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Production of Galactomannooligosaccharide with prebiotic property

from copra meal using mananase
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Production of Galactomannooligosaccharide with prebiotic property

from copra meal using mananase
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Research Title: Production of Galactomannooligosaccharide with prebiotic property from
copra meal using mananase

Researcher:  Mr. Praphan Pinsirodom and Mr. Surachai Yaiyen
Faculty: Agro-Industry
ABSTRACT

Study of extraction conditions on the yield of mannan from copra meal, and the length
of mannan on average. The extraction conditions for high yield of mannan was sodium
hydroxide 16% (w/v), for 24 hours at the pH of 5.0. The best condition for the length of the
longest average mannan was sodium hydroxide concentration 25 percant (w/v) for 30 hours
at the pH of 5.0. 'Mannan concentration 0.5 % (w/v), at pH 8.0 was taken the highest

solubility. The extraction conditions for highest yield of mannan used in further experiments.

The Response surface methodology with Box-Behnken Desien was ued to evaluated

the optimum condition for mannan hydrolysis to produce Galactomannooligosaccharides. The
pH 3-9, reaction temperature 35—?5°C, the reaction time 5-25 minutes, the concentration of

substrate 1- 10%, and the concentration of the B—mannanase from Aspergillus niger 0.6- 1.2
units. The reducing sugar as the measured response. The result showed that the optimum
mannan hydrolysis condition was concentration of substrate 4 percent, pH 3 at 60°C for 25

minutes, and enzyme concentration 0.6-units enzyme that has the highest reducing sugar.

The DP of hydrolyzed mannan was among 2-6 units-i.e. mannobiose, mannotriose,
mannotetraose, mannopentose and mannohexose. - The maximum hydrolysis by artificial
human gastric juice of MOSs was 3.38%. Additionally, MOSs promotad the growth of the
probiotic Lactobacillus plantarum which was similar to the inulin reference. The presence of
MOSs as a carbon source reduce growth of the pathogens (Escherichia coli O157:H7 and

Staphylococcus aureus).

Keywords : Galactomannooligosaccharide, B—mannanase, prebiotic, copra meal
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finvannzivnzadlunisdes W aududuresansdesiu pamil Anudutureeuley way
nan Fsanmsiiatursyhilildeealnnuanlawuuuy fimuwanmstunisdmainenm wu

e < e [ il o < 2
wialuana anlinisazas arumie waranidnmsdunsluledn Wudy



uni 2
= o s c!' ci E
NaufiazIuIeNngITas

2.1 ugwi12 (Coconut)

W A ey 1 . . - 2 -1 o '

1zW317 (Coconut) HA¥aINeA1@niin Cocos nucifera Linn. Wudiedusuluidesiiien aglu
aszpatidy wulemiynnirvesUssvalneg lasanzaiald Mugueninlnowdsesndu 2 nauy
£ s 2/ w &Y = ‘:‘z: s o &Y -:"i} =
ABfiuAe uenIIRUgAug danugeuszuin 20 wes Tuld wasuzniniudiuie drnuge
Ussanm 3 wes - ansldusslemdannugninansadunldUselondlavndiu Tnoanizaa wu 14
@ ° 2 e - &, v & P
wUsgmunagn dmndsznavems Wuingivlulsugeainssy tasidusiwsdnd duiwdae
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2525)

2.1.1 Taseadqvosauzwig

waugwiNAgnuAnTaudiazinuies dnvmzvemaifutuulnuia asu (Fibrous drupe)

WSund W (Nut) Swden 3 4u fs Waenduuen (Exocarp) WuduleMuionazuds Woudeneild

=

2 une widasvderna wasndunae (Mesocarp) Wuduiegfaarnaenuan dhun Wudues
dulefiFendn muenin feamundszum 4.8 wuiues Wiensuly (Endocar) Huiulugei
finmungwiniudeuseu dienaumsziifnumzuds Fmasiseninngan (Husk or shell) Famelu
nzaugniNEintenin Selszneuse Wouzwin (Solid endosperm) Wazimizni (Liquid
endosperm) Tneiilausnsnausznausies Seed coat RUSTIARTARE) ﬁﬁwmaﬁ"uagwmwﬂzmﬁuL‘fﬂ

UEN31I B9 Seed coat DazRnuduiuiilonsnin daninm 2.1

Solid enGospenn

Exocarp- §
Liguid endosperm
Mesocarp 5 &

G; 2/ 2/
awn 2.1 Iﬂ‘iﬁﬁ'ﬁ’]ﬂﬂﬂﬁ@ﬂi&%?ﬁ’n

fiu: frwasenn ht’tp://deltakintkey.com/angio/i'mages/pair*nSlﬂf.ghc (voulail)
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Weuwnin fe diuvesudeauzniy Fvwasiiidusguin dienageuaziiti (liquid endosperm)
uTTgegi Jalmeniniiheannnglag uazelasa denauddnonglszaim 12 Weu aeflasd
Tusenuaineadueiilensni1n (solid endosperm) sauagaae vrliiuznindsansesasly

U%mmﬁﬁﬁﬁaaaa LLﬁ:ﬂLﬁ@u%W%’nﬁﬂ’]’]ﬂJWU’lLLazLh“ﬁxﬂi.l"lﬂﬁu

asAUsEnaunLAiivasilongning Usenaudis TUsiu aslulawnse oty Wundn (mns1eil 2.1)

USinamesesdusgnounnvietdesTuagiuaeng iufinnswizdgn uwassyiuanuun-seu Wusy

P ¢ a & 7
M99 2.1 a\‘lﬂﬂ‘SSﬂaU‘W]dLmJ‘lIENLUEJEJSWTJ’J

unafisn
2 Dendy ag
a9AUsENau = Grimwood Balachandran Chakraborty Kwon et al.
PR (1975) et al (1985)  (1985) (1996)
(1973)
AT 44.0 42-48 35.37 36 40.9
Tushu 3.6 q 5.5 4.5 3.8
gy 38.1 36 44.01 a1.5 35.2
el 3.1 2 3.05 3.5 .
L 1.3 i 0.77 1.1 -
Aslulalnse 9.9 720 14.35 16.9 .

AU ArLUaIRN Kwon wazans (1996)

nsuilaalleusnin dvsuilnaaauazdunudsulidundndusinineg denamnssuivuie
ugn31UlsU ldun gaaimnssunywiuie gaaminssuusniigaute gaaivnssutsy

UEWiINI Uaganavnssunsiiviudy 1usu

2.1.3 nINUTNI12

& @ 3
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Usgnoumgihmamulag vizetdaaenlvafismilie (alunedwes) viessnaumedmiamu

lna wazumalenlvanauiy (ewmaslsnefiwed) wu disawuulua dienalalag iimanuanlna
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& v a Y %) s |
WongnimiiunszuunsLUTIURINgRavNTTINTULE ST LaganamMnsIungR duimdaann
nsyuIuNIsHUTIUE 1Send1 mnuening Teedlusunavesesduszneumaniidnlngdosniiluile

v v = s | o
ugnin endumslulamsanivinagand (n15199 2.2)

nsihmnusninldldusslosddmlngiluduemsdnt witeqiuiinshlulduingiuisudiu
= ¢ Iy oo wa g = a = v = o a
Tunswasauled waradnasndandmduniluledn Wesnnnnuendniiuuwuy Jadulnduea

alsamlailautls (Non-starch polysaccharide, NSP) wazfianiadunslulefin

=~ s = %)
A19199 2.2 29AUTENUNIUALVDININNENTTI

asdUszney (Gawaz Tagthwinideon)
mm%u 3.44
TUshu 0.85
gy 25.59
L0 1.13
anslulamsne s 68.99
- NwaAlaLULLY 61*
- WU 26*
- laglad 13*

wnewg * Anan Souasaaniilulamseione

#1: Balasubramania (1976) wagkKhuwijitiaru wagaos (2012)

2.2 wUULUY (Mannan)

wuwiuueiiaglaa aunsanuldvilludedediv wanfududsznauvedlnalalusivlunts
\gAGVRITER Lﬁal,?}aﬁﬂdwuLmuLLuuag'wwdw%mmLﬂﬁagiaau,asﬁﬂﬁu lngdafiniudiuvesdniusieg
WusslAaun Lt,am%uﬁvwagiaaﬁwﬁ’uﬁﬂa‘[mmu Favawadrenuudusanlasaien iy
wuwinlwensanisdesaans aunsanuludulaadsuves wianiuw ladatuty wazugnda

(Saittagaroon wazamsz, 1983) duvewidilealu yn letesin M5 uagitumsasud WHudu
(Moreira Waz Filho, 2008)
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U =

(Moreira uag Filho, 2008) 3sdauungulsl 2 nau fil

2.2.1 ngundiaausluaieswiafentuaelavandouseiudeiusy lwén-1, 4) e
P e 1a o v o | [
fupnananlng nfuagldfadeusemenuse waaii(1, 6) laua wuuuy waznuanlauuy

'
s €

WU wHusuune 2 vded wuunnluduleadsuvesndavasfignsenada M3 nd wazlasadufy

Y
\ud
i 2, = ¢ v g =
- uuuLuY (Linear mannan) sulalulnwdusannlse feUsznaumetmanyuluad

Weonsiafiumeiusey Lusn-(1,4) Wuaelandn laddaneldfdulaseatia 1 degree of polymerization

s
=

Uszanal 10-80 wuusuusdadnuuinlulassasiweslilaziudaiy tazaruisanvluaiusiedung

WAYAMI18ETe

- nLaAlALLULUY (Galactomannan) Huenauuuluafidounonusmenusy Ludi-
(1,8) uaelavdn wazilthaanuwaaleailvanslans Weudesigwusy Leavn-(1, 6) a@1ansanuy

Tulassairevessidaundu tagtianzndn nuaalauaunuyil Amavasnsalunisazalsswazaiiy

<4 =2

YUNLA FIAIUEIUITDNIABITUA UL U UDIN LA ALALL WL LY dauluglaunann Tadaduiy

) & [ :grl (7] %) 1 at = o = @ 1 1 w f =
LaEMNS LazdITuAY DRsdIueLLulua/NLanlad lnalafa-Tudy donsndiu 5/1 dru M i
9R5189U 2/1 1nAUUANg 2 vasniuvanlawsuwuy vlvleulddu arsdfivarrawila (Thickener)
ansiiuauAa (Stabilizer) @1sBada (Binder) Wiiundadusiluanainnssuenns o1 & uaz dme
Vs

2.2.2 nguitsgnaumetinnaniulug uariinianglaaluaislivdn waziiimaienlea

Wi nglaa wazniuarlag ufuaaleng laun nglaLtuLLY WasniaAlanglauiuwuy

- nglAuauu (Glucomannan) fiiwatsulug wasinianglea \ourefughe
Wusy Li-(1,4) Wuaneldudn lflaneldnslulaseade fsiisnsdruresiaawuuluasediaia
nglad 1 3:1 uawil degree of polymerization 1nnni1 200 wulglulsfideuds dqunaﬂmmuwuﬁﬁ
é’miwa’huﬂmﬁ;ﬂmauuuiuasiaﬁwmaﬂg‘lﬂa 7l 1.5-2:1 uaedl degree of polymerization Usana 70
annsanululiidesou winfiv s1n wazdumeTuiurinnaaity nglawsuiuuliouldogng

nsvndlugaavngsuen

- nuanlanglAuuuwuy (Galactoglucomannan) fuimiaudulua waziananglea

Wansanumeiusy wan-(1,4) luaeldndn wazihihvianuarlnadeusadeiussy woani-(1, 6)



o 2

Juanglafs ddnsdrurenimasuuluadetiinanglaadeuinianiuanlng 3:1:1 i degree of

=

polymerization Us¥ainal 15-100 uenanildiivileals-azdda (O-acetyl group) aglulassadiesiag

'
= o

flUszannl 5.9-8.8 Wesidus Feagsiumis C-2 w3a C-3

] I oo Yyowa 4 1 P ¥
WY 2 ngy deuanunsalunisazatedilas Wesainldfsvesiuuuuudaduiina
nuaalag d9ruruvemylalasendauinninwuluarsvdnveshaawsulug %ﬂLﬂuwgﬁ%auﬂw
(hydrophilic) Astiudnuluvesnguinianiuaalnaluarsniwarlaiuuiuuddinalaensese

P]’]”Ii.lﬁ’]Nﬁiﬂiuﬂﬁﬁﬁﬁﬁﬁﬂﬁ’lﬂaﬁaﬂ'E‘lJi&iﬂ@'ULLlI‘LlLLuu

OH

HO .0 Ho HO. L OH
HO -9 2 OH
HO . e A
HO. " HO _0 A
HO.
H
CH
Man Man Man Man Man
oH _OH
2 Gal
oH H
ol OH
HO o HO iy OH
HO -Q o d OH
O i e ]
Ho Ho — o Hd T
HO.
o, B
OH
Man Man Man Man Man
HO OH
o Ho ) T =
0 = 0 i X
HO. ol HO. i H o
HO. e =
HO- C
’ g E OH ™oH
Glu Man Gla Man Glu
OH _oH
o Gl
HO
oH oH
HO- o HO. OH
0O o] \ o ™
Ho. L W o = ) KO 9
OH HO %
oH e D
OH OH
Glu Man Glu Man Glu

A9 2.2 Taseas1ewssuuuluuie 4 9ln A wuuuuy; B: n1waalanuuunuy: C nalALuULIY

waz D: nuaalanglawiuluy
AU1: Aauuasan Zyl uagane (2010)
2.3 wulgduuuuiiud (Mannanase)

Luuuuangeguiukuukaznuanlautuuuudl 2 vle Ao Ludi-unuuua (B-
mannanases) kag LUa-wiuludiag (B-mannosidases) Faideisona1ussuuin teula-1,4-1usn-f-

wuunuy wiululalesiaa (endo-1,4-B-D-mannan mannohydrolases, EC 5.2.1.78) wagionla-1,4-



wen-a-unululwslulas lalasiaa (exo-1,4-B-D-mannopyranoside hydrolases, EC 3.2.1.25)
audeiu g wulaluafuvsevatevlia auaiise 51 Ban wavuendluseda Tnsaiulngy

Al d a & . . o o o
wunsnlueulauindsulaies (constitutive enzyme) wazieulaufnasiinisuieadi

wi-wsuua i fissdjiserlelasledalunisdeniusy 1wi-(1,4) wuuguiianals
Manuod wuuKuY nie ninanlaunuuuy 1¥idusedlnninanlouuunuy
(Galactomannooligosaccharides) #3athaaluanaiiiidnas wu uuulululed (mannobiose) way
wuululmsled (mannotriose) uaﬂmﬂﬁé’@mmmﬁmﬁﬂ%m transglycosylation vi1l#a@1u1snasna

\flu Galactomannooligosaccharides laan

wen-unuludiea itz lalasladalunisdestiuss 1udn-(1,4) :andateuauy

Shdveseadlnnuanlaiimuuulinnuemaeduas wasladmauwuluaundasungame

1RSI B3

l LUATI-L UL LA

oS £ B0 O

WA U UTURLAH WUA-buulugiea

WUl U wdulululea

d' b5 1 L } 2 L3 s 2 =
NN 2.3 Nsingasiuse LUa1-(1,4) vaseulysl an-wuuuwa wastiudi-uuuluding vy

1AW UL LY
117: AALUA9IN Soni way Kango (2013)
2.4 wSlulafin (Prebiotic)

wiluledn vungfeomsnguanslulamsaiiligndeauazgedulunaiuenmsdiuuy Tng
aunsavusiansteslagnialunsamizamisuasiouleailudldbn uasiinalunisdaasugunmues
v oo & o o a = el | e . 3 = o o [ K ° o
nustarlagifuemsdmiumsaiguaswuaiiGenduiisiusylond vielwsluledniienduogludla

lneiliduasunisiaiyvesuuaiiiSunelsa (Gibson and Roberfroid, 1995) Tasqdun3dngudi



Uszlewdniadeningdunidinsluledin laun Lactobacillus acidophilus, Lactobacillus casei wag
Bifidobacterium spp. \uiu qaun3dlnslu lofn waznslulednilauisiwuiueg19lnddn

v

= o =1 o 1 = = 6" a o =) = = ]
wilulafiniluaisormsnanuisoduasulnydunidinsluledniinisiasaydule ivduiu wae

5

LTI BT

AetluansemsifiauanUidunslulefndudosaiuisanudenistesvasnsalunseimiey

]
S e

o3 wavasgaldlnglalagliinisdounvas waglignaaduludldian iengdunsdussdiu

= o '

(microflora) NendeadludldnganunsaldarsivariilunisiadyiAvlanaziiudiuiu (Gibson,

2004) wazdsualvgunwvosuilnantu 1ty Daglunisgaduuisns 1y ueadon uwunil@oy way

Wifin (Lopez tazAy, 2000) wagatunsatestuugiSedldlvela

'
=1

ansensilinuanidunilulefiniiy

s

nauddndugsemsmnasiulanselungulesln
wgAALse (oligosaccharide) Wiy uamglaa (lactulose) uswillua (raffinose) am@les (starchyose)
wazwsplalealnuwaalsd (Fructooligosaccharide, FOS) nonvinifsfiansormsidumnanniad
vusen1sdaynieLouley (resistant starch: RS), Indusanalsanlilean1se (Non-starch
polysaccharide, NSP) saulusansfilaarnite 19U unaRy waglaa woilwaglaa nu wavlauau
uana1nil S28u Tnalalusiu (mucine glycoprotein) Fanaalag goblet cell Tuarldlunuazla
Tnusuledlnuaranlsd (COS) uupiisalnslulefnannsaliiduansmeamlumsudinldiduiu @fyan

, 2550)
2.4.1 Usznnveansluledn

wiluTeAnfifimslafoglunnizileglundy otiosaccharides Saagnausermanans
yilanratussiusylnaladin (Glycosidic linkage) Tnswuasfdounuvestinnaasiinuduwus
futeulesifiairelaonuaiiFelnsluledniauisnadeulasdundssiuseindnlduiols Wy
Auansnvesuaiilungu Bifidobacteria flannsaasiueylesd win-wsalaysiTudiaa (B-
fructofuranosidase) ngaauszaelu wyalnledlnusaailse 16 Wiy Tunneinglulefniid
wwellvg) uazimiinluanageavansnsagmitluldlnewuaiideldtosas wieonandnlii vi- v

TafniiAmsaefivuindn (deeree of polymerization tag) (Manning and Gibson, 2004)

wilulednfiwusiey 2 ngu e wiluledniiilusssuunday auldludinuazaalsl 1
usl waliasdn 1wy Waven fuuAunziu UJerusalem aetichok) #na3 (chicory) nysiitey ndve o

Aau (yacon) uaadlu (salsify) 917lsuuazdnuisiad wasuidang Wudu waswsluledndldainnis
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Y v &1 = | v o = 4o v v
duasgilagldioulesigoslnduenailsd wu uds ludagdunilulefniidunldmenisiuarlu

gaavnssuamsalugllaunnnisdauasis
2.4.1.1 w3luledniwulusssuyi
- duyduuaziznlaledlnuganilsa (Inulin and Fructooligosaccharide)

duyduuasvignlaledlouaanilsd Ysznaumeiiniansnleaseduluans

]
=a w

peeussLui 2, 1 Aivisledlnuanailsd uaswadueanilsd Buyduaintiines lusssud
Uszneusaetinnangninasiofudiue 2 witg auiannnd 60 wie Tnewudesas 88 YoaBuUYaY
wazledlnvignlnaanusasunisdesioouleiuiaisuaslugrlditn vhldaunsoduludEnld
Ingfléf wenaniiwgnlntedlnuenelsdliigndssuazgadlussuuymaite mnsamuurenned v

t 1 el o 1 - s é? = ‘:J o 1
Tannsashuludsaldnguasifiansulinleeweqiunidnedludildlve

- nuanlaladlnugaailsn (Galato-oligosaccharides; GOS)

nuaalalodlnuganilsd wiensiuaniuanlaledlnuanailse
(transgalacto-oligosaccharides; TOS) Wuladlnuganilssiivsgnausgnitaniag nuanla-ledln
wanlsiligneesiaghignan@iludldidn silidumilulawmsniliueasinn fo 1.73 Alaunass
sondu wenvniinisAnyiluayuddonuds nuanlaledlnusanilsd Tuanssdunisiasaes
wupitienau luillawueiise 1lleuslnaludiuna 25-15 niudetu wuaiiSundy luilauuaiise
war uanlaundala ansald nuaalaledlnueamlsed Wuduamslunisusin sdnfusiild fe
nsnludfuanedu 1wy wanm exim taslwuium venmninudn nuarlaledlnusanls gnuiain

st nanysailudldlnavemywd
- RAlnMUARlALLLLLL (Galactomannooligosaccharides, GMOS)

LLuuLLquaEiIﬂLLsmmlaﬁtﬂuiaﬁiﬂLLezmmliﬁﬁUisﬂauﬁ’aaﬁwmaimaqa
= a oA % ¥ o =
Wgaasrile Ao Wimtawuulud (Mannose) waziinianiuanlad (Galactose) laelassadtaniaad
Usznaumie @evanveaiimanuuluandousnaiusieRuszanaludIiasueuaaf 1 veaiiea
wuuluamusnivasuausm 4 gasimaunuluadidnulurasiuinianiuanlaasdaiuaieundn
Yot makluluamgRusErinloan I NAISUaUFIM 1 Y83tnaIanILanladiuAISuausIf 6 184
hanauuulua (Park waz Chang, 1993) 39 uuuwuuledlnuraailss awnsoadanudaniuy Tae

'
o @

nuuuwuuledlausaailsd asthenssaulisiineaiiginuiuiuiy dwadresyuududng uagnng

q



11

anALIU uanNwaanunLd wiukuuledlnugaailsd Siaunsadaessildannmnugnig
Lﬂusuaamﬁa“ﬁamdﬂﬂﬁLﬂwmiaﬂﬂqmaqwﬂiiuﬂﬁwﬁmﬂsﬁ wonanidmulalundasadiad oodlnnm
wanlawiuuuuiildnuiaeadad Saccharomyces cerevisiae finguAu (glucan, 30%) Luuuuuy
(mannan, 30%) wazlusaulaf@u (chitin, 12.5%) Wudiulsznau ﬂqLLﬂUL%'aqﬁaLﬂu%uLLSﬂ Taedl
ﬁﬂmaﬂqimaé’uﬁ’uﬁwﬁuﬁs WA-(1,6) wae wan-(1,3) Wulrssa¥amdnuiowny (matrix) 209utle

waauazilifianuns oy (side chain) wuulua wuulululoa wnululaslea wazwuuluwaselad ia

Juageiuss waan-(1,2) uas weann-(1,3) uenantudeilvywaainn (di-esterified phosphate

group) WWussAUsznau (Lyons, 1994)
2.4.1.2 wsluladndldurainnisdaunsizi

- LA m]‘[aa (Lactulose)

wamylaananunantdintavanleg Tlassasnsde B-D-Galgalactose-(1-4)-
B-D-Fructose uaayladligndasdowulsl ud-nuanlnduea Feeiutulanlag uaaylaadsl
gndesuazgaiuludlfidnusazgaminlasadunidluatldlng fe luillauuniise msviinuaaylaa

Y oa w61 " 2 a ¢ 0% o o

selondnnnusidwlnnduesfion uazuaniey luusesuauduanylad gnireenuiieoiieldly
msuivipsgnnatodusdadudiitaguan annisanyilnelifeardlng 8 au Juusevuuanylaa
3 nfuredu wundusaednuIuyes luillawuaiiie luvmsndtuiuves nuansleles way
rapanilisduanas uazuenantdules drnmea flusa Aovresgaaiss B-slucuronidase,

nitroreductase Wag azoreductase #aaaasdnaqg (Kolida wayAny, 2000)
- uanlnglasa (Lactosucrose)

a @ v dla 2
wanalaglasandnanaisaeiunidudiunanvananlnauazylasa lngld

waulaal Ludr-vsnlaysludiea a1nile Arthrobacter sp. Snnantlunisdaaiunisiaigyues

= 6 =

aunIdngy luillauuadiise (Gibson, 2004) wanlaglasaligngesmeeulaiaslulnuazalédian
wignudnludldngiseadunidnan luillauuaiiise wuaiisloles warrasanside Tul 1992
Yoneyama uazame lalienaialing 6 au Sulszviuuanlaglasa 2, 5 uas 10 nfusetu wudl
i luillauuaiiFe tuistuegdidvdrdalunnsziureuanlnglasaflasu soundnisAnualy
o o o Y o = v 1w o
ananalnsdgua muds 3 au lnenisliuslaauaninglaau3uin 3 nfudedu wuindiuiuaes

=

wuniisendy luillauuaiile WivtuedrdidvdAty (0.7 log) TuvasiiduiuveuusiiSongy wunad

L]

Flolws anasedaiitedfty (0.6 log) wagnwuinuSunaveansalusiuaedulidsuutas (Ohkusa
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o
Y

wazAne, 1995) luaae raoansiey wewsuauy (CL Perfringens) wazuadluielugaviseiu
anad (Hartemink, 1999)

- lalalodlnuganilsa (Xylo-oligosaccharides) (XOS)

lelaloalnuganilsd flaswadrmdnusznsudsluenaveniang lelasd
afiuieusy we-(1,4) lelaledlnueanilirasgndesmagaunidndy Tuillauuafiise was uan
Tnundala Feinalviqdunidiifiusslovdifndy wararusnandunurdunddnguuuaiisleladls 1
srwnuiiswaveuaiiiendy luilawuafide Aty deguslnaananataslizy lelalealnuenn
13 5 nfusdetu e lelaledlnuenmlsd ansadiud uiumes luillawueiize 1iandmsnlatesln
waAAlsa (Campbell LazAme, 1997) WA¥IINKANIIANIVEY Rycroft Lazame (2001) AN®A
PiuvIdnanvegInTEIYEe nud wasniingsly win«(1,9)lslaledlnugamlsdiduuvasnisue
Wisauvdafien aursaiivdnuvesaunisngy Tuilauuafie nendezs §3lus wazdeanunsa

o = = 1 =i L e
andwILLUATISENGuLUATT e lYRlaBn s
2.4.2 unumuazaddAnyssnsluTafnlussuuniafiueims

avsfilmuautRidunilulefnlilaliinalransieguamusaglfidu duanmlunse

as

vunsndnntgludldlng lealudaadunisiaigvesgdunsdinsluledn Seudavarowusd

Re =

a

anuansntunsliniluledn waendnmsimuelavildunndneiu arsuszneuinduniduaniu
nn1steanazuinwslulain laun nsalesfuaredu (short chain fatty acid; SCFA) @158 s
wuaiiFerelsn Inelawizasaluiuaodu sadundndusgainaildannmdnaisemsnga
anslulainsnlaggduvidneludildlvg asivdunmiesay 40-60 (NS SCFA/100 nfuduainsm) Tu
wiazTuaznineanuUssnIn 300-500 fiadlua Ussnauluaie oxdien Tusilatun wazdifiviv
(Chummings and Englyst, 1995) USuaswasnsalasiuaisdy sriivsunasgaludldvajduday
(caecum) wazdudu uaziiuTuinanasludldngdiudate Fanselasfuaisdusis 3 viia asdl
unurmmshauiiunnieiu exdem sxgniluldlundruide ln wasiala Tnsilewmasgndalud
sutiteldlunisudagadarldlg ﬁaﬁLiwﬂuaﬁ@gﬁﬁuﬁﬁwﬁmmmaéLﬁlaqﬁﬂuﬁﬂé‘l‘myj nsalydy
maagumm‘mmuquﬂixmumﬂﬁuﬁmawﬂaamaé (cellular proliferation) LaATALVBILYAR
(program cell death) wuaniseludnldlugazivssansamlunisminaslulawmsaunazviale

1 s = = 1 Ve o l:ll
wansaiu unumvesnsluledndeauninesduilanausoagUlanining 2.6
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Treatment of Regular Development Modutstion of Greater resistance to
hepatic bowel habit of "bifidus" the i:tmum exogenous intestinal
encephalopathy and reduced microbiota in i pathogens
constipation infants et .
Reduced intestinal
ammonia
Fewer intestinal
Fecal bulking and | . | Scloctive proliferation | C e
moisture content of beneficial bacteria I
\ Selective carbon
Suppression of i S Fewer putrefying bacteria
protein metabolism . | Prebiotics | e | and suppression of
by microbiota endogenous pathogens
Carbohydrate
l fermentation ‘
- SCFA production Reduced level of
Reduced level of 0 genotoxic metabolites
genotoxic metabolites / \\
1 ks Regulation of
: sgulation o
szerctﬁ?ﬁiin e Lower intestinal pH | hepatic lipogenesis
_ / Decteased recycling
incmmd mincral v of bile acids
solubility and other
mechanisms Reduced secondary l
bile acid formation v
'L Reduced serum lipids
Improved minetal and cholesterol
absorption and bone
density
» | Reduced risk of <
» colon cancer

Ad 2.4 Yselewdvesarsnsluladn

i Neeser uag German (2004)
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2.4.2.1 nstasnunisiiauzissludldivg]

a o 1= = a’g i e 2/ = 1
nsiinuzisludldvgilonaifiodugs wazunndrfialddnds 10 wih

(Morotomi wazaaz, 1990) iasanaildlugiluuvdsvesasauvends waziduuwvassiuvag

=L =

9aunIdeneT vangwiln dnluillonafalsanie lnsanzlsauzds Wnnndtlumafuevisdiu

< = o =f ' a s a 2 o M o

U S?Ni.lﬂ’l‘iﬁﬂ‘b"]‘W‘UQ’]ﬂ’l3W%‘1Uiaﬁlﬂmu’l‘mﬁaﬂﬂumiLﬂﬂll:ﬂLiﬂaﬁlﬂﬁmlﬂ (Hylla wazmug, 1998)
& = o= = o e ° ' ' v oo &

uanmnuaﬁmﬂmmﬂﬂ'ismuﬂ'1immuaaszimmﬁgaumawag”lumlﬁimymLﬂuaﬂiﬂamﬁﬁm MUY

wuramslunislesiuuziSdldlug Faazasluinsluledn Fuduevisvewuniialasunum

yaanslulofnlunistosiuuziSailsae

< & w a o= ) = o
- Wwasnsiulunisndaarsidunuivlunisdesiunisiiouziss Tnelang
ageBaafiism GallunumlunisnseaulmAnnszuiunis apoptosis vsgasiuanldlug venand
Fagnlilunisainyueasadladnde Insunumassdafiiim wegnsalufuaeduniindus Ao lnsfiae

1n wavesdnn awdmalaenswalgaddildluglunisdesiungiis (Scheppach uagany, 1995)

=

-Whsuulainszuaumamvivaizuvesyiuvsdlualdvg induluwnliy

A = = | 1 (] 1 o =t L% = o Y 1
'VI'T\‘W]QSaﬂﬂ']iLﬂ@ﬂ']iWﬁ\‘]NaLaﬂﬁElﬁqx‘lﬂ’lﬁl LU LNVH‘UE]ﬂBUN“UaQITJiJu LLﬁﬁIﬂiWUngﬂlﬁLﬂ@ﬂqﬁﬂa

2 = a o a o el ¢ a a
HLLINVU IWfJa']'i]"'\]é'ﬁL‘lJﬁHULN‘V]']UE]ﬁ‘ﬂﬂJ“U@{iLL"UﬂWLiFJ ARBDANILAEY LAY LLUﬂV]iI?JlEUﬂ AINNTILNA I‘LJW]

lola@a (Proteolysis) LUy wanailslada (Saccharolysis) uanatniwiluledndatunuivlunis

= i

duasuliluafilouanfinudnansiignuisadudiuuniisefiagndnasdenseludldnalle wazdsly

el o 2/ a

nitudanuin wilulefndidnaneianssuassoulediigadestunsiinnese wu wlesdnma
(azoreductase) Tulasidning (nitroreductase) uay wit-naalsina (B-glucuronidase) Lud
(Reddy, 1998) 9nnszuaumsudinuuulionmvesrslulamsatudtldlng asfinisadeanssneg

sanudsilunumdenistesunsiiausSldlneiinalalunseangnafiuanssiueenly uenaind

v =l

nalnena lunstesiunisiiauzSsdudldugdudidnaladieg Adasiudunanuuaiielns

Tulednuazwiluladn
2.4.2.2 n1sgugaLuAiisenalsa

o al va @ =i = v & a o =l 1
asnilauandiidunilulefnaunselududinisiaiguesuuaiiSenslsa

(pathogen) Tnglunsziunisiaiayuesuuailongu Lactobacillus wag Bifidobacteria Fan1elugnld

Ingjiigdunideduanengunsdelsauasnguiifivselovy AadunuaiiBelnsluledn Faamisaadia

2
s =

ansundugauueanisenelsale wu nsaletiuaisdu deainalvievlualdanas dwwaldiinan1izdilal
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wangaudenIsiadyreswuaiiedelsa uenaniswih i Tnslulafindnsuan antibiotics way
antimicrobial gj&“gu ﬁdﬁy’ummsw%h‘laﬁﬂ%qLﬁaﬂa'dLa%:umiw%mﬂaumﬂﬁﬁaﬁqnﬁn e lunns
duasunsuanansdiudiie venaninsruiunisunueadues wiluledndsdwmaliafesniely
aldmasiwhliinstudauadidenelsalaanmais (Fuller, 1997 #1slag Ziemer and Gibson,
1998)

2.4.2.3 WUN199ATavaLARITEY

wilulefinansaiunisgaduesarsomnslaenignisgaduvosunaidoy
dadihnsgeduvesiaailenasiefuiduvanludldianusdnsdinsgaduneludildlnglog uae

= o

fanslaiuarmaulaegBenalnlunisiiunisandureaaidosludldlngfiad

- nnsrvumsutnvasnslulafinazyihliAnnsa lviiuanady  Gevlvies

= Y

Tudldlngjanas Iniliunadesavagled viliiinsaedufntuie

- a1sfieglungulnian (Phytate) wiu luledludvea Lanvsrloain
(myoinositol hexaphosphate) Faifugsdsznavluiis lnsasdind v fuasiifisntuatiogs uaz
lsiagane ilnieluduiuunaBemilidumelbiausogeiuiaadoulduararnnszuiuns
wiinvaslwian lnowuaiEgludldvginliueaideugnydseeanuidudassuazini sgaduid

sanela

aenabatuniswanlasuneadaunislualdlaeditinennisuaniudsu

lsneuszviauaadeuuasluiuaeduntogludild
2.4.2.4 aASEAUADLIENDTDA

nsanszAuABaaLADTen wudlnseuTunIsndnasiilnuandmdunslu-
ledinaeludnldvglinalvauisalianssdunaiaamesealuiianls Tuohy wazmAuy (2003) WU
wanlaur@ada esdlafda (L acidophilus) 1Wugduniduszdndusgludlddsasdeaansy

AaLAALReIeR LavdudinigadunoiaanaseatuNtaaldle

- lWaan1sgaduraiaawnesea arsnguunadiu My (gua gum) uag Ludn
nguauiiiduleemisgs avauisaannisaaduneiadineseald lnednvavrilomilnveaduly

2195 f\]xhlmﬁauwé’aﬁﬂﬁﬁﬂﬁmma'm'lsﬂlumiam?ﬁmmaamaiaah'ﬁwmaamaa
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- lunszurunsndnansnilulefnludldlugasiinndadsusignvinalunse

leduaadu nulnsilawunanuisoannisdanssiroadnasoatuleaasule

v s
o o o

a o ' = i 5 = P = & L o o L
- WUNsTURELNaaua (bile acid) E('NLﬂa@u’]ﬂLUUﬂ?‘U'ﬂﬂagaqﬂlﬂﬁJquiﬂ

n1sgaduluiy uazmalaamesealiuiy (Conway, 2001)
2.4.2.5 4188n81N15VIREN

nsaluuddnlag luillawuefise sxtenszdunisludivesdld uasiy
ANNTUYERIN S vilvigansyivduduaweldiedy Fasndlulefnaunsaaiunisudansaluiu

anedulugduvidinsluladinle

2.5 Twslulafn

]
s =

qaunidluslulefntuiinuduiusinonsenuniluledn Tufelnsluledin awisald

ansomsminuilulednla vluiinsasavednsivledn uazdwadsaavnin safuslanldsn
a
9

q U

nauuateiy dwmsunquadunidlnslulednniivnumdrfgsa

o

gami ladluafiisengy

wanlaudada wazluillawuaiise (Saarela, 2000)

¢ =

2.5.1 wanlaudada Wuwuailisounsuvan biadades ddnwvasduiedun winlely

I3

anmgnsiiuaghifloandiau (facultative anaerobe) IudUVIINe Ao ludldvacuyvd wavdn
= € 1% a oMy & ° i & o = !
Falulselovdsaannn wenldarnviadueims Tualéidnuazaildlyg uonanlfmuusnudes

Aaandneie L3y lnluanisnsalarlaudasd @unsalddinia taduundsasuaulaznannsnus

w

Aanleuinnitsesvay 85 luarsudanuulslatwasiwunny wislansaudniniosas 50

3 & aa Qs 5 = a Fr=
A1suaulnaanles lvuea laznseezdanlunisvin wuulgwelswesiutumiin waldnfiey 4.0

L3

- 4.5 gumniivinsalunisaiyae 30-40 s waled agaalsnay Tuanlaudada uanaiug

9

=l =

wihiuniiusgansnwluniseesnu dunidiolsaludldmeduide wanlnudasa Aladulnslule
an lawn L. acidophilus, L. casei, L. delbrueckii subsp. Bulgaricus, L. reuteri, L. brevis Wa¥ L.

rhamnosus Wusu (Klein et al, 1998)

2.5.2 lwillanuaiitse Wuwuaiseunsuuln ludesnisernideg1auriase fisusraduuvia

[
24 v u

Aa1em Y waglindafing gnAunuaisusnlay Tissier lull a.d. 1900 Fauenliaingaanse vaudin

]
U a

o w4 o 3 v o 2 a 1 aa =
v AuandRid1AyAe awnseninunaaenlzalaldunsawdnfnlaeuia wealwAlaian

o

= <

(phosphoketolase pathway) aegluan1izlivneausenisiasyfasians Wasuulausaald
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b5

- = o a o = . fala o

ffamununelueivnifivin win-wia-a-nglagniiu (B-methyl-Delucosamine) Ladildnwose
1 s a ' o & o o = o = 2 1%

L{]Uﬂﬁ)\iﬂ’]uLV]’]ﬂU"B%Lﬂﬂ‘?Jﬂ‘i’NV]LLW’ILL“EJ‘UG&HH?JU Lagliadnig meimawimwaaLaﬂuaﬂua'mﬁ

£

ﬂii’ dy c‘ nl s = 1 =, = du o 2/ o i
deute wadilufsiunnuissseuduwidds luilauueiSednuldludldian dldlng

= <4

1 s oA = QCJ = = i =
wazdeinaen Nandnlulguugiinusngay Tunisiasyde 37 - 41 ssruwalled Reviwunzaude
5.5 - 7.0 wannsaaz@fansaudndn vildduanudunsaludld fMedradeluilawuniise A4y
Iwsluledn [gun B bifidum, B. adolescentis, B. animalis, B. infantis, B. longum wag B.

thermophilum {Jusu (Boylston, 2004)
ac 1 dql‘ =
2.6 Aan1sHanINanaUaLBILUUTATITINNURY (Response Surface Methodology; RSM)

FBnsuanmaneuataduulasis iU Wie RSM Ap 33n1svne Adarmansuazani ‘ﬁgﬂ
aldasiuuuiiass lagedanisiiasginarasiulsdie 9 de Amevatemsofwlsnuees
naveaes asindimeuauasiy o fenSna1ainiouls SaszmanesauUs n19anuUUASNAAe
FeTFilTedl Inquavasdiiionniifiniiy nsnzavesfusudazduussenmeuaussiidoanis
(Montgomery, 1991) Tng 13399nnsAumilerTuiiuiassseninsdmeuates sefulsdaseans q
Falnou1ndnld aruduiusuuuTndluiles (Polynomial) Ly dunisdisunwila (First order)
(aunnsi 1) vidoaumsaduiiaes (second order) (aunnsf 2) uasdlavidnisreuausswaen iy

sEAUYRIRWISRaTY AelanTvNan avaLeILUULASIS ISR
Y =0+ 01X, + 82X + 4B X+, o e (1)

Y =By + X, B XN B2 B X2 % zfzﬁq_ BiiXpXjHe 0 . a4 2)

aaa a

nauMsTaseBuil dnsadnaien s WaudiRTiSen response surface plot @
uanasTAuLItLUs UL ST U Ukag LansdnauauedluLEILnus s SeasenswassdAfigonin
contour plot FauansdmeuauadluuuIshidunTuaady namindesussaniiiuselonilunis
oS UTBNAYRIRILUTTANYHEAIMBUAUBY AL TS SEMIRF S IANY TR AT eI
fifnwisdefnevauss LLaxw%famﬁuﬁguasmmmL.Lﬁ'ﬂfgmaumwﬁﬂwawﬁmﬂﬁﬁﬁmmﬁuﬁuﬁ‘ﬁu
1849 dependent variable AUAMANYMEN AT IMNBINERIUTINTTUIUNTUAL /MBS ilne s

ﬁaammu (Olkku wagmeuy, 1983)

Box-Behnken design 11 uguuuun158antuunISYAaeILUUNTI8IN1T08NLULUNISNAGDY
WUy RSM @eguuuuvas RSM fivaneguuuy leun Factorial design (33861), Central composite

design (CCD) wag D-optimal design Box-Behnken design Annisaaniuunisnaaaiiasiaduain

147869
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N35INTBBNLUULUULYAVELTES 2k Way n1seenwuukuuvdenliauysel JUsemdneiy cubic
V30gNUIANTIIANNIATBINITNARDIINBLULIALBATBIINUIANTIA3 19U TAT AnUuLaza1Yeq
3 @ o =2 9 [ o 1 & & o A ot v oW as =
waasiuUstundnw dwiugeniegnsainanvesgnuian Wugandeulaamng dadeidmeny 9
o o L% | = = . A =i =1 @ ﬂ'
ddny guuvvvesiumunsonyulavisainounyuliuazliaSaufisuguuuunisvn assdnuus dus
989 RSM WuI1n1508NLkUULUU Box-Behnken design uniseanuuuiiii§iviuganisvaassifas
= o 3 o = o v ow < ) o
(15 gm,3nfsnannin 3 91 ) lemsdneiudsznaumeiiwdsiauladiuau 3 dauds nsesnuuy

#n8 Box-Behnken design Faduguuvunsesnuuunismaaasiilasuruiley

3/

2.7 9338 Mne2994

nsAnwIN1seAnealnauaalawuwwy Tull 2008 Park s1e¢uNavesnisdeanLanlauu
p & gar £ &£ o aaa = o L4 o
WuuMNINNERTIGNTY 3 Wesidud meuffsurlalnsladalasldioulasiiuii-uuuuiiiasn
Trichoderma sp. iy 255 giln Afiiey 4.5 aumall 60 asriwaidua Wuia 24 $alas annsa
waie waulululea wuululasled wazuiulweneeloa dounlud 2013 Chantorn uagaAnie s1891UNa
vonsliagaiauleiann Penicillium oxalicum KUB-SN2-1 lunisdesniuaalauduuuuainnin
i d = = o ) = o o 1
ugnINNEn1E Moy 4 gungll 60 asrigadea fivng 3 42lus lunan 48 Hlue Aawdiian 3

Falas @nansageeld wuvlua wuululules uasuuululaslea

£ o ]
ac & =

wenantidliiinisiisiuiiianauauss (Response surface methodology) Fafiudans
mangdiamansintiemanneiianzasluntndnosalnnuanlauusuudedfiselelnslada
Tngldiouledd 84ud 2013 Chen uaznais ST9TuNATaENEIIYAY (Thev RUNNN YA
lumsviujisenasdnstdruszniranududuveneuleddeduansn) lunsudanglaoedlnn
uanlakuuuuuaAseyn daangiwanzas Tain ey 7.1 suvgll 41 sseigaifea [Hunan 3.4

Talus lnglidnsdsznismmdudureseulsideduammiaiu 0.4y fld3nanandngsgn

]
=

waglulifieanu Jian wazane Tenumausanmsimmizan (munduduvsseulss gamgll uay
srgzaanluniugiten) luniswdnesdlnniuaalauuuuuuain Gleditsia sinensis 31an177
wanzay town nsldleulul wen-wuuunuaain Aspersillus niger 7 8.1 giln/n¥u aumail 57.4

paFwalTyd Wulial 34.1 9alus FelduSunmumanan 75.9 wWesidus

wilavaseadlnniuanalauuunuuananuenddinvdulug Toun wulululeawazuuuly
Tmsled (Saittagaroon wazAmy, 1983; Takeda WagAe, 2005; Park, 2008 wagGhosh Lasany,

2015) FadaudAdunsluledin 910518970109 Ghosh wazamy (2015) laFnwiaudinisiundly
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a 1 a ' ' =
lodnluvaaanaaad WUl aadlnnkanlakuuikuuiauausanusenisgesluannzMdunsa nu

sansgesmeauley wean-axluaa SnnedsiandRmiduaisdrunisiiausseldandie

Tul 2005 Manderson wazaug laanwautanisdunilulefnvesunainledlnugnnilse
filfannfanumdeiisnngnaminssuiidulunasanaass wuit unednledlnuwaailsdausafiu
31UV bifidobacterial Waz Eubacterium rectale uanmmﬁﬁuﬁmzﬁwmﬁqﬁLsm aneng nawn
Tud 2006 Wang wazany lidnwautinindunilulefinvesdaiiunledlnuganilsdmisluvasn
naaesludninnass wuit ensideudedifudadiualodlnueanilsdnszdunisasyues
Bifidobacterium bifidum ATCC 29521 wae Bifidobacterium longum SMU 27001 1éand19141s
Aoadeiiiunsnlaledlnuenailsd druludainaaomudi sadtunledlnuranlsnaunsanszsu
n1siaayuas bifidobacteria lafininduninlalodlnueanilsn lneusinal bifidobacterialugansy
vosdninaaasiildiuomsiil Sadwalealauanmilsd 2.5% Wunar 2 dUawi TUSnaniudui
13 W uagiiuiaactobacilli tudiu 5 wh uaﬂmﬂﬁé’qmmmaﬂmm?agfuad enterobacteriacea
uag enteiococdi dnunlul 2014 Harmayani wagane s18uramslunilulefnvasnglanuunuy
990 Amorphophallis oncophyllus 8xla@nuwiluda-maassnazldlussuiiaudu AN 93 HIYN
wazdydu wudinglAuuukuY 390 Amorphophallus oncophyllus mm'iaé’ué’?mm,q}%ﬁg‘uaq
Escherichia coli 8nviaiitanansanannsnluiiuanodu Lazanaiitares cecal content Talndiies

=

U AIN 93 ey wazduau

nsldoealnnuanlausuiuuiienisiaesdnd Kumprecht kag Zobac (1997) Anwiluliiile
demsifinnasusealnmuarlpuuiunluawnsdninuy ilisueealnnuanlnuemuuy eyl
mmannsalunisdesnanly (fiber) wnty wilifnasenisdosluuasTusin anededisreeuin
oodlnnuanlauuuwuuasaEUSInalUsAufignands (protein utitization) 15lusinnednd
(Samarasinghe wagAy, 2003) Aad Yang uazAmy (2008) 518914Ha08I0154853 oaalnnuanla
wuuwuy luemislanssns wudrthefiunisdesatudeivinagl@dndau ileal 3niaduiiy
Ysunagdunidludld uenanidiandiuiuvendelndvedy wazaaeandiiey wosniaoud

(Clostridium perfringens)

Cuong wagAmz (2013) Anwautanisidunslulefinvetsedlnniuanlauyuluuainnin
wewsnEsHaluemsvesiern wui sedlnnuaslauiuwuutieiiudnsinsasyivlavaad
9717 uonanildeeiiindiuiuves Lactobacilli wag bifidobacteria @uitagaunisnelsa loun

uile ladiviasy Aasansiie was 91luiuaan duSunuanas WulReafu Rungrassamee wasAnly
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(2014) aiaSuesdlnniwaalauuuiuusinninuzniacusivsvesiwinduiy edneinissen

=a v v ovw A s 5 | v oy v A a o
TAnvestnildsuie Vibrio harveyi wuinisilasuemsnimsiasueedlnnuaalausiuuunlun

L7 s 1

seuszuuQiiquiudenalianunsatesiu e Vibrio harveyi ld wilifinasianisiadaiivlaveed

q

U711



3.1 IngAy

Uni 3

aunsaluaziSnimaans

3.1.1 79819

s

nnugninannnsiilenzwitshunszuiunsaungd liuanueyinsey

91N UTEINNHAINTUENS 1 91R SamdaunsUgy

3.1.2 @15.A3

nsnlglasaaasn (HCY
leeulansanlan (NaOH)

nIndansn (H,SO,)

3,5-Dinitrosalicylic acid

uea

Ialanfeuodnn lalawsn (Na;HPO,.2H,0)
lathgalalalasiaunaann (NaHPO,)
lafsupaalsa (NaCl)

n3nTRIN (CoHeO.7H,0)

TLGeu@insn (NasCsHsOr.2H:0)

Tnaduy

TalwunaBeunaans (KHPO,)
Tnuvadeulalalasiauneaws (KH.PO,)
unaeuAaolsn talawmsa (CaCly.2H,0)

wintll@sugams ewnzlawmsn (MgSO..7H,0)

loineslalasiauaisuaiun (NaHCOs)

ToiRaulnumaToan1smss (KNaCqHaOg-4H,0)

U 80
LNADUG

wWulsu
U757U98

Merck, Usineteasuil
Merck, Useinreasyi
Merck, Ussiwmeasudl
Carlo, Useinednna
Merck, Yseineasuil
Carlo, Usemedana
Carlo, Useinadana
Carlo, Ussinedana
Merck, Usgineieasuil
Merck, UszinAleasuil
Merck, Useineieasuil
Merck, Usginpiaasutl
Merck, Ussiwneieasuil
Merck, Ussineieasuil
Merck, Useinrieasudl
Carlo, Usginadaia
Carlo, Ussinednna
Merck, Uszineilaasud
Sigma-Aldrich, UsgLne
AnIgoLsN

Merck, Ussineilaasuil
Merck, Ussinateasudl
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Sigma-Aldrich, Useind
aunigaLuIn

Merck, Uszwmigasuil
Meagzyme, Ireland
Meagzyme, Ireland
Meagzyme, Ireland
Meagzyme, Ireland
Meagzyme, Ireland
Merck, Useinelgasuil

- ouleiiud-uaruuue 970 Aspereillus niger  Meagzyme, Ireland

- L-cysteine HCL
- Lactobacillus MRS broth

- Yeast extract
- Sephadex [-H-20

a =

3.1.3 Woyaunsd

- Lactobacillus plantarum NF3

= Lactobacillus plantarum RS54

- Escherichia coli

- Staphylococcus aureus

3.2 \nasilauazgunsnd

Spectrophotometer

TLC Silica gel 60 Fzsq 20 x 20 cm.
WASD9T9 4 FLNLY

Aouauiou

=

CRNVRGPITGHLRRYRH

U

Sigma-Aldrich, Usgind
anigausm

Merck, Useinataasudl
Merck, UseimnaAlaasuil
Sigma-Aldrich, Usgind
av3gaMIn

Shimadzu UV-Vis 1601,
JspimAdgu

Merck, Ussweieasuil
Satorious TE214S,
UssinAleesuil
Memmert UFE 400,
UszinalwoIudl
Memmert WB 29,
UssinAleasul
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- Fraction column i.d. 16 x 700 mm GE Healthcare, Uszwne
anigawsng

- Fraction collector Phamacia , Useineaimy

- peristatic pump Pharmacia, Uszineaiiau

- Tubidity meter Lovibond, TB210TR

3.3 @aunaiiueu

AMEYNAMNTTUNYAT aa1lumalulaBnszasunaiinammsainnsz U

3.4 A§n15VAa0Y
3.4.1 NSLAILURIDEIININUZNE?

ANUENSMIEA YanAne daUanlasunienion nesn @y Wiwiy nzal wag

s a b2 n’j 1 Egll 2 W 2 A =9 = d‘ v = ﬂ!l
longni Wusu mﬂu‘uaulammwma@auamawqmmm 50 peALaWYE WWe liuanANuTY

o ¢ 2 oy 7} e o ) @ v
TunrnuewitUseana 10-11 Wedtdud dininugwined1un1sa L wanatadlesusan ale
dwmed-enusa (Brsnd1ul:l Ysuiasiausuing) Tnedidieseaninaeniniwagsisaisazatanaly

@ ' % o = v o/l P 1 9 & el ' a v &
ams1dIu 1: 5 lnetvindayUsunns w1t esaawdn lamu§isauil 100 seusaund anady
187U 24 9218 NTBILENNINUENENBBNANNAITaZAIEF IR TAAY LazyA1SaRAT SN AS Il
nnugwINfiunsaialuiuildeuwisegevaniouniaamail 50 sseiwaldoa (Juian 12
Palas LAvfmegeninueni i sainliuldy watadnndlws-Rau (PP) Uanilndewniosdn

a e =y ad

wiln udnhluidvineibilunaemanafinideUnain fonmgiive
3.4.2 Msfnwaneiminzgadlunsaiauuy

NSANALLULUUIINNINUZWI1ILTIoNAALUAIRN  Saittagaroon  wasAmy  (

1983) lngninuswinniunsanaluiuuaa lannuuuwuuasdiinduludnmdiu 1:20 Inetmin
soUsuns uasthlulinnudeusendeilsnnusiu figamadl 121 ssrneadoa uiu 30 w1 n3eq
WENNINNEN308N druvasraInlamilunnngnaunle wswea 80 Weddud ludnsdiu 1:1 Taa
H o 1 < o a = & o ) PR = =i
wudnaoUinng Ngumndl -20 ssrwadea unan 12 il nuuihansaganeildtumdsd
ATITITEU 4500 seuseunil Wune 30 wifl eamadl 4 esmwadea Wudwidunzneu th
snauildunaiameansavareludoulansenlediianigmiaganududu 15, 20 wag 25 Weasidud

W 18, 24 waz 30 Hilusflgumgiivies USuAfiterlivihniu 4, 5 uwag 6 Fensnesdin

U



24

v oW ¢ ¢ O oA Yy = = < ¥ oo oy v ]
windu 98 Wasidus Awislingaumall 4 ssrwaldeadunan 24 §alus andurhansazaneitlfuniy
a4 ! = | | ° |
wigsimuEseu 9000 seuseudl Wunaiwiu 15 wiil Wudwiduszneu thazneudldly
w - 1 = = = = & ¥ 1
suundludauaniouiiaamgll 45 esmwadea Wunan 8 alus egldmediauuuluuainnin
12 o P 2/ o = g 3
ueni1y uansukuweassunwididune vssadunindriivinululogaaudu fuamn
USinamandaveawnuuuuianald Jinszvaudinisaiiuvisdsznis laun Wnadianansvan uay

J3unaenaimng uanaindAuluviateveaLuuLuulaemnis Ineldeuaziden fail

2.4.2.1 USunauranasvasuuunuuianald awialeainnaunis

- o e Umdnususuuiiadald (n5)
Usurausaiiuy (Wasigun) = — 100
wwdnninugnsniGusu (ndu)

3.4.2.2 AnsiziUSuanihaanivie a1u35U99 Dubois Lagaay (1956)

Teazduniziiasizngldanainaun

3.4.2.3 ps1enUTinatiiniaifnag auisves Miller (1959) s1aazidenis

Wpsreglannaienuan o
3.4.2.4 AUgITRLNULLULAgIRAY

o = ] =~ o H = | W
AINENILNULUELAELREE MU LA TULILLUY MU0 S1uluvesttntauuuluanuisesy
unTEalaaenedasuaaluLLY Tneduiuresina el uluaas Ui A MR UL AT I LWL Y

N1SATUIUNIAINLYTILIULLULAEINEE LARIRIALATT

Ynnaaaienaraae (Hadni)

ATNEMUNULUIULRELEY = — - =
Yunanhenaiaidlugivenimauulua (Tadnsu)

3.4.3 M3AnwIANEILII UM TAZA1EURILUULUUNENRLR (Water solubility index, WSI)

donldununuunlaanannslunisadanlilefifudnandngagn u1dnw
AtaNInlunIsazateveuuuLuY THSaaLUaweY Kang wavany (2014) T1897UALEILN50

nsavaneiluisva lnefnuimnuanunsalunisasaiefianiizang o fadl
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3.4.3.1 AUAMTOLUNITAZANEVBILLIULULT TLaFANS 9

= o 1 = v w f 2 ¢ oo '
LATBUADYNANTALAWUUULUY NAMTNTY 0.5 Wasidud Nevsng
9 faus 3-9 se Femsvduned (ley 3-5) Weawatuies (o 6-8) wazlnadu-laAeulansan
lag dviwed (pH 9) Tavazansuuuuuumedwnadmuiioriidmun dhluliauieungungll 80

= ] & - v v = ' o < ' o &
perwaldiva azatelilluliloldeniuisrIoeniuluulilivanAl1uL3958v 200 souseundl Wu
1981 30 Wil aefislIliiBuiigaumgfives andunldvasaguniiag udrumissfinuiiiseu
3,000 s8UABUIT U 40 U wmansazaedllasuuueen dinenaudls lWWeufignmgll 60 oee
Wwaldes auninuinasn TudinAdininflluey ATHIMRIANEINTAIUNSALANYAIANNTS

folull
thntneenau (nd)

€ < (2
ANNEsalunIsasany (Waslius) = 7————————— x 100
wmiindrag v (ndu)

3.4.3.2 AUAINIT0 WNIAZANSUDILAULUUTIA 1B UT A

LATHUAIBEN A IAZA T BUNULUUTAUWNTUAYS9 (0.1-1lUD5Eus) avane
1S o s = £ [ ! = Qs o J
megvaavnuNwes (fitay 8) uaninduwiAeiiunaminudusalunisasate e vy vn

U52A17 2NUUATLIUMIAINEINISALUNNTAZAERAIAUNIST19AY

] s

ARLAaNANTIENLEY LavAUdudunuLululazan vlaanandnsuldlunns

q

AAIIUFa LU

3.4.4 MmiAnwwwaluanaveswuilledlnuanalsavdandRduns lulefniia

3.4.4.1 MIgos@aBuNuLULMelulYl LUM-LIUUILUE 90 A, niger

b2

= _ =y v v v
WIUNANTALATBLLULULRINEN Iz TNt 3.4.3 (Anududu 5

& = & =y = aa 1 b3 L3 £ 3/ = 1 a aa Cj =
Wesldus USuns 50 daddns) wndesmeeuluiuuuuiuadudy 3 elndeladdns fiouvgl 60
= [ ) o aaa oy E 5 P o aa .4
asrgalda Wunan 2 ilis idhansavangufiseiilauauluiifeaiengadjizeveaaulssd

& o a ¢ ¢ a da & e 4 a

nntnhluiiangin ssdusenavvatesdlnnuanlawnuiuuiiindulaeldislasunlnnsiliu
(Thin layer chromatography, TLC) au3afisneanulay Park (2008) Taetiunveauudsuiiuialeas
lasunlanslegiiillen wila Silica gel 60 Fase 2u10 10 x 20 wufuns Usuna 10 lulasing Tog
WeuAuasuasg loua dmaniuaalag dimawuulug waulululed wwululaslea usulumnss

lod wuulumulea waswuuluaniea Tuusuinsiwindu dawelu TLC welula TLC Feflszuuassngin



26

azany U751U0a: NINLIANLIUTY: U1 nsdiu 2:1:1 eeusuins audiau seaumviiazane

P At o oo [ ' v w ar b7 ¥ o ) A w0 P2 -
Lﬂa@umﬂﬂmﬂ%ﬂjﬁﬂﬂrﬂ u"liJ"ILU’]EL‘WLLCW\? Hada1nNUU LLSUSLUIQ TLC 8nATINUY LUaAIVIaEa1ELAaaUN

a4

=2 J o 1 v 8/ ¥ o 1 v s = v & (2
felanivun drsdnlaus LLEI'JH']IUQ&IWJUﬁﬁiﬁﬁﬁ?ﬂﬂ‘iﬂ“dﬁw‘]‘iﬂwuﬂu 10 Wesirua lulesuea

wdFuthduniudl Mdbiauwidludanaiu uaznmisaeunisifindfeaiuiou lnerihlueusedeou

Az UTINgUULEY TLC WIsuiWiguiuansuinggiu

1

=

AUSDUN 120 eeAwaLded UL 10 Ul
3.4.4.2 MmifaLenvuIneadlnnuaalaluuLluniiaun DP @ 9

thasazargeealnnuanlauuuwuudild luvhuiauuuudidenuds Iduuuly
ToaTnugnalsdns nduthuusntislaianateseodlnnuantawuiu Tneisredunllaulan
579 audEAseaulae Park (2008) laedsnuululealnuenanlsdes 1 nfuazaioeiotiinay Uy
USumsasu 10 fiadans ihlulnasasmeduirunadustugudnatentelusitfu 16 x 700 fiaddns
aeluussy Sephadex LH-20 g4 670 Aadans Usums 5 faaans Iészuulolmasin fandoud
Ao 1h snsinnsinauindu 0.5 fadansdounit fae peristatic pump - L1iudagamn q 2 urfine
waen 1USIUI 60 nase FalAIolAUsIoENs (fraction collector) LLé’ﬁLﬂ'ﬁxﬁmﬂ%mmﬁwma
Wanuadiu3a fiuoa-9afia3n (Dubios uasAws, 1956) ausoasidonluniaAnuin @ uagiudy
\Wosdudne TLC 33mswuiiniuiingndisdy anduhluinssiaudinsdundlilefinvesned

Tnnuaalaluumuuiwandludussusaly
3.4.5 pugnusalunisnuseansdesluanzmiunia

Wwautuy wnlulealawanatlsedilaann 3.4.4.1 wazuuululealnumnatlsaieinu
MSAAKENTWIAATN 3.4.4.2 111 Tadans sauiiu HCL buffer 715 NaCl 1.703 aSusiadns, KCL 0.199
ASumeany, CaCl.2H,0 0.150 ASuMBAMT way NaHCO; 0.300 nsudodns 1luasrlsznay
(Wichienchot warany, 2010) leUsuanzvesatsazaslilnaifssiuannyvesansazatodian
Inslavilunszwizenng Ysuns 4 fiadans wanliidniu Jausuiitevvesensazataifuiiiordng o

=Y

oA 1, 2, 3 way 4 audnuaiy nsalalasaaasn waslildduanhldiumesnhauatgamgil
a = ] [ o =4 7 ] = a aa 3 a =

71 37 serwawied wendunsins iuseg1elsuins 1 Hadans antuduaisazatsladeulons
anles Wudu 1 Tuans Wilden Mewiniu 7 ieneaufisennisdessanse lnawSeuiisuiudyau
NUUEIFg19 AT IEAMIUS LA e e e Audsued Dubois wagamy (1956) wazusuie
U1R183A2% A1u3See Miller (1959) mnusivasidenlunianuln n wazey walulluAIuIuAn

£ e & [
Wosldunnisgesgais lag



g

, v 2 e USmnauhenaSidudsdon—USunatihmaiandnaudes
Msggdany (Wosigum) = ———— e o [}
Uunahsavisiua—Uinaihaaimdnoutas

3.4.6 PyEnUnIalunTsdLEHNM AT yeRiuvselslulednd

NAABUAINAILNTO U TASESuNTas ey wiululedlnugnanlsanla
210 3.4.4.1 uazkuululedlnuanailsaneiunisfaweanauinain 3.4.4.2 asnuansslusiulefndds

1 1 a

dnllvglllunuefiGendy  Lactobacili  \flssnnuuaiiawandannsaninnsalanfinuazidu

o

o el

duvddinlumaiuemsvonywd  lumveaevillduveiids 2 wflafe  Lactobacillus
plantarum RS54 way Lactobacillus plantarum NF3 IaeviuuadiselusiuTendunidsdluaimns
a3 De Man Rogosa Sharpe (MRS) 31195 10 dadans Ul 37 svmwaded Wunan 24 dalus
wintueedadosas 10 (1 fiadans) Suilrnududu vsudedudu 106 CFU sofiadans adlu
minimal medium FaUsenauday Peptone water 2 n§usladns Yeast extract 2 nfureadns NaCl 0.1
nSURRANT KHPO, 0.04 n3usinams KHPO, 0.04 Asusiedns CaCl,.6H,0 0.01 nfusedng
MgSQ4.7H,0 0.01 nusaans NaHCOs 2 nsumadns Tween 80 2 flaansusadns Cysteine-HCL 0.5
n¥uredAns uag Bile salt 0.5 nSudedns tneldusuuuy wmluledlousnailsafiliann 3.4.4.1 uay
wuululedlnugnalsriinunsAnuenuuinen 3.4.4. 2o duindawesrsusuSsuiousiunsld
theauuulua Sydu unzeedlnnuaslptsuiuaintefadud thluduigamad 37 serisaidoa
Tuanmzldenid  laglunmampaeusnuannsolunisasyueddsluledndasyinisifuiedie
1na1 0, 6, 12, 18, 24, 36, 48 way 72 F1lu4 Lﬁaﬁmﬁ'ﬂﬂmﬁm%mwﬂﬁL%ElIUi‘LUI@ﬁﬂé TagimnAn

migandunasmeiriesaunlnsilaiiines frueInay 600 wiluiins

3.4.7 A5ANIE@NIEIs N anlunstag kUl uuanUEns 1lagldau el d-LuuuwE

deulesiuuuuiuaann Aspergillus niger H1ULAUATTAZAHLUULULIINUEWE 17
an17¥AN 9 aanuuuanMzn1Inaasslaglinaiin Response surface method (RSM) wuy Box-
Behnken design (BBD) (3 s¢du) laeiltlasedidnut 5 Yade laud arnududusssniuanlanuuiuy
anududureseulsd ey vian uwazgamaiilumsdes leannslunisvaass 40 ganisveass way
fqﬂmiwmaaaﬁl,ﬂuﬁhﬂaw (Centre point) 6 ¥AN1INARDY Taiavan 46 YANTNAADE UARIAIAITN
i 3.1 udnhdegnynanznsdosuasRFUUTINah MaRaLn Uiinanhaaiing way
psdUsznauvasendlnnmuanlawuuuiiiatulaeldis TasunlansiRauns
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A197199 3.1 @anznsyepwlukuunLEns laelteulvivuuuua

Run A:pH B:temperature (°C) C:time (min} P substrete conc. i enzym~e cone
(%) (unit)
1 6 35 15 1 0.9
2 6 35 25 5.5 0.9
3 6 55 25 10 0.9
a 6 35 15 55 1.2
5 6 5 e 5.5 1.2
6 5 55 15 5.5 1.2
7 6 55 25 5%, 1.2
8 6 55 15 10 1.2
9 3 55 15 55 0.6
10 3 55 15 1 0.9
11 3 bE 25 59 0.9
12 6 55 15 1 0.6
13 K 55 5 ' bl3 0.9
14 3 51 15 55 0.9
15 6 55 25 5% 0.6
16 6 55 o 1 0.9
17 6 35 5 9.5 0.9
18 3 55 15 10 0.9
19 6 i 5 R, 0.9
20 6 55 15 5.5 0.9
21 3 75 15 245 0.9
22 6 75 15 10 0.9
23 6 55 15 55 0.9
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M15719% 3.1 annznsdasulukuuanuenilnldieulsiuiuuiua (@a)

. . D: substrate conc. E: enzyme conc.
Run ApH B:itemperature (°C) C:time (min) _
(%) (unit)
24 6 55 5 10 0.9
25 9 35 15 5.5 0.9
26 6 75 25 5.5 0.9
27 9 55 5 5.5 0.9
28 6 55 5 L 1.2
29 9 55 15 5.5 1.2
30 6 55 15 5.5 0.9
31 6 75 15 1 0.9
32 9 55 25 55 0.9
33 9 55 15 55 0.6
34 6 55 25 1 0.9
35 9 75 15 5.5 0.9
36 9 56 15 1 0.9
37 6 553 15 10 0.9
38 6 55 15 5.5 0.9
39 6 55 15 5.5 0.9
40 6 55 15 55 0.9
a1 6 55 15 1 1.2
42 6 35 15 5.5 0.6
43 6 b5 5 6.5 0.6
aq 6 75 15 5.5 0.6
45 6 55 L5 10 0.6
a6 9 55 15 10 0.9
danannglumsndaiimuiray  TnefisrsanainUsunaeedinnualauaunuuiings
"Lﬁqqﬁqimhﬂﬂfﬂuﬂﬁmmaaﬁy’wialﬂ annzimingauiansanannsieszvnalagldudnang

IREINUTRIReUaYRY IasianTanal A1duUsyansnisandula (Coefficient of determination:
R?) w@alaainnisAuiad Usunainiasmdg (Y) Asrnevaussiaulauanaduaunisonney daudsi

=i ! 1 = o o oW Vs = A a L3 o i v o ’d
frnuuwana1eegNiltuddy (p<0.05) lasuidaninednsizimanenunzaunvusunainiag

L4

Fdgean nyvaullA wansanudiusuesUinaninainad Wy 2) uasiuds 2 fus

! Qs a

AduUsEENSn1sAndula (Coefficient of determination: R%) way &uuszansnis

v o

Andiulangnuium (Adjusted coefficient of determination: Adj-R?) ATvivdBIRERITY ARTNELWLS

YaaanUsluluma ANuansavasuUslunseduiedeya uasauwmusauvadluing Lack of
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Fit Us¥89A272 ARIALARBUTBITBYANTITVAGEY LAZA IV IZANTEIANN1ION0BE FIAITTAT p-

value > 0.05

= wa = wa o = a a <
3.4.8 ﬁﬂﬁ"awuquﬂLﬂiJﬂr]Uﬂ']WLLaSﬁﬁiﬂﬁﬂ'lilaﬂuwglUiamﬂa’Uﬂﬂ aaaiﬂﬂ’]LLaﬂImLLﬂULLuUﬂ

a o =
Nﬁﬁlﬂmﬂaﬂﬂzw LA EU

a a v < o
Nama@aiﬂﬂqLLaF’]IG]LL?JULLUUI@EJI“U?‘{H']ﬁiV]LVi@J']SalJ VINHENTNAG DU 3.4.7

LUV AL eI SwA LU UL E a9

3.4.8.1 AATIVAMMEINIatun1TduasunIasyesluslulednd (muls
Aaszilutede 3.4.6)

L

3.4.8.2 Jnszviauausalunsdugirdunsdnalsn lnsauamnsalunis

o
v a

gudigaunsdnalsa 135n15mail

&

13"1ﬁaaéwmﬁﬂmamauﬁamiﬁua‘lu’mﬁfi'afidm Escherichia coli TISTR 527 uay
Staphylococcus aureus TIRTS 1466 Tagimstwyviasaienslsaluomisiver Mueller Hinton
Broth (MHB) USan@s 10 fadans Wiluiuiigumnd 37 esrigaldea e 24 §alus 16\ ¥eild
pududu 10° CFU spfiadans arnduvinmadanadeldldnmududuanieluanms minimal
medium Wiy 10° CFU sefindfies Amadiuasiaode fivinamashmanmma 1 Wedidud
(miindaysings) ieldifuwdianiveu Inefiveauaue thanausiilua uwussarts dilduui
qumil 37 ewwadudluanndlionna Tngluntmaseusruannsalumsiudinisayues
yaunsdnalsn IS AUMegTiian 0, 6, 12, 18, 24, 48 uay 72 H1lus Lﬁaﬁmﬁmmm%maa

Faunidnelia lagdadn1sganduiasnigiasesaniasiulofved 7iAme13AaU 600 Uluwns
3.4.9 MYIATIPANANATA

MmAaeInuisnIIve. 3.4.3, 3.4.5, 3.46 UAT3.4.8 1MUNUNTVIAGBIUUUEN
auuu‘mj (Completely Randomized Design: CRD) LaziUSeuiisuanuuanaseradefilduos
ﬂ"ua?{&l%’azgaimsﬁ%’ Duncan’s New Multiple Range Test (DMRT) anlusunsuA1uluvisada
du3a3U SPSS
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NANISVNAADILAZIATAUNANISNAADY

4.1 waradn12eluNsaNARUS U UNAN AN VD ILUULUY

INATUININUENIT? WIANALUULUURINANILANTENAINDD 3.4.2 WU USUNaduau

H Y] 7] I ] 2 (¥ | ::5 { O
wuuiafialaegludae 26.67-58.61 Waildus uansdanmi 4.1 Fanehainiie ladsulansen
lgaudu 20 Wasidud (Wmingdausuuing) Aitian 18 42lue waziewiviinu 6.0 TauSunauuuLy
H & & = a 1% o . H
ugenge fe 58.61 1Wesidus FelivSualndifssiufisiseiulag Saittagaroon wazamy (1983) 9
7 e = o A = g 2 57 ¢ o 3 !0) at
anaLuuLULINNINUENS M eedan1aglunisanane lonadleesonlamiudy 16 wWosidus (ndn

AavUSuuag) Wuan 24 4alad waziewindu 5.0 TauSuuuuunuy Ussana 61 wWasidus

100
s
o
.= 80
@
=
s
& 60 - e
G = i
& -
= Py
=
= 40 A
E] 2
; o
@ 2
z ;
’% 20 i =
= = 2 w“"& &
b= 15 .%o
a= 0 AN
e &
pH4 pH5 pH6 pH4 pH5 pHE pH4 pH5 pH6 Q\\%&("Q
18h 24h 30h Sl

anzilglunisanauuuuy

A 4.1 YSunamandnueasuusuudialdan1iglunisanafiuand ey

] v '
= =

UBNINNY AsaNANNLEYNaIlY warldailunisaianuiudy DuurltureaUSuuuLuuLLLY

U
T

‘ﬁﬂﬁﬁlﬁ@dﬂ'ﬂﬁm‘iﬁﬁﬂﬁﬂl%ﬁL?J‘Uﬁﬁ’lLLﬁﬂ“ffL’JmﬁaEJ drmnududusadaiionlonsenlosildlunis
aﬁ’cﬂwudwmﬂ%’mmLﬁfj’uﬁéﬁu'ﬁ'qq%’uﬂ%mmmuuuuﬁaﬁ’ﬂlé’ﬁuuﬂﬁuLﬁuqﬁ!}uwiuﬁ’u agnalsnanuns
’Lﬂ?j'm'mLﬁu%’umaﬂmﬁﬂulamaﬂl%ﬁﬁqﬂﬁulﬂéamam'aﬂ%mmmuuuuﬁaﬁ’mlé’ﬁﬂ'%mmamaa Fadunn
mslélaienlansonladiinrunduduiingstu audsimnududy 20 Wedidud wuwuuiiad

IefiuSunaaanazasivsunnanasiloldlamenlansenleaniimnududuinnndt 20 Wesidud da
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o
o e

7 (Y] =i. & 4
ADARABINUIIBIIUTAY Sharmada wazaue (2016) Avianiizlunisws-nIswunniniudntisu
(de-oiled oil seed cake) lnaldleinaulansanlandudy 2 89 10 uasuea Weafnuiin1aIng
wuin Weldladsulansenleraufennududy 4 ueiuea awn0annmasniginuIunugEn

@ w o

= v w a s 1 ¢ a H da  ed v a
Lll'é]ﬂ'l']l]LTQJ?JU“U@QI‘ULWFJNI@@?@ﬂl‘?ﬁﬂlﬂﬂﬂ'ﬂ’] 4 UYa7uaa U'ﬂ.l']ﬁuu’]ﬁl']ﬁ'ﬁﬂ'éﬂ“ﬁﬂﬂlﬂﬂa‘lluﬂimrlm

AREN

w =
4.2 navasanzlunisannfanuevesuNuLuulagads

ANNEMTBdLLULUUlaEIRaEsE A1 degree polymerization @1unsaAtulalldainnig
° a 4 ] ) a b e = [T} v a a o
usuranhaaiemuansmsdiuaiiniaisgninsziile Jadunisuansdeyaidaluum
anunsausnivpuduiusdeautidmihnvesuuuiulalunisuiludssenaldluemvis wu ns
[t o o = =4 = =l al e =t = ' =
Wuaslvaudunie viensilunslulefnd #9109 4.2 wuan AnugnussluuLuulagde
o o ww ' o o ow ¢ v v s ¢ oyl @
nanalaaglutig 64.35-117.3 Inganngnadame ladedlansanlgaudu 25 wWesidus (Wmidn/

- i ) 1w 1Y i =
J3uu1915) 281 30 97lud wazileyvny 5.0 lmm'msmfummmmuimuaﬁaqmqm Ao 117

120
100
80
60
40
20 25
S
0 | e 201&@&?&@%@;@
pH4 pHS pH6 pH4 pHS pHG pH4 pH5 pHE & @;\@‘*
18h 24h 30h 3

anefiltlunsatnusmnuu

A9 4.2 AndsvRawluLuLlagwasanaladleltanglunisanaiwananeny

W - cala v v oa X v o £y
nsafaildlyneulansenleaniiaudutuiinguiivnliuililaanuguuuiuulay
\wdggaliu dufiteviaziianlunisadaluiivualdundaau Jadens 3 Jsdgenalaninatiuiun
dmaranusnLuuiuulngads lnaaninsiadiaee ladeulansanlaaudy 25 Wosidus 1ian

Tunisafaunifgauasfifiievs dwaneniuenlaewdsuinign sgslsini a1afideadedy q 49
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=

denareruenvesuukilaeiade 168nse Wy vlnvewiviazats damdwseuing Tngduse
fviavany  uavgampdfldlunisadmidudu 9 Moerman uazams (2004) MBUNAYETAf
vhavaneitldlunisadaderuenvesduydulaeiads Feuin mwemlnsiedsveduyduanas Lo
éwiavanevanevindaudu wananil Ku wagame (2008) enudmisliivhasansfuniiuly

159n13anRznaurasn1slulawmseanaduddanalrainuenassansivlawmsalagasidusuiaanas

'
Y = =

soutull 2007 Paseephol wavanz WAnwINavaIRNdNTUTedingAuEIaY dasidiuvesingiu

L]

I w0

safvhazany uazanmnilumsmnmzneu Suydusinuiunsiu fdwanenenivesduyiulag
Wde wuharududuresingfusuiuinasonnusnvesduydulnsadeuniian
4.3 auaunsalun1sazans

naususuLiadaldnnnuend Wethuweasuamanmsalunisazats fanngly
nsazatedeg lesuiadu 2 ndu aguil 1 Rarsanarmasnsatunisazateidiiien 3-9 lag
fvusliaududuvesansazatsuaukuuns Arundudu 0.5 Weildud uagnduil 2 fansan
AasalunIsazaIstesaisazats L uiR Mgy 0.1-1 Wedlud Amualidfiley
wihitu 8 tssaniliuarieriuauuunaunsoasaioldidanlaeis 2 nau lédmungumgivay
seornalunanaaeulii 80 asmwadua Wusgsine 30 wiil namvaaBILARIRIANTIT 4.1

) i o ¥ r ‘J 1
A197197 4.1 ﬂ'J’li]ﬁ’iiﬂ‘iﬂiﬂﬂ?'56'15a'lEJ"U@GLLZJULL‘LA‘L!ﬁE’fﬂﬂlﬂﬁ]’]ﬂﬂ']ﬂu‘éﬂwi'l']‘\ﬂﬁﬂ'n%ﬂﬂ 9

R REUSIEGIY) D> AMEsalun1sazany
an1rglunisazane R AR o WY b
(Uasiwua (Uwunaadsning)) (U3 UR)
0.5 3 37.1+1.70 °
0.5 4 39.7+1.93
. 0.5 5 42.0+1.57 ©
Agn 0.5 6 42.2+0.85
05 T 5224157 *
0.5 8 53.7+1.64°
0.5 9 50.1+1.26 °
0.1 8 45.2+0.80 °
0.2 8 46.3+1.49 °
L 0.3 8 46.4+2.10 *°
’ 0.4 8 44.6+0.56
0.5 8 41.8+1.47°
1 8 2354285 °

vanewe : AfikaadlumsaduAiedesAndosuunasguannisaaes 3 4
8nw5 2, b, ¢ MuKIRESULLARID AHLANANNEDA IsEduAIdaii 95 Wesidud
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ALAILITOIUNNTATANYVBILUULUUTIATALDTAE 9 LABAMUTLUUYD IUULUUAST TA1
1 s 1} = ar o o :l ot 4 °.Il 1 1 1 o =
LANFIAUDEINHUYAIAYNTEAUAULTBUY 95 Wasidus lasfigaeanvindu 37.1£1.70 fis

'
= = =

53.7+1.64 Wasidud lneanuaiuisalunisazatswUseum unuaAIies Ao AadinaduaAuEIunse

g a c’!” = i | i [ 1 ]
Tunsazanefifiagedu Fsnuaiusalunisazatsvesiuuluuiingeiigniifiey ity 8 diuen
s o Y =& 9 v . a ) [
AIEILITAlUNTTATANERIgANUN LB 3 Felvuatirmiaieanu Beneke wazagiy (2009) 16
U A = 1 d‘ 1 1 at = 73
578971471 Asasuwlasiealutie wWee 3-11 dsananlnualunTatunisazalevastanaluny
Vel Taseas1eradlafaduny wasluuluuannInueniNnilasiasaieateny Aed diaiatuulug
- " ow w ) o T w ] A v @ |
Wauratudewusziudn-(1,4) luaneldnan waziihmaniuanlng Werenlaiuszuaaii(1,6) 1Ju
e I ql' [} o 2 & 1 &
arelgis 2 nmanIsveaaddundunaliln tuuluuaiuisoazalalaaluan1iendunie se9a9u1A
d' =1 [ o as :QLJ: n:vil) o qE @ 1 1 = [N
anemdunate waztiunse aruaisu isdoradiosnain luannzmdussdsasuliinlosalu
leduvosmasuendaluatelndusnailsd laauszgauainarsavareiinldfuluaelddmalidnng
= i . - a= bl .n i =
Wasuwlasluaielad (Whistler wazBeMiller, 1997) 8ni4 dnsrduzpwsulua/niwanlaanidu
a9rUsznavlulAsIds U WNLLUY d9NadBANNANNITALUNITAL A VLU UL UULIUAY LAgnrIN
fegnafldnsdruvenulua/nuaniad ludadruilndfesiudnaly fret1saiusoazatalanau

v g

:j ; di k2 =l 2 d'u LY =Y 1 L% s & ot
Wathilesan laseadrevesuuulud dlpssasrandunusaulalasindn dau nwanlpadunusny

Y =

lalasHan (Dionisio Way Grenha, 2012) yananUiawudn oo rdAIgeUy lauluuiinLa111Te
3 qy di CY -] = 1 1 o L7 =y v s cl

Tunsazategs Mellanadasinain ludwihazaneiing OH pgunyila I salian sl un
wuszlalasiauldfiuay dwaliaiuisaazatednleunndu (Sharma waganig, 2008)

d o =l v ow P N f

WeRivnsanfiaududunies asiuiuluunnevyiniy 8 wui auamnsaluniTazaIeued
wunluLiiauuendsfuaEsiiTaddey Aszsuanmdeu 95 Wesidus dviruvindu 23.5+2.85
4 45.2+0.80 Wasdudlaaauanuisolunisagatenusanduiuanududurasasazais Ao AN
WUtUYeIasazasRLTUAIINAIINT0lUNITAYAN8ENET TIANNEATHISAIUNTAYa18YDIULULLUL]
[ A:l' 2/ E5 6 @ & ° :!' 17 17 1 (%)
Argeaafiauidudu 0.1-0.2 Wesidud wagainuaiunsalunisasaneigniiaudatumiinu 1
Wefidus annsdunadnvazusingient wui @savatsunuuuuiinadudy 1 Wedidud &
aznauuinnIiaudududu q e1atliosnain muaunsalun1TaLaIglIULENEIANATNTA
dushviliazangldtosas inmziiawIsuasazatsusuiuunAdNdugey (5-10 Wasidud)
1 U i i i i 4 ¢ € 1
ArauausalunisazateiiatliunneainaisazantenlukuunAgNty 1 wWesigus (ld

LAAINANTVIARB)
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4.4 gan1seaLenIUInYataaalnniuaalauuuuulng ldraaullasun inns i
~ o o v & @ & o aaa a 8
diothansazatguauuuunmnugnidudy 5 wWesiuduvihugiselslasladalagly
wulsdiui-uuuuiug 210 WeuealUesida lues anududu 3 giln Ngumgil 60 sermivaldys
Wuszezinan 120 uil udnsrasu vilavssesdlnnmuanlniuusuuilamedSiuawasinsulnsn

- a a
S LLE@RIAININWN 4.3

M3 2 2
M4 T ;
M5
MB( g )
@
STD CP

A 4.3 TasunlannsuannnsiiasigiiegefilaainnnsgesuuuLuuaInnInuE N3 el

L ¢ . . ﬂl o aaa = =]
LURM-LIUULUE 910 Aspergillus niger. ‘Vli:sa::na'ﬂ,umimﬂgmmlaiﬂ'ﬂaﬂﬁa 120 um

vangwn: STD fis asuinsgiu Usenausoe: winlua (M1) wilululea (M2) unululaslea (M3) wuluinasslea (M4) wuuluwung

Toa (M5) wazwanluianaslas (M6) CP AR LUULUUIINAINUENGT?

nAmRanITIRsEReinretesdlnniuanlauuuuuuiiliannisiuauLLLIINnIn
i iselelasladaseeulsiuiuuuuniuadussasina 120 wil wandnsiiusing
figat] uuulululea wulyleslea wiuluinnsylea wazuuuluienezloa Ssdonndasiiu Park (2008)
sre9uds viinvesenalnniuarlauuuLLuNY 3nnstTnANENETHIuATaRATTY 1w
Ufisenlelasladameioulaiiuiuwuuunuaann Trichoderma sp. #d7uau 2 vlialaun wuululas
Toa wazuuululenazloa seunlul 2013 Chantorn wazAmy s18UKAYRINTTIEATALEULEIRN
Penicillium oxalicum KUB-SN2-1 Tun1seaguuuiuuainninuens dunsagesls wuulua wuu
lululed wazusululnsloa
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=3 210 v @ & Y o aans a 1Y)
wiulidnstdsulediuiuuuunua lunisinujisenlelaslagafiuuy U
b 74 a [ e‘d' a 2] 1 £ 1

wINAINUEn31 wanduefindnladiulug lawn wiulululea wuululeslea wazuauluwmaszles
Y o b d a yuy ad ar o o
ATULNLILENITUINYBIDALNNLAALALLULUUTNAR lem875 Aaduillasutlnnisi Taeld
sephadex LH20 \Juflifsuazldiinauiludare iuudsndudiuig 60 unsndu unsnduas 2
faddns udwrazunIntudlAT iU uIaiaIanarLe walthadleunadians i LangsanIn
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wrWiImgleulgllusMILULUEIIR Aspergillus niger 19831187 120 U

ansavarguuunuuiduufizenlalasladadiseulediudiiauuiug Wodhuuenvauin
Yosgadlnnuanlauuuiuundalaaieis Asdullasuilnnisi andudesgvUiuianiieg
VeruagaudsnduTianue 60 unsndu ardladatnanadensmauduiusszuitwnsnduiu
Uinanhmavianun lagRansanann favseluafinniusingiu Gaanusnguanstisdunaninia
vianuenilussazunsndu Snvisduansiudauisvuinvesinnia wasamuvesiiniusing uansds
H 1 & A a 5 e [ <t =3 <4 [ H
gunveshmaluginsndy dydavenhmaniluanalvyluauiuadinusaidulinialuana
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Wiausousnldedrsdmauindulnaiia Ssiannsavenléienamaanasmesiinaimarisn
wazrdavioruavenimaiifivuadnnit 9nnwd 4.2 ansawsnuuialuianavesssdlnniuan
Tauuuuu deanfu 3-4 nduddl nduusnusznaudisunsnduil 20-30 nguil 2 Usznaudaeu
sniudl 31-37 nduil 3 Usznaudeusnduil 38-02 wazngui 4 Ussneudheuvsnduil 45-48 Faus
agnguildegree of polymerization (DP) Ansfiu WE3ansiedeududuriavievunnvesimadiuen
Ilaeldfuaesiasunlans il Fanndl 4.3 wuin nquil 1 @ilsndudl 20-30) fhanadtifu
asrusznauldud dmafiivuieluanalua) \Sunguiisl O snnd 6 iesanlifigaiinsafuans
wsgIu (dl 4.3 A) daunnguil 2 (unsndudl 31-37) Usznausne winlumunzlea was wuuly
wenwrloa §i DP way iy 5-6 (A wdl 4.3 A-B) faungudl 3 (Wsznaufeunsnduil 38-42)
Usznause uuilulaslea wezianlunnselon I DPuaw Wiy 3-0 (il 4.3 B) uazngui 4 (uw

sntufl 45-48) Usznaushg uulululea & DP wihifu 2 anudisu (nmdl 4.3 Q)

s O OAMl
M2 O ©M2
o o)

= AT F D
e o S/
. oR@® D M

STD 29 30 31 37 33 34 35 36 STD
Fraction number

d = .ﬂl 4‘ Qt‘ 1 i 2 -
A 4.5 A TLC vpwiladimaiilussrussnauluusnduanuenliaineedlnniuanlawuu
wuu (A-Q).

wnewe: STD fie ansunesgiu Ussneume: wuulua (M1) wulululea (M2) wiululaslea (M3) uuluipnszlea (M4) uiuluimunz
Toat (M5) uazuuuluenyzloa (M6)
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Fraction number

=i 1 a 3 o & P v a
AN 4.4 (fid) A TLC vesrdinhmandussausenauluunsndunegivenlaainesdlnniuan

Tanuuuuu (A-C).
wnowe: STD fie ensanasgiu Useneudae: wulua (M1) wuulululea (M2) wndlulaslea (M3) wulusaselea (M) wnluwuny

Tod (M5) uazwuuluiangzlad (M6)

Sz q‘ ¥ o (Y 124 - =3 O 1 ' ¥ o £ ¢ v v
wnanstluenashanulidmiunisldnuienis@nwivingy ldeuygnliluldusslevisunisen

Lidnsdilag vsdu Bnneihudilvdauaaiion uasdesdedadudnvadenalsynassninistluld
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115189714984 Ghosh Lagauy (2015) Alasieauniswenwisndusuululedlnuenatlsaila
NN NIINUsewaBuhe Mrulfisenlalasladalaeldieulsy endo mannanase CtManf
210 C. thermocellum ATCC27405 auisanentdviavas 3 wisndu Insunsndunsndiiniawuuly

1 ql' g & 1 A g
lasloallussdusznou nduit 2 danawnulululea Wussdusznau wazngui 3 furaawuulug
[ I3 q" a e 3 g!"ﬂ:! o @ =l 1 !5'
Wussduszney Fauiduaisiliinandedu Aeamnsanennguiinia unululasles wag uuululy
o/ E23 low o s v 1 L7 g ¥ Ed L3
Toa pananiuld widdinauiuteseniusulusaseleatuuiululaslea iellenailiesnainiag

A duans dertany dsalin1suenasiarannnaisiy

' ]
s

= ot 5 L 8 as = 1 UIJ A [} 4#' 2 =1 d! =
nuiteasdladndannguunsntuin 38-42 Lavngud ¢ Ussneumaunsnduil 45-48 il DP
WU 3-4 wag 2 sudeu uwmedsuludusel esmnuuululedlnusnanlsanid DP winfu 2-4

seffunndunslulednif (Manning wag Gibson, 2004)

4.5 pan1svugdasvadeadinniuanlaunuiuulag 19nin luan112970099090 32W1201M13
mMsAnwInMIunIssavesarsainuululedlnusnalsdainnnueninffvuisluana
ey Tuangdiaesvasnismngavs iefinrsandnanmeasunluledlnuenailseuents Tu
mnuseannetiunsagelunszimigonms dlagunfinsemnzenisvaanuedi - filey Uszana
1-4

nsnagevALatnsolunsnugeeldnsaluannisdnaswsInssiwIze1mIs YL ULUY

i '
€ o 1

wuululadlnuanalsandelatiunisAnuen way wuululadlnuanallsAeIuASAALEN U 2

'
=

nau uazdyaudaldiluenaToudio saasaidusiua 5 deg ifeifu 1-0 Hunan o-
6 d2lus wanadan il 4.3 A W wWedifudnmsdesiipfiuduidlefiey anaslunn 4 fed1s Ty
diduatheraiiles uanfuluaed 4 uenanilimuin nnfedmasiidesidudnslelasladaan
aviiflomiiuay onansiuly 6 $3las anensaiifeuidudugs Gilow 1) ssfedisaanogn
lolasladaldd esnanszduresnaniifinnududugiazdmasionussiideud efuadluiana
thimafideudefunamaanainfuldienituanzifamuduturesnsai uagmislelasladaves
asmegraAntuuuuduishisumegfurinvesiusznelumeneiwes dransmedieiansuszney

=i

1 = [ - o 1 o 1 = =
Tuanalngjasiwesidudinsgndesiininitansiedesifiarsuszneuluanadn (lan1, 2551)
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Al 4.6 Wesidudnisdesvasdyau (A) uuuwuu (8) uululedlnuenalsndilainunsAnuen

©) wauululedlnugnailsafinunisAanandisun 38-42 (D) uwazwuululadlnuenalsa

el
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wangsiud 45-48 (B) lusnmsiiewhau 1 (M), 2 (A), 3 (X), uaz 4 (O) figamgdl 37 svruea
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A 4.6 (sd) Wasidusinsdosuatdyau (A) wauuy (8) wululedlnuenanlsaiidelitunisdn

'

wen (O wuululedlnuananlsafitunisaatenaisuin 38-42 (D) wazuuululadlnuanalsaniniu
nsAmuenduil 45-48 (B) lugnnsfitewwindu 1 (M), 2 (&), 3 (X), uaz 4 (O) Ngaumail 37
aamsadea Wunan 6 4lua

a a =

By Tulesiduanislalaslada AMas 1 WAy 14.7-43.2 wWasidus dunuululedlnuan
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Alsandaldeunisdauen Slasidudnislelasladaasiian sasaunde uwuululadlnuenailsaieiny
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MMSAALENE1AUN 38-42 wuululadlnugnAlsANEIUNISAALENEIAUN 45-48 LAy WUULUY
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won Wuan 6 42lue Ao Wiy 1-4 fandedidudnislelaslada windu 3.381, 2.595, 2.033
wae 1.701 Wosidus Gﬁaﬁﬁhqaﬂdﬂ Ghosh waganz (2014) Mdseanuanlesidudnislelaslada
wwululealawgnailsaiildannninueninnanusemadude Teulesl endo mannanase CtManf
90 C. thermocellum ATCC27405 WJuiian 6 9alue Afew1-4 SAwinfu 2.1, 1.2, 0.8 uag 0.7
Wesidus saienaiilesnnan wulwildluiisolalaslataielildusululoalnusnenlss usii

= ¢ 1 = @ 1

Wueuladuliafeanuualaaingdunidanwiaiu a1sdwaisaruamisalunisidvind jisen
wansaify SnitsanieililunsiufAtendniuifinaderuin DP wasUnameusululedlnugn
anlsainanlaieiuiy

dawssuiisuruledlatanailsdvinsy wWu ladlatsnalsailaanuiadens g
Wichienchot wazae (2010) ldvnadevautfvedledlnwanailsaannuildensiaaningnisvugas

Tneldnsaluaniizsnaswanszmizenms fimes 1-5 Wuaan 0-6 93l wuda ledlnuenalsdd
Wanuisdansfidinsdesgeanifiies 1 10unan 2 dalus alldnvirdu 4.07 Wesidud Fafle
Tnddsaduauideluadail sounlud 2011 Du wazame lowameuantavesledlnuanalinain
fnnes wudn Tedlnuananlsdildannilnmesiidinisdesgeaeiifties 1 10unan 6 4lus Jadie
Winfu 20.31 Waedidud uenanil Kothar uazmae (2015) lanadevaudivesioladealalealauen
a1lsndidains1ziann Leuconostoc mesenteroides NRRL B-1426 dextransucrase 51841131 1o
Tnuoalalodlnusnnailsdiirnisdosguaaiiay 1duna 6 falus fidnvinfu 209 Wesidud il
ﬁwgmiwiuﬁﬁ'ﬂim%ﬁ PnnamSITeiiiaT dini Indies UERRRGPR uiTeiuaug danuduly
1% shifenailesnan wdweneuleililuljiselolasiadaiislildloalatonailsd Yagiuss
duililunsanaledlnuanailsd mniaaausriniussussneumeluresingiiviimiuunnsig
viavenimaiiduesiussneuluingiuiinnuuandieiu dewaliadnlduinvededlnuenailsdi
A3y ANasadeaneatsuudasladldnsaluaniizdiaswesnssmizonms Auana1anuly

b

el
4.6 naveseadlnnuanlawNULLLsBNTRNETUN1TTYYasRaUNIElUTIuTafng

devwululedlaugnailssnndaldanninuznsnunldidunwasasusu Taeldusunuda

= L. 5." 1 5 @ & =} < s H a a =
WeumnudInanarua 1 wWasisua ssuimeunu Unuuulug aUAU Lhas wuululedlnuynan

= =

lsalaann Tadatudy undsesiudugdunsdlusluledind Lactobacillus plantarum NF3 uag
Lactobacillus plantarum RS 54 Taaldiieqdunsans 2 vlladusuiausuduindu 10° CFUse
fiadans iasuuluannglionnta 7 37 ssrwa@ealunan 72 9lue ldkanisvaauansds

AN 4.7 uay 4.8
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Fuldin wuululealnusnailsananalaannnuznduaziiunisgesdeioulasiu gy
wNudaN Aspersillus niger Hlsitun1sAnLen Sauannsalumsduaiunisiadnuesqaunioius
Lulefind s 2 wdia 1éun Lactobacillus plantarum NF3 uag Lactobacillus plantarum RS 54
Tnddsedu wwululedlnusnanlssanladadusy wululedlnugnanlsafiniunisfauanauind DP

o =

wihiu 2-3 uaz 3-4 Sniadadianuanunsalndifenu Buduuagiinauuuluadneie lngszesiian

| ~ a v = = s = a & a = "W '
nisduasunisasglafnaan 24 4alus lnaduTunandedunid wiriu 6.5 wag 7.0 log CFUsR

fiadans aud1iu Jeaenndosiu Ghosh ko Verma (2015) lduuululedlnuananlsdfiatnain
n1nuEn31 AnwAuaINsatunrsduasun1asyvesaunsdluslulesnd (Lactobavillus
acidophilus 449 waz Bifidobacterium infanits 41661) WIguiisunuBy&aY LLaxﬁwmaﬂQIﬂa ok
seeunululedlnienailsd fareainsolunsdaasunisiaiyvesadunidns 2 +in lay
annsodnaiunaaildafandszozne 24 Halus uFaiufunssning wagame (2558) 16
eunavaensldkuululedlnueneilsrainninugns1alunsdnasunsaigyues Lactobacillus
plantarum TSTR 541 wag Lactobacillus plantarum ATCC 14917 #Wu 30 Qauw?ﬁ‘ﬁgﬂ 2 yindl
USnaniiuty 11-15 wWesdus TnelduntledTnusnalsd fuunasaisuou drunduuiuiaiale
snmnuening feuasnsoduatumsisyenauvidluslulafndis 2 via (fteefian Viados
dlesnann wnwwuivlndusnmlsdfsilsanasuining vivldgiunidliansahumsululdlu

9

n1sLasgylel

athslsfinn prgansolunisiasyrenauniduasis 2 siiafinrwamisalunisaiy il
ity aiforaifennanmmumanvaneredlesiaiuagnisaiaeulaitundosluanave slod
Tnurnanls@lulden feasiifauififundlulefindd asduszneu nmadeufuszwindluanade
stussanelulunaseiu dafusuideoasdaouledidanuaisalunsaaeiusygoudenielu
Tuianavasledlnuanailsdlésimsiasaaianety Gsanudumeiazasdonisidin jise

a ¢

Juagivanewuguaigduid (Rastall uag Gibson, 2002; Papamanoli uagae 2003)

U £}

4.7 FUA1SNISTIUIEUAZATIATIZUNIEER
MswanmeRvnzauteslateiitevinadonsdesuuuuuainnnuzninlndueedln
nuaalaluutuusigujisenlalasladalagldioules wein-uuuuiuaain Aspersillus niger Tay
AanuUSInanimas s sAnmueealnauarlawuuudlaenss THn15919AUNTTIAGBILUL
Huflmauauss (Response surface methodology; RSM) Wasaanuuun1sAasddaeds Box-

Behnken Design (B8D) Tnetladeiidnwndl 5 Uade Uaduay 3 seéiv Usenoume aArnnnudunsa-ng



a5

(X1) (3, 6 waz9), gaungil (Xo) (35, 55 uaz75 asraldea), srezailun1svindjasen (Xs) (5, 15
Waz25 ul), ALt UYaIFUALASA (X0 (1, 5.5 way 10 Wasidud) wazanududuvesouled
(Xs) (0.6, 0.9 wawl.2 gilm) AuAIMsIEUALRe USinanimiasing Inn15eenLuUnITNAaadn
Tilaanslunismeass 40 YANITNARDY LLaBﬁﬂﬂﬂiwﬂaadﬁLﬂuﬁﬂﬂmﬂ (Centre point) 6 YAN1S

VIAAEY TILVRVILA 46 YANITNAABY UAAIAINITINN 4.2

f151991 4.2 LUnIAasLaLaz S aia1aIagnlnduAinavaues

- " ApH B:temperature N S D: substrate  E: enzym-e RS(mg/ml)

(°0) conc. (%) conc. (unit) predicted  observed
1 6 35 15 1 0.9 0.2814 0.3106
2 6 35 25 ol 0.9 0.8734 0.8940
3 6 5 25 10 0.9 1.028 1.0971
4 6 35 15 55 1% 0.9569 0.9237
5 6 75 15 3} Ir2 0.8138 0.8126
6 3 5% s> 5.5 b2 1.0454 1.0707
7 6 55 25 512] 1.2 1.1144 1.1474
8 6 55 15 10 1= 1.1008 1.1043
9 3 55 3 55 0.6 0.8362 0.8363
10 3 55 15 1 0.9 0:3399 0.3613
11 3 55 25 5.5 0.9 1.0083 1.1025
12 6 55 NV 1 0.6 0.3625 0.3268
13 3 55 5 5.5 0.9 0.8115 0.8873
14 5] 35 15 ¥ 0.9 0.8332 0.8329
15 6 55 25 55 0.6 10982 1.1463
16 6 55 5 1 0.9 0.2809 0.2809
17 6 35 5 55 0.9 0.5969 0.6872
18 3 55 15 10 0.9 0.812 0.9257
19 6 75 5 55 0.9 0.5698 0.5990
20 6 85 15 55 0.9 0.6063 0.6430
21 3 75 15 55 0.9 0.7449 0.6510
22 6 75 15 10 0.9 0.8564 0.9045
23 6 55 15 55 0.9 0.6926 0.6434




a6

A15797 4.2 ueunSRaRsavnLasUsunaninaIfgnidiurnauaEueY (Ae)

_ D: RS(mg/ml)
B:itemperature C:time E: enzyme
Run A:pH _ substrate )
(°C) (min) conc. (unit)  predicted  observed
conc. (%)

24 6 55 5 10 2 0.6021 0.5612
25 9 35 15 5.5 RS 0.6964 0.7856
26 6 75 25 9,5 0.9 1.0303 0.9897
27 9 55 5 55 0.9 0.6564 0.5855
28 6 55 5 5.5 1.2 0.898 0.8771
29 9 55 15 iy i 1.0236 1.0035
30 6 55 15 5.5 0.9 0.6925 0.6962
31 6 75 15 1 0.9 0.2809 0.3184
52 9 > 25 b2 0.9 1.1963 1.1439
33 9 55 15 5.5 0.6 0.8881 0.9399
34 6 55 25 1 0.9 0.4058 0.3421
35 9 75 15 5% 9 0.9147 1.0104
36 9 55 15 1 0.9 0.4583 0.3310
37 6 36 15 10 0.9 0.7118 0.7373
38 6 55 15 BN 0.9 0.6926 0.7526
39 6 55 15 55 0.9 0.6926 0.6950
40 6 55 15 518 0.9 0.6926 0.6254
41 6 &> 15 1 1.2 0.405 0.3298
42 6 35 15 5.5 0.6 Q5751 0.4993
43 6 55 5 505 0.6 0.572 0.5035
aa 6 5 15 5.5 0.6 0.8481 0.8045
45 6 55 15 10 0.6 0.7709 0.7892
46 9 55 15 10 0.9 09191 0.9003

ne5197 4.2 Wiliin Usinahenasadiiaduileaniizvesufizewanseiuey

1 £
' Ao fal a & A

Tughg 0.28 §91.15 fadn3useliadang lasUSnanimasidiiintuiagannuagluganisvaaes

I 1 1o = = o aaa =
NUAAUTUNTA-ANE WIAU 6 RIS 55 asAaLuE 'iﬁEJBL’Ja’ﬂuﬂTWﬂUaﬂiEﬂ 25 U ANl

Wuduwesdualase wiiiu 5.5 Wesidud wasaududureasuled wiiiu 1.2 gia
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LﬁaﬁwamﬁLﬂswsﬁ%’aqﬂa:u'1a%’wm1mﬁmﬁu%mmﬂﬂ%’Uﬁﬁﬂmuasdwmsmauauaa Tuguuuu
aunnslndluidivardsans (Second-order polynomial) fikdnsaduuszanslundazfuusuay
sewinefaus Tnowansaunnslawail
Y=1.563-0.285%X;+0.0018%X,-0.0284%X5+0.0365*X,
-0.769*Xs+0.0017*X 1 *X+0.0029%X ¥ X5+0.0001%X %X,
-0.0474%X,*X5+0.0002%X5*X5+0.0004*X %X 4-0.0 17X *Xs+0.0026%X3* X,
-0.031*X5*X5+0.0578*Xs*X5+0.016*X;%-0.00002%X,7+0.0010%X5°-0.008*X,*+1.362*X 5>

Wle
Y fo Uunanhenaifad Xs fl9 sverialunisyiujisen
X, Ao Armnudunsn-ana Xq AB AUUAUYDIFUALATH
X, i gauvgdl Xs Ao Aududuraaaulagl

2 1

L s A o/ l:i‘:ll-‘-l = i at lﬂld 1 ot = q‘ Y w
i]’lﬂﬂllﬂ"ﬁl,ﬁul‘ﬂ'l”l {jﬁ]ilﬁll,ﬁiil’,]LLrﬁS{]%RIEJ'WLIE]‘VI'G‘Wai’JlJﬂU'ﬂMﬂ’imJUiﬁﬁ‘Wﬁ‘WUWﬂ’JLLU?QQ lﬂLLﬂ

&

ALt U eulani(Xs) wazanududuvaiduan e siuduauLTureeulasi(X*Xs) Falan
WU 0,769 Laz0.0578 Audey kansiniladeidesidenadeusuantiinnainisniatule de
uANA199IN Chen LazAms (2013) AstBauintadeiiinadanisuannglaledlnuen alsfainasyn
fia Armudunse-ae wasanmadl Feflormilannain annedlilumsmaassnneinaiu
mﬂﬁ?um’maaummmmxamaa%’auﬂaﬁzﬂwm (model) TngnsitasigiaanuulsUsiu
(Analysis of Variance) dulssansn1sannae (Regression coefficient) siaglusunsudniagy Design

Expert Han15lAsIENLaAIRInIT N 4.3

A131994.3 ATlULAaNITANADEUDINT1TUIEN ISR ZANTITUS U allRnas gLl uA e UaUDa

Sum of Mean
Source df F-value p-value
Squares Square
Model 295 20 0.15 30.80 < 0.0001
Residual 0.12 25 0.00479
Lack of Fit 0.11 20 0.00542 2.39 0.1699
Pure Error 0.011 5 0.00271
Total 3.23 45

R?=0.961 Adj R?=0.930




a8

91A15199 4.3 Wuldan Tueafidn p-value fesndn 0.0001 LLﬁmﬁa%’m&aﬁwm T PRIY
wlsusugs uazilanuuanavedeiidedAgneada (p < 0.05) Snvausaasuten1sasuulas
gasiladesis 5 Yade Mhldusnanimaimdwasundadly uenant Selweniwaiildainnis
vaaadarnITue Sanudenndasiuingae Wefiansan Lack of Fit $1 nunsds n1s¥maau
ABIALATDUTBITEYANTINIAGBY LALAIIMMANEANYBIANNITNNDE WUTEAT p-value > 0.05 Fsls]
dauusnanegslitudrAgyn1sata (p> 0.05) Lanein mmwﬂmmﬂﬁ'auﬁuﬁﬁamﬂ%’a;&ami
vaassilanuaanndauluaniilaainmsiuaiisadndes LLaxamﬁmmaaaﬁlﬁmﬂ‘ﬁ’agami
naapsnTadiinumuizay waziisfiansuiardudssaninisandula (Coefficient of
determination: R?) uag ﬁmﬂwﬁwéﬂ'ﬁﬁ’mﬁﬂﬁqﬂﬂ%’uffh(Adjusted coefficient of determination:
Adj-R?) TaeAnviaaastsuands aamduiudasdausTuluma ANdAnIalun1sasuedaya was
AMUMIzELYailuea Wulan lunaial R2waz Adj-R% windu 0.961 1a20.930 anudsu laadian
Aoud1aas wansliiiiudy cv?f’;LLU'ﬂumaﬁﬁﬂmué’uﬁuﬁ’qa anunsaldesunedeyaldd aunsnaiuienis
LﬂﬁﬂuLLUaQﬁuad%’agaﬁ 96 1Wasiud Fedanndsiiu Chen Lasanie (2013) fis1ea1uan RE fildan
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AT 4.9 A uansfemnaduiussening pH wazgamailunisiugiselelaslada wle
eyt szozailumainiten, anududuresduainsm uazmmnduduveeulul s (15
wfi, 5.5% uar 0.9 giin Auddu) wuir maAnufRselelasladdluaniziigumgiiiindy 55
wwaldua wazil pH it 6.0 VinaniniadmasmantuiuTinunnninanneiiil pH gend
6.0 AvavgumgiiiAsriu Fauand1e91n Chen wagamz (2013) Tis1eudn e pH fdwdiudy
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FdiAntuisndntes uiilessevnansiiiten uas pH ity Vinanhnadmsiiintu
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AN 4.9 H Lana9ANduwusSs2nIng szozhanlunisindfisen WAYAIIULTUT U D
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AN 4.9 J uansRerLEITLS sE e At uTesduamsY waz Arududuvaieules]
aansiufiselalaslada Glorwualit pH, aumndl way szeznalunsiase A (6.0, 55
paEAEEE wag 15 Uit anLdIs) Wull leeuiduturesduangy tas Anudidure eyl

1 -] aaa = = g = g =la f=4 a sxg{ n: e’{ 1 at 1 8 v o
samsvhuiiselalaslada windy Usurudismasmdniintuilifisdmduiu wivinld aududy
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cal o o

YIFUAMINLBEAT 3.25 %udlazifiuaduruTuraaaulalunnty Usunadinaiaigniinuul

ATALT UL ANt ae)

4.8 n1snsavdaUNAR ST I nLNULULIINMINUENEIRuUfisealalasladalasld
o v 5 ' S acy =y
oulasiiuf-uuuunuE a1n Aspergillus niger #383alATUNINATINRIVN
(Analysis of B—mannanase from Aspergillus niger hydrolyzed products of copra mannan by
thin layer chromatography)
wuuuuiilaanainugwsraladtuuinsedlalasladalagldeulvdiuin-usuuiiua 310
Aspergillus niger fian11zM139 (1TR9N 4.2) assanaudainmngs ledlnueaailsady Weviinis

AT198aUA2835 1astnnns iRV NAANUNILARTUNANTIZA199 LERIAINTWA 4.5
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AW 4.10 nw TLC vassilimimaiidussiusznauluununsvaaeaianan (A-C),

aaa
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namd 4.5 Wiulddrannsiifiaujizenlalasladalaeldioulesiiudin-unuuiiua aan
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Aspergillus niger d2ulvg wu31d wdndwdingu sedlnniuanlaluuuuy

3

= o

(Galactomannooligosaccharides; GMOSs) Wintiu Fausznausie wuulululea (Mannobiose; M2)

&2 = ¥ o o ¥ P = R 1 ¥ o £ ¢ v £
wnanstiiluenansnanulidmsunmsldnuienisfinwming leygnlinhluldusslevimunisa
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wuululeslaa (Mannotriose; M3) wuuluwminszloa (Mannotetraose; M4) wuuluinwunzlos
(Mannopentaose; M5) uagusniluienaslaa (Mannohexaose; M6) Tag MOSs finusnniigniileiiiey
fuasuesgIu bk M3 Laz M4 e9auAe M2, M5 Lag M6 auasu Feilsne91u71 uuuLy
wanmniznirdlesuufAzelelaslada wu M2uwaz M3 1Huwdn (Hossain Lazaauz, 1996; Jiang
WagAny, 2006; Chantormn WwagAmy, 2013 war Ghosh WavAay, 2014) wanaliliiudi wansusings

a o o = £ wa & P »
@aaIﬂﬂWLLaﬂIWLLﬂJULLuu YLNAUU LW‘i’]SL@MI“UEJﬂJEI@JUG]Lﬂu endo-mannanase Lua431n a’lu'ﬁﬂlﬂlqlﬂ

vhanewuse B-(1—4) wuudululassasavewuuuuld (Ghosh wazaniy, 2014)
wanfasindnfifstulummmaaesnadisaniiisenundnly evadeunain aewusuanaunid
frnAnaulen wih-uiuuiua dealiauannsalunindwinufiassunndiesty uasoulsiiouls]
Lwi-uuuug anvaunsa lelaslad M3 Wiy M2 waz M4 aaedfisemaudinaladiadu
(transglycosylation) (Puchart wazaag, 2004).
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Ho voa H aa ¢ ' < PR 1 a a
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