdugdunidlunssmnggiuy. fuviadeil

1, lssfidhinduaunasfinousy dunuay, unsuga. 249 v,
Wuiinn wadiiiedums. 2507 mann1senmsdad.atedt 2 lawrgualns, WWeadlul. 600 u.
gy fuls. 2529 . 91suaznIARe W TABNEN WAz TN, Adall 1297 v
Al fediand, yydeu FieBasuna wasienaaus lsauatingd. 2553, tanansnisdeu nanlnwuz
AansuazawnTdnd. ate 12 dninii WInedaluiEsTTULEIIT,LUNS. 516
u,

o5 fulw. 2538, MseAndnddn. nsuvme ; lededniunadnd.
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A1ARUIN A
ANTHsEUIISIAgTaaZENTazaANY

1. ASHTUUDINISLARLTD

Xylan agar
Xylan 1.00 ¢
31917 500 ¢
Yeast extract 1.00 ¢
Agar 1600 ¢
thndu 10 L

Hg@ananuay 15 Yaus/a1519tn (121 “CO)15 ui

Xylan broth
NMSIA3EEWNSIaT xylan broth Hauysznauiduidenfuiuemnsuis xylan agar us
Ly agar degin@anmuauls Yaun/m151483 (121 "0)15 ui

CMC agar
NaNO; 2.0 g
KHPO, 1.0 g
MeSOy 0.1 g
KCL 0.1 g
CMC 20 g
Peptone 0.2 g
Agar 170 ¢
thndu 10 L

azagarsianialudnauaulullelisndu Warrsaldiu agar UsuuSuassmatnauln
16 1803 dwinonigaumadl 121°Cliauay 15 Yaudnsm et Wuan 15 unil

CMC broth
CMC 05 %
Peptone 0.5 %
KH,PO4 0.5 %
MgSQq = 7H,O 0.5 %
Yeast extract 05 %
thndu 100 ml

vangasaualuihndausududafeaniy warosfy agar UsuuTuinsaainauli
v a & 4 & o a — o L & =
16 18ms Tealuegumgdl 121°Cimudy 15 Yausrenisain Wunar 15 wiil
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Lubia-Bertani broth (LB broth)

Tryptone 100 ¢
Yeast extract 5.0 g
NaCl 100 ¢
thndu 10 L

asaeaseualudInduanduila@aidy Usuusuinseeuinduliild 1 8as degde
Vigaumnndl 121 neaiainiudu 15 Yauddonisieis Wunan 15 uii

Lubia-Bertani agar (LB agar)

Tryptone 100 ¢
Yeast extract 510 g
NaCl 100 e
Agar +5-08 —¢
thndu n> ¥

azangarsnaauahinausududeweany udready agar Usuusunasaeiinduls
¢ 18m5 dein@iefoumall 121 esmiwaluaiaanudiy 15 Ysuddenisisii Wunal 15 uil

2. ManTgNdIazaEd IS UNI TR iRy soulsl
3,5-dinitrosalicylic acid (DNS) (Miller. 1959)

3,5-dinitrosalicylic acid 106 ¢
NaOH e oo
Potassium sodium tartate 306.0 ¢
Na,S,0s 5%
Phenol 7.6 ml
thndugu 1,416 ml

¥a1y Potassium sodium tartate luthnaumuuSuinsindednis wazdafuaisazans
du ausTgldrndvuaniulilunia

v

2% CMC
Wail CMC 2 g gulid CMC azangumun Tudnauiigdidaus 100 ml

2% xylan
KA xylan 2 ¢ gul¥ xylanazargauvua Tuthnduiaweuds 100 ml

ansazaelafeuazdnIniviives pH 3-6
- 0.2M acetic acid
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- 0.2M sodium acetate (tri-hydrate) (27.2 ¢ / 1)
- ssuasavateTvieseu pH Aidednis

pH vol. of 0.2M acetic acid vol. of 0.2M sodium acetate
3 982.3 ml 17.7 ml

a 847.0 ml 153.0 ml

5 357.0 ml 643.0 ml

6 52.2 ml ' 947.8 ml

asavaglupeevansntiives pH 7-11
- 0.2M disodium hydrogen phosphate (28.4-¢./ 1)

- 0.2M HCL
- 0.2M NaOH
- wgNasagaetasie pH ideenns
pH vol. of 0.2M disodium vol. of 0.2M HCl vol. of 0.2M NaOH
phosphate
756.0 ml 244 ml el
8 B35, 15ml aq.9 ml S
955.0 ml a5.0 ml -

10 966.4 -ml 4 33.6 ml
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AIAKNUIN U
n153A512 o Ul

1 nswinesgungleg

Glucose standard curve

y = 0.1115x - 0.0551
R2 = 0.9933

=== (Glucose std.

Abs. 540

o SETiRS2

— Linear (Glucose std.)

0 20 40 60
Glucose (mM)

AMNUING U1 a5MNATTIUNgla (Glucose Standard Curve) Tadnsaanduuaadiaiiug
AAY 540 nm

s Qe

mNUINil U1 Aunnsgringlaaiidlunisiensinusiiveaeulal

k]

Glucose (mM) OD 540
0 0.000
10 0.968
15 1.579
20 2.248
25 2.863

50 5.750
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2. nywiesyiulalag

Xylose Standard Curve
y = 0.1029x - 0.0046

R2 = 0.9663
6.000

5.000
4.000
3.000
2.000
1.000

0.000 &=4
0 20 40 60
Xylose (mM)

wagns Xylose std.

Abs. 540

——Linear (Xylose std.)

Amruani 92 nsmansgulelaa (xylose standard curve) JaAan sgandudasiiaueinay
540'nm

A151wWuInd 92 Annasgulalaaildlunsiwssdinuaniiveaeulul

xylose (mM) OD 540
0 0.000
5 0.163
25 3.182

50 4.866
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3. n5IATUlUTAUAINTEE Bradford (1976)

BSA standard curve

0.9500
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000 ¢~ - :

0 0.2 0.4 0.6 0.8 1

BSA (mg)

|
y = 0.9615x + 0.007
R2 = 0.984

Abs. 595

=g Standart. BSA
Linear (Standart. BSA)

i

NNUINT 93 NWRsEIUlUsAY (BSA standard curve) Sadnisaanduuasiininugnindy
595 nm

AITNHUINT V3 AIRsgIL BSA aasmsiasevanaduduvasdusiu

BSA (mg/ml) Abs 595 nm
0 0.000+0.000
0.2 0.211+0.022
0.4 0.420+0.058
0.6 0.520+0.045

0.8 0.807+0.100
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3. Aanssueulwiiwageauaslauauiud

=

A1319WWINH 94 Afanssuveeulwiwagaa Yuiinumgd 37 C dude Wusvesinan 1-5%u

U

Time - o . Relative activity
Jsuaia (OD 600)  Enzyme activity (U/ml)

(day) (%)

1 2477 + 0.044 0.82 + 0.006 66

2 3.191 = 0.699 1.248 + 0.005 100

3 2.665 £ 0.181 0.750 £ 0.015 60

a 2.639 + 0.265 1.124 + 0.010 90

5 1.573 £ 0.304 1.152 + 0.019 92

ANARLNTITVAADI 3 AT

A15719WwINT u5 AfenTsuveseuludlauaniug Uuhaamad 37 C Uuie Wuszezian 1-5%u

Time U%mm;%ya (OB 500) Enzyme activity Relative activity
(day) (U/ml) (%)

1 1.456 + 0.134 31.806 = 0.024 63

2 1770 + 0.527 50.728 £ 0.118 100

3 198 + 9S24 25.502 £ 0.067 50

4 1.723 + 0.430 33.302 £ 0.029 66

5 1.602 + 0.329 28.879 = 0.496 57

o @
ANRRUNTTVIAERT 3 AN

= ta ; ¢ A A 4 X
MFRUINT U6 AfansTuvaeuluivagaauaglauaniuanndslagleleaniD2R1P1 daldes
Tuans CMC broth wazxylan igamadisnegdulunar 2 Ty

Temperature Enzyme activity (U/ml)

Relative activity (%)

(‘O Cellulase Xylanase Cellulase Xylanase
33 1.393 % M56 19.055 £ 0.009 12 35

35 0.456 + 0.031 13.978 + 0.051 23 24

37 1.059 + 0.009 57.439 £ 0.013 54 100

39 1.946 + 0.010 41.282 + 0.006 100 [

a1 1.027 + 0.001 12.813 £ 0.017 53 22

. 5
ALAAENITVAADE 3 ATY
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AN59HUINT 97 Afanssuveseululwagaauaslauauuadn pH 3.0 - 9.0

Enzyme activity (U/ml) Relative activity (%)

H
i Cellulase Xylanase Cellulase Xylanase
8 0.543 + 0.009 183.272 + 0.011 27 100
a 0.386 + 0.001 126.904 + 0.023 19 69
5 1.866 + 0.053 39.076 + 0.015 g2 2%
6 1.632 + 0.026 32.634 + 0.023 80 18
£ 2.034 + 0.039 9.636 + 0.010 100 5
8 1.22 + 0.081 5968 = 0.009 60 3
9 1.454 + 0.066 4.08 +0.002 71 2

v 3
ANAABNTITVIAADS 3 ATY

A1T19NUINT 98 AianssuvadeulvlgaginauaslwauualulTinuwuasansuaudiniaiu

Enzyme activity (U/ml) Relative activity (%)

& ey Cellulase Xylanase Cellulase Xylanase
0.389 + 0.020 755.473 + 0.052 100 56

2% 0.161 + 0.010 1342.004 + 0.018 ai 100

3% 0.297 + 0.023 638.125 + 0.028 76 48

ANRAENISTNARDY 3 ASS

A151NUINT 99 Aanssnveteulediwaamauarlvuauugluwvadlulasiausneia

nitrogen Enzyme activity (U/ml) Relative activity (%)
splice Cellulase Xylanase Cellulase Xylanase
Urea 0.562 +0.001 2.468 =+ 0.060 26 95
Tryptone 1.862 + 0.035 2112 +0.014 86 81

yeast extract  2.165 + 0.020 2.602 + 0.060 100 100

ANLAAYATINARET 3 AT
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a15°9MWINT 910 MAanssuveseulniwagaanaslawauiua (crude enzyme) Wovh
URiseniiiansneiu

Time (min)  Specific activity (U/mg protein) Relative activity (%)
Cellulase Xylanase Cellulase Xylanase

5 12.724+0.005 229.132£0.041 73 100

10 17.407+0.026 116.389+0.051 100 51

15 15.789+0.020 79.742+0.055 91 35

20 13.706+0.012 58.373+0.008 79 25

P 5
ANARUNTITNAGFDY 3 AFY

A3NWWINT V11 Afansiuedeuluivageauaslsuauuallovuiissiu pH 3.0-10.0

pH Specific activity (U/mg¢ protein) Relative activity (%)
Cellulase Xylanase Cellulase  Xylanase

3 3.837+0.002 304.323+0.032 62 82

4 4.188+0.010 223.457+0.079 68 60

5 5.748+0.014 286.161+0.007 5 '

6 5.842+0.006 307.478+0.084 L 83

7 6.154+0.002 372.088+0.055 100 100

8 5.241+0.031 325.494+0.190 85 87

9 4.857+0.024 240.713+0.237 14 65

10 4.427+0.009 219.124+0.052 ¥ 59

ARANNTINAGEY 3 AT

As1eRUInil 912 Frfinssuveseuluiwagiaauaylauauuaiuyluaamail 30-90 C

Temperature Specific activity (U/mg protein) Relative activity (%)
g Cellulase Xylanase Cellulase  Xylanase
30 17.509+0.032 185.454+0.056 70 83
37 14.006+0.005 204.978+0.018 56 31
a0 18.859+0.023 207.912+0.026 76 93
50 24.926+0.002 198.301+0.040 100 88
60 15.967+0.025 209.138+0.036 64 93
70 12.603+0.021 199.898+0.062 51 89
80 16.591+0.021 223.738+0.021 67 99
90 13.313+0.000 224.349+0.067 53 100

ANARENTVIAGDY 3 AT
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(Evaluation of Enzyme Activities of Cellulase and Xylanase Produced
by Bacteria from Buffalo Rumen)
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wan s oo i faai pa 7.0 doiisiigamgll s0°C 1w 10w Taeldmenias nmizvevou lafiiiy
21.24340.053 Umg' oy laifiauisngos avicel uaznszatwnsedl@laoiiaendias oy ladiigy
18.4390.016 U.mg ' iz 8.70040,052 U.mg amsddy vasgiionlasflanauaaunsaan1dafiani ph 7.0 o

vufigamgil 90°c Wunar s witTasiineaaiaiurzveseu lsliviifu 263.98040.017 Umg™

Abstract
Cellulases and xylanases are important enzymes in animal feed industry, textile, paper and alcoholic
fermentation. This study aimed to characterize the properties of cellulase and xylanase enzymes produced by the ruminal
bacteria isolate ID2RIP1. The maximum activity of the cellulase was performed at pH 7.0, temperature 50°C and 10
minutes of incubation with a specific activity of 21.24320.053 U.mg . The enzyme also digested avicel and filter paper
with specific activities of 18.439+0.016 U.mg'l and 8.700+0.052 U.mg'] respectively. Moreover, the maximum activity of

the xylanase was found at pH 7.0, temperature 90°C and 5 minutes of incubation with a specific activity of 263.980+0.017

Umg .
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nglamyalaluloauazTedlnuyaailsd 2.
exoglucanase (1,4-beta-D-glucan glucohydrolase) V2800
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reducing end) "lﬁ'”lrﬂam‘f]umﬁﬂﬁmq{qﬂﬁw [3]
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nszzniinveanseiia 14 19 ToTwandi uaz 4 lola
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a Ea) ac a ar dy
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2.1 mswaneulmisagaa
¥
=1 = < .
1aUaUANLT o ID2RIP1 VUB1H 151U Lubia-
Bertani (LB) dufgavininesiluinat 48 927w o
10110 MI5IMa) LB NUFUARTA 1% CMC # pH 7.0
i\ a a o ar ' o
duAgungn 39°C 1ilunal 2 9 widieanui ey
" = y = 4 o '
230 seuAe I tazlumIvuweuaniiuaIule (crude
enzyme)
22 mswaneu sl lvuaiaua
3
o [~
RO UANT o ID2RIPI YUDIH 15U Lubia-
Bertani (LB) tiufguugiviosiilunat 48 421uq o

i
NUAVAAIA 2% xylan f pH3.0
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' - ¥ = 4 o 0
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a d vy !
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a ¢ A o,
msuns1enlsuna TdsAuI5veq Bradford [5] 1ae
¥ 3 ¥
Mlds@usrunamadsuseraulmiteialysau
¥ ¥ .
(Bio-Rad, USA) wildidnsu dana Bgaimgiivies s
o a o A o &
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o 1 Ay ¥ o ¥y
A s aIa TNt uYeIaisazals lay
Mouduns MuIaTIIUY09d15a2a10 bovine  serum
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mg.ml
= dra d
4. MIIATZHIANINTINYe UM oK
a & [a : sa 4 o .
AnsedUTnanimaIArdn1u3ives Miller (6]

TABY crude enzyme 300 pl AV@1TAZAIY 1% CMC H30
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= cf o e 1 =1
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& = Y = :; ~a ]
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¥ o i P =2 = o
19U lan)(enzyme activity) 1 Unit #1604 Usuaneu land
2 2 o e owoay mm .
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2001 1 pMole Turrat 1 1 aoldaniizidvun
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5.1 AN &Y (optimal time)
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a :’ aa o = = ar Y1 o 9/
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gaganaiiu 100%
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way Y S0 o dy
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specificity)
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ID2R1P1 yMAdouMItosduaasn 1aun CMC, avicel

pH101, xylan, UQg filter paper (Whatman No. 1) @11

matlTzguIrinmauenaiNos sdutusafngud iaas i 29

o uIngduifhnas seninaTui 24-25 Rainw 2556

anzivuzaylumsiinuveaeu lad wuaa
ou'lwiivinleTanan ID2RIP1 @ 1W150808 CMC LA
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