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ABSTRACT

The research was conducted to study the properties of the enzymes produced by
the bacterial isolate ID2R1P1 isolated from the rumen of swamp buffalo. The isolate
showed the halo clear zone on carboxymethyl cellulose (CMC) agar = 2.53+0.37 and on
the xylan agar = 2.09+0.13. The studies found that cultivation of the isolate to give the
maximum enzyme production was incubation at 37-39°C for 2 days using 1% CMC as a
carbon source and 0.1% yeast extract as a nitrogen source. Crude enzyme of the isolate
ID2R1P1 was able to digest the CMC substrate at an optimal condition when incubation
in a pH 7.0 buffer at 50°C for 10 minutes. The crude enzyme digested xylan, avicel and
filter paper. The enzyme produced by bacteria isolate ID2R1P1 could digest 1 gram of
corn to 28.09 mg of glucose. The enzyme digested rice bran, cassava chip to 27.48 mg
and 26.85 mg of glucose respectively. The enzyme also digested soybean meal to 14.54
mg of glucose. The crude enzyme was supplemented to a commercial chicken feed.
The result showed that the enzyme digested NDF and ADF at 3.12% and 0.66%
respectively. Digestibility of hemicellulose was 2.46%, but lignin was not able to digest.
In conclusion, supplementation of the crude enzyme from the isolate ID2R1P1 from the
ruminal bacteria may improve the digestibility of fiber in the chicken feed. However,
potential of enzyme digestibility in the farm scale would be further investigated.

Keywords : ruminal bacteria, cellulase, xylanase, feedstuff, chicken feed
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1) asEildansssuvd vilnvosarsdansssuAdeeglunduual situesd
Inguniinazddvies & wazuas druarsdeinsssunaiiunliidodniae arsmdssan

0
b

" $mlnauazfdaiiary asdmdesiiainainaenaiiies waransauasiiaiaainmdn
2) ansFflFnnsdaTed Aoansiduaneiaulnenssuiunisniaai 8
waduawngulng fie  asdwdedtiaiuluomisinideuarlily Weliwlilivioldunsid
wdesdy asdunddiasuluomsdnisuivasimianiielildundady avasdduouuns
waam sy Snldldlusmsdnih

2.1.5.2 Wsluledn

Dunduussgainmnuuaiitse uasdoriiaiuluomsdnd lufeviihuasilidaiau
Tngnsaitaiunisudneuleiuaznsaudnin fuanisiasgresuaindeilulnesiodn an
Uinalulnsduazlumsalunssimizulin aadgvivisde iuaiuirfusetonis wasiiy
NaNdAU

2.1.5.3 taulasl

nJuaﬁUi"nau‘[mmumwaumwmaaswwummﬂumnsvmﬂgﬂimwsam‘twmsau
Wasuwadlasiidaiilivadsunlas wazgjuruldlunisdesemsusziananslulawmse Wsdy
uazluiu nslileulwiluomnsdnilutegtulitaunnniy teldmizauiurinvesingiu
omidniviinvesdnd wazidnrsndmeuluifiomaluladadelvl (o lugnisiu
Uszansnmmswdndniuazanduunisudndnd Ussloninddgdodrmisfaiilocaneule
Wuansiillusiubudysznsvariufdesaansldlussauna Tnslidelhanuafivnnuay
lifinannAnalusdnimg

wulwililuswnsdaidnunnldiftetiodosemsvszianariiulamsa uarlusiy 39
Swunviinvenouledauuvdaiiunlasad

1) toulesiaindnd wiu Tawa (lipase) iwudu (pepsin) n3URU (trypsin)

2) wulmianity 19y lalumnudy (chymopanain) Wiwdu (malt papain)

3) wouleiangadn iy ozlulaa (amylase) Lwagiad (cellulase) ngAud (glucanase)
aglulangladiand (amyloglucosidase) tefiwagiaa (hemicellulase) winina (lactase) lawa
(lipase) wn¥iwa (pectinase)

mﬂ‘t’j’tau‘l‘zsﬂummsﬁmiaw&'wamﬁw%wavaqmsé’u5’\1ms'lifmsmmsﬁaa"lui’mnﬁu
81 3dn? (anti-nutritional factors) LU wagadvesiursian Ussnaudiy wen- -NguAu (B-
glucan) uaz avs1dluluiaud (arabinoxylans) maueNmsaaalé‘luW.muam'lesuammwms‘l'v
amsanasuadlndindiemamianas msineulefunldlusmsdniiiidiudsznauvesdn
uitadifundnlusmnslaile wu wouled wa-ngaud i lnusedvsnmnisldamsuas



nsiaigiulavesladenty Lﬁaw1mau"Lwﬂé‘fqndnmmsmiaaaawmsmm-nqmu’[éf Iafin1s
Usggnildiaulediium-ngaiiua uarlauaualuingivoisdugie Wy $1l8a 91ed way
158 FldleRlunaens il fiiuduluemnsdniduasouenanliideud
wulwidieifiulseandnmnistenldvesansemns thdesandniervliannsades
asomnslamuqldfasut avdunslduselondldvesasomissevantosas G'z“iq:zfuaejﬁ’wﬁﬂ
vasingaviasytindnisig 1du dninseimne menaJlumau‘lszmwmmw"lumsaammnﬂ’ummi
amvxumumunau*ummna\ﬂﬁiﬂama mstasresdninsmnsisafisantiosasmuuSinunin
'menmummiam%umuuq niansldioulailvina(phytase) Lwamaqumiaaalmamsmm
oavaialuny maaﬂusﬂmamﬂ‘n Uselomilades Wusu
Lauhim"‘vwquﬂiuammwmiaawaamﬂulamsmUsanvﬂzj’l‘&u{]a (non-starch
polysaccharide 38 NSP) n15&88 NSP ‘uaaamﬂiul,wwul,mmuu uﬂsxammwmmnwuaanu
ivs.,t.aa'lmmnmua'lmiamaa'luns.,l.ww., wasUSinamuaiseluald Imamhlummmnmﬂmw
dninssonadeibidiliannsodes Nsp Lftas snciulugnsmsdosameiuiatulsludiuves
aldlng) lnsordeadunidludldfundn msndadailutiagiuisldinatmuneuleduite
YreeoudIuUy NSP 'Lﬁaa'lusﬂwaaﬁwma‘[utanaLﬁm (monosaccharides) Tiluuslavisos
dninnly wu ms‘l‘maulmauLmaaLaaLLavwaaLaa WHusu
uanmnun'ﬁquUimmLau"l.czmLwamamiaaam'smmﬂmmu lumsndatouleiludn
tuonaiiviunallinefissiuarsemis Tosawzfudniidnuiedniaeglafinsiasueulnias
luemsgnansuavgaln el seavs mmeessmsdesannsliasety 1wy anansusmﬁm‘lmhq
aaqmamaﬂmmvuﬂiumaulsumanmaaammwaaaammaLLanIvna'Lumuu 1niuazanas
ieudugyy muummamamﬁu‘lamsm’lmﬂauqna]vumsaaaimm nmsiasuouledadly
smnsanansaatumanilaiinsdelinisdesomnsiiu

2.2 aaAUsEnaUvssiTamTEn

omsdndil daudsznevdifey fe ilugadity Yssamveamwadiududiudiddy
wawiladenisdesemnslasians luemsiildidusdniiendndudle dulszneurenvad
ﬁ'uﬂi.,nauﬁw fuuenGFonin afuadfivndn Fuildesmeluedifond ulnvadsos (voudfie
umaa¥aR 2544) Wwadiniulszneueindwesesdusznounan 3 via e waglaa efiwaglaa
wazdniiu wagloailunedimesveshnng nalaaideusiafudowuse B- 1,4-glycosidic il
waa‘[aatﬂw.mmmsuauwummﬂuaumusmmmfaaa‘laa Wunedwesvenhmamulaa vie
dhaawenlea loud nauAY (glucan) wiuwuy (mannan) wazlauau (xylan) lasiilowawdy
asrUsznaundn drudntuduaisussneuidetioutssinnnedl-usan (polyphenolic) n1ehiu
Wundulugjuazrieviuragloauazieiivaglaaenlidrelu (Wong et al, 1988)

'vuwuaqLaa'lawa'mmluw’ua’lmsamu 3 viln Ao \efllwaglaa waa‘iaauauanuu a'msu
aﬁmiﬁ'(mmsuwmwﬂua.,'d'su1cu-umwa'lmma.xuuﬂLsarm Detergent Analysis §938n15i
uAsAT mumanganededs dmiumsd iessienmsdning Wologaqitu Avevnsdnd



ms‘imiwﬁﬁw‘iﬁﬁwmmmuaﬂehu“uaammsé’m’iﬁaﬁ‘zjamﬁﬁmﬂugﬂmaﬁmquﬁqaarﬂ,é{ 2
winlvgq Av

221 ﬁauﬁagima‘luwaéﬁwﬂv'mum (38771 Cell Contents %38 Neutral Detergent
Soluble (NDS)  Usznousie thana utlh aslulawnsaiiagaroninle (Water  soluble
carbohydrate) ninaziilulusiiunin Soluble protein a15usenaunIn Non -protein nitrogen
Tusfu 158U unuiiu weRy wardnnfiuwin Water soluble vitamin (Jugiu maaa“uaaamwn-uum
mmmaammnLLmulmLﬂa‘umwmu,auammmsauﬂtﬂ‘dﬂiﬂ&l‘uﬁlm

22.2. mumﬂuwquaamaawwwm 138771 Cell wall constituents 138 Neutral
Detergent Fiber (NDF) lfuri feleviavun Ao wwaglaa ielivaglaauazaniu venaniided &
fiu #an uasiasidu Uszneudndhadniay thdeslunssumneviedldvesdaimiluliannse
gooidolowanils dnindriseliannsalivsslondld sniudaiidondoardnisimani
nIzAY fmmauwiawmmsnﬂaawaaiaa uay wiwaglaa Wiy Volatile Fatty Acid (VFA) ag
lunsziwiggwunazdlddru Caecum mamavmmmmm‘au vFA - WJldUse Iwu“lmma‘tu
(Schroeder.2004) NDF uuslondu 2 wan fe

2.2.2.1 \elewan Acid Detergent Soluble

wiliwaglaa Jududrulsznevvewmtaisatuilasavesity (Tuarsusznaunan
aslulawmsaiiliavaneni Usglan Hetero—generous polysaccharide @® ﬁimaf}a‘uaﬂﬁﬂma
vargyilannmeiaiu laun nglaa unuaalna wuulua lalsaessitlua uaznsmglsda wai
waa‘[aammmavmalﬂm'lunimaauuavmaaau willwaglaaluigasegangravusznaumie
Imanawaammal%‘[samruamanu wuu e 14 Wuangenn wasifeiuaiuiiusznaudag
nsawmsangfalsila nglaa nuaAlnauas ex510lua (Dekker and Richards, 1976) wunsena
na9y uLam‘naaTaaaqnﬂw*um.,nam sywuisfiwaglaanniidiuluvesiie wwmawanm‘lma
NLﬂzjaaTaawﬁ‘luLuaﬂLﬁua'lw'ﬁ Luaqmnamwn%uﬂuumaaammuaamauwaa‘[aa usyauvse
Tussuunisgesemsvesdniidoaaes thuasnssene annsadesialivaglaaliilu vrA 16l
muuamma1ummuwnlﬁmiwummauwaa‘laa‘lﬂ u.mLummn'[uwmmsama“wuLa:u
waaT.aaaaﬂunuanuuwummwuqL‘uaa'uuwam Faru anuuwum'u'mn’ﬁaaa‘lmauLautwaaTaa
itiieliwaglaagndeslebinun miwLam‘daaiaaa“nnaaa‘lmmnuamwaﬂm 'U‘uaanUUsmm
vasdniiutiivemnsdnd 2 vila Sulinanelivagleawhiu wiRvemsdniviausniidniiudin
Iritvensdnieiiniiaes nwsejaa‘lﬁﬂumLaﬁwaqiamaaﬁ%mmﬁm‘wﬁmﬁnavaiau‘léfmnm'wms
dovifliwaglaavesivomsdniviinfiaes nrsvhanewuss m‘vam"mmauwaa‘[aanuanuu i
lalagnsldansussinmanavioans Oxidizing agent a'ﬁua"wmawwuﬁviummauwaa‘[aanu
anuum‘lwmsaaa‘lm‘umwuwaa‘{aatwummru

2.2.2.2 \felewan Lignocellulose wa Acid Detergent Fiber (ADF)

Usznauae wwaglad wavdniu vennilasil A2fu uar 330 5ﬂﬁ'1~u,§ﬂﬁaa
aauﬂiunau'uawuqLfaaaw'umu'lmuauLUuwaaTaaw.fluﬂ'lﬂu‘lamsmmnvﬂua awmuam
Tﬂsaa'ﬂmfﬂuLana'uaqmmana‘(ﬂammanuuuumm 1-6 {Whuaneem Lififaduanan Iﬂauaami
wudushdeuszwindluanavenglaa uiazluanavenvaglaaazUsznousslinanavanimia



ngladediedfes 1000 Tuiana thufte ugwmang‘lﬂaﬁwﬂ’qLeuaé‘uaﬁmxaﬁwag‘[aaﬁ"’mm M
IuLanamaana“[ﬂauwiaﬁuﬁﬂﬁiuLanamaql,‘daaiaaﬁmmLL‘?NLm gndeumenInsauLaAIBel
lﬂaennumﬂsmt,ﬂmmm‘taimﬂawLsaaaiaaleﬂunaIﬂalm uwawaaamwmum’tmmmmaasJ
waglaale LLG\i]aU‘VliEJVIE]EJIUﬂiuL‘W'IuiLiJu‘UENﬂWJLﬂEJ'JLaENLLauaﬂlﬂLaﬂ?JENJJ’]LLa ¥NIEAY
annsodesiwagladla & ety dndidodes i waznszene YeansaldiwaglaaidudssTonila
Lmmsaaslmwamaa‘[aaavmnusauamwm‘lmuuwaanuﬂsmmwmanw WuReInunsilves
wiligaglad

andlu LUuLaalamLUuaﬁUsvnau Twdwes v0min PhenylpropanoxdﬂiuﬂaUmUﬁ’m
miuau lolasiau sondiau way lulasiau InefilulasiauusensuegUsyana 1-5 Wedldud 34
wuaanwummw% dndudududssneuidfyuosniuradiie vinliudneadivususe dy
muULnawanUaan %1 v3e duiduielovessin ddy wazazgnairenndrulausiulug
aamLuawwmﬂmn‘uuﬂimmanuum.,qumnwuma (Schroeder.2004)

2.3 mMsAauenuuaiFennnssmisinvesdntagaias

é’miLﬁngaqﬁuﬁmi‘]ummwé’n 'luns%wwkuﬂ‘uaaamLﬂmt,aawamaumamﬂaaa
wargvila Ae wuaite Wsladh uay Woe i;au‘wsammua"ma'lunﬁas"n\uau"lfzmLwaaaawa'la
Auwdsudulawuy Lmumu,auamenu'uamauvuiaawuﬂsmu‘hﬂmmuaanummimamﬂmu
Immawwvamaaﬂmuuﬂsvmwmmmwnnaaeﬂm amalinmu'[,uﬂsutmkunwaqammm;aaq
uuummuﬂsumnwammmsamnmqm Tnglulanssiiofivdesidssmusssumaluruunves
Usznalvg wudhuaunuaiSelunssamneminuenssle 1.61x10° wadreiaddns susilulag
wunfiSoey 136x10° wadsiefiaddns (Wanapat, 2001) lunsfinuusernsuesunitdely
nsstzwintesnszlodnlulszmdlnedeTimedluanalasnisTinsy wisaiugnssumesiu
165 rRNA wuiwﬁmmv«a'mwa'w'uawi"'mniLLUﬂﬁL%'Uatim lnefinguuszmnsuuafiiss Low
G+C gram-positive bacteria mnwaﬂm 57.8% ua%ﬂuuunmsawmmmwamau’l,‘uu"(.unameuaa
aauA: ‘lmauma‘lm uanmnumwmmuuﬂmwﬁuﬂ‘lwuwaduLﬂaﬂamumnaummsms
wzdsade (unculturable bacteria) 8gjfia 56.07% (AStuen afndiuiand. 2551) uansldnse
wa-'LasmL'uamnni.,t.wwuwun‘uaqni.,ualuﬂiutwﬂlwaaflmmﬂuwuLLUﬂmwmawuﬁ“lwu‘]'lm

nTuMTwIEEsuiorinassmisminueda nudiiuuaiiteidesaans
mﬂu‘lamsmﬂuuummianqu'Lmywqm Tmawuuummsawmmmaaaamawag‘[aa loun
Fibrobacter succinogenes (Bacteroides succinogenes) ,Ruminococcus flavefaciens, R.
albus, Clostridium cellobioparum, Cl. Longisporum, Cl Lochheadii Eubacterium
cellulosolvens (Cillobacterium cellulosolvens) LLa"LLUﬂVIL'iSmemmaaﬂaa'wtamﬁaﬂaa
laun Butyrivibrio fibrisolvens,  Prevotella  ruminicola  (Bacteroides — ruminicola),
Eubacterium uniformis E. xylanophilum (Kamra, 2005)

msﬂﬂLwnu.Uﬂw.sawmmsnmamaulfuuwaaLaamn'ummaa‘luns"t,wuwunwaﬂﬂ
wumm Tﬂamiwm"Lamuummsmwuﬂ rumen fluid glucose cellobiose agar Um‘uaw 37 °C
luannglfeandiauiiuna 3 Ju lagnuiwuaiiFedningduunsuvingunay uazdlewsn



wueilSefiaaoiwaglaalngld cellulose agar Usit 37 C TuanwilieendraulfuuniiFodomun
101 lolaian avadeummannsalumsamesagiaa s iauSuinnimaiand wud if 31 1
Twian danuannsoaanowaglaaliags (seitwssa Suduui. 2530)

il ywen (2555) Aansnuuaiidefiamsandaeulesiwaguaauadlsiauuaanly
nswimznIvlouus1ms rumen fluid glucose cellobiose agar Umieluan1iylioniaiy
an 48 Halus wulsuuaiiIedtinun 4.8 x 10° CFU/mL Amdenideuueiideiiianvuslalail
uansnariule 32 lolaiaw Lﬁaﬁ’mﬁanLmaﬁﬁ'aﬁﬁmmmmiﬂ'lumssiaaLszfaqiaauas"l,smauuu
8115 CMC agar tag xylan agar WULLUﬂﬁSaﬁLLamﬁﬂﬂiimwaqtaulevﬁx,fdaqLaaa‘l’mu 19 lolw
anuaztoulesilyuauasiuiu 4 leloian uanileviinsdnsuunviauuaiidoinuianssy
wulasiae 6 lelaan

Sewell et al (1989) anunsadauendouuaiiserinlmile 6 lolaan #iiRanssueules]
lewauuaninnszimsninueala edniwunatewusfamuindaaulnddatuwuaiice
Butyrivibriofibrisolvensuazanunsagesdaisglyuauainwan Napier 161

Oyeleke and Okusanmi (2008) @nsaviiN1sARLENgaUVSIINATEINIEMTNYadlA
WNY Lazuwe 151’LLUﬂﬁﬁaﬂEju Pseudomonas aeruginosa 9.0% Bacillus 37.8 % Micrococus
8.1% waz Streptococcus 44.3% lavuuaiiSeiuenldiimuaunsalunsdosaaeisagloals

2.4 wulwidesidolaiiv

wuleififintifideadelofty oun

2.4.1 wulwlwagiad

uJuLaulfduwnivmuﬂgnsmmiaaaaawwuﬁv B-1,4-glucosidic vadlassairawaglaa 4
‘lmﬂummana‘[ma Lau‘lﬁuﬁjaaLaammmnmimummmiaaLﬂiwvﬂﬂaaaumawmammu‘lmuu
muﬂivnawm@uaa‘[aa (g3 axuw .2551) leulwliwaguaaduunasnauianssunsiny
16 3 nqu fie

1) endoglucanase (1,4-B-D-glucan-4-glucanchydrolase) asa}aaaawwaq‘[aa’l,mﬂu
nglaatralaluleauasledlnuanmilsdlagazgosameinluysiaowaglaauuuds

2) exoglucanase (1,4-B-D-glucanglucohydrolase) vzgaeivaglaauazlodlnugaailse
Willuwalalulealngazdesaaedulatsvsanoiwaglas

3) B-glucosidase (B-d-glucosideglucohydrolase) ﬁlsdaﬂaa’mL%aqluiaa'lULflUﬂqiﬂa

2.4.2 woulwllauauiua

Iml,amuavﬂutaul‘dﬁﬁaiaﬂamaiﬂsqa%'w‘zjaaiml,au"?fqLfluiwﬁmaéﬁm neufethnia
lulaa Wweusiaiudreiusy B-1,4-D-xylopyranosyt lnsiimiez1iluda (arabinosyl) ngalsila
(glucoronyl) W3aasdfa (acetyl) IﬂEJL‘UEJ:JGIE]GI'I‘U‘UN‘UE)ﬂ‘ﬁIﬁﬂIﬂEJWJGw?']‘UIuﬂG\ElﬂUGl’lLL‘Vi‘u\‘i O-
3 gadlelaaningalsadetudumio-2 ﬂaa‘lﬂaaaauwgazmmamanumuwuq O-3 uay 02
vaslalaa (Dekker and Richard, 1976) wiseanifiu 2 nqufe
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1) endo-xylanase %38 1,4-B-D-xylan- xylanohydrolase EC 3.2.1.8 Lau‘lﬂiﬁ‘vﬁﬂ‘ﬁ%
Hagdatynusy 1,4-B-D-xylanxylodicuuuguldlelaauazlealaudnanlsdaneduqdungn s
aavine(Agboret al. 2011)

) B-xylosidase w38 1,4-B-xylan-xylanohydrolase EC 3.2.1.37 eulesfiiniazeasy
ameWusy 1,4- B-D-xylan-xylopyranose #laz 1 wisanvaiusiuueniad (non-reducing
end) nlalaaidundnsusigaving

2.5 madsusuledlusmnsdn

lyayl et al (2005) lvinsAnw Wemissiuau 3 ans ai amw 1. omsiawaln
nsvmwumuwumﬂwmLﬁuwaﬂfmﬂswmmmuasmau“lw amw 2: nnidgsudis (BDG) sy
wouley way amsw 3 mmuamaﬂmaumuu (PKM) Lasmau‘lw mmmmmauammmaamﬂu 4
NGy wui dladsedeamms BDG uay PKM VILasumataulﬁﬁln”lussaul,an (starter phase) 3
mimmmuimtauamwminummsaqammuamﬂm (P<0.05) Luamsvavnauammm (finisher
phase) w‘uamwmsnummsummmuamwusmﬂm (P<0.05) nM1sLaEeF g mnTasy

o

aulayd meﬁmmmuimﬂauluumaammuﬂmﬂm (P<0.05) mamsmmﬂaaummi (FCR) 999

v
°

mmsacﬂsmasuLaulsuu“l,uummmnwamauuaamm‘lu‘tni"avtan usiilefasvaioudnann
wuminJaaummimaaamwuamﬂm (P<0.05) anmluwummumnmqammuamﬂm
(P<0.05) wenimiinlasslAsswinensiaiuseenley] wutmiinvesiuseuiuiy uazminla
maq‘lnmimummsqm BDG uaz PKM wLasuLau‘lﬂmumamaqaawuuamﬂm (P<0.05) A"
auannsalunsgndesaaevastusiuneu (crude protein), Tutfusan (crude fat) uazidule
(crude fibre) Weliemsiaudheienled nduiiegeduetnaiiodidty (P<0.05) mstadudae
Lau‘l‘vﬁwau'lumm'iwudwhaawﬂ?mmmwﬁaqnﬁ*ﬁ"nﬂwm'lummﬂﬂ"lﬂizazLﬁnu,axs::asn'au
dMaIANIT 31% Way 52% AUaey

Meng and Slominki (2005) 5189771 mitasmauifuu"lwLLauLuaiaunULaulwwaataa
(Cellulase) amnsndoedalalumnudamungiu afminy wavewnslidelys avu'l'umnm
wiiipmuh wululnafiuaarinamsdendoleldfigausedlsinmunsiaduoulelloanua
\wagiad uasinARluaTIufnardenaian

Tufarelli et al. (2007) nm':mmsmiuLauhﬁlmaumau.a-"uu'm'uaqaun'mvuawama
Uszﬁwsmwmailmua‘uum'mm‘m vnLammammiwmﬂmawmwmsLaiumu'l‘uu"lmaul.ua'lu
mvniwmmn'mmam'twamaammauiuﬂqqUszemﬁmw'lummszymuimaa‘lnma‘uumqm
17

Lu et al. (2009) ﬁm-nLaulfdu“[ﬂamu’l‘umms‘lnnsum‘[mamau'luama'ums woulely
laun eulesiiudr-ngaua (B-glucanase) ioulelfiwagiaa (cellulase) toululiefivagiaa
(hemicellulase) mu‘l«uu“lwma (phytase) tau"lmu‘TUimaa(protease) LLavmiUimmmmiam
wuinsliieulwiluevnsvesdnitoufulsmsdeslitu fidaudiuty

Abudabos  (2010) levinis@nwwavasnisiadueulednianisaa Bergazyme P Fa
Usznaumeiaulesiiusir-inulaeiua (B-pentosanase), uoa-asluad (a-amylase), ngAlLua
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(slucanases) wazniuanlnuuuLud (galactomannases) awnsuanluemsdaludndiy
11N~ mnmmaaqmummmummwmminnsvmaw 1-49 Ju l4lAvug Cobb 500 a7n
WsuBamdvd (commercial hatchery) 818 1 Tuduu 800 #7 u.m"l,naamﬂu 3 naummms
81T AB ans T e st ilwa-nindamdesliiaSuiovles) @nsmuaw), gns T2 Ti+
Bergazyme P/t 250 ¢ wasgns T3: T1+ Bergazyme P/t 500 g wu31 nsiasuouland
Bergazyme P U3ua 250 ¢/t manluawnsdnd Wunisifvaussanimnisadsld 990015y
svmummmmmaaaIUsmuwumﬂaumam

Shirmohammad et al (2011) ﬂnmwa‘uaamsmmmmau'l‘zm REAP® luamistalna-
mmaamami’lwwamuﬂaqan1ﬂLLa“wamaamsamwmaq‘lnnixm Tolndag Wugddn-usimd (Isa-
Brown) 81¢ 50 aUmw warliomisTid Sy 2 J¥AU (2650 way 1759 keal TME/kg diet)
wetufutoulul REAP® aanandiudu 0 way 0.1% iefnwAEruiildUsslenild (AME) way
wislrmagiugsea (Ross) avg 3 Ju mnmwawaqmﬂ%mmsﬁﬁﬁmé’amu 2 S¥AU (3100 way
2980 kcal TME,,/kg diet) naufuioulasl REAP® AULTLTY 0 Wag 0.1% wWuin mmsammasu
fie REAP® 'U’JEIU‘SUUNu'MUﬂi'Nﬂ'IEJLLa vanluiuludeias muuawaiﬂlmwmmsamwLaiu
meteule Reap® gUTulRnuAIaIsemITele WIS I nIna-nndamdsnunsniily
Beoslinseng

Sharmila et al (2014) ﬁm:nwaﬂuaamitasmaul‘uu"l‘uuauLuaLLauLau‘waaaLaa'lu
a1mswummuamammauumu (PkM) 1 Juesdusznaundn ABANTINN NN au‘lnwus
Cobb g 1y 75 Ju Lammaamsmms T1 (PKM 20% Usiannnsiaiudaaioulsl), gas T2
(PKM 20% Lasumal,au‘lfaﬁlfm,taul,ua) Wazgas T3 (PKM 20% esusaloulesiiwagiad) Tnaady
wuleiudazeiinfirududu 200 U/kg of feed Tma‘lﬂmwumuma 35 Juasgnuilueh uauiv
dlddwsumhematiaUasnidoiiednsziviinu VEAs wasfulssensuuniice NSLESNAE
ouleilouauauas Lauiwmaal,aa'lummi PKM WURAABANTINNINISIISE, SuauUseeing
wuaiiSeludlddiunu wazuSuna VFAs fiumnanaiu Tagnudn PKM masummau"t‘m‘uaata
argwannsay aummﬂﬂammuammymama‘un'u PKM masummau‘l‘uu"lwauma UaraImIs
PKM #iUsiasnnsiasudsionles 4 fmmwunmmwmuuasamﬁmsLﬂaaummstﬂumwun
(FCR) awanluurasvinmudlifianuuanseiustraiilodfy navasmaaduieeuleilyuay
wanazieulniwagaasionisiadyreslinsems farudiiusvessnsinmsiuemsinniusay
faandunulsrnnsuuaiionelsaludilddudy Fromsiiadudreieuleilew auuad
Uselomivislilinssnaiumsavaunisiuewns S way FCR qq‘?xuu
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3.1 faedradauunaiitse

Wouuaiiioleleanmuneiay ID2R1P1 danenldainveamanlunsemzninvesnseied
NUMBE1911nL599dRIuaMueITen  NTUNNIMIUAS wzdadioems Rumen  Fluid
Glucose Cellobiose Agar Undeluanngliome Wunar 48 Falus (Dehority and Grubb,
1976) fifanssuoulvivuewmsuds CMC agar uae xylan agar lmaifinlaulaseulaladifadu
duguinandld 2.53:037 wuRiuns uay 2.09£0.13 wuiuas audy iudedinentdly
ansazanndivesea 30 Wedldud flanmafl -80 osrnwaldos (undian yvian, 2555)

3.2 fivegningRuamsdnd

Tngdufivonnsdniildlunisveass BBun vaedn s nndandes d1lna S
devds () waswedn Tagdaiedn i mndandes 417lne uazsiudu Jearnumas
Twgingavdmiundnemisdal  weaensell  aguvwaviuas - d@auwstiveRu
oyATIEiTINNYAINT  lmananssd njwwnuas  emnsdndiiliduewnsiddemnlng
204

3.3 mnadevanisivnzanlunisdeadaiendaoulad
wisideadouuniiielugnannavaines Berg et al (1972) Tngléingivenmsdniidu
wndamfueu un vatedn $191 mndumdes d1ilna sudwends Ghudy) wazvinedn Tae
thilkidnasmewiesdiuiwall seusumszunssvunm 40 mesh drathanasendhedindu nsas
thite udreuuksit 50 swrwadea uiu 24 $alw Guading TasUgya wazany, 2550) waalu
swnswadfissiumududy 1, 2 uas 3 Weddud (wA) iy Unlilugunidly
ALY 200 SeusBTT Tigamagil 37 ssrwalded Wuiesehmindildunuensadudanisus
24 48 way 72 Il awdsy Yuntuwissiismungy 10,000 seuseudt Wuan 10 il
wenifvdndla ihlvinssidifanssueulsivegaduasiouaua  mnfuTaihinghvems

v fcg Vi a L3 o ° P d" é‘l’ 1
amﬁ'l:vzmmlnsiuLaulwqwaﬂw1msmaauamaswqu'wau'l.umitamwama‘lﬂ

1
3.4 msuantaulydl
widsueuuailielugnIamIsivaIves Berg et al (1972) Tngldanziiuunzaude
nandaeuluninings dundunivsiesrnunda 10,000 seuneund Vgumail 4 esrwadea
[ 54 -3 1 +~
Wuaa 10 ut weniivdaula M crude enzyme

3.5 M3ATzaududuvaslusiu
Ma35984 Bradford (1976) lnenivhegaeuluinauiuiieinlusiu (Biorad, USA)
ad tey av o Yuud o v a4 v o v ” o o
auAgnslualiovesuivn avialingamgivies 5 uii winhluiadinisgnauuasiianuenadu



13

w595  wiluwes  AnnamAauduturedusiuiiguiunsiiasguresansazaty
bovine serum albumin (BSA) ALY 0.2, 0.4, 0.6, 0.8 Uay 1 mg/ml

3.6 n1siananssuvetauleailasnsmuSinanianasaad

Wnisuas Miller (1959) lnsieulsinwanivansasasduansn 1 Wosidus (w/v)
flazanglureamatviasanndudu 1 M (pH 7.0) tiluvuit 50 ssrneadoa iy 30 uaft iy
ansavany dinitrosalicylic acid (ONS) Tagranlidndu thluduluduien 10 uni luindinis
anﬁuuaaﬁmma'nﬂé‘u 540 wiluwns lemveasuianssuwaguadld CmMC udvawmsn
wavldnglaadmivasnansminasgiu dwns Aansaugagadld xylan uduamsauarly
lelagdmivaiunninnsgiu udagmegwneunssuufiisen ¢ vasn fie vasn reagent
control fldsduamsnuazieules] asn substrate control laduamsaudlillaeules waon
enzyme control lawulmiuslildduansn uayvasavaasuldisduainsauavioulel thansg
AANGuUAITBIVRBAVIAdB UL INAVBBNMEATld I NasamURItaImasn  thiUliasiew
Uhnahaaiidiintulasiisudannsvissgiusasinunamnsaeulel Tre 1 gl
avpuauluiivaqaavieleuauua wnefe Uhinueuluifigesduamsaliiunandusiinma
nglaavdelalaa 1 lulasluasie 1 uwi mudiu moldanngivihmmaaeu

3.7 mavsufiuaniasfimunsaslunsinuveseulus

3.7.1 aniunzaslunsinuseteule

- Uapulmifuduansn CMC was xylan fiazansluveawadvines 1 M (pH 7.0) 7

gauvndl 50 asrwaldea U 10, 20, 30, 40, 50, 60 Wl ANFY SausinanimaTaenle
uazthly Tadld DNS reagent idenszsziianvasmsuniiiinAsnssueuluigaianionii
Wnzau

3.7.2 aanudunsadig (pH) fsnzaslunisiauveseulest

dueulnifuduaiasn CMC uag xylan favanglutwives 1 M fiiien pH 3, 4, 5, 6, 7, 8,
9, 10 uay 11 AAWU figaugdl 50 sarwaldoa uazliafingay Inusnanimaimdals
Tneld DNS reagent f pH veansuuitliimAsnssnauluigiigafodudiuangay

3.7.3 gumglitmanzalunisiuvasaules

Yueulwifuduansn CMC uae xylan fiazarglutvivies 1 M #ifidn pH fiuzay vu
figauminil 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 Way 80 aswnivAda a1y Tuszezail
wanzay wiinuinaninaifidililagld DNS reagent gumpiiwasnisusiilieansay
wuleigiigndaduiimnga

3.8 mavssiiunTasingRunyamnsdnd
thiegingiufivensdnfinthilidnashuaiedninalyi  &ehnesendioh

ndu nseuthita uiouwiefigamgdl 50 ssrwaidua uw 24 Halus vinsgessegningauiy

awnsdninuiifawacann Wu et al (2004) Tnsnin crude enzyme 10 giin AuingAvemns
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fnd 1 Wosdud (wa) flannefiomnean Weasunandin 1 M HCL 1 fad8ns uas pepsin
3000 giln Unsiafigaumgdl 40 svAleaidiea w1y 45 Ui i pancreatin 5 fadnfuiazanely
Tadsuluasuenivies 1 M Undunauseiigumgli 40 ssmwaidea wiu 2 dalus wyn
UfiAnseruumiuds tednilldaranslutivines pH 6.0 Y3uins 200 fiadans wdansesiu
nssaunsanued 1 weniiuszneultitesisiesdussnaumaall wanfvdulaluiesied
Uhinathma3nasils

3.9 mylansesdussnouiele

vamsiinnesidminuiinuisues (AOAC, 1990) uavifelovesiiléun waglaa Lol
waglaa uavaniu auiSues (Van Soest et al, 1991) WiguWisuardauuasudnisdemiele
snatauledluanmeivmnzdy
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4.1 apnzimneaulunmsudaeule

wuriiGeidnidon Ae lelaian ID2R1P1 Fefimuannsalunisudnoululivagaduas
louauudldgeanmsvagauuuemsidsadoiduarsdeiu cMC  dudoufinwaned
wngauivilideuusiiFeiiionssuoulnigiian Tnevinmsdnvnavesgamnil pH  s2fls
wiaslulaslaunassrognaivangay

4.1.1 navBssEEzIAMITUITD

dlemsdewuaiiGeleluian ID2R1P1 Tuens CMC broth wae xylan broth Ul
gomadl 37 ssnwadea Wussernauandwiufie 1, 2, 3, 4 war 5 Yu auddu Tuanne
wehfirady 230 seudeunil wazTanenssueulesiwudileleian ID2R1P1 Hefansauionle
geitgaidlomnudedtuamns CMC broth figamgil 37 asugaifua way xylan broth gl
37 svenieaidea Wussezna 2 Ju Tnedevoneulalivagiaa Wiy 1.248+ 0.014 U/ml ik
wulwflowauaninty 50.728 + 0.113 U/ml sudidy (il 4.1)

120 -
100 +
80 4
60 -

40 -

Relative activity (%)

= cellulase
20 -~ =8 xylanase

0 1 2 3 4 5 6
Day

J t A ar « - & : ar
nNvin 4.1 ﬁ']C]VlﬁﬂlJWUﬁ“U’tNﬂ'liNamLﬂu'l?iﬁl‘ﬁagLﬁ?1LLﬁﬂ‘ULLﬁULUﬁl‘U‘U’NL’Ja'mﬁl.ﬁﬂ%%ﬂ 57U

4.1.2 Naumqmmﬁmsﬁmﬁa

emdoeuueiiSolelean ID2R1P1 Tuewns CMC broth wae xylan broth yufl
gaunQileing q Ao 33, 35, 37, 39 uay 41 eewnvaldva Wuan 2 Ju luanmvwginugs
230 seusiowit wui lelwiam ID2R1P1 AnAanssueuledigefigailomnzdasiuoms cmc
broth #gamgfl 39°C uae xylan broth flamad 37 ssrniwaidva lneiimveseululivagiad
Wity 1.946 £ 0.013U/ml fideulmilsuauiuaiviniu 57.439+ 0.019U/ml anudndu Feauidiu
hnsudnevluivranauiiogungimaundegetu (mmil4.2)
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120 4 = xylanase
=== cellulase
100 A
80 A

60 -

Relative activity (%)

20 A

33 35 37 39 41
Temperature °C)

o $ Lo o ¢ a 4 1 = ] : = 13 [
N 4.2 mqwﬁauwuﬁ'ﬂa_amwamtaulwLﬂsaqLaauaz‘l'uuauma'lumaqquumwuwawumnmanu

4.1.3 uavasprmndunsa-inwasemsidsatio

dlemedauuaiiisoleleian ID2R1P1 uawns CMC broth wax xylan broth fiusud
pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 kax 9.0 AW WU ‘UIJL%EJﬁQEUMQﬁ 39 eyrmwalEa uay 37
avrnealdd sushaulunar 2 Ju wul Afenssueulnigan veneuludivagiad wiiy
2.034:0.039 U/ml laiwziFesd! pH 7.0 Sefenssueuleflouauiuagagn whiv 183.272 +
0011 U/ml iloinzidesii pH 3.0 faddy (Awdl 4.3)

120 -+
~100 4
£
Z 80 -
2
g
S 60 -
) =g cellulase
>
S 40 4
;.: =fr=xylanase
o0 20 -

0
3 4 5 6 7 8 9
pH
o ' Lo o ¢ ' a ¢ o A A '
AN 4.3 mqwﬁauwuﬁﬂmmamwamLau‘l‘vumaqLaau,az‘lmtauma‘lummﬂamLﬁawnmmﬂmﬂuniﬂ-mq
fneiu

4.1.4 naveslinuuvasnriveuluownadsade
Wamnzdsawuaiiselolatan ID2R1P1 Tue1mis CMC broth waw xylan broth fiflunaa
ATuBuNuANA1aiuAD CMC 1, 2 uar 3 Weddud audidy wasuiur pH 7.0 Yuiedigavgl
39 ssmgaldua Wunan 2 Junazens xylan broth svldundsmsueufie xylan 1, 2 uay 3
Wedidud Yiue pH 3.0 Unidedigamall 37 awnwadea \unm 2 u wuda fenfenssu
¢ 7| 1 o cd o a1l a « Vo
wulnlggadiomwsidoduemmil CMC 1 wWediidud Inefidfanssueuledisaguaaiiv
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0.821 + 0.002 U/ml wavdiArAanssuiouleilouauiua wihiu 124.004 + 0.012 U/ml iioidedlu
xylan 2 Wesidus (1mil 4.4)

120 -
100 -

e CMC
40

el xylan
20 A

Relative activity (%)

0 1 2 3 4
Carbon (%)

P ' Lo o a « a v v ' £ Al e
MV 4.4 ﬂ"lq‘lﬂﬁall'NUﬁ"Uaiﬂ"sﬂamlﬂu‘lﬂ’mﬂjaqLaaua:ﬂmuautua'ﬂﬂ'ﬂ”L'UN‘UUTJ@QLWIaQﬂ'WUaUWW'NﬂU

4.1.5 wavaswiaunadlulasioulusmsndsade

deinzidswuniidelolsian ID2R1P1 Tuewns CMC broth way xylan broth fifunas
Tulasiaufiuansneiiufie yeast extract, urea ua tryptone Avdudy 0.1 Wedidud uavusy
#1 pH 7.0 Uideigumai 39 asrwaifivd (ua 2 uuazems xylan broth U3ush pH
3.0 Uuieitgungl 37 svraidea Wuna 2 Yu wui fifanssueulwigagaiiomnzidedy
N3l yeast extract iuunalulasiou Inefirrfanssuoulusivaquaa Wity 2.612 + 0.040
U/ml wasiiinfanssuoulwllouauua Wit 3.641+ 0.032 U/ml sughdu (nndl 4.5)

3 - - -

]

~

=

v

2

=

:"é M cellulase
o

E @ Xylanase
N

=

=

urea tryptone yeast extract
Ntrogen source

awil 4.5 Arfanssuvaseuleligagaauarlyuauualuomis CMC broth uas xylan broth Taglduvds
Tulnsiaureiy



18

4.2 uanvAnIuvateulil
Welimsuisnnaiinisinuseseuluifndalfanleloan 1D2R1P1 fidausnain

nszmzgunszde SufesinsAnwszazailunsun pH uaveumglifieuledasyineld

UszAnsnmgatign Taeni1 crude enzyme flfinnisnsidsadennfinyinuafiveneule]

4.2.1 navesszezawen nieuvadaulel
[J P <l ed o al o

VAFBUNSYINNUTEN crude enzyme kaan 5, 10, 15, 20 wifl weulwifiatnanuuaiiisele

lgian ID2R1P1 Hrnfanssaneulediwaguaagegandeainuuum 10 wift Tnefidnfonssuiouleyd
i L2 '1 d | a L4 ]
Wiy 17.407£0.022 U.mg (100%) vaueiifiitanssueulnilauauiuaggandannvuduy
A~ 1 ) -1 4‘ AI ] o as L4

A 5wl WAy 229.13020.037 U.mg (100%) wasiilaiisszeziialunisunuidoeule

& (R - ¥ < ] <
unidunuirfanssueuleiiaesvinaaatednmnds (il 4.6)

120

100 -

xR
o
L

—®—cellulase
—&— Xylanase

Relative activity (%)
& 8

N
[
1

o

0 5 10 15 20 25
Time (min)

Al 4.6 Fqrisdaniusvesionsaenlusivagiad (100% = 17.407+0.022 Umg™) uaglouata (100% =
229.130+0.037 U.mg ) Tutasinatvesnasuy 5, 10, 15 uas 20 uadl

4.2.2 Haveerulunsa-A1enan1sinauvasoulyl

oty crude enzyme luaisavanetWolesiiil pH 3.0-10.0 wuin fissdu pH 7.0 ¢
Aanssuveneuluiawagaauarlvuauaiidigsgne 6.156£0.003 Umg' (100%) uae
372.008+0.055 U.me" (100%) anuddiu (amdl 4.7)
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120 - —@— cellulase
100 | —&— xylanase
80 A

60 -

Relative activity (%)

20 A

3 4 5 6 7 8 9 10
pH

Al 4.7 Anqrisduiusuaaeuleiiivagiaa (100% 6.154+0.003 U.me™) uarlouauia (100% =
372.088+0.055 U.mg ) tilevailsedy pH 3.0-10.0

4.2.3 unvosgamgiisansyineuvediaule

dlovn crude enzyme TutwinesTudioses@ion pH 7.0 vuduwnat 10 wait wudail
gomgfl 50 evrwaided Leululivaguaaiidiuendifisumvgeanie 24.926+0.002 U.mg’
(100%) vosaulwilauauaiifonssuveneulsigmailevniigumgil 90 swmieaidua
Wiy 224.389+0.067 U.mg (100%) (il 4.8)

120 -

100 -

(o]
(=]
i

(2]
o
)

H
o
1

—@— cellulase
—&—xylanase

Relative activity (%)

N
o
1

o

30 37 40 50 60 70 80 90

Temperature (°C)

Al 4.8 Anqrisduiusvaneulelivaging (100% = 24.926£0.002 U.mg”) waxlsuauiua (100% =
224.349+0.067 U.mg ) iflevniigaumgdl 30-90 asrisaidua

o ] 1 & - .
4.2.4 anuduwizvadeuleidenisdesdrsnedu (substrate specificity)

4 o « ad o ot a ' o [
Wereuledsiunannanuuaiislolean ID2R1P1 uaasunIstoaduaass 1aun
. P
CMC, avicel pH101, xylan, uag filtter paper (Whatman No. 1) auan1zimuzanlunis
Mamveueulesl wud weuluiannleleian ID2R1P1 dunsados CMC uag Avicel lalndtAes
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Au nefirwenddfisuwe Wiy 21.243£0.053 Umg' uaz 18.439+0.016 U.mg’ mugsy
wazannsndeunsEAtunsadldAeARIATIMIE L 8.700£0.052 Ume ' na1aleineulsid
uananwuaniielolaan ID2R1P1 Nﬂ%ﬂiimaﬂ‘ljm‘damaﬂwqLLUULauIﬂﬂaﬂ’ILUﬁLLa”Laﬂi‘ﬁﬂa
ALUE uanmnmau‘tqmmnla‘lmam ID2R1P1ea 30808 xylan LA Imaumuaﬂmmuwu
Wiy 263.980£0.017 Umg (5197 4.1)

P ' S v a
1919 4.1 m'mmmin‘umLaulszju"l.unﬁtlaamimmu'uuﬂmaq

dnsmady AeARIAI WAL (U.mg )
Xylan* 263.980 + 0.017

CMC* 21.243 + 0.053

Avicel pH101** 18.439 £ 0.016
N3EAIYNTDY Whatman No. 1** 8.700 + 0.052

G5 pH 7.0 gruugd 90°C w5 yail *UuFA%e pH 7.0 gaumgdl 50°C w10 unil

4.3 HaveINIHayIngRuaIMITERd

Lﬁav‘hmsﬁnmmmmmsa‘umLau‘lﬁﬁlumis}aai’mnﬁummsé’mi Ao Tudeudessdn
dnlwauag nndundes s 1 ndu 'luam'zvmaulfummamﬂmamLLa:'umUunm 30 Wl
wuieuluifindnanuuaiisslelesan ID2R1P1 fifanssueuludnisdosdinaligean 28.09
fiadniunglaa gog3191 Judyndsldsesaun fe 27.48 HadnFunglaa uay 26.85 fadnsy
nglaa Amuaey vanniigannsadesmniamiedld 14.54 lafinfunglaa (@159} 4.2)

A3t 4.2 Vinanfmanglaaiigessinian 1 nfu veseulularnannuuaiiieleloan D2R1P1

TngAvemnsdnd Vnanimaiiad @adniu)
Tudgud 26.85
$9UM 27.48
11lna 28.09
mnfmdes 14.54

4.4 Uszivsnmnsdasamslidlaevluiaia

mammmﬂnamasﬂmmmssaa lngus crude enzyme 20 gila Ausiwsdnd
gy 2 Weddud fanmsitonnyay wuih wuleifatnendsuunfieaunogesemmsld
a'u'sa]'gulm lagaunsnges NDF 16 3.123 wefifud dou ADF 1% 0.660 wWasidus doniadl
wagladld 2.46 Wedidud usilinunsdesaniiu (a5l 4.3)
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A1519% 4.3 U?u’nmtﬁala'lumwﬁldé’wL%gﬂﬂ'auuawé’amsaiaaé’wmulmiaﬁ’mmm%a ID2R1P1

Treatment %NDF %ADF %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 5.618+1.64 11.87+2.33 4.117+0.23

Digestibility 312 % 0.66 % 2.46 % 0%
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o
unin 5
dydnansidsuasdaiauauue

munaﬂiqu ’quwtswummam1501un15mamau1wwaaLaaua"l‘mauma
ID2R1P1 mmwnmnns%wusmunivua WU "La‘[«zﬂ,avmmwa'lmm'lumsaawummsum
CMC agar uay xylan agar umuo’lamawaamaLaul‘zml.‘zsaaLaaLLav‘LmauLuaaa o
wuaitiSolelean ID2R1P1 udsdlueims CMC broth Anndudy CMC 1o ndud uas
yeast extract 0.1 Wasi¥us Wusveziiar 2 Ju wacuvmu 39 aamgaldea pH 7.0 Wwese
ANLSITOU 230 SEURBUNT WU Laulczmwaataammsammulmm 10 w1t pH 7.0 gaumgd
50 seATaLTed ‘umvwLauwu“bduaummﬂumulsuuwmmulmﬂ'Lu‘zmamvm:u 30-90 8¢
waidea toulmnifiatnanleluan 1D2R1P1 finauantRuuy multienzyme complex Aoausa
aaulﬂmawsmmumsuanmuw’wawjaaiaa (CMC) uazlauau (xylan) udaiunsagasnszaunses
latios Fednaglungueulangaiiua (endoglucanase)

LaulfnmwwammmLUﬂmsalaI‘mam ID2R1P1 fiarmannsalunissesingiuomisdails
Tnginngesdninauangiu $1977 uum'dmaau.a.mnmmaaq‘[ﬂauunmmmummsamulu
a1 30 uil LdMNslTEEUSInanhniaiing wuin euleifinnsdestalue 1 ndy W8
mmanaiﬂaaqam 28.09 fiadniu suledanunsadessidna siudavsy Maq"LmUummanaIﬂa
27.48 way 26.85 fiadnsunglaaniuddy uanmnuawaamnmmamlmmmanaiﬂa 14.54
fadniy

msvadoulngdeslseansamnistosemisiide Insuufucrude enzyme 20 giin
omsdnTdusaguTianiznITsanenssnnzdain wmuaulwwlmmnLmﬂmia‘la“[maw
ID2R1P1 fimmannsalunisdisdes Tnghvluomnsldladniewisiiildouled wuin teules
annsagesemsinlalavdes NDF I&f 3.12 Wedlfus dos ADF 14 0.66 Wesidus doulas
wagladld 2.46 Wesidud uwiliannsadesdniuly danfunmsasueuledluomisdadaunse
Winuszansnmnnsdegle aaN‘lﬁnmumsumsﬁnmma‘imauﬂﬂwmaaaLam'lmwam}s.,ﬁwﬁmw
n1sdeula Lwan"‘[a‘zju"lumstuuam'luammwnssumsnam‘lmua
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naudednd. 2552, aiinsiiin-een Audwedad. nquansaumauazdoyaadn, audarsaume,
nsuuRdnd, nssvisnuasuazannsal. Audrdaiseieu U7 11, aduf 12
UssTudaudunnau.
nsuRdad. 2553, wauammumwmmauﬂﬂam'ﬂwsvmﬂlwa Usedl 2553, szuugudeya
mwnmamam (TH-LIFDS), nquanseuwaayoyaad, gudasauwme, naadnd.
vIuile unsatan. 2544, a¥sivervasity. i 2 munwuwwsuumnm . 380 .
ynyden Tawdasena. 2541, Tnwumanddnd. fuindel 6.nA3v1dmmand auzinunsmans
uImeasdeslni. 170 u.

wnilan ywan, 2555, miﬁ’mé‘anLLUﬂﬁﬁaﬁﬁﬂmuamwm’lumia%\ufvaqtaauasl‘duauLuamn
nivinzniinvesnszle. Insinudinemaniumdudia. azumw: an1tumalulad
WizaRuInALIAMMmTaIansE T

Jwaiingd lastygn dnsnqual nvadona aun Sausnundt wes Au ad A, 2550. n1sden
aammaammanwsmumﬂma'lmau'lsuﬁlunanlejaﬂu"lamnuavwaaia‘lamnmn Boal(us
sp. @efug TW-1. T Feufiunisussrpmivivnisveamiingndeineaseans ada
45: @Y IneIans. nganwa. Wi 85-92.

seinssas Sufhuuia 2530, Lmﬂﬁl,?tflunizwauﬁnwadﬂﬁmﬁaauaxmiwémauisuﬂwaqma.
aniinusinerinusumdadia, Wedni: inminendednl.

A¥ouen adndiiuiian. 2551, AumaINvaEnIiugnssuvessnInThuaiiielunssmzga
vownszlievdn (Bubalus bubalis). Ineniwus Ineniinusivivudin. njavwavnuas:
aouwaluladnszasmndndraaummsainns,

3oy avann. 2551 . gadriveuasmaluladBanmiugduridlunssmnga. fuiadai

1, lssinidndnduaSunagiineusy duwauay, uATUY. 249 u.
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1. Msiesua sy ude

Xylan agar
Xylan 1.00 ¢
$9N 500 g
Yeast extract 1.00 ¢
Agar 16.00 ¢
thndu o, L

Heelgavianuau 15 Yaus/an519ta (121 °0)15 ul

Xylan broth
MSATENDIMISIMAT xylan broth Tduusznauituieaiuiuamsuds xylan agar ua
Laify agar Tlegiainnumils Yeus/ms19ii (121 °Q)15 ud

CMC agar
NaNO, 2.0 g
KoHPO,4 1.0 g
MgSO, 0.1 g
KCl 0.1 g
cMC 2.0 g
Peptone 0.2 g
Agar 170 ¢
thndu 0 _ah

avargarsviaualuiindusuluilefoniu uddesiiiu acar UsuuSinasesihnaul
Y _a & o & d a o e Y € & o
16 18n3 Tewdeioamgil 121°Climudy 15 Yaussenswin Wunan 15 uiil

CMC broth
CMC 0.5 %
Peptone 0.5 %
KH,PO, 0.5 %
MgSQOq4« 7TH,O 0.5 %
Yeast extract 0.5 %
ﬁ:ﬁné"u 100 ml

Y] T < X a o v a v a v S Jaw
a#a']ﬂﬁ'ﬁﬂ@ﬂuﬂluu’]ﬂaUQULﬂULualﬂUQﬂu LaIABULFN agar Usudsumsmeuinaulu
Y o a a4 o & d - ° P [ €1 'y [ <t
1.9] 1ams uamt‘vawqmuﬂ“u 121°CyAadnunu 15 Yauaseanseia wWuan 15 umn
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Lubia-Bertani broth (LB broth)

Tryptone 100 ¢
Yeast extract 50 g
NaCl 100 ¢
1hndy 10 L

) 5 & & & o ) v e v - v a 1
ranpansvimualuinduantuiliodety Yiuvinassisdndulild 1 8as teide
igamgll 1210smngaldsananusiy 15 Yaudaemsisia Wulian 15 unil

u

Lubia-Bertani agar (LB agar)

Tryptone 100 ¢
Yeast extract 5.0 g
NaCt 100 ¢
Agar 150 ¢
dindu o L

& Y g & a4 o v a v a v S & awv
avangansiamualuinausududledsaiu uddosiy agar USuuSunasimeninduly
16 18m5 DeinFengaumgll 121ssriwadoaiaudu 15 Usuddennsada Wuian 15 uadl

2. manIguasazaedmiunsiinssiquaniiveseulesl
3,5-dinitrosalicylic acid (DNS) (Miller. 1959)

3,5-dinitrosalicylic acid 106 " ¢
NaOH 198 ¢
Potassium sodium tartate  306.0 ¢
Na,S,0s Bim, g
Phenol 7.6 ml
thndugu 1,416 ml

. " T < a o v o a
azany Potassium sodium tartate luthndusnuiuasinesnis uavduduansavany
auq asussyldvindvwdniuliluiile

2% CMC
HaAN CMC 2 g gulik CMC azangauvun lundudisindeuds 100 mt

2% xylan
K% Y oA d v
Netd xylan 2 ¢ qulw xylanazangauvun tulnduisiwdaudn 100 ml

ansavarelglfguesdinsaiwines pH 3-6
- 0.2M acetic acid
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- 0.2M sodium acetate (tri-hydrate) (27.2 g / )
- wSguasararsiiwesnu pH Aiseants

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

4 847.0 ml 153.0 ml

5 357.0 ml 643.0 ml

6 52.2 ml ) 947.8 ml

arsazansluifisuevamsaivines pH 7-11
- 0.2M disodium hydrogen phosphate (28.4 ¢ / )

-0.2M HO

- 0.2M NaOH

- Wissuasasanetvinesau pH figeinis

pH vol. of 0.2M disodium vol. of 0.2M HCl vol. of 0.2M NaOH

phosphate
756.0 ml 244 ml =
955.1 ml 44.9 mt =
955.0 mti 45.0 ml -

10 966.4 ml - 33.6 ml
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1. aswlasgiunglag

Glucose standard curve

y = 0.1115x - 0.0551

2.000 R2 = 0.9933
6.000

o 2.000

S 4.000 w=guem Glucose std.

4 3.000 y

2 5 00k e Series?
1.000 ——Linear (Glucose std.)
0.000

0 20 40 60

Glucose (mM)

o PV - <
MUELINT U1 NS MRsFIUNglAE (Glucose Standard Curve) INAIMNIIAANAULAINAINY N
AR 540 nm

3 Iy

MWK v1_Annnsgunglaaililunmsinssiauanifveaeyle

1

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. nyinmsgiulelas

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 &2

~gme Xvlose std.

Abs. 540

—— Linear (Xylose std.)

60

Xylose (mM)

o w1 & P -
AmEwINd 12 asmuasgiulalad (xylose standard curve) JaArnsganduuasiinieindy
540 nm

< ' i a ‘ wa ¢
A1919WwIn® 92 Annasgulelaaildlunsiensinumniiveeuled

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

50 4.866
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3. s unsgulTAuANis Bradford (1976)

BSA standard curve

| 0-500 0.9615x + 0.007
0.800 ' y R2 = 8"984'
0.700
0.600

wn

S 0.500 |,

.é‘ 0.400 wmeguse Standart. BSA
0.300 | Linear (Standart. BSA)
0.200 |
0.100 |

0 0.2 0.4 0.6 0.8 1
BSA (mg)

i 1 ""'d ] @ - < <
AWELINT 93 nTIAsNlUsHu (BSA standard curve) INAMIIPANAULAINAI NG IAQY

595 nm

é 1 - ¢ v v <
AITINNUIINT U3 AINIFIU BSA 489N 0AIIEVATITLTUYBILUSAY

BSA (mg/ml) Abs 595 nm
0 0.000+0.000

02 0.211+0.022

0.4 0.420+0.058

0.6 0.520+0.045

0.8 0.807+0.100




33

3. fanssueulvdiwagiaduaslowauiud

P ' a . « o = ° ] & [ [
ATITNUINN U4 mmn'ﬁmaql,auhuwaql,aa VUi 37 C vuive Wussyziian 1-57u

Time - X . Relative activity
Usunau®a (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

4 2.639 + 0.265 1.124 £ 0.010 90

5 1.573 £ 0.304 1.152 + 0.019 92

o d 4
ANARUNITNATDY 3 AT

A131INUINT 95 Afianssuveeulwilawauiua vuiigavall 37 C nde usvesian 1-5%y

Time U'%mzut%a ob-sodl Enzyme activity Relative activity
(day) (U/ml) (%)

1 1.456 + 0.134 31.806 + 0.024 63

2 1.770 £ 0.527 50.728 £ 0.116 100

3 1.919 + 0.327 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

+d 1
ANTaBNIINAaN 3 AN

< " a : . d a 4 &
A5 HNUINT 96 AfansTvaeuluiivagieataclsuauuanndalagleleianiD2r1P1 Wiaides
A o 1 s U
Tuawns CMC broth wazxylan wqmmqumaqnwﬂunm 2

Temperature Enzyme activity (U/ml)

Relative activity (%)

(‘Q) Cellulase Xylanase Cellulase Xylanase
33 1.393 + 0.056 19.055 + 0.009 72 33

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 72

41 1.027 + 0.001 12.813 + 0.017 53 22

4 o
ANRsENIITNNGEN 3 AT
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A1519MUInT 97 Arfanssuveeululivagaauazlauauai pH 3.0 - 9.0

oH Enzyme activity (U/ml) Relative activity (%)
Cellulase Xylanase Cellulase Xylanase

3 0.543 + 0.009 183.272 + 0.011 27 100

4 0.386 £ 0.001 126.904 + 0.023 19 69

5 1.866 + 0.053 39.076 + 0.015 92 2%

6 1.632 + 0.026 32.634 + 0.023 80 18

7 2.034 + 0.039 9.636 + 0.010 100 5

8 1.22 + 0.081 5.968 + 0.009 60 3

9 1.454 + 0.066 4.08 + 0.002 71 2

o &
ANRRINITVINGBS 3 AN

d | o < U i ] L
A1319wwINY 98 Arnanssuveseululivagiaauarisuauiualudiuuundsnuauiiniy

% carbdh Enzyme activity (U/ml) Relative activity (%)
Cellulase Xylanase Cellulase Xylanase
0.389 + 0.020 755.473 + 0.052 100 56

2% 0.161 + 0.010 1342.004 + 0.018 41 100

3% 0.297 + 0.023 638.125 + 0.028 76 48

3 4 z
ANBaENIINAAN 3 A

d 1 a L4 \d ] o
A1TNNUINT Y9 ﬂ']ﬂﬂﬂi'iil‘ll’e)\iLau‘l‘dllL‘UaQLﬁﬂLLa:,’1.‘11LLﬁULUﬁIULLVIﬁ\ﬂUIGﬁWUWN‘UUﬂ

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

ANAAYNTNAABY 3 AS
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mMaeruInil ¥10 Afanssuveseuluiwagaauasluuauua (crude enzyme) ey
Uinseniaenaiy

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

5 12.724+0.005 229.13+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

N AJ t‘;
AURAYNTYVINABY 3 ASY

o " a ¢ d oA )
ATINUINY V11 Fnﬂi]ﬂiﬁﬁJ‘UENLau"L‘UllL?faQLaﬂLLaz‘lﬁLLaULuaLuaUﬂJVﬁL’mU 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 93 77

6 5.842+0.006 307.478+0.084 95 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 79 65

10 4.427+0.009 219.124+0.052 72 59

ANRALNITVINGEL 3 AT

d 1 a d 1) 8 °
MINHUINT 112 Arfanssuveseulniwagaauarlauauuaivuluaamail 30-90 C

Temperature Specific activity (U/mg protein) Relative activity (%)

O 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 91

40 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

J J 5
ANTAYNIINATN 3 AN
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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 ID2R1P1. 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 21.243+0.053 U.mg']. The enzyme also digested avicel and filter paper
with specific activities of 18.439+0.016 U.mg" 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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