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The objective of present study was to select Kluyveromyces marxianu,s two from ten

strains and then used for optimizing condition suitable for ethanol production from Jerusalem

artichoke juice. Among ten of UBU strains, the ethanol concentrations of 5.03+l .24 and4.84+0.26

Yoftlv) were obtained from UBU-I-2 and UBU-I-8, respectively. Therefore, both strains were

selected for further studies. In order to optimize fermentation condition, ethanol production was

carried out in 250 ml Erlenmeyer flask containing 50 ml of Jerusalem artichoke juice and

incubated at 40 "C with shaking at 150 rpm and initial cells concentration was adjusted to get

ODr* : 0.2. To study the effect of initial sugar concentration, sugar concentrations in the juice

were adjusted to 50, 100. 150 and 200 g/l- The results indicated that ethanol yield of 0.37-0.38 g

ethanol/g sugar were obtained when initial sugar concentrations were 100-150 g/l in UBU-I-2.

Whereas ethanol yield of 0.37-0.39 g ethanol/g sugar were obtained when initial sugar

concentrations were 150-200 g/l in UBU-l-8.

Moreover, the effect of lemperatures on ethanol fermentation was also studied. When

the incubation temperatures were 35. 40 and 45 "C and initial sugar was 150 g/1. It was found that.

in both strains, the maximum ethanol concentration obtained in each temperature was not

significantly difference. In UBU-1-2 strain produced ethanol betu,een 5.19-5.57 oh(vlv) and

UBU-l-8 strain produced ethanol between 5.31-6.00 Yo(vlv)- ln addition. the ethanol production
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from the juice without pH adjustment was compared with that of pH adjustment to pH 4.5, 5.0. 5.5

and 6.0. The results showed that, in both strains, the maximum ethanol concentration obtained in

each pH were not significantly difference. In UBU-l-2 strain produced ethanol between 6-17-1 .16

Y"(vlv) and UBU-1-8 strain produced ethanol between lo 4.94-5.69 Yo(vlv).

To study the effect of adding ammonium sulfate, Jerusalem artichoke juice was

supplemented with 0,0.025,0-05 and 0.1 %(w/v) ammonium sulfate. The result showed thatin

UBU-I-2,without ammonium sulfate addition, ethanol concentration of 3.97+0.05%(v/v) was

obtained and when increasing ammonium sulfate concentration to 0.05 o/o(wlv), ethanol

concentration was increased to 4.39 + 0.18%(v/v). However, increasing ammonium sulfate

concentration higher than 0.1%(w/v) could not improve ethanol production. Whereas in UBU-l-8,

addition of ammonium sulfate did not has any effect on ethanol production. Ethanol

concentrations between 3.38-3.64 Yr(vlv) were obtained.

To study the effect of yeast extract addition on ethanol fermentation, the juice of

Jerusalem artichoke was supplemented with 0,0.5, 1.0, 1.5,2.0 and 2.5 oh(wlv) ofyeast extract.

Based on the results, in UBU-I-2, the ethanol concentration of 4.01+0.25%(vlv) was obtained

when without adding yeast extract. Whereas adding 2.5 %(w/v) yeast extract ethanol

concentration was significantly increased. In contrast to UBU-l-8, the ethanol concentration of

2-65+0.64%(vlv) was obtained when yeast extract was not added. and the amount of ethanol was

significantly increased when adding yeast extract more than 0.5 %(w/v). However, Obtained

ethanol concentration when increasing yeast extract concentration to 2.5 oh(w/v) was not

significantly difference with that of obtained in adding yeast 1.5 %(wlv).

To increase the fermentation size, ethanol fermentation was carried out in 5 liters

fermenter with working volume of 3 liters. The sugar concentration was adjusted to 200 g/1.

The experiment was performed at 40 "C with agitation rate at 150 rpm without oxygen supply.

The resuh showed that the maximum ethanol concentration of 8.46+0.40 'hklv) and 1.12+0-67

Y,(vlv) (ethanol yields of 0.48 and 0.45 g ethanoyg sugar) were obtained in UBU-l-2 and UBU-I-8.

respectively.

In conclusion, optimal condition for ethanol fermentation from juice of Jerusalem

artichoke by K. marxioras UBU strain were 200 g/l of initial sugar concentration. fermentation at



U

35 to 45 "C and pH should be 4.5 to 6.0. Supplementation of 0.05-0.1 %(NH4)rSq and 1.5-2.5

Yo(w/v) yeast extract can improved ethanol production from Jerusalem artichoke juice.
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0rndorunr:cf:rnrrirriuilIq:16uufirJfu6'ra.rfiuotirssiorfio.rri.:ruan:yyrlsio{

rn:ugfiotoqrJ:srvrgludrurir.rllourqynsotjrr0ryrrldrunr:fluurnlrrurisfioydoq
yrv,

trunfunr:vrirrfionrfi{frq.rfiuurnfirilryrrnr:uJduurrila{qnrrqfiro.:lonfifiarrrqriru
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fiu{u10]fln]:lfll tililu'luuil ln:rauil0{unSyrtd:fli5.lfrlnunr: l,[rtastrumrstnontnquu

"a 
A - d u h rd , a @ a a U 

!

rovr ru oonju vruoui u1u: s 6'u arna'irarru r: nri rhJldrflu vrd'r.r ru vrr.rrfionldrrmuri rfu
illsr:rdorLldrfluotir.rdrrovfirrfl ur^tfi'wtuayornmuryyaonr:nJduurrrJaroaru4n^rosIanld

6n6'ro riraqfiflrrilrfluhJldasfiosrisra?ruh?ldrovrruoa E8s lqufrnr:droynuoaur,.rflrrqo

fiurr u fi u 1 u 6'sr : r ii ? u a.r fi .: 3o u a y 8 s d u o, dril r 5 o a o fl r : ri r rdr ri rfiufl I qr : rfr uu

rrnqir{il:crmflld fguro6.:finr::ru:.rri1#finr:1drovrruoorurnfiu6.rl6'i'oriruruunr:riruur

nd'qqrumnrrvru 15fl (rr.n. 255t-2565) lorufiqorj.rnulr,do cirra?ruhi'rfiqnr:Hfrnrrasnr:1d
!r f y r 9 q dt .i j L

royrruon'[ririoun'ir g drudsr:liu nru]uIJ zsos rfroaonr:frsnrdrriufllsr:rdururfiruuarirtray
$

airqtadu:nrrr1#ri'ur.rorufinmrrnr:rnufl: lnonr:airiflarflroynuoaotir':d{fiu:ru:.rrilrt
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{{q

c, o ' i , rn rd u s a a lA , a
rrasrilurJel:nodnrr?fld0ru :ruhJfi':nr:fi'sxur:silulooan^nd,rl'oae,dumu nr:ifi'urravilBrur

;a d ttr9/ u 4firrrd'.r.rrulxri1 rdorJ:rrvrgyrsr^rrnvil:vrr$u rovnuood'rur:ornfldu tFrtrnnt:riunv{T
' ' t v 9 * ! o a/i

fifirul.rriodrflra niu riutirrJrnd'.: dou Inurfioqauvr666rrJ:vrvrnlvrurflurJ:vrvrflrfluerrfl::u

6.rfifrnunrnrfiuw^rolunr:rufinromruoa0rflil^T rriorornfiisrnoufirrrurvarutirvfunr:r^rfisrq

roynuoo ldrrri dou n',nri',r,u rrnyriudrrJyrd'.: otirr'l:fisrrruurnluournsrrflu'lilsrru

rrHunr:r{murnd'w-ruyrerrvru l5 o?':nr:uS.rfirnronosrri'eriutirrjvvrd'.rafl rravnrnlire'rnorfl
I

nr:fiudoorurrni::ilrfluroynuonorooy'hirfiurvro d'rriurfivr?or'[uriodr.:ruiusrv5u6trflufirys
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r6TslJOnSUOfi U{rmUnllilrirAU1o1Unr:rirrLrHfi srrovtluoalu ou lnet
ao i ,, t q9,f dr o u
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aodununr:rufiqromruoarrnfi':rrriusrviu Iflufinurrravmoaonflrirufisrromruoafionrrnfiqq{

ai , qy, 6t r t d s u 
^rray 
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rT{ [lt oo a n 1 ts 0 ]u lu d?u x o.1 r v u uil a o ruu t 9l u1.1 u rJ r I s[ryo ufl a m u : ou tu n : y n n${

A at a eioyo
Kluyveromyces marxianus ltllu Saccharomyces cerevisiae$.rriluEaqrfrl6lunr:rufrgltoytluoalu
u u a it rd I v a h la ^ i ?.
1J00UU 01nfl1:flflU'tylr{]Uilly,lU?lUdgl K. marxianus U{d'lUl:0r"lnntou lryilouAUtUdry{tilUq{

n lA" ar o i dr I t u q
lou lcrum 0rrilu ri'll.i : unli uouoHau s{rilu o {nil: s nouH a fl [u r.r lrrnu q v au

Iouilner^nr:1#n-rrrriuerviurdorfluisrnEudrr5-u,{ae}roynuoorfurydo{drdlfi
9t vt d^ o A o rt^rt !

dnn01flfi?rlnu9|u?ulJ'1fl1un5uI?unrruouo?u tGruoHnulud [1ro tfi t9ru'rnlaHu?uuouflou
9t t u s i, d o alA a h la

ri,ldn5yu?unt:14lJntoyltuoCI lquu14luu-llJnt:ut0aum:Byrd]lJt:0flanlou lsilouaurud$cs
99

,rs u r ld1 u ni u u ? u n r 5 d o u 6 q fi u 1#'l dri r n ra r ri ro
rryt'oy
douriour{rdn:vu?untsilrinIqur4o S. cerevisiae uio Zymomonas mobilis nr:1dtfioao{Tu-oo

99

iaruri'uriurirl#rfiqo?rudlurnluduooulro.lflr:14rdnr?vfrrillrledlJsionr:ilfnromruoa

rfro.rornoauvrEdrrsiasryuqfiniud'nuilurrerflei-xfiu uonornnr:'[droulryridoudufrurrdrdsqqq

q9) i r h/ r v d qY u at a 4 6l , I j
dtul:CI lsn:qtilou0uouau tor5uflu u:'tu{tunt5 try n:ocrny{?:fl?Ilory 2.0 r[0y t?tn?tu:ouyt

80 o.rflrrcrarfiua rflu:susr?nr 40 urfi rr#arjfufirovrvirfir s riour{rrin:yu?untsfirinlqu
99

s. cerevisia, fr.:fuvrnldrfioofiuvrGtifiarur:na#irrou'lryridu6utua rroufin?rlJdlln:CI'luq$

nr:HaCIromruoa'ldlunarrdurfiu 6rrirovrrrurvdurfJuodx0rlunr:riru-lfiAflroynuoa0rr)
u a iao a dr I t t v i q 9/d I
?a0qumuouauriluo{nil5vnou lryuil?[lflugte1ury{il]nt.rudgt K. marxionus 0udtlJltfto0q$

rirldiiruluri?u1,o{fl5or.riorou lryrifilddououfrurravaqdumuludru:vuuu riorEu: vm'irr
Qq

v9
' ru6u fi u hjrfl u ri rsrrav,l: nlfl a'I6'6ndrufiilfl oftljuglounlTu€ s q

o'tflft?-tud'tiltrodlflotriuto.:6arilunrirL r. marxiattusyirh?finrrrL?\ututlJtruflq

io t et - tq ' i dt I d d v tAo^3 j,
lsourtnmu:oudlultuD 1?rill [y{orilunr:fru?r]udafltuytulytgtunlu ytNtu}Jt p.td.9t:. s:9t1

I a - aigl d d ,) 9t 
" 

3
unua ilavnOrulJl4l?l1ulnuoua5l5rru l9rilunodgrvtu50u0tflnrnililon:0n10{ l5{{tuu'tnlaqqq

ki'f,ruau t++ 'lolmavr fi.ruu'irfi z 'lolryravrarur:flro;fl'ldfrorurnru^ 50 o.rfllcxorfiua orn

fl'rsvrFrdoulqurmnu^nmxfirlrLrnnanu'irrfjuEaoilunriu r. *)or*,)nur6,rrilufiriroulorfluqq

otir r0.r1u nr:drilrmqaouflr:p{a^aroynuoa0rnr-r-?rrriunyiutn: ry0rnnr:fiuriudoryo6.rhlfr

nr::ru{ru6{n-r:yrerdouflr:rda-e}roy.nuoa0rnfi'?rrriunyiulflolffiari'nuSoudri'nrrunldorn
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u14 ?[ rn unr?uT o tu?t R rJ d{ 2 6Ytuil u rq$oq
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^ I y 3 : I d rlr r

1.2.2 rlloyr:]UCIR]?y qilHQlj fi?]lJr1rlJ1uu'rnlar5UgtU y{r0T rlra{ tU lgt:rtu rlay
v9

rJ?rurorluln:roudrrrurvarusionr:ufinrovlruo0rnrir6'uri'rrrriusrviufionrrnfiaslflul,fl6asiqQ$

9ul
YIUSOU K.marxianus dlullUt UBU

Aa-A^sddgud
1.2.3 l]iofl nHtnl: fi u fl [oYtlu oam 0 iuH fl lJ d.l lfl uu dq mu 5 0\) K. marxianw d1ilYliltq${c

usu lqulddnr?sdrilru-rvarutufi.rurinrura s aa:

t.s rJ:vlurridnroirovlsYYl
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9v,v
ri:yfivrt^nrrrlunr:Hfisrroynuoaorndrri'uri'rrrriusrviurftorirhJdnurlurTusio,lrJ

4 i o ^ lJ q ,

1.3.2 yl:',tu0{fln]?uytn4u]u6Iil'1ufl]:ruaflloYr1uoa0]flu1fiul.t?rrnuav?ulquld

4llul
UdAylU:OU K. marxianus fl]U}'{UI UBU

ai14
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2.1 ucrgt

2.1.1 n?lillttJlu

flruri16'{rel^ru1u u a runrurfinrrruu ruroii'ruri'udfi'unrrruarru r: o'[u nr: u fn

niu rirlunrurd'rnqu'jr yeast rrasnrur6'yvi'jr gist u-rolnnrurnin ,"sro, dlururufiqrdoer
A-drt3qrlvtuttr

ru o { 0 r n n fl u or s n r: fi r,l o.r rJ o fi u o r n rr iian r f u o u'l pr o o n "[ ry ri : v n ? r n fl ] : u ru n a ru ri r l u

nrurruo:fiu'ir hefe rrarnrurr^l:'.lrfld'ir levure u101nfllu-lavn^uririt levere 14ulunrrr,'il du
3 .i 

"A 
v t ;, i t v o<.l

fl n1, u ry{ ril u n n u u v r o.r v'l o.r vr { o t u rru nu ( d r ?q 5 ail m o l, 2 549)9t

2.1.2 nr:dri{f;fl
a tCt Aa o da A tA
unflruus'ryrunr: en:.?T?srrflurryad16u?d'rur: olruldfr'rlilrruu'[rifr{o,$rfin

19r,

lufirnrn (biosphere) nuIdfir1ilfr'tuuun (terrestrial habitat) ttavlur:t (aquatic habirat):rrufr'l
,iarAaai<dv'i4d

rr?ra{mun?rulutt:{ (extreme habitat) niufrfrnrrrutfrruflrttavfrInrrrut0uoer ttila{vtBflsiryou{'
,,r9

otifio firylnunuldfr'.:fiprofl r^ra 1u droiu rrovur{'lr1 fr'.:fiur:rsn'ruofl0'rn0ufinrrruarrur:n1u
v 4 J - d h d ^ I v u t r

ntSd{lfi:1u11u'lgltortouTrooilsnat [5a]10tuTua116?undlu1:616lirn:ls].16Y1:il:uflou
tAdaooerdi.al

n1:uouou1 onuatuTufivn l?tududla:vr (substrate) milatnfioludtr:unt:t0:iul0nudgt
4 ! qi, t I h', r J a - al
Eaqr arrur: olfirrn ri'rnriuou "leiil a]nr oru rdu drnro iloaooa (polyol) n: nduvr5 6 n: qhfu
b s d I a I a d 4 

^ 
4 v v lv s /s

Ia [q:nr:uou rroanoaon rroy t^tooruosfiaruuufi udsrut{sufirjnrruarultuDnuria? lnuog

irufiutruufirlrunuj'r'ldfurJ:yIorrltroy6nr^lrunutr.:1ri1diurJ:sI rrl,rlu?oIvru

r r o o tj i r u fiu r r u u rfl u rJ : fi fl ( parasi te) uiu n u 1 u d r 1 dt o.r t o,r dn ij o u hi
I v I a a u u dv s d a i I 4 I

Yll0ugl5'luglodgl? ul{uuoufr2-l}JduiluInurruo.l [fluilua{tilulilu{y{-ll.t3ytrril:nSyntuudgt

rrovkildiurJ:v IuryriornEasi'ff.rrruairuon0rnvi ru rirfirfluilrH yrrd?o rr'ldiuar5or{ r:
ur.rotir.rfirflurJ: vloryrfornrryadEasi6.rro?ootiuuor.n:1ro.urua{fi;o1umr{rer^u o-rl.n51,o{

ltUantoil fiu Metschnikowiq ha*'aiiensis, M. pulcherrima, M. reukaufii, Torulopsis opicolo LL1Y

- j ,- 3 j q J j' a o h gt )a t
T. magnolia YlflUoUnUr.l$llou Coccidiascus legeri wllttt IutuotootlHrdr'[dtolttUo{tI? Udgi

ff ntuufiq?{u1ufiuryfierrir.r1fifinrrurransir{fi'ur{',uurirJrrnouyr-r{rnfi 6'nuruymr.:nruntil
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4 4 o r a 14 f; r q a ltr, r

fi?-lu$U T{tO$ tt0UqlttllU{Yl1{lQlJf,16l9t: UrlglyllluuOu tUAU lgrlLfr Lipomyces, Debaryomyces

dt4?t a lA
(Schwanniomyces) occidiacus, Schizoblastospoion sp. Lt?,Y Cryptococcas Ul.ldilYdd?uudqlylllU

L

luttnrisilr viu Kluyveromyces qestuqii LL?Y Me*chnikowia sp. (arigri firumo.:, zs+9)

z. t : flofiudfi ruosionr: ri r:.rf; rnrc,o{6oei

z.t .3.1 rril dwo{dl: o'r1.r 15 iir?r iu6asi

n r : r 0 ; iu r o.16 a sirfu sio { n'r : d'r : o 1 r.r r : fr ri r n r?r fi r fl u r r r ei u r d'.r.: r u
t d J 

"- 
"rrra{n'riuou 5?uyr{r'rEo'r}i'r:ild'n6uf ldrrri 'lalq:rou oon6r0u 'lulsr:rou dorllo{rrav

I

v,loayloia uon0rndufrrdosnr:r'reror14'r:ur{sfiqlurj?rrorriou{rlrurnd.r6'eriju

macroelemenr :J:vnor.r'hJdrotrrunfir6ou,,orln,,vrardorulutnrvdtrsrormr:ur{sfiqtlde{

do.:nr:lurjirurnrfirir mio -i".o"lement '16'rrri rrsrrroatfiuunfin ,uu,,r.t tur{nrfid d.:nvfi
s / 3o lv tt 

" 
"'urna lnroasi uonrrnuuaqrtnsrornrrd'15il:enouu'r{su^otniovirrrhfirflu growrh factor riu

inrfru rravfirn6Iolvrri tarin6 arumor, zs+9)

2.1.3.2 0iu14flUq{

a lt o rd a lA ar
E aai a r u 1 v i!.1 ril uB ast vt s o u q iu fi Q u il r u n n r s ( mesoph i I ic yeasr ) t t a v

roiqldfifi 20-28 o.:rnrryatfiud fiqnrr.rqfiq.r{o (maximal remperarure) ritufunr:to?rydrn'jr
a v44 dq , j ' L :

46 o{flrr.rotfrua ttavf,rfi6aoilun{rufirouro?ryfrqiurqfidt (psychrophilic yeast) 616aain{rufi
a u9j ^; d a uYi

rt?ryldfiqnnrqn-rirqn (minimal remperature) 5 o.:fltreratfiud trasrt;iuldfrqrumqfiq.:qfl 20

dddt:a/ar
O{flltcf0lcfud Udflnq}IUl^lUU:[?iltltOUgll:fl9|fl l'i14 Cryptococcus vishniacii, Leucosporidium

dt9t4d4radla
antacticum tiluqru d?uucYflonnailfioudgrT0uqiu?tquQ{ (rhermophilic yeast) qiufiQ}Jq.:qo

a d I r o'o < ^; Al o I r :
d111 : Un'.l: r0 5 fl'l,onUdgl nqlJu no 48-50 o.l fllrcrarcIUfl rrau 0or ?1 Qil fl ]qa mlyoudn nquu

a hr,l t v a A a I a do 9t t 4 I
d']u't:CIr0:il t9rn'1nu 20 0.1fl'tr.Ior9rudry{udgrryoilo6}1l.tflud{u01u?uuoun?-rudgrTouuqso

qiul'l8tJ^9i1 |iU Candida slooffii, Cyniclomyces guuulatus, Saccharomyces relluris rflUdU
d J Y try.f ' 44 s I d 9t r 4
Earimunrtrufou'lddrn'jrrtunfiGu rroalnarJof (ascospore) mun?tuSouurnn?rrryoa:J:yrurnr

l0 o{flrr.rnrfiua lulxaiifirftryadfiuailoinuqnnrnfild'hirrsrnsixfiu (arisr6 frilnot. zs+s)

z.t.:.: firory
4 4 ^ oi o r d j 

^ h 9,r I 9t 9)
uflstro5flJoyr fllory 5uil?'t{ 3.5 rrCIy 6.5 ltloyyllo:fu tqn0ut]nn?1.1

ddqral)dr
nO Y{lOry IUS-I{ 3-l I UdflylylU?{lOUUlntoiil lssatchenkie orientalis, Pichia mentbranaefsciens.

Dekkera itttermediq LLaY, Saccharomyces exiguous roiryldfifiros 1.3-1.2 fitoryfiruogiofion::u
4 a d d9t I a J g 9 vtnI{B?-mu1Io{Edqtfio0fl'irqrufi Qru^rw: rr rryariarrur: onruqun?IuI{ru{uro l'[aIn: rou

'looounrulurryod'ldrfluodrr6rfiofinr: nJduurnJn.:firorynruuonrryadfiro$1ro.1o-r14-r:fir.rosio
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ln:rairsttavanrnhrryu,"nuuo{tryaa (cell permeability) travrnttorytsy?uaofl'r:rjurflou
a a/ o j r q h,

q fr u vr5 odrr 6u : s u'j x n: s u lu nr : ?r rin ld ( ariqi fi rL vr o.r. zs+g)

2.1.3.4 oon6rouavoru
qr) ia d I 

^r! 
o a 4 d

ntu tn dnl?yyruotnlfludgr 0y lYu'lgno tu nt5 r0: iu?1 : o15 un?trnfl nt:

ilrul0 rravludnr?vfihifiornraEadoruJ6ourirsrra1#rflurovrruon otix1:fiCIrunrule{
ia oi e 4 t v ! a

dnr?sfrfro'ln'lf,rrayfrdrnran?rur{uq.r 6adarur:o14rindrnrartluroynuoarrmunr:?rrulofi

h{nrfuoulooon'lrydri'urir r,rionrsHruloQn6ud.rdrunr:mrin (r^r.rdrvrn oioro?cyxd rra;

noly, 2ss3) oonfrrouvirurirfirflu6':fu6rf;nsr:oud'rqofrruluqnlniruei{615nn:ourrau?i'r

u#rfirflu growth factor ro{6dsilqujrulunr:ii'.:rnirrr{nr*r^loAAn toofnodrerioo navn:o
as aa j t d I q9 jrn 

'd o o o l
u [fl stun qisalra: runt: r0:tuto{udgrfl 'lu lsrdn]?yyt liluo0nculou ( dt?sr: auno{. 2549)

2.1 .3.5 nr{uou'leoon'lryri

6 a s{u r.: a r o r[u f, do r n r : n r f u o u'l q o o n'l ry eit u ili rL r nr d r d r v f uq

n:su?unr:ur{rorir{nrulurryad r,ilunr:air{dl:il:vnorfinr{uou fi{:ru.rru'lrnt:1d
9t

nrfuou'looon'lryrirfiu.rfouav 2.5 lJorrornrgrirurunaru',ro,rltuorrruull{uto.rrryaddaritfio
td d v qy I t ,t I I V n lA )

lil:uurytuunun]i [,[ornrg5ouCIv 100 ilsrfl?ttJlt,u{,ufl1:uou tnoon lcufivrntutud]Jmqa
A d d4 9 

I I

rirr ilnr: ro5ryros6ari noioua s 5 ro.: ornlflri'ril uer (arin6 fi ruvror. zs+g)

2.r.4 nr: frurt'udto.rdosiq

audlnrq
2.1.4.1 nt: duvru rrruu tuo]flurilflq

I ) nr: rrfl nu rio (uraairgl rfi ofiarifi nr : ro;Errne rfr{utu ro ou 6r qo

inrln (critical size) ovtn^nnr:rtrjrrryodryr'otfil,f,ru?u lflu0vfinr:rrritrryodrtullrulqr6a
lo

(mitosis) riruornfir'lfitfia (vesicle) firfrntrnrouIflflarafinr:6qfirL (endoplasmic recticulum)

-4ytAA9rdg^^;vlalJrdv6Iilu5r?6urEorlrurcuoam0uuflr:afrrmrjoovilvr.rrrfrrfinfru::qloGnrou'lryri
i. c)), lt v /s(lyric enzyme) firirrrjrfrtjouo{riilsvnouto{flf{rryadlnurqilrvflorrnu (glucan) rirl#r"rri.r

tr j r,r tAA I u 9 v d a d l r,
rryoddou n{rravr?drnn fiur:0rou'lryrifirfiu'l{orriunr: asrrHfrrryaauSoilar:sr'rdulunr:

9 v t J , uy to qe)A I tr v t
d:1nflu{rryna01fluu [?dlflant.:cl tfil.toouS?lJfluflu{rryaamt tfituo4}JrcunaoouFt?a.:rryao

vadrr<oAvdar!,
1lo.:gtloontraguqoonrilul.tuo unl:[0:turtouryttu1,ulo1,o{r.tu{ltryaau:[?tul.tuottos0]nuu

ytt

tnqrr:srsiwirl#lryImrrardu (cytoplar*) 6'uIil.roonhJlun'ufifidoru:oud?uHrT{rryoiifiafr.r
99

fiulnrirrayfinr:rril{u^?rnduarruu'lrulmfie (mitosis) r{rhjlundorrnyfinr:afisHrisfiuiuH'irn
ttls-!!rrhaltr-!l;A

lryCInttultovtcuna0n Io0nusnuryulr:nil5vnou9r?u-[nFru (chitin) 01nuud5]{ruulnuruytaoln{
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t ,) dl lt v d t I - j 9 s
il:vnougt?unCIilfturlJu0{nil:snou?t antcxaaltil[[ovt.xaann0vtlunoofl0lnnurilodS t{flu.1{s
I tA r ui/ -:
fl u duut fu cr{fl 'l: lra nil u o03rruilgrlu9t'|lr11 u {nlt rrq nil u o ta fl 'nJ [[u 1Jo{u

v t9
- fl t5 tte nH rjorirtG u'l (monopolar budding) o v rfi nfi deuioil arel

4 y d s ^ i i" r a
lv{ u { Fl I u r9t u 1 t 9t u 0 y r n a cr 1 1 Yt 9t 1 r t 14 u { [9t lI

Y I t9 9

- n I : ttq nfi rj oa o.rdr (bipolar budding) rfi o fi u fi rirriorja rufr'.t

e ds r a o Z o I ^ ^ ! e @ I I aurr,
6lo':'iJ'l{lJO{[cUnO tnUilnfl0vrnqIuYlCIy1,??t:oo't0[noIuv{50unum{do.:1,']n Io

99

- ntrttan?trjor,rnrurie (mutipolar budding) rfiqfiuld:ortryad
I

nnq o1u

2) nr:rtil{r.rad (nssion) rflunr:rnilrryadovldrryadturorvirfiu
/cdahrr'92 rrya iilourcradan0uroinr'h]vrr.:druorrorndrfihifirrr.ra0rnnr: rril{lruuflryfu 0rnfiu

{U

rrJd ou rflu nr: rriryvi.r ao.:{r.: ou'ldrryadfr finrru ur?fl {drra v 0v rrli{rryo drrr u'1ru Isr6a

(mitosis) ru'ldao.:u-?rnAud rrCIvfinr:dir.rHri.:tiurrasrrilr'lrylmnordru16un'jr 1ryIfl1flfi6a
io4lda

(cytokinesis) cu.t y'l 1J t u udqi dQa tQ u?n o Sc hizo s ac c h aromy c e s

4olv
2.1 .4.2 n1: dU?IU trrljlJO'tflUlT{flq

6 adfi n r : fi u ri'u' ru u o rfrurilfl r rli { rfl u d o.r vr ? fl 6 o t r o a I n'l rL 6 6'a6 asi
a^+hd@4 t 

;yeasr)]outtrYrirituluq]tflu(ascomycetous yeast) tlayttuGlgl Io [urygldudfl (basidiomycetour

rroaln'lru6oi'a6ariovair.rrroalnailo{ (ur"orpore) luln:':air.:fifid'nuuvnA'ruqsfrtiun'jr
,

rrod6'd (ascus) rirulnqiovfi:J?urnr6'.:rrsi r fi.: + arjofrfreornnr:firryodrioailoifirirrnfiua

filn:Iulryru r Eor (rrapproid) fi mating type o:rldtrLri'ufit{rriuldrur:rrLri'utfinnr::rud'rzuos
tn s 4 ia I I v a o ia t 9)

try tmilatryilml:ufl?] plasmgamy gr'ru9r?unl::?ugr?l,o{u?rnoudvll:ufl?] karyogamy dl1{

rflu'lrylnsr (zygote) rrorrflurryndfifiln:lruIryrurflu z qn (diploid) rdoanrrcrravufid{alfuou

hjauu:nirrou1,'rn'lulflrr0uor0finr:rril{rcradrruu'lulo6a (miosis) 'ld'ln:lulryil I Tqfi
o 

' 
a d s tl r d s r eias s s o lA , ! "'-

0ru?u 4 u?rnouflrrayrt'nrur'lrJrflurroaInarjoffifrln:]trlryu I sqnru turrynnmril6oulrJ
d.
riluilodnd

4t9,)
2.1.5 uflnnu:ou

a d lAa o ru q , '
n o tlapifi fi n ?rru d r u r : o lu n r : rJ iu6'r si o an r ry r r?q doun r uu onrfi o n I: o ri

tr, ^i.l .' o ja d
soer ler omunumrilruriurfluiloi'unruuonfrdrri'rufiaeludruaumont:rn:flr nr:vtu6rflfltut:61q$uc

a hri a , d [r a r o 9r0:il tamoiuHr,rild{ao{frna'lnfirauqirul#fifiisr:oe d{rfluado,:fiufi.rtirriruod : rJ:ynr: fiou q o g u s-
u4

n?rtun{sr?rosrryndru*o{ornrJfr fi ?urrorfi fi e (lipid) fi r6o{ruruad nr: a9n o.r r{il: y noutot
td d 1 o i a t4 r Aa .al , a r t e,lcraatuulYloilYluo{nil:vnourgruvlrdudnlil [tJ traynt:ytuflgtuuytugtootuunilfl{ounout16?
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A as r r i ^ ia / a nyrnniielurnt:oti'l.leiorfio.: qrlrfiQil^q{qafiAdeirnilrior0;rUldrJ:suror 46-50 o.lfltr.rar6ud
4;4 _-rs-.,.-a a _! J a , t t i ^vl{uluounusu9lxo.:t flgl :?uvl{dfl]?vn]:t0:Q.! rsu oytSfla1,oilllilnitft't:uou u1 ooncut0u{a

grrqu^j
n?lUtllJ1,uUO.lt0ylluoa tt0tilO0unl5t05t[du (Strokes, l97l; Walker, 1998; Watson, 1987)

aY a
n1: tfidtio'tt'tt:?Itfluut{sfiadlur:nEi:alffiasimiarfioarunfia.rduld r,iu nr:rsr^un:o'ltriuuqto

A-/e
6ru6'r (saturated fatty acid) [tavtooflnarqro:oo (ergosterol) luorrr:ufin (ohra and Hayashida.

.idtd^ii4ud
1983) nr:fi6aoifinr:toiiuofla{lufififionrrnrua{ru oloruo.tut0tnunt:d.:rn:tsl.t flrsro:onu o t, o 

,.AAAtdt(sterols)'ldriouns (Anderson et al., 1986) tfioqnrx4fiq.:fiufludtdn]ilnr:riluro{1ilaro.t
! 1 A y 14 s, dda d ta ,, I !

o.:nil:vnouto{tEo{ulcrniiilrruelriuooCI.r flriily?el:oaro{ud$i5{rioual vr'.:fr rvr:ry]rJ:6ut

a d r u -;A 9 ta
fi : o0{nil: unoulJ o{ n: a [tuuyttuoH lJtcuaa ldudn]il (Swan and watson. I gg7)

I o u fir hJ fi o ru r n fi d { dn r r n r : ro?iu rl o.16 asl'o s a q a.r fi ru a 1 #fi r il ? a I o u : ? ucgsu
I

aflan ril:ryavriurJiurnr]il:6u n:o'l:Iuu^'ln66n n:n6oon61:Iufirn66n rroyn:floyfiIu

oa:vsir{ 1 nru1urryadd.rafln{ rravnr5doilm4ru^rfirLnJuf,qrrfiurrirl#rflorl'rLruodrr{,:6'rrurn
g o q y q u , ' J ;. a, t dfrurirhioruJdtu't:o1unr:'lnar.iruto.rdr:ayarusirs 1:?uyr'{rnio'tilt5fr,ilrriluoorryaa

0fl0.1 (Panchal, 1990)

d s il o 6'0fi o r o rfl u 1 rJ 1 drfi u ?fiu n r 5 yr u o 6u H n fi d.: x o {6 d ${dfi 6 o n r : r r er a { o o nt9{

r,rio'hitraosoonto.: heat shock proteins (HSps) drluanrrvfrfrqonrqfiqlosfrnr:rrdutrirh{
oi:

rnfl HSPs 6r HSps frrflufrrnr:lunr:rtrlri'rrynd6adfin?tlrytueiogrurQfiq,: (van uden, 1984)
Ult/d A o o r h r d"lrifrnr::tu:tu{tufi{nt:fit heat shock lu s. cerevisiae 'ir'hirfiu.rrrfiurrirl#rfifl HSps rroy

,-y

nt:vtuQm14nfic.:rvirriu rrsifr.rfirirurirolffiasivrurio:v6'uto.:roynuoafirfiufiudru odr.rl:fit9{

4 lv Vt t - nc)aA
srru0asrffr'[riarrur:orfnrovnuoo1d6fiqnrnqfiq{ (watson and cavicchiori. 1983)

1 u n r : fi n u r n ru a rurifi t o':6 u fi rfi u r do r fiu n r : r oi ru fi o nr r n fi a r r o.:6 a eiq t r '' ''-qi-- ci

Jo,o
S. cerevisia, 6.r}J:6u phospatase luiG mitogen activated protein kinase flr.rnrionr:ro?ufi

qrurqu-q.tlun:tfitol6u PTCI 6.rnoo:r"'ahJtflu}J:6u gp2C serine/rhreonine phospharase
, j ll o qgrd d4 rd 4ltlUlltUO0n delete tt0?Yl'ltllUdnUnilduufl thermosensitive Otll,lTftloutlrYq{ituu PTCI ru

ullulmrY'lnrUoul{unflont:t05qmoflrfiflud(rlJo{udaTnlatu}luq rylrurnfoutuounu
vl:

arurt'urf uonornfinr:roiqlufiq.rfi.rfinarrLd'rurt'uf,fiunr:;nurn?rildtuu:nfvo.rrvad
I cf 9 o d r d o y AA 

n 

"Ul{d?unlul9lfl"l:vllnluto.luu PTCI d?uuu SSDI ytt}tilryrrnurnunt:fnutn?trudUU:fli
I I i o - du I Y

1o{tcraonuitrru-o delete 6u ssot r{rh?nrrruatu-r:o'lunt:roirufioruynfia.:oqo{d'qriu6uoq{9
d04i-Atid

PTCI In?tu'iltrilusionr:ttiiufrqiumqfrq.rtosBasr truyfrEu SSor fiuvrlrvrdrfiqloionl:o(i
eA

: oeltontcraomqilfi Qilq{ (Koedrirh. 2007)
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.alL,
2.2- tld9|nlilT0ll Kluyveromyces morxianus

t o a^i < ' ai a u I d I
K. marxiaruts [[9ltfllJuSO[:Uf}1l Saccharomyces,narxiarrr{r IUO{0]n}JAnUOiynAlflUdA

r j r d r r J v
dQd saccharomyces [[9rtuo]lu?lun?luttnnn'l{11,o.:dilo5ilnyonuilylJo.lilodftd[[ayfl?'l]J6I1u1:CI

lunr:rfinrtouoonfi'lfldrir"rafi,,"nsir.:riu rrasnrs'lsu31n#:yrir.:aruri'uf,firrnnrixrrujoq

H4v4d44
r:JsuurfitruriuEadaqn saccharomyce-s 0{unrii'erdrttunlnrjnrur6'.:1nuqn6'nrfluaqnlmrjriu
d 4 I I dt a lAaa u I
flodQa Kluyveromyces (Fonsecaet al., 2008)UdslmuSou K. marxiantn liluUdglylxdUY{u!llUU

'hiorfiurnalqunr:rrqnuriorravduriufrruuorfrurvrslnunr: af xrroalnarJoflurroari'a d.rfi
e

o UrYi a d ,"rJ;
fi0rduu9rdlul:0r0:flJ toyt0tullnil 45-50 o.lfl]lryarerud tlavundlul50floerroYrluoo toyt{ytquqs

qilH0fiilnel^rravqiuilOfi d.l K. marxiarr, f,sfiqruaruriofiriraulofionr:Hfrflroulryrieir{"lilrnilruqa$a$q

ruiu 6qfrurud nrrronlfl6roa nqln6roa lrJ:6uv,loar,lrrqa ovfilunhJsrrerd rravroulmi6ur
< i ' o I - a a tA a tnra aer! ue
6nlrnrurofirirauh uon0rnfu6{riluEasifiroiqldr5rrrarl#rirsrra'l6rarnHaluriu rrnnlqd

nQ Ind lryIoa uon ornfu 6{ arrur: oldq Io: a 6q 6u 1d'6ndru

2.2.1 nr:ffo,iruun

n I r 6'0'i I I tu nt o.l K. nt arxi artus i'n d r r tu n6'.r si o hJ fi

Kingdom: Fungi

Phylum: Ascomycota

Subphylum : Saccharomycotina

Class: Saccharomycetes

Order: Saccharomycetales

Family: Saccharomycetaceae

Genus: Kluyveronryces

Species: K. marxianus

2.2.2 fi11il nu r? fi'u rdu a ffud osinu You K. m a rxi a n u s

d49ltv
U fl 15 fl nU I K. marxianus Yll{9llU gl 1{".| }JlnillUISUfl 15 fi U fl lOyl lU OA 0lfl OH AU

IqU f. mqrxianus ATCC8554 [taU K. marxianus PT-1 (HU el al., 2Ol2 and Yuan et al.. 2008")
,
u v 4 v v ct I qil o s

UOn0lnUUU'lUfl15l'tl9llUln:UU?Ufl15ililfl tfill'llJlUdlfi5Unl: lT K. marxiottus lUnlSHUn

tovfluoalsu nl5mu-fllovlluoauuu SSF 0lflrlriugryiulflu f. cicerisporus Ytlg
(YU et al.. 2010)nl:Hfintomluoootntlfiuflv;ultuuOne-srep fermentarion lprur. morxianus

YX0l (Yuan et al.. 2008b) rrnvnr:ufntomluoottuu consolidared bioprocessing (CBP) to.l

K. nrctrrianus Y179 orn#rtrriustviu (Yuan er al.. 2012)rfludu uontrniqQOufifi6Ufiurflu



ll

It I v a ^ li v 9 r , ,t a
o{fllj53nou[[a']u{ilnt:u]?g}qfiuou"lul?lufi9r?u K. marxianus tryu oou 146u1 fi5o whey

4t 9 a ,, ud 4 i - a U da
tiluau uon0lflnt:r^taoloYlluoalt6? K marxianus u{ufl]:flnultnu?nunl:flaflrou lsilounulufl

9'

orndrnraqln:a (Cazetta er al., 2010) 0rflfi'enonfnrf (Jain et a1.,2012) rfioldluqnd1iln5:rl

nr:rufifl?'l:nlsralryfij u5o r,l:nInIofilnurynnr'l:ririonr:rufisrrou'lmirudrnrrronlsrfitoanrt,

(Corres et al., 2005) rrav8.r'liln'jrriuotnn€uduf6firirauloto.: r. marxianus fionr:mu

ornnnn^a.rd.rrflu{oldnj3ou6ariarort'uf,himuiout'$u s. cerevisiar 6.rfinr:finutytt{dtuq9$q

s a q zi 14 lqYa ^ i
11Uf ?fI?fl::lJ tU K. marxianus tllOilAlUldlUilUIUdO t1{Un?1ild1U15OYllflHlnUfIUSril

aq

n'ti ft Anroyltu oafi ;orou lrri6rlfi u ru d ( du u lu u narq, 2554) nr: finu rn ri il finroynu oa 0'rfl

K. marxianu" fi riorruln'ld1u:J:yrmaIvrfl1d6ilfinr:finurrfio{0rnil:vtl1fl'lvorflurfiosioufirn
- ; a hg t I t d t19t

fi il n [o vr I u 0 011 0 f]t il n ]J d i [a 0 v T? u n o fl u vl u fl 1 : ? l'1 : t 1J u fi n o [u u I 9l
{${t

I

Nonklang et al. (2008) finurnr:rufintomruoalnurfro K. marxianus dltJ
u d j dt - lA hrs o oi t
ilur DMKU3-1042 qilrrluCrunurytrrun lo tqu fl. 611?9r: aumo{n]nufi'r?vru'rau lnun:fl]dgt5at

4ruddqai
(Limtong et at., 2oo7) ornnr:finurilu'jrdrur[u{ nrraru3-lo42finrrruarrur:rrlunt:roTEfr

a i- rnY o a l4 4 u v I
oilunru6I{ uoflrtfluu,l tgtytodoun?tilrYt}J150lunt:na^srrovrluoorilSuurfiUufilaruvluteuoc
i<dvia-tA
6u1 rravrrJEuurfruufiu S. cerevisiqeNCyc3233 fi.:riluarur{urifrrtun'ldornl:.rqruHfintovttuoa
e r ^ 

j 
"4 

r i< a dt o v 9/ s
lutJ:srmnu:-tcro cr{tiluilruryrflmunr:r"rnflrovnuoarilualquaulro{ tan 01flr4an15vl9too{

,iadivda
ltu?-l YlOiUl4nU 30 O(lflltryAtcrU6t tSO K. marxianus dluilUt DMKU3-1042 d]il]:CIf"l09ltOYllUOA

q{q

v,
y C3233 uoi rfi orfi rLqrufi Qfi n r 5 rufi qrom r u oa 1 il fi

9

45 o.:fltrcrorfiua rfio s. cerevisiae NCYC3233 'hiart.tr:nroiarrtngHa^fltovl'ruoo'ld'rnu
o i v I a ln9luraryfi K. marxianus flrurt'u{ DMKU3-I042 dlilr:olo;flrrosHoqrrovnuoa ldrrasld
dr-tA+y'latv
6n r r d r uvfiu rf 6, r dn pi'r u 0 r n fl ? r u d'r u r : n fi I fl q rer u 1r o { r fr o U a rivr u 5o u 1 u n {u
K. m a rx i a n u^, li r}4'rfl u fi a u 1 o 1 u n r : dn, r,do6 a ri6u n ri r r ru r n du

dt'l' i o I 
'tPukahura er al. (2009) rJ?r]?nulnuquosrsrru loilunrYoudFrytu5ouoln

,, s L,. tr s i zi i 4
nlnHUofl:0{ [5.lituuta'ta [q0]u?u 144 lo tculoyt ry{ruomodouyl 50 0{fl]lryalcuud ytull

z 'lolryrnnalilr:crrtiqlddn'jr x marxianus arori'u{ DMKU3-I042 lru'jt ro arurt'u{fi

fl'rur:fir^rnflrovnuoa'Id6froruvrnl^a{ rros uon0rndirnnrsvracTourdo'rdulquryrnu^nyn.lq9{

fi rl n ra nan u'irrdo6apivr u fou fi rrun'ldotilu ana K. marxiatrusdu luiri.,fi u n r ur d'r rfl uqs9

K. marxi anus a rurt'u f, ueu dr fi n r-r lJ d r u ri o l u n'r : fi fn roynu oa d o ru il n fi d{ rra y l dr rr ei rqqOt

nrfuouldffa'rfluRru drilr56r,{Aflroul.rfouAurua1d6.rfrn?ruilrdu1o1unr:rirurufn
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v t v a 4 i o 4 6r a- l: v dtoYlluoonlnH?ttnune?un{tiluYtulljo{nt:il1u1flnut [u.ttu'idunSlu anuuutcxoalJ0{
vlqoi

K. marxianus dlUT{Uq UBU 9l{[tdfi{ tunlllYl 2.2

iuiudR]iln 2.1 nnUiUytcIAAlO{ K. marxianus CllUllUI UBU

2.3 roflruoa

2.3.1 n?rilflillu

loynuon (ethanol, C2H,OH) riorovr'orronnoaod (ethyl alcohot) rflurolruarla

kififi qnb{6qiru:etiludru 6t-rur:onenroriruavar:6uvrEri6u1d6 tarisri duru,, zs+e) fi1n
4fdriodrv,1 ry

tflOAtmlnU 78.5 O{flllcfntcUud n?lU?lUlttUUmqiUrRru 25 O'lflltcIntcIudtYllnu 789 kg m' n']1il0U

lofiqnrr4ru^ 38 o.:flrtryatdua rvirrir 0.5 bar (15 kpa) nr:drrrrrruioufionrrnfr 20 o{flrrcrardudq { -_,-_q---..-qi__ _-

rvitri'u 0.169 wrnrl('nrrilHu^qdQill.r0u^ l0 rcrnl60drvirfiu t.g centiStoke rtsinrrrumfiorfionrnnfiq { i---..-qi''

4 r d da j oj a d t u 4
50 lcrntcrudtillnu 0.9 centiStoke uq::ryuHntrvtqarr4ilvtqiufiQru l8 o.tf,ttryatfruatvttn'u t.f O fr

rirnlfilqdrfinnintvirfiu z+ rirn:rrL6'ruvnuoyfldfinrvirri'u 95 mrayl rirnrrrLllv,h1rrvirfiu :: pr
rvloo'

ltaerilli':Jil:vfrmttolnr:tururr'?tyi'rn'u o.oot I o.rfl'rrcrnrfiud-r (Jones, 2010) roynuoadtrut:0ld.,
rflurfiorufr.rlqufi{o6n^o rflutoqrarl'flld'fr'ufiqir.rriuiJIsr:rduufido{p.irun:yu?unr:fir1#
^.=--,^-='e.y-.2l--. -e) - oj ,, 3 o ,tlr,
U:rYmtmGIUcIou dltJl:Od:l{01nil:v{Uln:I::lJstgiytatrut:oa5t.:{utLtmnttmulrru'[6 nt:tr.n

'lnl1tolromtuoodsoron'itnt:rrur'luririrriuruuGu rrayroyr'ruonoroldrflurdorufrssrrrudrfi'.:
-4 6111 ! - 4 d d tnrr a <lt4:0 ty,{drunuutrJutuuryu rioatcrn tn (atifls nrumor, 2549)
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z s.z n1lrtlronruoailrl#rfl urdon16.r
-9

ro vr r u o a d r ru r : o d r ru r l#rfl u rfi o n r a^{'l 6'rdu 16 u ? riu r rfr a I ry6 u il o r riu fi n r :t

drromruoarurld,flurdou^rfi.rInunr:drromruonuiamfiflouay 99.5 rurHarufiurrfrairy6ufi{

ritrniYu'jrrrfi'alryaod finrrrurdl{uromruoafouav l0 (E10), fouav 20 (E2o), uax loaax zz

(azz) rirhJldinohid'o{finr:iliuril6uurnio.ruusi rrsilunr:Harud:v6'unrrurdru{uqqciu

r{rudu flooou 8s (E8s) viordru{u fouav es (Ees) ovdoqfi nr: rjfuujduurniosoudlrt

rHUredlJ romruoafiriroonrnu r r: rirul#d'n:rdrurr:.rdnq.rlurn6o.rouoiruufiu (Roehr,

.9 4 49, q, s ld| 4e:t 1 o i a r a u ! - A
200 I ) .tonfl o.rfl 'l: t,f Irfl d [ryaon u,toqq{u s?uil: e il uorrorila{ rsurau?nuu luuruuryu oon

t

ryru 95 'hifinan:yvrusioaru::nuynr:1#rrurros6'n:rnr:ris6n'irnio'hirrsrnsir.r ornrirriu
9ty

ruu6u 9s dlur:ororur"rarufiurirriufirvdootilufisldrou loohidos:o1#drfu1ufi'.rrrun
A tt q9 A t rn e, tA i o t ' u

ret:o{uuets?u r}1rfi:o.luuelrfll tl.nJdsotaflruu:illu{lJuiln1:r,{11fit1fi6fiuvirt#druaorLafiu

'l orfi um r r o rn r nr rav r rd'hilruu t fr rrrrqdoru

2.33 nr:9.tonronluoo

v14
2.3.3.1 fl 'l: flntn:'1v14 vll{ltfiu

,ur',, uod'ldrrnnr: d{rn: rvrinrunfi hiou iurnt#1drfl urn?o.rfiu

v la o laaa 4 14 I . i
n]:fl{[n:]ufirna0lnnl:li]il0n:u']:&fi?]{nJYlluoa nun:q155lotou9l (grignard reagenr) $.r

nicgrErorousirnsornda6aralarfiirrJnfriur6'urrrunfir6urLlu anhydrous diethyl ether 0v

h 9s a d d V, e A 4 d d / S d 4 l0 d o laaa
Ifionnnrrunulcxuulra Ioo ry':lilun:i-rl'tilor0un Iqurrunurc[uurra Iam0&vnil0n:ulnuur*,

r u ynu o a na r urfl u royn u o o u o n 0 r nfiu f,l arru r r o d{ rn : rs ril do r n rJ fr fi Tu r l arn : #u

I a, o ioy- ad
(hydration) 6{riJunr:rsr-rurirlriri'urovrfiu (ettrylen"l l#ldrovrruoo (n:ul:{{'ruoeldl.rfl::u,2555)

v / I ^d ddr 44 taaa 6 t49 d q rt I i
fl'r:d{lrn5]v14rol]]uoo9r?u?!yr1{rnilulonno ilansurlnn tnr?or5? rrns t?tfi?tuQnoo{yt

o h9 ' q ,)d v dAu,ya a a"r g, oedlur:0n1u?ru t9roul'l tnarnu.:[[ayrluuou ,{aanilcyryilflun?]uu:flmInou11.:a.r tdrror'hiq{

ururilfiounr: nrindrooauvrE ti rrrinr: d'un:ryrivrxrnfififi{orfiun^orio.rldar:,ilrurrvrurrflu

v 9 a - tA , io t I a 4 o juy
flr:9r{9ru luf'r'l:d{rfr:rvrry{d15r?rCItuu5tntfloutl{q{rruormuunu?nilgtuyt Ietornnt:rnun:

ru o y d n r -r y d l #rfi o :J fl ni u r ri o u {r r q r u i o d r ur r v t fr'n i :" wr{ 6 o a ru rTo^. z s s r )

a

!
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2.3.3.2 nr: d'{rn: rvfvrxfi rnrr r

rflu nr: r finromru oo dru,du ofiu vri rififinnr aruriolu nr:1d

nrflu'larrr:qrlunr:roiarrravHfiqrrfluromruoo lnooarriionlaouri'.rrra'[#rflurovrruoa
r b b lu * 

o

uayfl'l:uou [ooon [rynrrlduflr: (n:u [:rsruqfidrfi n::il, 2555)

c6Hr2o6 +

(ngInal

2C2H5OH + 2CO2

(romruon) (nrirou'lqoon1ryd)

z.s.l nqufi n',r,rJdrurirnrorfluronruoa
ry

ornvrqufrnr: nJduurirnranglnarflurovnuoa 
,ld#ounv 

s r. r rrov rirufi
A y dr q, I ti h /o raua< J o t Y ' I'

rHo05ouay 48.9 rilunl.rnt:uou lfloon lryq [umr{ilauaruu']nratflu.llj:ulJlfurouou 95 rvrluu

firrJd ou rflurovrru oad.rd,r 6oEaeioytdlu nr: rtiryrorlnuav df r{dr: du ldtrri
4hbdavdh/aad4auaard

nt5ilou-laoon'lryo osryqtan-[ao n:qoecrgtfl norctro:u fl:n[lanfln flSgrcrocrun ?llryaoouo

rrarrylo{:oo 1r:r3fi n:dr, 2s2g)finr:nrilld.r'ir1u:yr.r'ir{nrififin 6apifinr:roiqlnriuou

rvonrilfiuurflufirrueour.:cirurirhi'nr:rufinromruoa1doi.rfiil:vrurru o.+o nirLrion;uolfru,
9lttrlidurvl.y4ds

(5ouou 46) nl:uou lnoon lryo 0.44 n:ilerofl:unl:uou (5ouav 44) [[aslilus?u?a 0.10 n:il

sionfiLnriuou (flouay rol6.:riufi6o rJ:cilrflriouav 90 ro.:nrfuoudarrur:nnJ6uuhJrflu
/ttrut4^oi9^

toyrluoa uasfl15uou'lnoon'lryri (qnrur f,t{?.2548: otlol0rn Lyons. 1984 )

4dv<4t
2.3.5 T?rnilnr:ililnronruoa louudgr

j rq io a d lr o r orr! q a i o
ruo 0 g I u d n 1 ? y yt u o o n crr t u u d n fl ? u t t4 iU 0 v t,f u tfl ] a t u n I : [ 0 : tu[fl o 14 a qr

d t - ' i 4 d q9 i 
"rryaailetflr:ilunronruoaovrfierdu'16'1uanrrvfifioon6rousir6.:ucarov tTurn'rn tunri,{aer

d u r,r ai - ! 4 !a.
loyiluonIrasnrruou'taoon'lryri fr{drriunr:ililnroyrruoaornursr]aIo{uflnrnqIIudru

i61nnjn1afra uio Embden-Meyerhof-Parnas (EMP) pathway Inuidlnolnlnfiafihifi

lurannro.roon6rourrhrLrrfiurdo.rlyr:nsrfilffiapioynJ6ourfluov66'o6'lor{ rravromruoa
oo - o i - ^3" ,, ^ - I

ntilalougt.llsu luntwll 2.1 (1au] fl5.1?.2548: orrorotn Scragg. 1988) nl:fiunrovrluoauu
hl, ^ 

v |dt , 'uofl0rnov'[6r.rasrn'ruqnriJuromruonrrda6arifr.rldrirqrrnlunr:afrrarTdul daulou
9y

(qnur a6-l-r, zs+s: dx6rorn paturau, tqoq) 1d:ru.rru'jrlunr:rfnromruoafiuuonorn6ar{
t99t

ldo<t9va4a4va
0ulilnuuu1fl rnriluroyrluoorla?u{rrJdl:ou1lna1,uonfl t: 1{yl 2. I

f

I



Ult 1o 1v,1

dorynfo{fiu l5

d
9n:t{n't 2.1

- \._7dt4, s d d 
^ 

d^ , a
6115 yt tq0lfl nt:ilunrol]luoo tgtuudn (qnur flt {?, 2548: 01no{01n Parurau. I 969)

.lli Y v
cn: t't l9r o tnnlS fi ilnroYr tu oa

Yv:ouau1,0{crltn{fiilo

Ethanol 48.4

Carbondioxide 46.5

Acetaldehyde 0-0.03

Acetic acid 0.05-0.25

Glycerol 2.5-3.6

Lactic acid 0-0.2

Succinic acid o.5-0.71

Fueloil 0.2s-0.s

Furl'ural tracc

via
2.3.6 nlrmilnronruoanqoril4xrg.l

- ; ^ 4 - ; a ri ^fl r: 14 ru n r o vr ]u oa nqil il Qil q{ n o n 1 : fi u n [o vnu o am q iu fi Q u q{n ?1 vr q iu u Q u

nr5ilfnilno drqorm4fifi1d1unr:vrinrJn66ori:r :o-:s o.:flrrcxarfiud (yl::ilfid irurg,q{

- i s a Y I v 4 I v aq , ,i
2551) rUO{t1nfl]:14run0srnfln?1u:0u:vl.t?]{tfl]t1{}Jn0nflo{:nutotu14nu tHouvt 30-359St

4 et qy t d A v - I o9d d
o{fl]rryorcxud 0v9roi tx5vuu14CIoruurlto:uuIun?'tu:ouo0fltIn:su]J 9r{uufl'l: tTUdgr

m u f o u 6.r rfl u 6 n m r u6 o n l v ri fi ri r au l ordor o rn hi do.r ld: v u u r ri o16 u d{ 0v nn du m u nrs HA sr
c

utrl+ el q v d 4 - i ^ A 44 tA
royltu0a l9t0{50uau 30-35 U00uuunt:flnu]fl]:ilunrovnuoanoiu}.lnud{ruo{0lnuudgtyltqss

rYtx-l:ftto;illtlauruafltovttuoodqnrrqfia.:ldrriu K. marxianus, Hansatula polynorphatfluduotss

sdddoi6d4v
tquudn K. morxianus ilnl:YlglCIOUnl:r{aflloYlluonmqilunild{0{ 45 Onfl']tqfatqiUA nr:urun

i ^ Y aA I v r Gl9' r d ,) v
lovlluoamo6uHnud.tu0n0lfll09ll:o{10r1fl'ltu5vfiu9tfit t10tun1:?1{suuuHnotuurta?u{q{{

v

ry-: ua n n r : rJu rli o u q a u vt6 6n r n mesophile n io q au vrS 6n ? n fi yo u q iu r q u rJ ru n a x l u : y trjx
v vrgrdr r d ! - r rn:uu?unr:nrin'[oiriluotit.rfi uonornriuf,qdrurj:yfifiend'{{rurrayfiournfialf,rdruritqa{

,J
fAAA aqr^ d tlt, I d v d 6 d Ail0n5ulrnil tltrfl9rtu tfrOur{:?flr:2 flr:ilunroyr'tuoamqilfinuq{0{lHutyarurilu0ul.:ui

d rr iu n r : r fn rom r u o al u il : y rvr g1 u m n f o u r.iu rJ : y rvr a'l m u

a

I



16a

a glucose AE

J'< *'hexokinase

glucose'Gpbosphate

!| ctrnou-pl,osphare tsonerose

fiuctose-&phosphate

fiuctose- 1.6{iphosplxte

t ./ $-phosphofructokinase
*Y 

^o"

drlrl'dros1'acetosephosphate <--i;on,"tnse--> glyceral dehl"de- 3 -phosplnt e

./ n*
ghceruldetn'd phosphate delrNlrogenase J t \t 

*^r"

l, 3-diphosphoglycerate

ADP

plrosphogtucetate kinase lt < ^*
3-ohosohogl-v-cerate

phosphogll'ceraurase Jt
2-phosphogll'cerate

ettotase Jt 1; *.o

phosphoeuolplmvate

pr,tn'oiekinase J < ..*

pynl\"te

ptzznatetlexorbottlase l

acetaldl'h1de + CO.

NAD4

dehtdrogenase J, < --,

;,nlflfr 2.2 Embden-Meyerhof-Pamas (EMP) pathway (q6rur 453r, ZSaS)

z.a ofi uniddlflunr. rufi nronruoa
I

a

a dd t a rjo ro a a a a d d
tRunrud?u lnun ldluoetdtlrn::ur"rfrnronruoaluilooriun^ofuasr .S. c.erevisiae

r 4d v tn ra qrrq 
" 

i"i dd jd o a
d?ullunmtsuun luuuil It luo9rfl1r4n55il lut0rvu cu{[[unyrriuytun?']ild'tu150lunt:run91

q
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11

rynomonos mobilis rfl u du (n: ru ]: qlru qfl rrtfl n: : il.
v 4 d 4 a lA t I ' in I hrd r d I

2555) d]}t:UUdCI S.cerevisiae rilUUdgtylvlunodnl?vr[?onoila1{1 vt hJtfiu]vdu lonn?ludgt
,u

rfirrduld'.rfiunr:r"rfinromluoad?ulnqjdrlddad s.cerwistartuti'luto.t ci. thermocettum

dt d4 ur ', a s
LLa{, z. mobilis rilurrunfrrTu"[ri6o':nr:ooflcrrourlru't:6rfiilnrryaa]aduavro?ufionrunfi$uo$

, d tny,i rd I o ai :-
d{n?1 50 o{f,]tcuatcrud rrgtu{n{yturoyt'luon logltn?rudq (d1?9t: 6rJvrorr,2549) uonolnuu.1
d 4 qgrd I 9t o j r I
il:1U{'lUn1:fInU1fl't: tSU619rYlU:OU',rnfl[O11lUOAlWOS?UAOnUmUnl:r.rfrgr1UrirU10.r:sUU

I d r s r d d d d I !o - dr i,
ilaoruu:y14?r{ililn r,t'u fr:ronunr:frnur Eacivruiou K. marxianur frrird.rrilufrriraultlnu

< 4 eAa uas ' IK. marxianus tiluudgtytuEiuduua Iqfl[9ru14CItuil5vnt: tru dlu't5f[0:tuilauflagr
rnyj a d A a a r I wgt

r01]1uoa tamoililnildn uofl51n'r5[0:n m:?or:? d]u150[0:iuuurrrniln1:uou tofialuq${o
,

rr?i{Iqurqy{runr:ro;€urlurirsrra'lrylaa ovirfrIud rtavrryala'luIoa r$u6'u rravti{fi
44ts)ArAJ*

5]Ufl1:n1:dnuruAgrytuSou Hansenula polymorpha yld'ltJl:0lilauuilf nf anQ [ndtlar
h < dt i ^ 4 d ln,"Iry laarilurovnuonvrqruuqilq.:d{ 48 o{flrr.xolryud let (Andriy et al.. 2009)

q r il fr'fl u n er^ u o qini .fi'o o fi u ni dfi 6 r r a v fi fl ? r }J rfi }n s dil l u n r s fl A n t o vr 
-r 
u o a n ?5 fi

ytq

d'nurus6'sfi (arisr:' frrumor, zs+01

q,(l) l14r{aruaad{

(2) musioromluoa (ethanol tolerance)

(3) yrusiorr:.:du ooa]ttfi d (osmotolerance)

(+) fi n:rru n rd'rnroldanr'rs ei r { "l 1,o{ n'r: r{ fn
(s) vrusiofi torypir (acid tolerance)

(6) vru qnruqfi q.r (thermotolerance)

(Z) fidqr:rn't:Hrintoyttuoo (rate of ethanol fermentation) ({
j o :nett(8) 11lU0]U?U (propagation) tfl.1'lU

. o.9l y q ;(9) lHn?rurou tu5 u?t?'t.1fl 't:?rilnn1
v

(10) nr:rrdqnd'flutusernnvnouHio'hjsrnsrvnoufiuodfiud'nu€urro.rfl:yu?unt:

- A, ^ ,)
fiunnHHnflflo.:fl15

(t t) frfron:tilnrrflu{.rit (Lilt", activity)

a

( t 2) uonryfi o0rnnr:ldna lna fi nrrru6Irur:n'lunt:ld'Ifl rdnnrl:ri uio

lyr6rrdnnrl:ri

( t :) finrrrLmun-lusioflr:fiurir.r 1
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AOA
2.5 ?gtonu tUnl:9.t atglloYt1UOA

vz.s.t isrofiril:vmnrirnraI

fi ryfi fi rirsrrafi ofi ryfi rJ:r nordror:-,n-raIruraqa,6 or,,urri',nralruraqaqidr
o o rr r d j o s !l r, | , i 

"4 
!

rirlriirusronr:rflsuurflqnurilonrrHoerroylruoo Ipru'[ridosrirunr:tiourfiortlur]rnro

(prerearnentl 1of lildr0rnlunt:rsr:'uruinq6urun^ounr:toiuruinqo^uil:vrnvrfrfilvr6rrdnnrl:ri
dt I t o io J A aeri o u a s a ,) ,t tt
liluo,:nil:ynou Ttl,ytuu']fl]ary{ lyrilu?qqnudlil:unt:f"ro9llovrluoanuilln no oou 1J'l?Tl'l{

t99v

urru rrnyfrnflrenr?ru dsldlunr:r.rfisrdrqrravr:rouioqlnid uonnrnriulunr:r"rfindrqra
9t

m:iufrr'ldnar^raou'16'rrovnrndrfl'rCIfrarrur:orirrurrfluisrcr6ulunr:r"rfintovnuoa'ldrfluodr.r

6 tariqrE dunuu, zs+s)

Ttad

cr2H22oil ' Hro -> c6Hr2o6 ' c6Hr2o6 + 4c2H,oH ' 4co2
9(g)n:a) trirl (nQlfld) tylEnlna) (tomruoo) (nrfilou'loroon'lryri)

342fi;u 18 nfru tgo niil l8o n;il 4x46 4x44
v

finriJuHaldro{rovnuoarfiouri'urirflro$ln:d 0.s380 n;u o.st+o niru

j raaa ,j J 
" 

rn rdr -q a ta ua
nrilfi z.r rJflfiiornr:uJ6uurilnloqln5d'lilrflurovrruon (rini:"wri 6oarurifr. zsst:

9^u99v6xolorn coruu6unir nerurrqoruaflvnnnt:tnua:. 2549)

1 u n r : u rin rom r u o n n r n ri',"', aq I o, ariu riu,,: n o r rfr n rJ fr fr ? ur'l a I q :'l o fr a
,'yytn9o s

rourq'rafla rnarrac?'l:nlsraotir.raslrurona ornriurirnrana]ndrravv,l:nlflaovnnEap{

,rJduuhJ,flrlunlruu,,urnrfuou'lnounlroiud'tuav 4IuraQo t#q*# o^uoufA, zssr) 6":nrr^r
j
v12.3

z.s.z isrnfiuil:vrnnuflsc

I dt q l' 'rrilnriluol4r:dydu turryantnt'snufr.:1ulu drdu :rn ruo rrnyrrufiq rrfl.l
t I a d h 4 ^ .l a 4 4 s 14

USvnouFt?uiloattcunflt [:q 2 ryuo rlavytildoirufiul.tu'luuourt]uno [fldrlqtuil?a
s s e, t d rt eJ 6 6lIuranorrnvIn:rafrrsir.rnu noarrrynnr'[:riri'.rcorryr?nIurr11.r1drrri oy'lu]oa

. (amylose) ltovov'lrulon^lnfiu (amylopcctinl firyfifirrfl.:rfluo.:rill:ynoufiraruryfin riu
q 4 A ! rt y s y dtt J du o r 4
tu?1$su9rgll{1 cr{51uyl{ljl? 1J1? l1'r9r 1]'rdln ilt-lu]:rCIu uucltljyfia{ uutytfl ct-Ifl lraylr.ton

- iir4:-un'r:r^rAnrolnuoolurrourJ:vrr1flnr{ul:iluayoru;nrrxu^old{irlyrn #rrarfi drr
. fur.l:rr finnronrrurfJuisronu 1rr*rfirJrsrvrflvr1.:rrafouoyldisrnerudrH:-unr:rufrsraq



l9

vt

roynuon n^o nrndrnla rrdv fiudrrjvr6'.rriutirr]vnd'r (arisr6 arumor, zsag) nr:1drulrrflu
u A e r qy{ J s .y d 14 t a dt i s i ,

?fl no1r 0ysto{r0fl uou t?r riluulqrana tndgl?un50il5 olou tcril ry{tiluu ]q1n [illanalou?nouq{sq

J o da ,i J <, hvu r^^a ai o i
0lfluuudn0{0ed]il'r:orilauuurorarilurovnuoa tqgr.ril0nsulrnumlrdo{ lunrilvr 2.4

tiou

H(CoHroOs)ruOH + nCuH,rOu+ Yeast -J 2C2H5OH + 2nCOz

(u:l.r) (nqlna; (tonruoo)

n rfl d z.a rJ fl fi i o r n r : nJ d ou r ul.r h?n a r urfl u ro vr r u o a Io uA de{

z.s.r ing6urJ:vrnnfinlutryaglod

a^ n I u r qr n Q I n a r fl u d r i il : v n o u 6 u vr:^ drJ : v r tl yr n r iI u 1 a r er : n fi r fl u

rirurJ:ynoutirri'qro.:rryadrfirylqu1uiaqnr6ofi.:mrsnr:tnuq:il:vrnm6nTurvaqlnd r'ilu

Snqoufinlur.roQlad ldrui llrrrir'r ryrudou 6'.r{rrluo rcflr rnuhirfludu a^n)urwaqloa
t9s6saaa""do'

rr:yflollo?urcroo tad rafirryaalaa rlnuAnuu nr:r{nnroynuon0rfltctroo]aauiorafitryno]aas{$s
dtJ*j,usdtad!

rlJuulflra tlJranorou?riounr:rfin rryCIa]adrilufloatuo:to{urflranolnasiofiurflud'ruu'l?
ro r 4 d v 

"a 
o d 

t 

'
rrnyou tu:ilHnnunnuilvrlju turl4uu?rlas'[r;asarudr dluraru^rryooInarfJu]lrarilo{10't$$s

rfrsnan^ru lmdil aruru^n niu'lryla d rrilu lu d r ray os : rfr l u a rfl u du riru fi nu'utfl u lvrfi rru of

rowonilfi?In:n^ru 6ryrusionr:tjouaarurfluotirsrurn nrrflfnroynuoo0rn;aqdurJ:vrnvr
,v99'

rafrrwoqloariurr:ndo,rilruriusrou + dunoudunoutr:n pretrearment fioduqrounr:rJilo

,t Y q, ,t t t Y a tl I J i a
dnrilafl qrtufl ?un'rlrJ5 o u tu il5 ounou nl: uougr?un: qil : orou lryu 1u aou mdonfl o

j ,i s /s tr 4 a * "YnYJ s i ,,
hydrolysis ur^oril6ouluraQanrflu'[arn:srn$oranrvoqlaat#ldrirnrnlrurnnnrGuedrun:q

uioroulryf ,irrorfia-,ru6o fermentation rfluriumounr:rilduurirsrrah?ldrflurovrruoolou
a i ! ,, a 4t ! . " 3
udgr rrovl,unouqnvnufio dehydration rilurugr0un'l:9rr turnno1,o{illoonrlnroYnuoa

(Brian et al.,2010)

n r : H fln rom r u o a 0'r n ;n n n u :J : v rn vr fr n I u rryo alo a frr a r ru r i nr4 fn uu unrr*

simultaneous saccharification and fermentation fr:rruriugrouto{nt:douflatutgrno]oattnynr:{
v y .y a ar I o qe v d j o eA

ilunromluoottlfl?unutilulugtourgru?nt: t'rrou tryurryaarad:?unu[S0urtnytfirunroytluoa

ldGnfoorotdq6uvriti6yo.rru^err?rufiufirEon'ir co-cutrur" 1nu1#qaunErifiarrur:crafrr
r^ ? rnY,i s a a{A

rou'[ryiltryaorndltsiHilnromtuoa loell [Tu Cl. rherntoc.ellum itunutauuru]r]runroynuoCIld$q

d ' ! - oy 
^yl 

j jo J 
^ 

e)
9t L%U Z. ntobilis UOfl0lnUUU.lUf^llIU]U]U lTtTOtfiU? mUn?lUCIlUl:CIYl{l tUnl:dIl{lOUlmi

t
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lcraQrCId rrayufinrovrluon'lei riu Monrliarp. otir.r'l:6otunr:Hafltomruoa0rnruaqlaa fr.rfi

ilqrrmrrrvrnlula6trovrnsuoflrdoilurirufirfrue{o{fi'unr:doo aarorwaqlaahl,fluri',r-.ro
*idr

nalnafisfir"rootixrurnsionr:fi'eru-r nr:l#rryaalaaluosrarrn::rurrnvluilooriu6.r'hifinr:
{$qq

rufinromruoCIrrn;dqilsvrnndnlutvaQlaa lu:sdrLQnarl.tflr:u (ariflG drrou, zs+o)t$q

z.s.e isrofiurj:srnn6u6u
99

6q6u (inulin) iofilndqnlord (oligofructose) ttoudqnInloalnrrrynnr'l:r{

(fructo-oligosaccharide, ros) rfluar:rJ:snoulvtdttrynnr'l:rilun{utotllqnrrnu (fructan) 6.1
,

rJ:ynoudrorhqrrnyhnlsrafitfiorusiofiutfluaroult (fructososyl-frucrose links) fli{Gi?uilartlto't
q

lruranaorofi na lna t Iruranarfiorusiooti leru6u fi u rrulufi tfr'rhj rsiu n:stfi uru fi"'rfl oninri
q{q${

t u os i dt 9 u v I a a :" 4 I t a a ,t
rrriuflyiu rrav frInE rilu6u nriilrinrovnuoa0rn;dnil:srnm6udufr,firtilu6oltioudunuqrua{$

A h da o A or^r! s d ia I qrtutytt r d
n:nfisorou'lryruouaurud[?Io t].t Inurora [il[analqu?yrudsrovdtililt:t'rl'1, Innoutrutau2nu

{q

5aqil:rrnvrttthttov frnlutuaqlod (Rosa etal.,l97l and Thuesombatetal.,200T)

i a .ra i a
2.6 nrvu?unl:mtvrou{qoun:ulilonl:ruanlonluo6

j
2.6.1 n:vU?Unl:lTllvtAU{ltUUOv (batch culture)

dtulsua-l
rljufl5yu?un1:Haflr.ro9tnfl.lcyttouolflufl'1:tgtudltol}.11:ttaenaryonl'hJ1u

Yr4ud
o'.rufnrfru.rnfsrerurflaoflnrsrfin rJflfiiorfi'lnrrrovrirru^u'lrJoun'irosfisqorfidornr:rrdr6.:
a i a q /s

tnutflu?,{nflnrufl rflud"l'lrJov:oourunsrri'suqifiiliurrualafltrovfi6'fl:1nr:uJ6uurrrju.,du
{q

fran lqufi"r'hju^uruld:yuudfiun:vu?unr:ufnrurnrSn n'runrunr:vir{ludru riunr:rfinq9

h d d I 14 9 v a da
lru ruu: d:rrosiloCInoaoolilusru (nn??w]i 0odiluer. 2551)

jj
2.6.2 filYU'rU nl: tyll vt0u{ttuil n{nv (fed-batch culture)

a - dAa.- i
ril u n : s il ? u fl -l : p{ a fl ,.t a n n 6u qn m u il 5 u d m t n I vt 6t { T ? t, [1I lJ o qr 5 I n I 5 r.t o Fl

d lnta ' i d v - i4 v 4 d I
S 1 }J ?A (biomass) tqtnOU dO{tyl ltU Otyl UUnUfl 15 H il fl ttuUfl v miln1: fi UnU : OO1fi 1: ty{U{n: {

Yt,,
d q ra 9 v q 4 I v 9, I I

ro u1 gt { t I gtt: u n u n: u u ?u fl 1: il un n5 u u ?u n 15 u u nttuu fl nnv t vu o u d I : 0 tl.t t: d t: n { n u t1,tq
dtdtavilgttd/j

svuurilu:yuy1 0ulnuil:rJtn:ntrtulJ0{CI{fiun nr:iloucl]:o]?nrrttd:suuytauuouliloa9t
q Y It a Ur I J ^ 6 4d o o 9,
iliuurnrrur{u{utoscr5oril1:q{rfiu'hJrvrnenr:uuu{n'r:roScyro.rqfiuyri6 virhi'nr:xun

r u. r, rr in u u ri o u n r : 1 #ar : o rn r : i ru o ( l^r odryr yr oiuro3ryr.r d r ra u n iu y. 2s 5 3 )q

j.i'zi
2.63 n:YU1Unl:l?llgtAU{llUUn{flOl1lO{ (semi-continuous culture)

I

fl: yu?un1: rnIvrAu{rriludrsiorujo.trflun: surunr: no'sri'nr"yil ntr,drLrrnnr:
vtI

dr4qyddrid
r?lluraunlruunrnouluod]501Hl: lno0ufiu9r 03ufl15qnu1rilnu1{d?uoon0-tn:yuutwotflu
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i ^ s ds d : v t i myq I ^rfiorru6srri'nr.yilouovrfioourililnGy?uilun t? tuo{ilun01fluurerrJ6n:olil1:1flrir{r1u1u:suu

rjirLrsr:rvirfiurj?rursr:firr'soon0rn:vulrfiohi'rjirLler5?ir{'lun{fi rnooar:orur:1n#urundnoy
,9vt

finr:6.rrirmfnrrarrloudr:ornr:r{rIrl6nnf{firreiufililrfoo1 {odtosnr:nrinrruudr
' i 4 d i ^ v dhy | ' igtoruo.t ftofl'rrJl:6trflurnu?f^toetn6ucvl t90ulll9toruoil rYt:o'11.115fir6rur{rhJfinr:ldodr{fi

rJ : v fi vr G n rn ri r u {o rfi o 6 odo{ : v fie : v i.: nr : il u rdo u r o.r 1 o u vr6 ri6u r+

i'd
2.6.4 filvll'tu nl: t?lls launfiuu gt oluorl (contin uous culture)

:'iaauls
n : e il ? u n 1 : tyt 1 v ro u {l uu u fl o ru o { ril u fl 5 v u ?u n 1 : t{ afl R [u cm I n unl 5 tgr u

9,trrAgva!-r'
drsor?r r:r{rd:suuou-l{sroruo.ly{:oil1nunr:n{ilrulLnoonour.rsiorfio{tudsr:rnr:'lilnto.l$

dr:or1.r'r:r{rri:vuurvirfi'rdqr:rnr:'lHaoon0rnruuu loud'qr:rnr:'}rar{roonto{:vuu
a

'hinr:4.:n'irdn:rnr:roiruro.rofiuvrErinr'orlorfiunr:rysoduvr3rloonorn:suu r{rl#hifituql
a d/o : : : - ;e ^0numsulu:euuntsrillvlau{ 5vljrn]:r}^t'tv[aunrluuulfiu]vnu:eruYlflo{n']:fl1:Hanrr(ltta3q$

fi n r : n'luon : v u u r ruu 6'0 I u riei^q

--iaootvdl2.7 lJOOUnilOnfi fl AnOnllilUntOYnUOAl,O{Udgl

vv
2.7.1 fl?riltl,iluuuo{tollluocr

dtdtr-Jydt
u dm 11 a tudQa ru n ?1lJ o ou r Io n o n1 : uu u{ a ? uro vr 

-lu 
o o n 1 : il roYl 1 u o CI dv d}J o g

luti'qurin6oirrfluilrunrnfinotirsnu'rfihJf,udrnr5r0;n,xoin?rur{r,{uto{roynuoarfiu.r
, s ! - doora a/ a hs, \ ,) r, i, s : -:ouau l-2 tftuul?tun nmtt?toCIuYr:u[0:fiJ l9rYlolr ilavmfl?lurl,ulJu:ounv l0 t9ruulHun.U

oo, a a dla I t[ d - I I 
^rirl#nr:roiiyro{qAum6tirfiourqnorr (Brown et al.. l98l) otjr.r'[:finrrL nr:fru6.:riuun:rru

v 9 A rn , , J 9 d a 6r t o e gv a d d
du6ourLrn E.r'lrJnrruudrrunr:rsrrurovnuoaluu?l log phase rirh{6'sr:rnr:roiiul,o{Adei

r d o q9 aja<o !: .i u d o q94 r

aoo'1ou1{5?or:?vrlt14rcrCIoytu5?nano{Yr{uo'r0[uonu]ntflrou tsuQnynlfi[dudfl'tiloul.:
I

o r -r : r ra v rd o o til u an r rs fi fi o€u r n u^ avir u ri r rai ru l #n a r ru rfl u fi u r o l ro m r u o a fi il t nd, n',,atso
o .d < a rq id o j< / a 1ay

f"rogllovrluoaona{ruoudsrou tudnlflyruoorl.rQilq{qnmuflgrdlu150t0:il [o rraynlrHagt
9t

444d/rq
tovr lu oauillntu llJoudn 0 g tu dnl?u lJ o{ o6lr fi fl il9n qq1o{ nt t [0 rtu (Casey and Ingledew,

I

198s) roynuonhJfiruosionr:fruf,rrruuhirrd.:riulunr:rudnnolna rLoolmd rrorulilrfiu rrnvs
as r 4 I v e)A il i4 | tn:flovfrlueit.: 1 Adsidror&'urffirEo{rutvadfici?uil:ynouxo{n5o'hfuhi6ru6'uJirurilutn

dda ,tlyi iq jd ,t ,, 14 J @ lAod]u1:ouY?floq lqluoou tudnl?uvrufr?llJrlJUlulonro?l-tuoaq{ 1 utnn?]u6t9ldtul{uqytu

tiru il: v n out o{ni o'ltriu lri6usi'rodr?ou d{ n druri'u'irp{ar os roynuon lil6israSuh{g

'laln:rou'looou'lnariru16o#rurryadrurndu d.rnr:'lnar^irul,o{'laln:r0u'loooudUlduiluq

A v /s 4 o q rralltrl ATPase to{t0otiutryodJousr:l 6.:14rhirfrnn?rusir{:u6'urorlil:srou (proton gradient)

a
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u r.l, ui I d 4 vr rd t v ! !
n:y0lu tilyr?ruouilleraa 0n [ililrunflonlruuuin151Jud{d15ava'rugr'r{ 1 uonolnuu{}rlj?'r

'hlvrnouroSrfrrrr',rtir6'osionr:muroynuoato.r?raoi rravEapififiuu'rgllroirrryadr6n
I

a r ru r : o yr u si o r o m r u o o'l aa n ; ra a,ili fi r u r n t o.: ruo iil n qj ( qn ru r ni^l^ r, z s+ s )

,J'':
2.7 .2 n1lutlrUl'Ul,oitulntA

n r : 1 d0 a siru r r fi n 1 u a n r r y fi fi n r r u,{r, {u rir 
" 

r a a.: fi H a ri r 1 #n r : n fi n rfl u'l rJ

ta9/9 .i a qgrd l) t v s d . rlddrf rroyrfiotfionlfrdarifrvruriotr:ln'uooa]ru6a (osmotolerant yeast) niu s. rouxii Yt1,)i1

arru r: nrriqld6lu orn r: fi fi n rrrL rdr{r ruori rra qs rroifi n?ril dru'r: olu nr: ru6srromru oa
ia4usdl

0yata{ tu:ru.nunr:frnurruotorrr:sd'uooa]uGadon:sr?unt:ilfnto.t brewing yeast

(s. cerevisiar) luorur:fifinrrrurdru{urils'ruril.r 1 Inuldnqlnafinlur{rudu 100, 200, 300

,isryias
rraB 400 nSrunoao: Tlu?ryrna [nnnrrrur.[ru,i,uqwun]5[05turlavnl:ilun1o{ brewing yeast

; - y A q i A llrro , u a
norira.:or,tdoilaytrrdqluntrt{yt 2.2 cr{0tnr"taflt5ytoCIo{lu$[rtl.tu?1oq:ln1:t0:fuoglS'l{'
nri il fin rrayilseAmfrnrnnr: H6aroynuoadnetrnrirr{aru6ntomruoamr{mqufr (theoretical

ethanol yield) anal rdonrrrr{ru{rruuri-,"',a,fiudu fr'udtflr,nlvtou'[ryrifirdu'l{osfiunr:
v

rufiflromruoonrulurryndld:-unrrrurfiurru 6sfir^ralunr:duf,.r:Jfrfiiorsir.r 1ntulu
i 6 r*ua"n-Meyerhof-Pamas

j66yeJ:et-'
nlrt{fr z.z ovrrr^rarosn'lrrurdruduilrnrariru6usronr:rtLnrovnuon (E6rur 433r, zs+s;

9l' 6
Ot.tOSOtn Panchal, I 990)

nalnoI

(nYrul6sr:)

VA
o9t:1fl1:to5fl,

AAU(ilaon:ilt,o{ul1{iln
,/ A AA U<

Itfi{t/uoaon:,y? lttlt)

nr:mrYn

lluaronruoa/
a aa "!.iloaont,u?llJlt)

9.rclr{anroYnuoo

<t
Yn{nqua

9)(:ouav)

100 0.33 54.0 93.5

200 0.24 52.7 66.4

300 0.1 I 42.s 59.0

400 0.03 14.2 23.6

oti rl'l : fi qr rrurfi ofi n r: rfi rL lrriu hj o rud': (unsaturated lipids) niu n: nfi lu6 6'n

(linoleic acid) ttarfltsotfit:u"t.totix rriu njrj]sru (pcprone)uay ryt:dfi'arrntasi(yeast extracr)

n.r'hjluornr:drnfunrin fir.rob{nr:f,ud.ruio.:ornrr:rd'uooafufrannrioouurirrr,unrrui-r

a

,
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@ s d d qY la / io dr
lr5 {rou ood IrJrydu r{a lfi rryaaudCIlJ 19rdt: o'l14'l: yttlrilu 6f 114: unl: [0: flrrrar n1:: nu I dn]fl

ro{rryad d.d,nr rr,,:.rriuooalru6ahJfir^rarirhir6ori'rurryadfi dnuuyu{.r6.rfiruon:yyrudo

nr:rirar:orr,rr:r{r'hjlurryad nr:16'ru1rriuhi6ru6'rrsiu n:ofilu66n6{lild:urfiilanrunr:rflu
rn zi I d o d9 r ut , i I /utctai

1JO.l lilA tOilUOIilrcXAA Ytl tlt6ll:O]fi'15fl1{ 1 CltUt:CI tilnflluruol.lulcrnn tOgXU rrAyroytlUOn
q d 

o 
, arrra Z ^ oi , a

ntu lurryaodrul:0[rT{:oonuonrryan [9rr:?1,u (Enut fll{?, 2548; o1.ro.l0]n Paturau, 1969)

2.7.3 6't:O'tfi tr ilAvlnuv{nrsroi

fl-r: or?n: ur{ori-r.ror0fi hirfio.rrr oriru funr: r rin dr: rrud.rrrr ri{ros

'lulsr:roufifiruealruraqasjr (rriu rrorulrurfiuu'looou) isrrfru uiou:'trqrirn 1 r'iu ri'.:nsfi

rnloaylo:-aforylo{ rnrnfi16oru rravrrna16uu nrsrfrudrrornr:1#6uEasifinlrutirrialfluotirs0.r

Iourqn-rruJ'oldrirqrariru6'urdru{uc':n'jrfooas l6 (Rose and Harrison , tglt)

z.z.+ 'lulsr:rou

Ieufr'rlil6asiarrLr:sr1drrorulrutfior.r'looou (ammonium ion)lddsororGulu;.rJ
Y'r'

tor'lorrorulrurfioruv'loarllq il6orroillrurfiurufinnln Iorurrorulurfiuru'looouriu6'o'irrfluttHa.:to{

lulsr:roufifirLra)rLtorlapir (to* molecular weight) 6.r6ar{ Saccharomyces spp.fl1u1:nldld
99

n*rfifru1ilnu'irfrnr:rirqGu1illdrfluciruil:snouro{rorfi'r:16ur6asirfionfrsrorvr:drrfrnu
r 4t 9 t4 o 9/q ^ i 6 s 4 v dt t

odrqrilunr:rirrrsiilnr:ldlu qnaru n::ilnr: ndflroynuonrSorn6rIoruqG ufi'nrfl urrila.:ro{
hsiod'tu tsr:rouritidgrdrur:CIldldniurdurfiuri'urnfiorrouIrurfiuil (Rose and Hanison, l97l)

z.z.s v{oor{oio

rJnfileilugrJtory,loarv,lqr 6srflu ionic factor (nrini o^rruu, zs+o) {'orflutrq
Aaraalrltrrqr4lr.grag'

olfir:fifin'nrudrri'cyoionr:ro;iyro{Aasi rrsi'hjn::lrioufinrrrur{ru{urfiufouav 4 ro{ilrHfin
9 v I t u a 4 tt !

rttt.: (Rose and Harrison, l97l) umU]vn4ant0{y{odTlo:Anotiluo.:nil:enou10{U1n1a

yloarv,lsr n:ou-rn66n rravr?rn6lolryrflovloary,lsr uiou^':n6lo1mri'lvr:v,loarylqr fi

n?rildrn-ry1ufl'r5n?uflilruyr-ruoa^ry*ilro{ucrod 1#dodtv,lndrdu rrovl#no-llru
^dA(dr?sr: CIrJyro{, 2549)

z.t.e ilavloi

r.l nsr lu o sr ar r n : : rL 1 #1 u 5 ilx o.r r ro ru I ru rfi uu d'a ry,l n fi'o rfl u r r sr orr r : fi fi
6d1 t6

n?ril0rrilunont:r0:fl,1Jou?,oo{,riu,6orfiur,loayloia rrasnrrru,+rirCf a:rrrlr*rrr"?:rnu
!^--^-. i- --" -rl- ,^ - et q I e) ,) d q 9u JSounv I torlul?luflltfi{ (Rosc and Harrison. l97l) 6'l It'neruttruduCloytLrua tf 0uol

A4d^rdd^qlnr:toiartol0asiurlrrjotryu s. cerevisiqe 0ari4ntfinarrur:od'srn:rydn:ooyfiIufifr

d'nrv,loiorn6arvlsr ld r,iu cysteine, methionine (arisri fr runo.r, 2549)

a
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2.7.7 Traceelement

drr fu brewer's yeast fl ?1ildo{nli t tirtsrriou{rsr arnil atulourqiltsil?nd

rflurJ:r1urfl (cation) 'ldrrri d.rnsfi rru{nrfia rtrunfitfiou unatfiu}J vro{trn{Iltrtmdtfiuil rrav

nrHn ioufidrnyfi rrrusnrfia urSn mo{rro{ rrayrrrunfir6uru rirrrhfirflulnrrylnrsroftoqou'lryrf
i A r r h a 4 I i, 9, q9^ taaa 4 r

ryqriluaruil:unouto.tilnmr lasrntryursro: (caralytic cenrer) vlu?un:sEu tulnqil0niul ?l:oog
oidr<4lcrrrtgttr
luanrryfirafiu: rirulilrrndrfiuilfiurflurirurJ:snouro{:euunriuudirdl:o'll4r:t{r{twati

v9
tirr.rfurrrunfirduurroyrrna16ururJirurnrnr:1eioqi1u'ir.rnirqrtsiluornr:oul,rerrrEfr'{do{su^nfi

hi'ld n^r:ryd-nrrnrvfir'ra'l#nrindr n:tfiro'trrrunfr16uileirul#6'n:rlunr:rufioromruoarililtvdu
jdgradtl

(Rose and Harrison. l97l) UtUUyl[[nAlcUUUn:vEUfil:tn:futtAUUUYllJ'lYlaOfl1:aflnrnOUlO{tcxnA

Udn (Smart,2000)

AA
2.7.8 ?nrilu

n ? r rr elo { n r : i sr r fi u 1 u n r : mi cu du o dfir a r uri'u f,t o.:6 aoi d r u ru r n brewer'suoq

y"urt frnrrrurio,rnr:1uIo6u Iou'lu)o6uqntioudroroulryrinr{uonfitna(carboxylasel tfio1#
v I h q i" 4 d4 t - tAY s d 4 o/t

tirufldlrnstyfin:q'[ufufr,irrflu frEariuaroarurt'ur[fido{n'l:trilu]mfiruqrrilufloi'unr:
,tY

roiry (growth facror) rrrl'jrur'rnf.:ovn6n'ldrLrntravilogilciouoonrur{ot?t'l: 6sttvrulvrfirusrfi

rfluorrirJ:ynouro{Inroulryri ro (coenzyme A) ttavfin?rudrrfJudrufln:vu?ufl't:

ril rrm u o A 6ru n r f l u l orfl : n r ra y afi fl u o n 0 r n liu rfi o r do.r fir n r : d{ rn : rv ti.i'o ryl oitfi orfl u
tt as a 4 Y 4 J

o.:flil:ufloulJoinsoovrJ tudrl'l:uouorymoCI (inositol) ufi?'tu9lo{nl5tiluu1{nslrvr:rr1#rflu

o{riil:ynoilxo{v{od}lo6fie} zuiurfi'h^rioonfiu (pyridoxine) tros'lvrovfiu (tniamine) riufi
o dr r 4 a / j o a , ' !a, d t

ft?tuitliluqro brewer's top yeasts Htotonudgl cr{?gl]ruual{ cl [ra]utiluonnil:vnou1o{
n tA A gt /s tn ad

rou terrJmlnu?uo{flun5uu?unr:?ruflfiliIu'taro:nrlnvlurrYruoaqrill0{n5qovfi]u
i^o'

(Smart, 2000) 6.:nr:0vrfixdr:orur:1oa.r'hhiuna:rirff.rdrr.rasioduUunriruAn riru:-unr:
a j qyq ^ i - J q ,,rr" - -

r9r: uu 0-r141: r110 lT tu nt: ruaqr0Ynu oarTorlr o.tu u luYrl inQH U lu tu I9r 1]flasunrrau n?]u
y ,) jo h r a | ' a " - j - ! ra

rlJUlruro.rflrsot{-r:fir6ruor"hJnrfiouodr{rryunr:r"rnnroynuootiru:-udr d'rriurjirurnrfilri
44
ii.:tuounun?tury'luriolunr5,^rAflrovnuoato{6arifir3oultri, 1 1*o." and Harrison .tgit)

et
2.7.9 r'ttor

fi rt o do qjl u d n r ? y r r ?o do rL ri r q fiu ri r fr r oryt o.r }J : I qr vr o r 6run r u 1 u rry a d
I,u h' A @ d J d q /hrr il 4A ro ddl

uu lurHilounu ufladllJrsosnutrvFruluor nru [urcuao tonoudrreruoog [uar:ayoruyrunr
d r u d d a lrtYr 9 aAd I rd i
1'lros 9r1{nu rrovudmdlut:or0:flj lanoul,'lil9tytluo$:y}.t?t.l 3.6-6.0 ugt?tro5 ytrfiulyflu

rYrfl:unltr05Eog:vil'j1{ 4.5-5.0 (Reed and Nagodawithana, 1991) drnfuornr:fififylnloidr

I
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dleo--Ay{rory l:uetufl1fi5un1:fiunmrfiil1sdruna:flrirrJ:vuliu 5.5 trsiorrr:fifirTv{rTloia'rfiros fitd{

n:: oqilu ria I 4.s -4.1 (arini o^rnu.r, zs+o;

2.7.t0 qililQU

d r n :-u 6 a sio cu n n f fi r u u r e du rir r :-u n r : u rin 0 u d { n dr n r : r r iarq9$o

5-10 o.rflrrcrarfiga (ariqri drru., zs+o) drtas{rrsiovvu^nrdosnr:ryr{qorn4fitunr:roiq1fit$
I

rusrnsirs6'u rirulrqlti'ufiuf,fiun:vu'runr:yn{fiarnfi:rrufr.rrou1ryrifirfiur{or 6adci:u1rqi

'h.iarrLr:nmiqldfrqruil4fi4.rn'jr 50 o{flrrcrorfiua IorunrirrryadBaoilrrrrrdfin',r,u?ry,fi,

nr:srru'ld Alr:lUfldu*rnn,*,,si so-oo orsrrrynrfioa turaarrioon'jr :o urfi (Rose and

Harrison, t9zt) drri,n'l,^araori'turuils (baker's yeast) rinnuqruqrumql^:rwjl{nl:
u o 9 'i d 4 o! , a

urinlriodfr 30 o{fllrcrarfiua tEA'rr n33r, 25a8; drso.t0rfl; Reed and Nagodawithana,

lggl) 
t

z.z.t t oonfirou

1u n: yuru nr: y rindaoirio{ nr: o onGro u tirr:-ufrrrn: rs#16o#r rryad

rfio1#ln:.:afr.:firflufifinfira6u:nrvr rravtdoinurdflr?t1ro.lfl:cu?un'r:oir.r 1 dnudri'rtrl
d I r ln d oY a o v J o o9,|
lurryna outi [:nfltun]: [t4ooflcxrou [unt5?iunuuilfla tiln1:Hanrovtluonaqa{t tlatml
ord aA i a 4 a I a qra ^- q
lrffrrularorrryoarfrrufiu6{rilun^r:ryoon6rourirrairuhirfrn pasreur effecr 1un:tfifil#

44 dt a 4/o 4 dd ^ 
i

rrunmr:urlju0nu11:ufll{5unr:Hun urrunm[:u],rnruryueildorotiluanrrsfi'trifiornra
,"s

,ri',tj, (srrict anaerobes) 6rorfid'qr:rnr:r.rantomruoo4l ttavrufrnfiruroto.ttryoddr nr:fio

n:rrur{rudu rorrryadrrunfi6 uri16.:rirh{r^rd'.r.:rufi1dlu nr: roityaor a rnroldan rrv;i tln
nr:h?oonfirou nr:ld ATp r lruranasionalnarujrlrLofirfiu.:no orrirn',ronrunalndt$o

4 r ad ia dd qy s s 4 |
6 s r.i r u vr r r Jd E ntner-Doudoroff t ru v fiE asi fr n r : "[ fr ATP 2 l u rn n o n ] : fl a r u fl a l n ao-.r nr uq9

yl I rl ? 6l Embden-M eyerhof- Parnas ( Smart, 2000)

z.l.tz a"#uou'looon'lsei

n r f u o u'l nr o o n'l ry pi o, fir d.r n r : r o i ar r o q?r a oirf.r 1 u a n', n d fi ,, u y 1 rl fi

oonfrrou lufinrrrud'uqrn'jru:: urnrsnr{uou'lruurlr"offrudun',r,oicyrraynr:rfin5urr:.1
,,<rdv4o.i49yatillnt u r$u t9ru ?fl u fln1?u Ylo 1fi 15 T{rosgt't tloyuft?lurlj}Jl,u u o{loytlu oCI q{qlil il ou ?1

nrfuou'loroon'lryrifiruasionr:fiud.rrlfrfiiurGnrfuon6rn#urvi,riu,,sifir^ru'jr

orfuou'lnoonlryrifi ontyrasioorriil: vnouc,o'rr6o{urwod rflu r.rnl#rfiornr: uJd uurrrJa.r

fion::ruulsotirsrosroulryri rrjfiuurrilasanrnl#dru1rt (permeability) rrnynriruri.r6'rqn
o <A

nyatu (cl1?9r: aumo{. 2540)

?
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tv
2.8 ltnUnv?il (Jerusalem artichoke)

ai a d r dr a I 4 s
ltnUflv?U ilSOvl'l{?vlU1flldflt11 Helianthus tuberosus tlJU?{TnUqnfl:UnAtOU?nU

v o 9, du 4 , i, o 9 q q lq I s ii ^ynuery?u arnuilafluoryrilutundruHurrun5v0rum?a'leru toulunfrn:rJflurlnrlouvrlrur.r?

'luarn nonfifinr6osndruoonrhflo{rreifruu'rnrf;nn'ir firi'rfifinucuvndrufi.r r6o dr r4rnr?rfi
4a-<Arad

flsfluo]fit5 fio ounu Irnunv']uu0unlrugtoulr0uoru:flr14uo rrgid-tu1:nilanrraviliu6':lds{{

6luanrnnfrornrsto.:il:vrvrs'lvrorrriusrviufiorunr:rfiurfirrdu lqufiorufrovd'lur:fltfiu
sqq

rfiur'ldrJ:yuriu 120-140 iurravdrrfunr:rJqnluqqrrd{osrfiurdurHar^raErdu',g too-t zo iu
6.r l drr a r rJq n rfi o.r + 16 o u d'n u ru v t o r rr ri u qr v iu 6'r u a q { 1 u n r fl fi z.s ri'r trri u sr v iu fi

v9
nrflu'larq:nrfluo.:rirj:vnoilfif,ngouau lr-zonrflularq:nfi'{uilnrflurirsrrarJ:vrnm6u6u
r, i o o r h l, * ' dt j -n,i o u a y 70-90 ry.: o u riu il : r n o u'l il dr o ltl ro n a r o{ dr n r n v,l : n l sr a rfl u d r u u r ? ruj o ru qi o n u n ru

rt'urv ptz +rl rraililrarJaro{nQIoafirJo',rarole,udlruraquruunqloaovrdorusioriulruroqa

rolyl;nlnadrort'ury CI,(2 +l)(Szambelan et al.. 2004)dqfrurfiogntioodrurou'lvri6qfiurua
;

os'lddmrar,l:"nlna nqIna ryIn:a rrar yl:"nlnlofiInrrynnr'l:oitey* andNahm, 1978)
I

firyryr oouafou (zsstl ldurilSrLrruar:drri'qfr'.ruunluri'arrriuerviur{u'jrr[rtos
Y ' ra a ) ,rl

rrriueryiufinrrrLry^ufooay i6.20 r.lirurorro.rrril{fravoru"[dvr"rnruq (total soluble solid) 16.47

a/ra:"Yo{flru;nd rJTrLrrurjrsrrofr'rrrun (totat sugar) 186.21nf:rsioasr: rJirurnrrirsrrav{;nIora

n : rJi ru rnr ri',, -,u 
n q Io J (glucose) +.ao n fusi ofi sr : rJ? ru rru ril*lui Io, o

(sucrose) s.zo nfrusiofrsr: ilirursudqau ira content) tos nfr,eioosr: :Jirurrutot$luoafin

(Phenolic compound) o.lz niunoa^fl: rr,rdn (re) 14.40 u^ao^nfrusioa^n: d'{ns d Qn)

z.os fiaa^niusioa^n: llil':n]firr (Mn) 1.28 tt^oa^n:-rusioa^n:ttns'lu]fl:rou (N) v'loav'lo:-a

(p) lntrsrarfiorL (K) rtnor6uu (ca) rrrunfirGuru (Me) d'arvloi (s) lryr6uru (Na) nor]r:Jof (cu)
d9

lJSUlfUrAnUOU

da ua .rn9/ ra .l o
nfl?5w1.r fiofluuer (2551)t9rfirlJ:utiudl:dtfrfl,11{14u9tlul.t?[rfluFty?u]tu?'t
v d Z y ra d; ,rtlil?ttnufls?uun-lluTutouou 76.201J5lJltulJoiil1{vtouolu lflYt.lfiu9t (Total soluble solid)

a/raYY.,9
24.50 o{flru?n"f ilirurrurjrsrrnfi'luruo (total sugar) 286.zt nfurio6sr: rjirurnrrjrnra:'O^rd

v
(reducing sugar) 27.25 fi;unofiqr: rJirurrurirnrav'lqnlsra (frucrose) 34 n:-rusioan: rJ5rurru
,,

rirntanqlnrfl (glucose) +.+o nfrusioa^sr: rJiurmrirnrorylnid (sucrose) s.zo nfrusio6sr:

:J3rurnrdqnil (inulin content) 222.22nfirsio6sr: ,Jiur**ufluooan (phenolic compound)

o.+o: n:-rLsioasr: rnfin (Fe) t.1.40 fiaonfusioifl: rruqnrfia (un) 1.28 fiannfrusiofisr:

'lulsr:rou (N) z38fioo^nfrurio6sr: r^loaylo:-a (p) t8 fiafinftsioAsr: lnrrsratfiuu (r) zoz
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fiafinfiLsiofin: ttnatdoru (ca) z fiafinfrusiofiq: rrilnfit6urL (Mg):+ fiofinfrusioa'n: darylof

(s) r fiafinirusiodsr: Iu6oru (Na) 2o fio6nirLsioo'er: uav noilrilof (cu) 0.584 fiafinfiLqiofiq:

fi?r^r: 6'uoo uavflflrv tzor z)ldfinurdu.aurravyl:nIsrIofilnrrrynnr'l:rituruiuqrsiu$q

aruri'u{rixlirn:rr#trrrJirurru6qfiu rrarllqnlqlonlnrrrynnrl:ri (pos :J:ynoudro l-kestose

(mio l-kestotriose; GF2), nystose (1, 1-kestotetraose; GF3), ttav tn-B-fiuctofuranosylnystose

(l,l,t-kesropentaose;Gr+))luruiu tooruriu{dsrumtivrurd'utouruiul6'finr:ii'orjfurJ;sr[u{

1#arrLr:ntrrrvilon rravrJfuri'r1r?,nrr-.trorriodflrilornrgiourorrJ:urnfi'lmu rrudrrj?lrcu{
9y

6u.fruluruiusrsiuri'rrruurJonnJ6onrrav'hi:Jonrilo^on oqjlurirs t+.0 fr.r zo.+ nirusiorirurin
'--l|aaraaul

der 100 n:ru dlulruqmiluoHau il:rurruq{flod]uiluq JA 38 rrau cN 52867 ('79.2-84.9 uax,
,qr9v

10.5-i7.6 n:uerour?runrrr.r 100 n:ru nrrudrd'u) cirurj?ilrflrv,llnlq]oalnrrrynnrl:ri odt{
9r,

lurir{ 3.0-6.6 nfrsiorirrrindn 100 nfru d.rfierrfluiouos ts 6{ qo ro.r6ufiufisuun aroriuf,sq

fir^ru:Jirurnrll:"nInloaInrrrynnr'l:riar6oarult'u{ HaI- 69 rras JA 38 (20.8-23.3 rrav
t99

9outardraYt
20.9-22.7 nsilq0utfiunrrrq ntruntou) d'lr-t:1Jil:urflrurflram(rilrJflyru?luiliuroruoun?1

L

:.s nirusiorirrfnaq 100 nfil rfiofior:nnd.rrjirurruduau GF-3, cF-4 rrnv ros nu'irhifi

nrrurrnnsirrfiu otirrfi riudrri'ryvrr.r dfia (p>0.05) tu rrriu sr s iu rrru ilonril a'onrrac

hirJonnJfion ruiuerviudu r o a-,ori'uf,fi'flriJufisu"'rfifi6ufiuuavyl:nIsrlofilnuryonrl:ri1u$q

:rd'uq.rrLrn

lurJ:srvrslvru'ldfinr:rJgnrrriunriulrfirfiti''.:td.:tri'Haruosrurnrlourrsrnrir.rri'u
3 's ! ; . u ,' t e ia he,
lJ U O Ufl llvt U yt rr'l ]U il A fl t [O g d 1 Uil U D I 0 i t rn U fl v ?U 0 ] n m il fl 'l : : lurl 1 u t ?il u ?'ls{q

9t

il:ynra rir.:nrfin rrovnflv (2553) mfloo{ilQnrrriusrriu uufiufiq.r nr. anrfi?i'u

r?rs:u:ni to aruriu{ arori'urifi1ri'Hanfiflri'raorqdoq'rqn6o 10,476 n^lnnfrusioli
utqoq,,

uonornfu6rfinr::rurru'jrrrrJarilqnfii'.:rintourrriul#runr.ra^nfioqi z,ooo filonirsioU
;- q dq 9 '

r r a u m 0 { ?t ?o nil u 5 I ?t r.t o f"t fi sr fi o.ooo fi I o n fil ri o 1 i
- 

"o- 
a d

oer o o 0 q 5 uil u mi^ (2 5 5 5 ) m a n o { il o n 1 u an r n rnu fl : o u mG d 1 dH n H fi n ri'r r ui u sr s iu

z.Bsz.s frlanfirsioli

a
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i---ytRliln 2.5 nnuilsgrofl ttay$lu1o.lttflugty?u

z.q 6u6u{

o^qa^ulinulin)lon'Inv{qnlnd (oligofructose) ttavvlqnlnlofiInrrrynnr'l:r{

(fructo-oligosaccharide, Fos) tfluar:r.i:vnoulndrrrynnr'l:r{1un{ruto.rv,l;nrrrlu (fiuctan)qt

A t 9 ! , s izi t v dt e ,

fr1il:vnoudaurirnrav,lqnlnafitfiorusioriurfluaruur? (fructososyl-fructose links) fifr'lryu'nfi
draadr:ufl?r oUau ry{flu1uffyfr't'lrJrraydrr?u (levanl dlrflur^ror^ra^srfi'ld'ornrdo:trfo

dd ds v i ai I v 9 uttunfrtTufr-tn:laf r{frrfrorusioriu6'runurv B-tz-rl lnuo'qo^uu'{rurun'lrruut?dtu

(degree of polymerization, DP) z dl oo rrira (pp z-oo) drrlarudruruiltolln:la#r.:orofi
9tty

rirnran6Inarfrouriooti rirulo6Inv'lrnImafia'nunry16urfi'uusirfiorusioriud:orjrnrav,l:nJfld

z 6.rto uriro fop z-rol lu,nrvfivlqrrri.*r,,".rrrrAi:ynou6'rorirrr.r{r;;r;;
q

i t q 4 r t/r, I

tUOUflOnUt?IU{ 2-41'1U?U [Oltfl l-kestose (l-kestotriose; GF2), nystose (1,1-kestotetraose; GF3),
,t

ttau lF-B-fructofuranosylnystose (1,1,1-kestopentaose; Gf+) Iou c rrurufi.rrftnlnnnlnd ttoe
9,

F t'tutu6{dtnrnllqnlna Inufr'rlrJ Fos or0fin?rururur6u?ri'uIoa^Inv'l;nlnarrayarur:oagr{
t4y J 

" 
e, aa"[riotndrsrrnryln:ad"lu (frivr:6'uoo rraynruv. 2s5s) In:.:air.rlrurnqato.rdqfiud'qrraox,'

lunrnfi z.o
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nlytd z.o ]n:saftsoqau (Boughida N, 201 t: dtrdlorn ; Zamora,2OO5)

n/^a
2.10 rou lcrilououlufl{

6qfrrua (inulinase) rflurou'lryrifififron::rusiodqfiu rniwrru:ilrruurornr:'laIrr:1ad
dtadsaasaas<

oontilu 2'fiufr no tou lqoHatud ilaslofl twogntua lnutou loouuorua (endoinulinase.2, I
np-o-fructan frucranohydrolase: EC 3.2.1.7) tiouv,lqnrrnunruludqfrurtuu du ldr.rfinfrnr.yi

tflu 6q.1n 1ofil nrr6nn r1: d (inulo-oligosaccharides) 6.:rflu ar:1#n rrur rrund'r.rruoir

i'srrfluvriluIofrn (prebiotic) rrnrldrfluri?uil:unouro{o'nn:q1,Rtnd'luronlvoqfrruats

(exoinulinase, B-D-frr.tu, fructohydrolase; EC 3.2.1.80) 6'errt'ulcfi qf 2, I to.rv,l:"nlorato.r6rlou

oonfinvlruronamr{druiloruuouBn^rry-.rri 1d1unr:rua^nv,l:nlvra'lryfijorndu6u rraycnrJr:oq$

q o 

n 
, - i, - vrI r 6 a r a dolflun?]il0]t?nsn0dudrYr:nmar{nu t9ll[n ofl:rd?u1,0.:ouarudgtoout?otlytd (l/S rario)

lu nr: r runn ?rilun nsi'r{lrosdq fi ru ao indu rro{ryr a ( ar j : o rf fi3flu afi uqo rrau nil r. 2s47)

z.t t nr:urinronruooornuriusry iu
r9rY

tr n u fl y r u fi 1 #1 u n I : fi tu-n r o vl r u o a o v ri'u r o r r q il r y ii r rr a v ri r fi a ri'q 1 do y d'o.l

r.iru n: v u ru nr: do udrun: orioro u luri6qfiu ru arniol#1d'rirsr ra lrura qord o:riuu d o,
9 t u 4 i a 4dq | 4v11J1flfl5sU?Unt:fiUn[iluloyt'tuoa ry{qoum:u lunqrutua Kluyveromyces rrou

A.spergillus flru.t:nafrlrou'luri6q.a^urua'ldarrur:otiououfiurfluriru',nl11ono,d6{ d, _'_.'--'_"r_
tn,'ld (nor" et al.. 1971. Singh and Gill,2006) riourdr{n:vurunr:mrjnl"odo S. cerevisitte riu,dua
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^4d<aadlZymomonas mobilis oluunr:urtntomruooorndqaunSoSorqorufifi6qfrurfluo.rrirJ:snol
4 4 q, a 4d 

I Y

0.1ufl15 t{rlaumsudo{su^nd?r,fiu ]qufirfroryfrorfilatrLt:oflYr{rou'lryrl inutinar" '16'rras6n
q

o i a u, ' qyi t u i o d
SUOfiU{dlU-l5OHAqlOvl'IUOO ln tSU fl1: L'iL'tO Aspergillus niger:?ilnilt$OuClFt S. cerevisiae

99
(Ohta et al., 1983, Ge and Zhange,2O0s) nr:1drfio f. fragitis iruriutffo Z. mobilis uionr:ld

999

rdo r. frailis jarufiurfio S. cerevisiae (Szambelan et al., 2OO4) lunr:nrinlouldtfioqfium;d
9-

ao.rvfiflirilriuriurirh?rfiornrtrutirurnlunr:1dfln'r?yfrrilulydrulunt:rfnruoo.rornofiuvridqa

r A d s6 ,) t j r - c a o a/d
Itgr os uu guJfl 0r dlJUfl ua v fl onn ls dn l?u 91 l{cl Yr[[nna]{ nu u o n 0 t n fl 't : l s l o u m : u [u n 

-] 
5I I q _ _- - -

ti o o 6 u fi u ud:f,.r arrur: nldn: qrlu nr: dooanru6u au ld6nd:u rnofi nr: ldn: qdofl ?infi rou 2.0rqi
L

niorufr'.rh?orrruioufi 80 o{flrrcrarfioa uru 40 urfi uasil:-ufirou rvirfir-r s riour{rri
I

n: v U?u nl: ?t fntonruoadrorfi otapi S. cerevisiae(Thuesombar er al., 2007)

r r,r a ay! o <aj a ln da a douI{ [:nn]]J ]11n Io'ITo0"aumruyrdIu'1:0HaaIou tuiloqnurua rrayU

fl?rilrYrilr:n1unr: r^r6srrovnu oa'16'1u rrarrdurfi'u6sriroy nr utydilodr{6{rirfiiunti r{Aet

ioAltut-i'd
lovrluoa0ln?fli'loullud'l:ouauliluo{nil:snoufianlTufi?rrflu9ty?u yt,{1uru1il:1u{1u

ot

di
HAIUqUUnAI?CI{nl5U'ltSO K. marxianus U'tYl9ldOUnl:ruAqtOY]1UOO01fll'l?[[flUglU?U

io d ' t

trourlet K. marxian , rflurfiofrfinnrarurjsr']ooleiufiatuil:vnr: r'iu arrr:nroiurrarrufisr
I

U Yi a d e a d a tn 9 r Ilovlluoa tnmoiurnudillJogt:1n]5[056u:?9t[:? 6f 'tu1:6tr0:tu t9tuuilila{fl15uouila1uq9!u

rrra'r]nurqflrvn?ruGyru'l:n1unr:rriorurilarCI'lryIod os5rfiIud rrayrrya]avlu]oa

drI
tilUaU (Fonseca et al.. 2008. Limtong et al.,200J, Nonklang et al., 2008)

fini:finurnr:mfinromruoa0rn6uAurrnyisro6ufrfro'ufrurfluo.rr{rj:vnourutnilrurdo$q9

v u u a q - A I qyl
lt9ltutnl:l.tunroynuoa0ln?noqu tilu1rlnyytgIulfll:14uflrvloaonl ts0lutlnnl:?tlJflrovlluoa

druisr6ro^ufifr6u6urfluo.1ri'il:unouhjirorrflunr:doudrunsfl rou'lryri nionr:ldoouvr:'tlqsq

a to /a a r u 6 al a a Y 
I I

p.rasrrou'lryriouaurua:ruflu0aum:ur{aflroynuoo u:orrufl:sfr'.:nr:ldrfiofifiil:vfrmtnrlr
$t

1 u n r : r"r fr sr ro u 1 ry ri6 u a u r u ar r f o ru fi u pr fi n ro n r u o a 1 u n r : r rin
q

h,, - tuoalquldrrfl.ttrriusrviulprulffiasi s.cerevisiaeLim et al. (201 I ) lflilUntOYl

s h 19/ | 14 d q u d

KCCM50549 lnU lUetO{HrUn:UU?Un1: prerreatmenr rlJ:UUrllUUnUd]UY{Uq ATCC96581 ttar

arori'udNcyc62s lool#rul,:ruiusryiurSruriu trs n:-usio6sr: ilirursr: zoo frafifisr:lnurirLfi

r d a 4 | !l ,
100 :ourioutil qolllQrJ 30 o{fllrcuot.rud }tu?t lnroynuoattnnl:fiufl 28.9. 13.7 llov

o v ! a q s -^-.^q- v--^^a
18.2 n5ilAOnfl:snlJO]9tU 0tnuuflflutnt5ilfinlflu s.cerevrsioe KCCM5oS+q 1U6{fifntUrrt
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A s q9 t u -i V ^ d o 3 u r a i
5 Afl5 tgtut$ru{llnuny?Ur:UgtU 180 n:ilnoAfl: ilrovtluOnlnnlu 36.2 n5]JAOAASmr?n]

.1 * i ?d a /Aa r a a q s /s I

r+ fralu{6 i S.cerevisiae KCCMsos49 rilutdsififirJ:sfrvrGnrvrlunriilfnflrilu'loter:sr
I

:J:rtnvr6rgnuldJnon:.rloolridorr^irun:surunr: pretreatmenr aeer?rlJU{urntlovoer

rir1ddrof u n: vu?u n-): ;n oortirn funr: r fin 1d'

Bonciuet al. (2010) 16'virnr:fiorrun6coififirJ:vfivrfrntfllunt:fifntovttuooorn

?iatu"luudsdrmfuldlunr: urinroyrluoCIlqulddqfiufiriruni: doorflurirnrav,lqnlsratrdr

rtlnruiuery5, ri riu rfiuf d.: ndru oron'hJ rravlu

ad < u !; v t s h, lf, s 
^ 

i X
rn:fl terunquunrroylrtfinroynuoa0rnyl:nlqald to'loIryravr rurrirnr:mfnluorrr:taultryo

iarsr99,t4^i'r)
wickerham medium ylilY{:n tafltUUl,U:0UAv 20lIU?'liltOYllUOAtflAtUd{619ltvllflU5OUAUo{q

s.s z I q uilirJ r n : d rr a r t 6s'fi'rl u { t rnt,aoid r uln o r nrfi ui
.lfryru d d Y A

Charoensopharat et al. (2010) tOnOltunUdglY.lUSOUl?'lOfiUntoV1lUOA0lnttnUflv?U

so449,tetuflruno{nr:aflfluvruluriruto{iruufidorf,u lerurj:slusrito.rnr:ldtasivrufou
Y^9tqr'

uon0tfl0yaodu4unr:rudsrtrdrdqannr:ilurflou mesophic microorganism rrarrdlrJfrfr?urnr:

mrin6nriru lnurtr'ldd'nrrunfiasiornruiunriurrasduornruiuflu;ud'qrrunl6'ds so'lolryrovr

rd d h s i arro a o v tiy t d r I u 
9

rrsifirfiu'r o 'lolryramfiarrur:nlddufrulunr:nrinrovnuon'[6otir.rfirJ:rfrmtnrnfir o 'to]rytavrfi
I

yturorlruonldfinrrrur{ruduromruoorvirfiufouov + d{iluoruHnnldar +6 orarrryarGuaqas

' hr'4 s a a q ' -ulnuld
Zhang et al. (20I0) tfl fl nUlnl: 1'lufl [OvllUOCI01nOHOUtlABfl lfl 1'l ?t[nUn3?1

d I s qva 
^ i ^ucletsaccharonryces sp.W}lorulddgfrutudiiftaa0lflPichia pasrorfs X-331 pP\CZaA-INUI

I

rrjfiuu6ufiu,flurirqrrofiEariarrur:nl#ufnrflurovnuoCI'ld r{u'irrfrqromruon 14.6 fiafifrsr:s

,9'

sio too l=oa-dsr:to{o-rll15rAulrfio (0.384 nfruromruoaoionfuoqa^u) truvfifinr:ldrirsrra
vr'

fr'rurLnrvirri'ufoooy ss.q louHd"rornriuurr'ldmoaounr:fifinleunr:16runrn6'rrufio.rfiriru

nr:tiourrdaa.rhJlnuldrjsrurrudrrsTnrir.rfiuurin 120 S'rlu.:nu'irrsrunrn6':rufior#ouav +

999

Iorurirrrinnu'irroynuoofl{rla t+.q uafifin:siotoo finfi6sr:ro.rorur:rdulrfiorrnsfinr:1d$c

orvyulgllarnlflu:ouau 98.9 d?unrsHiln0tnntnl.llrrnunv?u ilu?1f{anromtuoad{6f9r
ra6a:et

t z.os fr odnn: eio I 00 uoCIan: rorrory r: raurrff ofi Aq #rlul
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Hu et at. (2012)nfinrovr-ruoCI0 rnoril 15 dfi oq fi urfl uo'rriil: vnou fl ounv zo rrasfi

ar:afiflrrniasi+ nirusiofifi: rilillflu +n:-ileiofior: r:arqriu t nfiLsioaq:Iou K. marxianus

i o d r^ irnya a A
ATCC8554 fiqrurqfr 38 onflrrryor6ua rJiruraroynuooqnqorfr'trino st.z nfueionsr:n5o

Souay ro.zg lfluilirJrfli (yuan et al., 2008) finr:mocornr:fifinrovnuonotnrrflr#rrrriusrviu

zoo niruriooq:doiufinfr 40 osflrlcradrGoa]nu r. marxianus PT-l vlu'irruasrromruoa'ldqa

z:.0 nirusiofi sr: il iofl rrrur{ru{u iooCIv 9.33 Io or]irurn :

yuan et al. (2008') fi nr:moaornrs H finrovrruoaornrrriusrviul rnu rufi ld'fi nr:
trl, t v iao a dt I I Y d

: tu{tu "[i r,iu nr: r fnroynu oa 0rnorr r: fr fi oqau rilu o.rnrJ: snou fou av 20 rrog fr at: an'er

ornfiaoi+ nfirsiofiq: nJrJlsru + nfrusiodqr: rrnsqrSu t nfirsioaq:Ioo r. marxianus

i ^ 4 ra irnya 4
ATCC8554 frotunnfi 38 o{flrrryarfiua rJ:rurnrlovrluoafl{flcryl lerflo 81.2 nruetoafl: ilro

qa{q

nernrdru{urvirflufoua v rc.29 lquiliu rfl :
h '4 5ulfluYu et al. (2010) loflnu1nl5fiilnlOvlluoat[U1J SSF 01nu?tlnuflY

K. cicerisporus y tT g fr nu r o m t n ot oriliru rnr rfi ori udu n r : 1 #o rnrg rrar qnr r qfi si on r: r rin

' ra i A v d d d ,, q i t4rd - :
rovrluoanu?1il: u'rturY0r: uaux rua[ilu{rofl uou tu lJiuEvr dfl l?e luiloonryr0urilu

rJ : s fi yrfr n rfl 1u nr: n finromru oadoiuu nfi :o orsrrryor6ua Hfr'nromru on'ldu rnn'ird osu r nfiq$q$

o'99
37 rray 40 o{flrrryorryualuorilr:fifirirnraf oilay.22lqudrHfn rrovf,rfinurnr:il}inrruuns

luti'.rnfinrurel 5 frfl: fioiuHnru 30 o':flrrcxor6ua dn:rnr:nun?u 300 ioudourfinrutdt9

anrry'hifroonfirouyd'qornr.iru'hJ t++ #rlrr.r rufinromruooldrvirfiufounv tz.: IourJSrursr:

a dr 9 4 o 
^Y! 

I
nqlilu5ouCIv 86.9 gnuflqua rrn3ilnl: lTu'rslro:ouns 93.6

h4qt
Yuan et al. (2008") flflU1n1:ilUnloyllUOO0lntlflUflr']U[[UU one-step fermentation

lnor. nrurxiar^S vxot lquwu'iroruvnfidrurivaurirufrnr:rufinroulryridufiuru6rrrouq{s

i^o'
fiunroynuonoumoil?rRlr 35 o{ffirryarcrudrroyflr:rrinfihifinr:h?oon6uuvirl#rj:sfrmfinrrr{ca

nr:fifinrom.ruuu,fr-udu6uri r'lu z:s nfrusiofisr:ufnromruoalei 92.2 n:-udofin: frorflu
9d
:ouav 85 enlJmqufl

aaAo-l
Bajpai and Margaritis ( I 982 ) fl nU10OUilAfl ldas 1O{tOvllU OAmUTOUUU{n1: lt : tU

A
rlasn-t:HdntoYltuool,o 1 K. marxiaru.s UCD(FST)55-82 ]nun'r:urinttulns]ou1'f,6r{fiuo'.tn

lvr'
rrfluelv?urouov r0 lprorirnrin frnurr]?rurruroynuoor;rLdu o-go niusiofin: d.rfinntr?

oet:lfl]rr0:iurtlil]vd{qfl (p.".) ogtCI{01n o.+z rflu o.og fr:]ruq''

a



a

JJ

Argyrios Margaritis and Pratima Bajpai ( 1 983) ti.r Tdff n u r 6vr fr n a t o l 6U.fi u si o

a4a
n1: t0: ruttAy n1: fl CIatOyl ]u o nto{ K. marxianus UCD(FST) 55-82 ?llJ?lruasrrovrljroa'ld

tv

ry{r6ler I02 fl:rrfloanr firirsrra zso nfirsion^nr ueifi s0 n:-rLrio6fl:frd'fl:rnr:roitu,ilrtu-rssq

({4e}(},-"") qsfiqo o.++ frlrul ' rniorfiruo^qfiuilu :oo nfrusioafli 1pr."^; ona.rrflu
J* -r .i o o :3

0.13 ry? [rur'rravrruoounur]ril1u Yield (x/s) nna.r
4

Yuan et al. (2012) rinurnr:unnloylluoaltuu consolidated bioprocessing (CBP)

- n -:& ^ :3
1JO{ K. marxianus Y179 01n}j?[tflUglU1U[]JO[?A]nltfitlnt?{U1JUn0n5:tJ1,O{OUAlUdl?IilUUttgl

nt:d{rd:uftl:Hogttoyt-tuoCInoull.r9nrrnvnl:ilufirruu cBP ulHillYdxdl145unr:r.rfinlqu
h rd o i a a q u | 4 AqY v I'[rifinr:rGruornrdfr{nrirsrrurnn6rualunr:uruns']uoofr?rurluatoiror14r:frl6nrindru

.yi o eA o v a I u t
n'l: t,i,rflouda11r11u1sdudtfi5un'l:r"lo9rroylIuoatlflt[flu9lv?utlu K. marxianus

, ^ ulr/< t dd d I

0ys-luoon?]ilu{u1nlj0'1n5uu?ufl15[ravanfluytunl:Hafl tatiluoul{91 0{}Jn?lruulau1ofior
qq

d rilrrufr fl romru oa o rnfi"rr rriu n r iu 1u ou rner
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?fi9lIUUfll:?OU

vlld
3.1 ?flEqunrglltrayflr:rnil

r.t.l o6un?riq

day_uJov4
UdglylU:OU Kluyveromyces marxianus dlUflUI UBU ifUfU l0 dtuflUicl

l4llu d a r a - a I < @'[riiuntrruoutn:rsri0rn flf,. n:. vinr ilnrrsr rufirlyrurcuouni]Trru cu{uniuGyuuer^lunr:
c q 4 '- a--- {-'------

gt ln9t4 d o il 
'mun?rufou'tdtr'r so o{fltrcxnrfiua luorrr:rdu,:rfro ypD agar (pukahuta et al., 2009)

r.r.z #auduny;u

n ruriusrviufi ldlunr:vrqa0{60d'r urt'u riru of : rio arufi'u { cNszsoz ldrur

rrnniuernun:flraglfruurimurd'urourrriu (nrnfi:.zl dlriunounr:rfl;ururiruornnr:drs
q t u q9

il?ttnugl&'lu trasornttdrvirnt:ilonnJfiondr.r6nu9',rflrrti''oyorn 0rnliurirri'rruiumsiurur
i tt- -4- ! ! -vty ! . J r i4 ! y ,) t Ifiufl?utn:0.:nuu-lr{n tutrn?m.lnt:nurorray{ted?uytrljuutuln:o.:9t?ur^t]fl-l'lu1{nou 0tnuu

,od;rytg)drdio
drrurn:ordnnf':6?un:vnrun:o{nrrryrkrd'rrfiurnirr{'rfiqnrfiQU- -20 o{flrrcxar6ua1ltdlunr:

rlnt
Yt9tCIorlgro t1l

I tl4 - o <A 4 u rRtlllt 3.1 OnUily10{ttnufl y ?umclio 0]nilfi 'l?mutau1Jouttnu

!? 
n.i

rYI -L.l ,,W
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rJ:vrmndnrisr

Japan

Japan

Germany

USA

UK

Japan

USA

Germany

Germany

Switzerland

France

Newzealand

USA

USA

rJ:vtna

UK

.l
3.1.3 0iln56u

qrJn:ai
Av
ulto

ShimadzuGas Chromatography

High performance

liquidchromatography Shimadzu

Stirred Tank Reactor

Spectrophotometer

Spectrophotometer

Autoclave

Incubator shaker

Hot air oven

Centrifuge

pH Meter

Auto pipette

Water bath

Erlenmeyer flask

Test tube

d
3.1.4 flrilnn

<t
fllilfrtl

Acetic acid

Buthanol

Casein peptone

Conc. Sulfuric acid

Dextrose

3,5 Dinitrosalicylic

acid

Ethanol (Absolute)

Ammoniumsulphate (NHr).SO{

Perkin Elmer

WPA Colourwave

ALP

Innova

Memmert

Hettich

Metrohm

Gilson

Contherm

Pyrex

Pyrex

cIgt:tfill{

c,H40.

clHroo

H.SOl

c6Hl,06

(NO")2C6H"(OH)CO

OH-nH.O

C.H.OH

tn:o*

AR

RPE

AR

RPE

AR

I:u

GC-I7A

LClOvp

Biostat B

Lamda20

CO7500 Colorimiter

KT-3OL

Innova 4900

Mikro 20

713 pH meter

dy
UfiO

BHD

CARLO ERBA Italy

Fisher chemical UK

HIMEDIA India

Ajax Newzealand

Fluka Switzerland

CARLO ERBA Italy

RCI labscand Thailand

AR
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Fructose

Inulin (from chicory)

Phenol

Sodium acetate

Sodium hydroxide

Sodium potassium

tratrate

Trypanblue

Yeast extract

c6Hr206

ConHton*zOsn*,

C#,oH

cHrcooNa

NaOH

c4H4KN.06.4H'O

CroH,oNuNa.O,oS.

RPE

RPE

RPE

MERCK

SIGMA

CARLO ERBA

CARLO ERBA

CARLO ERBA

CARLO ERBA

MERCK

HIMEDIA

Germany

USA

Italy

Italy

Italy

Italy

Germany

India

11U1U[11E * AR: Analyical reagent grade, RPE: Analytical grade reagents

< r, I
3.2 nr:tgt:uilnallTo

,-9

flru,*^o K. marxianus arurt'u{ uBU otnotilt:tt{{ YPD I qrJnlrl^rrrrfitx'luorur:

rila? ypD rjBrursr: zo fiofioqr: u:i01uu?et:ilruriturfl zso uaafisr:rrdrrir'lrj rirLrtdrfi
dr<aa4

n?rur;? 150:ousiourfi qrumqfi 40 o{flrtrynrfioa tilutrar 18-20 #ah.r

v 4 .a I Y v I ' -4d, a a 6l u
3.3 nt:nfltoonuAstYlUSou f. marxianus dlUYlUq UBU nilfJ:voil[RrillUnl:ffilnloYlluoct

'"L v t v
otnutnuil?llnuflv?u

e t : I v ,t ! ;, qvrrv q r 6
rjiunrrrLr{ru{uri rsr rnrirufru lu u rn uil ?rrnu n&?u er?uu rfl n u til tq 1 00 n: rfl oafl :

999

o t n fiu u : r o ri r 6'u r"'rr rriu sr s iu rjiru r n : r oo fi o fi n sr 5 o { lu r ?er : rJ ryl d t u r fl 2 50 n a a 6qr :q$s

iJodruondrdrravflnrt'ud'luoofirfiuuyloudrrderirhJuj.r.Iirrdofrouvnu tztosart,rnt6ud
c9q{

d. olqsta j ^r, I ' 
j J o ,, 'rflurrar l5 urfi fr.r1r{rEufiqilHQu^ri'o{ 0rnuuCIrurvoorndustounr:rfl5urundrrfio1#fi

9tltY

rJiuriurfioriudulsrunr:ion:rrurjuronrfior;uoflu (oD.ro) rvirfiu 0.2 ild'{ornriufirnr:rju
,iadrddvrj

ruB'lyt00rHnil 40 oirflrlcrnrcxud 150 :ougroutYt rflua?ou].rm[?a1 0.2. 4.6. 8. 10. l2 rrav
9A

.)* i - a s d u ' 
j

z+ frlu.r rfioiqnr:ro?iylorunr:ioeir oD.rn rraurfrusr'?otjxut'ovirnr:ilurriu.:fi 10.000:ou
r < a d r q y r j a j o yq a / ragtoulyl utu 5 utyl ilasrnud?u ldtr6?trs11 -20 0rlfl'lrryarcuufl rl^to ['[,lunr:rrn:1uilil:il1il
v99

rirs,rafr"rnrrer rJ?rLrrurirsrrnCnedil?rurnrromiuoa rraufron:turouvl.xri6uaurua
I
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a/avl
3.4 nl:?ln5lvltfl-llt0lA,1lO{ If. morxionus dfuilUf UBUet

3.4.1. nr:;orirnrrrurju (Optical density)
i a u t tt i ,1, qy 'q v et y A r

[: il 0 1 n tn o 0 1 { 9l ? o u].l 9t ? uu 1 fl a u I fi o u I u : v o u n ? I il 11, u u u yt rl.t u lu d u fl o u
ourrjisr)

ilfruf f qnfn?]il1uylft?lUUl?nou 590 ul lutrun:o:U specrrophotomerer (Biochrom WPAn,,

Colourwave Co 7500 Colorimiter, Germany) ]flulddrri'uu"'rrrriusrviurflu ulant<

v o I qy 9 ,)
3.4.2 nf:UUOIU?UlcUAAntUlnnAO{O?U hemacytometer

4 o t e J ,i "v ,. u e v A I y e)

[0o01.19t?ou]{o?uu]flau t?tog tu:ynun2lu11,tJl,uv.ttfiu-t3d}J0tnuuuou9r?u

A trypan utue lu6'sr:rri'lu6'rodr.rsiofrdoru l:l r"rdulr{r{rfiusr:eorir,ilrururrynddru
qv I lA" - , s , !

hemacyrometer nroldndo{qam5:fldfirir6'rtoru +o rvir]nurTu0rn{lu?u'io{vr'{fiil4 zs 'io.r
olat

nlSn lu ?tuil5 ul0rrc[na
rdlaa

I Yo{ton : 0.0025x0.1 : 0.0025 anUlfln}Jnal]Jel5
r/aa

25 so{ :25x 0.0025 :0.00625 oflU]flflilaatilel:
- I o tJ " tA- we t t
9l.1UU0]U?U[GrAA?]{}1U9 : 0tU?UrcrAAmUil t9totn 25 SO{ x1000 QnUlfln

fiafrrusr: (t fiafiasr:) Io.oo62s rxadeiofraAAa5
vll

9r?ou'l.1tuu

t d v Aulv J " ,r"r- J
25 TO.:[nnUiltcXAA tfl 90 t.rno 0&n1U?tU t9t9.:U

/aa4ll
0.00625 Qnulf,nuaarlJer: lJlryno 90 rsaa

ta a o tl
1000 Qnulflnruao[]J9t: (1 xoaan:) 03urryaam{run 90x 1000/0.00625

: 14400000 rio t.++, to' rryadsiofiafi6sr:

vhiuy
3.4.3 nr:?oU:Ulilutrunuilir

Iq u rirJ o r n n r : ri r dro o n ru^r fi orL yl o u do r fr o m il n fr I 05 o.r fl rrry n 16 u doqo

il:vrurru za #r]rr.rrrdrriroonrurlrilulnoernrrrudu rn'or6urvirorurnfi#o.rrirrrr{qdrufnsqs

rr#.rfirrriuou6'rurnio.rfr.r + drrrrri.r qo6'rodrrrjirursr: r fro6fisr:lrilumaoorduqrifilrd{
"rnrijidradaAsyd1'U10 1.5 ilnAnfl5 Ul llJlJU[11?U.ryrft?lrJr5?r0U 10.000 rougroUlyr tilUt?A] 5 Uryr 6lnlsan

9,9vvtI

d:urirnd'un:-.rov I fiafia-sr:dru?u 2 n;n avarosrvflourryoddrorirnfrurJoosrrry^or]irursr:
d q I a d r t 9 , ! L II uoaanS rYtdt5aualunvnourcuaani [uCI?u0auruulJ?,loun a't.19?uurnau 5 n:{1 au

v

t no6fisr: tvrrira.:lu#ruonfirfiuruyloud rrdrrir1rJoufioorrnfr I05 o{f,rrryarfiuo urugq{

ols 9 o I ' 
e r t Y

24 "fr')tu{rro?urrt?ulil1ri1ulneronrrru4uvr.:1{1#rEufionnrnfi#o'rrr#r#rrirurinrr#rfioqq

t ,, A L v 4 J - Auc)
r ruu ou9r?urfi5 0llsi 4 911[rfi u.: uumnfl tu'tl.t u nm t9t
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" i u ie
n1: nlu ?0ru'lr u ntryaartfi {
! - t 9 - ! v e ad ! - Y ad

u 1r u nrryanrr?r {r?ufl uu11{ u n0?uoQUru uu - u 11{ u no ?uoQUtu uil

(1u n rirunirusiofi nfi fi sr: )
v

dory a fi ldri ru'r dit { n: tyl ru r n : g r u : v x'j r r ri rn lil { u ( oD.e,) r ra v ri r ri t u rin

ru#.rrfio1dlunr:u-[iourfiuurirxrinrr#.rornrirn:rrurjufiirr1d' (n]n,{u?n t)

al
3.5 nt:?rntlvtt

I

rj rsr raE O^rdirn : r y f6'ruiG dinitrosalicylic acid (DNS) (Miller, I 959) rro s ilirLrru
99

drsrrafi'lrruoirn:rs#drui6 pnenot sulfuric acid (ari'd:orr rjlnruro, zs+e; drutomruoa
a dy A zi
rto:rv*6rutft5o{ gas chromatography (GC) (Shimadzu GC-17,{, Japan) tlastnio.l

I

high performance liquid chromatography (HPLC) (Shimadzu, LC1Ovp Japan)::lfiqfion::u1o{

roul.rfAUAilrud (yuan et al., 2008) nr:itn: rs#dlnruq'ld'ofruro'l{1untnruu?fl 1r

aalty:jvtv
3,6 nt: Ytodouonf fl aro{n?Iilll,tJtlu1,o{ul9l'lat5ilglunonl:runtonluoo

onus arurt'u{ uBU-1-2 uavflrurt'u{ unu-r-s fiil:sfivrfrnrnlu

nr:rfinroynuoCIurnddflQndrilrfinurdvrir^raro{dflr?srir.rloionr:rfnromruoa0rn
,9ty

rh ri'u #r r r ri u sr v iu l o u rd ru o r n n r : vr e a o u d n fi il a r o { n ?'r u r{u du ri r n r a ri ru du ri o n r : il f n
s.ltvvrry!Aye'

romru oalnur;u0rnnr: u5 u: eflun?ru[lJUrulJo.rurenorr rJsrulurir6'uri'rrrriusrsiuhflLil
erstl:''

n?tilr{tui,u 50, 100. t50 rrav 200 n:ueioAfl: 0rniluu::qrirri'uri'rrrriusrviufiiliunrtn
9t

99oa99llaaaa
rllJ1'Uu'l9l1ar:UetUltO?U:U']el: 50 UOAOA: OS1Ulrq:ilvilvi 1,Ure ZSO U^nA^Afl: ilfldrUOnusq

o d q u ,t ad I J 9 o I ' I

d r a l ra u U o yr u o ?u o o il ru urJ yf o u n r r n ?u r hju'r ci rrfi o fi oofir n fi 1 2 1 o { fl r lc[a rG u d rfl u r: n r
alqya A ay ! , i 

o '- 
, - tA- a

l5 Ulyl yl.l tl'ltUUmqf[?ltlUfiO.tOlnUilfi1ulryA K. marxianrls fllUlilUIUBU 2 dlUT{Uqmnnl00n
,yquyyyy

ldfiriruduaounrr rqriurundrrfioa.:lurirri'ufi'rrrriusrv iu 1#firjiu rmrfior?rLdu lounr:
9rrlvt4a9trAad

?nn?lulu1,onrTo15uau (oD.eo) rmrnu 0.2 01nuuYl]fl1:lJrJrlJUtmqiurQil 40 onflllrynrcuud
radvri

I50:oueiourfr rfrusr'rodr{fir?or 0.2,4.6, 8, 10, l2 nov z+ dr1rtr rfioinnr:ro3qlnunr:5or

nit oD,ro unurfiu6'?odxrfiovirnr:ilurxiorrruflrrvnour$ad fi to.ooo :ousiourfiuru 5 urfi
d r A a' '; ' ' e

rrovrnud?umriludrrasnluilTyr-20 o.:flrcrarfiua rfiotdlunr:irn:rvr{rjiurnrrirnrnfr'.:?rufl

ilSurorrovrru oa r rosfi 0n: : ilrou'lryriouauru a
I
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AAAIV
3.7 ol:nndouonEfla$o{qilfiQugronr:fiilnton1uoa

9try
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A
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A
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150 niilqona: lnuudsrYtusou K. marxianus d]uY'luD UBU-1-2 uas UBU-18 mil

es{vtgr't
nts relur rou lrL rfi uru.i'aryln iouav 0, 0.025. 0.05 rrav o. t lqud rr rinfi qnrn qfr

40 0.:fl]tryatryufl

e)t'a'i3atJ
fiU]Utfifl: lOUAltnAYUO.lflOflllqAU0lflfl'l:yl9lCIO{ 3 ry]fl151191OO{tlflOUn15}lOAOilltfl:)YY 2q1q{

ad
ttounti?tntrvl.t vn.:flfier^ril3 olrfiourqilrvluno6'urfr6urriu6{d'iud'nuifeirdnu:rnfioufiu6o
,ir,r-j-?sadr-ji,y

flltQa0 liltlanfll{nutri0?tn:lv?l lnu'lt Duncan's mulriple range test yt:gftunrtilrSofuio0ar gS

oru?tuI
(NHJ,SOl

(iouav)

roYrluoag{go

(fouavlourjiureri)

Yield (p/s)

(nYruiniu)

Yield (x/s)

(nYrvnYru)

ri.,r-rudonl#s

1)
(:ouau)

UBU-I-2

0 3.97a{.05B (12Til.) 0.26a0.00A 3.51a0.3gABc g3.67{0.58A

0.025 4.MlO.l8B Q4\U.) 0.2lao.0l 
A

3.77fl.23AE 9t.30fl.22w

0.05 4.39{.184 Q4qiu.) 0.24$.01A 3-82.4.24A8 90.6g+1.22c

0.1 4.42fl.1t Q$lu) 0.24+0.00A 4.15+03gA 94.2ffi.174

UBU-1-8

0 3.38+0.16c (12ryu.) 0.24+0.0t'{ 3.12l{^24BrD g3.00lo.20AB

0.025 3.46a{.10c (l2T}J.) 0.l9+0.07A 2.10{0.958 93.66L1.16^

0.05 3.64a{.01c (24TU.) 0.2110.0t 
A 2.@fl.2f 93.82+t.05A

0.1 3.62a0.05c Q4,iu.) 0.21+0.05A 2.g4+0.0g(ot 91.14+l43Bc
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riru 6 vrfr n aro rnr: rsr rurrorulurfi orLdatylnsi onr: ru6 ntovnu oa In o K. marxianus

arufi'u { uBU-r -8 wu'jr rryodr?rufi nr: ru6nromru oafi frr jru.rfi + d.r4nnrrilt{ru{utos

rrorulrrfior.i'arylsrH6srrovrruoa'hirrflneir{fiu (p>0.05) oqiiuriesnr-lu,du{riouas 3.38-3.64

lquiliilier: rrayfirir yietd (p/s) 'hirrsrnsir.:fiu6.rfiriroqilu'irs o.ts-o.z+ nirutomruoasionfir
Y ' i' e e

rirsrra (nryrfi 4.21 rraeat:r.:fi +.tz) rrsirfiofior:nrrfirir yi"ta (p/x) nr:fifin1urirri'urTrrrriusrviu

fi'lrifinr:r6rurroruIrurfiurud'nrylsrfirira.rn'jrfi:v6'u6ur fio 3.r2+o.24niruromruoopionfrurryod

a.o.n 6nGnarosnr:rfiruuorllrufiuru6'ordnsio6on::rutou'lqri646uruailo.rdagi
,!vl

nu5ou K. murxiunus drU?lu{ UBU-I-2 llau UBU-I-8

;audad
nlilYl4.22 non::iltou lciluouaulurTlo.l K. marxiqnus Aluiluq UBU-l -2 (l) rtouUBU-l-8

--. j q q ! l, - jd j' : e v s d(tr ) mfi iln lu u tnufi ?rrnu nv ?u yir.ril rn rar:ruqru I so n5rusroafi : lquilnr: reiu
vl

rrorulrurfiurLd'ou,lsr iouov 0 (A) 0.02s (B) 0.05 (c) rray 0.1 lfludrfifn (n) fi

onrr,r nfi +o ornrrryo16uaq$

- o'6

s 0s

5 o.o

Eo,
= o?((6 "'-

od'o.l

'F oo
c
(?

qC

"]. 12
n0-t (T?1il{)

= o'6

< ns
'=
5 0.4

E (l1

3 o.z((E

nd'o.t
E 0-0

ta
(G

"!. 12
r?a1 (T?lN{)

- o'6

s 0.s

5 o.o

q 0.3

3 o.z
(16

oE" o.t
n 0.0
G
@

AC 6 ;" 12
r?ar (T?llr.r)

a o'6

s 0.5

5oo
q 0.3

3 o.z(G

of o.t

n 0.0

@
4C , l,uC

r?or (T?lil{)
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@ d 4^ tt /a ' 
i

arur&'urf uBU- I -2 fi fi on: : ruto uou'lwri6qo uruafi r:ar o #rIrusq.:n2'ryrr?al
.)*;L'sdv,'

t2 s? tuil mr?at 6 s?luw{u'irrfiohirGrurrorulrurfiuru6orr,lsr ttovfit6utroru]rtrfioufinrilst
,) ,) ,, - ^, s 

e e 
' ,- q-y=------a--a

fi?llJlljUlJU: OUas 0.025, tras 0. 1 lesdrHfnlurirri'urrriusrvSul#fr on:: il6q6uruafi

'hitrqrnsir.:fiu (p>0.05) rrsirloon'jrrfiorilSuurfiuriunr:teturroruIrurfiurudarllsrfoua, o.orlro
i-iooaraar

rirmrinfr.rililon::ru 0.49+0.05 qu^nriofrafiiq: finar tz {'rlu.:rfio'h.irfirurrorullrfiuru6arv,lsrfi

n^on::rqsn'jrfi:vd'uo^utdsfrfion::ilroulryfAUfiurua 0.ls+0.01 gfinriofinafin: luarart'u{{
hda

uBU-l-8 yrujrilrn::ilxo{rou'lryridqfruruafir?ar 6 #rlusrrav tz #:lrrsto.:nr:nrinfifi0n::u
; i ,1, s U /o a da a I a aa o t 

'
ouaulud st-uJtn m[?at 6 s? tu.rlou tryilououlud un0n:5u 0.18+0.12 (.lustnoilaaasr: lurjrri'u-_s { $

d r - ju ,a a s d u r .i r a s d u | ' i
fi?rrflusru?uyr tulJnrr16rurrouIrurfiorL{arr,lncunurnn?rnr:tsitLttoru]rurfiurfiary,lsr rirufr

I

rz #rh,r n'r:rAurrouIrurfiurLfarv,lsrfin:rrur{ru{ufouas o.os Ioorirrrinfifion::rLrou'lryrl
a r a aa rda r q 9t4 - i

ouaurudd{det 0.12+0.04 Uuetetoilaaasr:rrsifio^o'jtlndr6u.rn'1fr:rdl6u1 (nlnfi 22 trauals-l'1
{oq0

j
vr 4.13)

en:Nd c.ts frrn::ilroulsf6qfiuruaror K. mqrxiatrus arort'u{uBU-l-2 trouuBu-t-8 tu
99

nr: n rinri rri'u ri'rr rriu sr v iu fr r6ut rorulrurfi url.i'orv,lsrr{ru{usirsri'u

e)trd'i!rat!
14lJ'lUtfifl: l0UAltnAvryO{flOnltflAU0lnn15mAOO{ 3 cXlnl:yl9lAO{[[nOynl:mnAO{?tfl:)yY 2 q1as

al
travnts?rnrrs14 vn{doer^ril5 ourfiuurqr{rvluoofiurir6orfiud.rdrud'nuniri'rd'nu: rufioufiufio

CTIUTIUfi

(NHJTS04

(fouav)

raar (*alru.r)

6 t2

UBU-I-2

0 0.31+0.028 0.15+0.0lcD

0.025 0.39{.008 0.02+0.01E

0.05 0.4g+0.05A 0.02+0.008

0.1 0.37+0.168 0.0210.00E

UBU-I-8

0 0.lg+0.t2c 0.0g+0.0lcDE

0.02s 0.15{.02(D 0.10+0.01co'

0.05 0.06a{.O8DE 0.12$.04cD

0.1 0.0qr0.0r0oE 0.@+0.00cDE

'irr-j-/s6dj-dlyflllaRU llJllnnfll{nutilo?tfl5'lvfi Inu?i duncan's multiple range test yt:ynunrrrutyottu5oony 9s
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+.2 6nGrnrato.rnr: tfi uor: affqornd ooi lyeast extract) sio nr:r,lrYnronluoa

0rnnrr yrqflou6yrrnorornr: rGrar:afiqrornEaoisionr: rrTnrolrluoaornrir6'u

ri'rrrriuqyiulqu6aeiyrufou r. tnarxiqnus arort'uf uBU-l-2 rrnvarort'udUgu-l-Slnunr:ql

a u 4 dq ! I u r - Ao! :, y @ r a j - e e
tqilfl t: dnnotfl udgl [uutnuu?ttnuqu ?uynJu lfl lnr: ilgru 1 50 n: uaoan: m: v fl un2]]JttlJlJu
,s'I
5ouas 0, 0.5, 1.0, 1.5, 2.0 rroy z.s loudrHrin urinfiqnruqfi40o.:flrrryarfiua lnuaflqrrj

- L s a Js j ury^ vryvl
ntn:5un1511lJniln 6 T? [u{0ufi{s? luilYl 24 ruonl:vl9lno{ taoIUlu t?91{u

q

aaavdlta.alY
4.7 .t On [ il A$O{n I : tgtU trt I d nOO I nU dgr 9r O n15 rO : C!rUO {U fl fl nil 5 0 U

va'
K. morxiunns d1u{il{ uBU-l-2 tlov uBU-l-s fiilfin1urlr8ufr'auriuetriu

ioqolriodl
ruofi 0 t: ar 

-rnt: ro;rulu dror[u d uBU- 1 -2 ilu'irlu oru nr: roildr5 dno ttnuda

rirt#nr:m?ryrfirufiu )ou oD,r::.qo+o.or ,,ur,fiu,6uor:afioorn6ar{nlrut{ru{ufouav o.sur9

uay l.slqudtrfnr^rl'jrfinr:ro?qrfirLfiulouiorir oD.eo q{qqldrvirri'u 37.sGr0.00 uau
,ud'o/aaj-ALyl

37.50+0.02 9t1ila1nU OUl{ [5nfl]U0rnnr5?rfi:-t3?tmlnd09rvr:soun']1ursouu:ounr 95 1{u?l

rirfildhirixriu uontrnrfufi.rwu'irrdorfiruar:afiflorn6aeirflufooav 1.5,2.0 rrau 2.s lqu
,,9

rirrrin nuirfrnr:roiqrfr-rufiu6n lquiorir oD.e. q{derldrvirfiu 42.30+0.01.41.40+0.01 rrav
j

43.50a0.00 (ntwvr 4.23 A)
i^draosl

lu o lt 0 I 5 0l I n 1 : r 0 5 fl,1j o { d 1 u v{'u ri ueu- t -s T{ u dr n r : r 0 iru lu a r un u r
a vgrty I u I 

o q 

, i ou ,o
uBU-t-8 l0:tu l9ts]fl?1fl'lul,tuI uBU-l-2 ilavTIU?ltuoraudl:flfl9101fluGTgrur"rarirl#

,n

nr:r0;qlryr^rurLrnfiud.riorir oD.r, q'rqorfiourinlnufinr:rsr^r.rdr:d6'nornEapifou ay 2.5o

= 3 4 e i - i a,
Inorirmrin n'orurn-ofouav 1.5, 0.5, 1.0, 2.0 rrnv 0 ]ourirmrin 6sfirir oD,ro rvirri'u

jj
42.00+0.03, 41.10+0.01, 41.33+0.04, 40.20+0.02, 37.80+0.03 rrny 33.90+0.01 crrlruo

a 49 aa 9 r a v d lA I 9 | q/l
?[fi5'lvfi1Jo{am1{doarrR?ltu-]lnl:lgllJcYr:fTfl9r0-1fluflgr7rfr?tutljU1Ju9lt.l6l [l-tflt oD.eo

a.ran'lrirrsrnsir.rri'uotir.rfiriudrri'rud:y6'un.lrrlrdofiu#oonv 95 rreiilrnn'irfihifinr:roru$q

vdl'
fl r5 drioornEari tnrr^rfi 4.2 B)

i, n-,,,r-,^u ar: ariq o r nE aoio r fi n a vi r1#6asiarrur: n roirurfirLru rndu
i'oda

ruoril: uurmuuflilnr: fi rinfrhifinr: rsruar: rri'q0rn6de{o tnnr5 H finAdo{rJu z a.rorfr,{
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40
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^20
l0

0

o 2 4 6 8 1012141618202224
"!.r?a1(T1lil{)

^'20

8 t0l? 14 16 r8 202224

r?a1(i'diln)

o!

6

175

150

125
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75
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25

0

8 t0 12 t4 16l8 202224
.i<

rlar (Trlil{)

t't5
150

- 125

19 roo
ll;

E7s'.= 50

25

0

8 l0 12 14 16 r8 202224
"!.r?a1(c?h,{)

ntiln 4.23 (e) rrnsnr:1d
: - d 

Ye

ilrnro flrunu! uBU-1-2 (c) ttav uBU-l-8 to) fivrinlurirri'uri'artriusrs5ufifi
q

; d 9 v r a s 4 4 .dr)
rjrsrrar5rdu t50 nfusiooa: lqufrnt:tstuar:cnqtrnEdet5ouos 0 (o) 0.5 (r)

9,

1.0 ( A )1.5 (l) 2.0 (x) rtov 2.s lerurirrrin (+) fiqruil4fi +o olnrrryarqud

a A v d t t qY'" t{ e Y
4.7 .2 0 n f, U O t O'r n 1 : tgru d'r 5 fl nfl o I nu fr 9l n O n I I I r U I n r Ofl O ll U Crn n U I OU

K. marxianus arsfiuf uBU-t-2 uav uBU-l-g fiilfnlu;r*ufrauriusrviu
"r9 t v ^ v d d o',; grtfrlu01flfl1:maao{ilu?]}1{ 2 d]ulIuq UBU-1-2 ufllt tYulfl'laoul{:?

.irqror o 6.: tz #rlrurro{nr:ufinlumn:y6'un?rurdru{uto{dr:drielorn6arifi nr:1d
! ^rrorrra & i '-. 

o 
' u 4 t A 3

rirsrraoyld'trflririlurfiorilGuurfiuufiunr:mrinfihiflnr:rfiilcyr:dn'otlnEanrfroduqqnr:
I

u t q9o a f A d 6 @ d dy
HUnilU?tnt5 tuulgnolJo{uflflluounl:raudl:dnotlnudFrtouos 0.5. 1.5 [[av l.O Inu
e e n o - -i "virirnrin ldrirsrrahjiouar 96.51*0.07. 95.35+0.r 1 lrar94.9l+0.05 arunleru ry{ tryurq}ra'[d

,in,aalAdrhrdY'zi^
lJlfln?lyttillJnl:[elrJdt5flflo0tfludn ex{ rdl:Jrfru.r30uou 92.91+0.22 ug[uolgtu6I15dflgt01fl
4 d9 

I I

udgr : ou nv 2.0 rrny z.s lnuri rn rinnu'irfi n r: ldri rq ra #oun'irnr: m finfi hirfirudr: dfin 0rn
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rovl ,jdlu99
d?u I u d 1 uil u q UBU - 1 -8 yr u 1'r ru o [a il fl ] : dn a 0 1 n u d 91 1"4 n : v q il n ? ru l1,u 1, u

qrJ utetd d t Y A Y L --s ! -
rryu]n1a rors?n2]fl1:nrinfihi16rudt:dfinolnu6rnunr?uvrn?lurttutu:ouas 2.0 t9ruulfiun

d,rl,fiLil,flrdaq ril'oAuaanr:ilfinflr'irnr:mrinfifinr:r6rudr:dri'n0rntasifinr:1#ri,"',uqq

,inra4l
urflfl?rvr ttrilnr:rqrJar:ari'oorn6asi (nrr^rfi 23 D uavalsl{fi 4.14)

a6av.tltaeltY
4.7.3 0 n [ il A1, O { n I 5 tgt lr fl 1 : d n fl o r n u dgr n o n I : r.l cr 9r to Yl I u o at, o { u crfl n u : o u

I
K. marxionus orufrurf uBU-t-2 uov uBu-l-g fimfinludtfiu#arrriusrviu

0 tn nt : il q a o.l il u'i rtu d I urt'u d uBU- I -2 run n ro m r u o a 1 do.r a n hi r r n n ei 1 {asq

fiu (pro.os) 1u,ilrsnrrrur{t{uiouo y 3.87-4.t4lourJ?rursr: ru'o16rar:afifltrn6aefuniu6'1J

eeyAeee--s!-----i--.1--^^-Y-s
n2lUrl,uuuunl?umn?lilrljUlJu:ouou 2.5 louulfiuflcrirunntoYlluoafo ila-- 4.24 ]fluil;}Jrn:
.i ' i 9 9 u d d u i i +- dr t . -- .

Blrurnnityrn?tuldildufltsdna0tn0aqr:you€,u1 tuoflalUunt Yield (p/s) fl'l5lnil
vd"'

drrdnotrnudfln?lur{il{uYouay t.o Iourirnrin firir yield (p/s) rvirril 0.280.11 nfrutomruoo
9t

rionfiLrjrnradqurnn'ir:rd'udulfifirirhirrsrnsixfi'ufirir1u'ia.: o.zo-0.23 n:-ilrovl'tuoosioniru
9t

tf',r',u rdovror:rurfirir yi"ta (p/x) rru'ir'hirrqneixfiulu4n:v6'unrrrur{ru{uto{ drrdfia0tn
sdrror4lul;
tnuilflrou tus'lrl actst 2.25-2.i4 fl:uroynuoosionfil"rad (nrnfi 4.24 uaynlir.rfi +. t+)
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24 6 t2 t8
.1 .

!?Gil (T?llr{)
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j J o A - ! ! ' - oi A e,

9ll:1{n 4.14 tOll1UOAq{qO yield ttAyUlnlafl{tfinOlilO14ilnUlf]uttfiuslY?ulJu'ln1At5il9]u
e r a s d d I v I - Aa

150 ntilnoaqt louodgrvtuSou K. marxianus d]UYluI UBU-1-2 tlav UBU-18 Til
d 19 

9 t

n1:r9tildt:6rn'rrrrnEasrfouav 0,0. 5, 1.0, 1.5.2.0 tlav 2.5 JfludrfifinfiqfrfiQfi

40 ortf,ltlualryud

e r r a , ; - ! t a <^ !-
fiu]utl,ifl: {orunrrgrovryonflonltnau0'lflnt5m9ao{ 3 ry]n]:vrgrno{ttnounl:mflao.:?tn5l'rv126t1qo

a I aa 6 d o v la - i lv u 4 u d
rrayn'l:Trflrryrivrr.:a6firil3 uurfruuraflrv'[unoo'ruritdurn'ufr.rdqd'nunid'ednu:tufroununo

'im-a^dsadi-AiYntraAu-[urtanfll{nutilo?[n:]u]t [9tu?t duncan's multiple range test m5eflUn?]rutTouu:ouav 95

9t

riru nr: n rinro yrlu oa Io uar urt'u f, uBU- I -8 riu nu'irrfi orfi r : v 6'r n rrn
q

er e v d t & oqrr^ 6 d tA 3 i e d
r{ru{urorar: dn'o0rnEasirurnfrurirhi:J5rurmnri r"rAfirovr-ruonuo{AdrirfirufiurfiouJE uutvtuu

fiunr:urinfihjfinr:r6udr:driq0rntari 6.:nr:rfinfi'hifinr:rfirudr:dfifl0rn6arirfinld
,/sr6i-vAtqll

roynuoarrirfln:ouou 2.65+0.64lourJSrurqr: rfrorsruar:an'nornEasilurirn'urirrrriunrau
{q

9,s'rt''9
:ouay 0.5 ltav r.0 toudrilfnnu'irrJiuralomruoalir^rfrn1drfirufiu6.raol:g6'unrrrurdru{ufi

'lrirrsrnsirefiulnuru6srromruoafoua y 3.37-3.42 lnuil?urn: rrayrujorfrilsr6'un?'rilrdru{u

trlu?'lufi

Yeast

extract

(iouov)

ronruoag{go

(iouavInurJSilrer:)

Yield (p/s)

(nYutnYru)

Yield (p/x)

(oYrulniu)

o d qy
urfllamRnll

I

I
(5OUdv)

r.lBU-l-2

0 4.ol+o.25AB (18 sil.) 0.23+0.03AB 2.74l{..254 92.glfl.22c

0.5 4.02+0.130B Q4,rN) 0.23+0.0lAB 2.68flJ2^ 96.51+0.074

1.0 3.87+0.05A8 (24 SU.) 0.29+0.11A 2.54fl.07^ 94.91+0.050

1.5 4.14+o.15AB (24 5il.) 0.22fi.02^B 2.40+0.15A 95.35{{.1lBc

2 3.92+0.l6A8 (18srJ.) 0.20+0.0lAB 2.31ld,34^ 92.1lr{..23H

2.5 4.24fi.00^ (24 ryil.) 0.23+0.0lAB 2.25tO.57^ 91.35+0.36'

UBU-I-8

0 2.65tq.64c (12 su.) 0.22+O.MAB 1.90+031A 93.48+0.21Fc

0.5 3.37a0.o9Bc (24 Sil.) 0.lg{o.03B 1.74+0.38A 93.g2Jo30EF

1.0 3.42+o.10ABC (18 ulJ.) 0.19+0.028 l.7g+0.18A 94.33+0.g6DE

1.5 3.93+o.25AB (18 YrJ.) 0.23+0.02AB 2.t7fl.OgA 96.0Gj0.03AB

2.0 3.58+0.ooAB (12 Til.) 0.29+0.00A 3.11+3.98A g4.5g+0.00cDE

2.5 4.18+o.72AB(18 ryU.) 0.24r{.0548 2.37flA24 95.34+0.318c
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dr:dfi'floln6adrflufouay l.s. 2.0 tlay2.sioorhnrin uu'irtomruoo,fiudrulnn'irfi:v6'l
y y u u ' Je-q-e/_+. -.-{-.=fi?]rJrl,u1,u:ouay 0.5 ilast.o lourirurin rrsiri'.rarru:v6'uirvn liludnflnnroYrluoa'ld

hrAag:yr,sra
trurrnnnrrnury{urtu{uYouas 3.93+0.25, 3.58+0.00 rrav4.l8+0.22 lnUrjiurfl: nlrualdu

n'rir6ildl:dfiflorn6aeiiouay 0,0.5, 1.0, 1.5, 2.0 nas2.5 lororirnrintravtdo6qrflurir

yield(p/s) rvirri'rL 0.22+0.A4, 0.18+0.03, 0.19+0.02, 0.23+0.02. 0.29+0.00 troY0.24+0.05

nfruromruonsionirurirnranrudr6'u rirurir yietd (p/x) '[rittflneir{fiulur1n:r6'unrrrLrrltdu

u 4 lA o r a t u d 
"lJoildt5ryfl9totn0flqry{il il11.74-3.11 n:uloytluoasion:-ilrryod (nlvllfi 4.2411a;n111.:fi 4.14)

- J d hil r a v 4 14 a
fl tuu 0u n4 u [a ?tn]: raudts dnq 0lnudau Haq on15 t05 €Utlau n15 r4a9l

4 d I u t - 4----- - ^i A i
[OynuOAlOqBAgtvtU5OU K. marxianus cllul'lU! UBU-I-2 ttCIedluvlul UBU-I-8 ctr.ltuotv{U

ae
e e, u 4 to99 : 3 t--4.-Y-.,".----g

fl?tur{rl{uto.t dt: dna 0 tnu flslynlf n r: ro:tyrrnrflt: HaqtoYltu ontrtuuu oul':lJuBd'lfiiUvl

- zi Ly
:voun2lilrsouu:ouou 95

aaavd/raU/aa
4.7 .4 onifl CIl, o { n l: tgt il fl I 5 ono o I nu fl gr 9t o no ni : il to u lcr il oU CIu [u fr u oil

d d Y v I - - --- - - i v
Esdnuiou K. marxianu.s orur{urf uBU-l-2 uav uBu-l-s frmxin'ludrfi'ufauriusrviu

vdlY99)
o]fln'l:rglud]:dnq0lnBagtnrrrutdrutuS0u0e 0. 0.5, 1.0, 1.5, 2.0 LLAy 2.5

loorirr rinlurirriurlrruiusrsiuril^or1-or:surfront: uto.:tou 1uri6q6u ruanu'ir1u aruri'u{

uBU-l-2 d,rol o #rlrL{ firn::rudqfiurudd{qorfiorfiuar:ariqorn6aei#ounv 2.0 ae2.slqu

J - j o^ ' ry a a , a aa o ----.-i-. 'drrunB.:tLnon::rurmrnuno 0.36+0.02 rrau 0.36+0.03 quflnouaaaa:fl]rua]flu tlJol?n'Iru]u

n,j .i, s ^ .j - ^ Ut' I a aa ui a"hjfr tZ rya [ulnon::uounurudaqn{qi{?nnofl:t}J tqq.:qn 0.28+0.01 guelfloilanofl:ruou
aqalg-J-joahdaal

n'l:r6udt:dn'flornEtaa5ounu 2.0 IeuilrHun ruoilnriiutfl0n::ul,o{tou try}JoHautudllU?-l

6 u a ' 4 ' a 3i --
luarurt'ur{ uBU-l-8 finar o #r1ru.:fifr0n::ruq{qn 0.48+0.07 qu^nriofraafrsr: rfiorfiru

dr: dfiqtrn6asifouny o.s lqudril rin dslndrdusfiunr:r6ru foons t .s lqudru rin dsfi
aar66ai
flon:: uouaurud 0.44+0.01 uuFtslo:Jaaafl sluor?CI1n15Hfinillulil r z fr]ulfr on::u

ts
j.) * u d 19 e

ou auru daaCI{mry? tu{fi l 2 lu nt: n rjnfi rfr'ruar: afinornaarigounu 1 .5 lnurj rn rinfi fi on: : rudlso
i i d 6 aa q e'd - i ^ aY s J - i ooyranryln 0.35+0.01 uustgtoilaaafl: [n6[nu{numrflrum:ouav 2.5 lfluulfiunryiiln0n::}Jqs

0.32+0.00 uustetouonans (nrufi 4.25 rraenl:r{fi 4.15)
a



84

0.6

E 0.5

'E 0.43
lt; 0.3

=
=0.2((tr

ofo.r

F o.o
Ga

CG ,12
rrar (falus)

0.6

E 0.5

'E 0.4

u 0.3

-= o.z
((tr

o#o.t

F o.o
G
@

OG

B

,12
nar (fralus)

0.6

?os
'E 0.4
D
ra 0.3

i o.z
C(G

oB'o.t
Z
F o.oc
@

(G
612

raar (t'alur)

0.6

E 0.s

'z 0.4

u 0.3

=
= 0.2

((E

n#o.teFo
C
Q

(G
.12

rear (t'rlus)

0.6

E 0-5

'z 0.4

u 0.3

3 o.z
((tr

oE'o.t

E o.o
e

(G
.t2

nar ('i'rh.r)

0.6

30,'a 0.4

u 0.3

3 o.z
((E

o#o.t7
E o.oc
t?

1c 612
nar ('i'rlil{)

j o u /o d ,-
ntnii 4.25 nonr:rurou-lryuouaurufllJo.l K. marxianus d1u14uD UBU-]-2 (I) [[aYUBU-l-8

i - o ! l, - ;^! .i y s d a
( tr ) l1fi UnlUUrnUy arrnuns iurirurirnrar:usru I 50 n5ruFloafl : lfl uunrs tgrtJd'lt

afinorn6apisouav 0 (o) o.s (r) 1.0 t A I r.5 (0) 2.0 (x) ttnv2.s lntlilirursr:(+) fi

qnrmqfi +o o.:nrrrynrfioa



85

nrrr{d l.ts fion::rurou'lwrfoqauruator K. marxiqnus atort'u{uBU-1-2 ttavuBu-1-8lu

nl : u r.J fl il -ln u fi ?[ tn u fl v ?u 1l [9] u d1: dn n 0 1 n uda tlj u 1J u 91 1 { n u

cI-tultuI
Yeast extract

(iouav)

r?or (i'?Iil{)

6 t2

UBU-I-2

0 0.33+0.04cotoc 0.12+0.01M

0.5 0.34+0.02cDtt 0-lg+0.0lrKLM

1.0 o.2g+o.02EFGHl 0.l g+0.02rK

1.5 0.26+0.ogcHI 0.27+o.o2rcttr

2.0 0.36+0.o2cD 0.28+o.o 1utc''

2.5 0.36+0.03cD 0.24+0.01Htr

UBU-1-8

0 o.l6+0.o5KLM 0.14+0.0lLM

0.5 0.4g+0.074 0.24+0.o2utt

1.0 o.3o+o.03otton 0.22+0.01IrK

1.5 0.44+0.01.AB 0.35+o.o1cDEF

2.0 0.24+0.00HIr 0.24+O.O'7Htt

2.5 0.3g+0.02BC 0.32+o.ooDEFG

9, 1 r d , i ^ 3 ---^-^^^^ I a 4^ !-
firJlUrlrgt: {oruartsiay.so{frofi]taau0lfln'l:mqao{ 3 flnr:Ylqao{[[aavfl1:ilqaon?tn5T'v12sn1gs

a d aa E < q v d< - A 4r v lv v A o 4
rroynl:?rfi:1yilyt1{flfist^r:JE uurfiuurailrylunoa}Jurflu?nucularudnunisr'ro'nu:ttlttoununo

' i rn r r - i o /s ad ; - A L Y-
rirrqdu'trirrflnsit':riurilorlnrtvfi louit duncan's multiple range test Yl:Boun?lutYouu:ouau 95

vilvt-jasdtY
4.8 nt:?nJnrontUOOornilrnu?t?unilnyaunqilHQtJg.llRUUCrnnu:ou K. murxianus

arufiud uBU-l-2 ucrv uBu-l-glufr{ilfinturo 5 ant

nI: ytq clounr:y fin1ufi{H fnuu-rq s 6sr: rirru^u nr: Iaunr: v fin r. marxiqnus

atv4'9'9dtuilur UBU-l-2 rrCIsd'ruyrur UBU-I-sludrri'ufi':trriusrviufifinr:rJfurirnrat?ruduq9

zoo nfiLqiofin:lflufinr:rJ:-ufirosriruriurflu s.s rirrfrunr:vrrinfiosuilnfi 40 o{flttcrnrfiudqs

dn:rnr:nun?u 150 :ousiourfi du^onrrrrao.:0uot^uro,ilu{o1 6'.rd

i



86

d
nA .i I y v I ---_4.8.t nritoSotos0agivtu5ou K. morxionzs d-luYlufi UBU-I-2 llav UBU-1-8

mrYnlurirfi'ufr'r,,rirrrTrilu6'{nrYnturgrsanr

l.E+10

! r.r+os
a)
U

l.E+07

1.E+06

0 6 12 18 24 30 36 42 48 s4 60 66 72 18 84 90 96 102108114120

raol (fililn)

olrrd t.zo nr:toiqlnunr:ril{ru'lurryadto.:6arivruio u K. ntarxianus dturt'u{ uBU-1-2

(o) rray uBU-r-8 1oI fimrlnlrrilriuri'r,,riusrviufifrrirs,ra,?r,du zoo n:-ilsioan:

add

oruunri 40 0{dltryotcrud on:1n15fl?u 150 :ouglou'111
t{

nr:5qnt:ro?q1to.: K. marxianus arurt'u{ uBU-l-2 travaiurt'u{ UBU-I-8

rirnr:iorlqunr:fiu,iruru,ru,in",u16'ndorlavr::grirrasnr:Snrirntrurju (oD.eo) rfiorior:nnfi
v d d, et d I v da 1a X 'l Y - -^1 t t

ruanr:uurrynantu-lnndo{qoytr:fluytu?t11{ 2 flrunuquil:urrutryot:tjetu Ix I0 tcunaflo

fiofifisr: (drururryndoir t, l0'+t, t06 rray7,l06+t, tou rryadsiofiafrfisr:'[uaruri'uri uBU-l-2

a t " - j .l v v 4 t! v Ja r /i
Itavdtu?tur UBU-l-8 nrruorou) ruorSugrufliuu?ufltrl.tufludam{ 2 dlullu!iln15llu{tryaolvlu- ' a --

dru:uodr.r:eor5rnrulu:vurr?nr:o #a1ru.:rryodrfiruttn t,tO'rflu 4.70x10e*1,I0s ttnv
o e / r a AA o @ d o J ;

4.53x10'+4xl0"rcIROgtOrJAAnnS [Udrulrur UBU-l-2 ilAU UBU-1-8 A]ilA'19rU1.10{01nUUfl]5lflU

o t I - ta d e q u d - -d" ! i
drururryndxo{11{ 2 dtuttuqlnuru,[,11 ]udruflur" UBU-1-2 u01u?ut$no]JlnmrYel

5,62x l0e+6" ro* rryndriounfifisr: d,ro-, go delrlunornr:ilfin riauarort'ud ueu-t-s fiiruruq

t ) q s /' a aa j ,,.
rryonil]nmd$ 5.62x10.+lxl0 rsannoilRooets firror UZ'i'r]il.r1o{nr:Hfn (nlilfi 4.26)

I



87

a ^ i ' 4 r! r a , 4 ------.4-.Y-.-.-@ 4
ttoytuoil0'l5tlllytfi'l oD5e0 u619lYt{ 2 fllufluqt0:qou1{5291t:?fin{0'Ifl[:uauililn0un.1

,
feln.rfr 24 0lnliunr:roiqlordrlouarori'u{ uBU-l-2 frrir oo., q.tqflrvirfiu 8.73+.r'.23 firrar

J,o q I 
' 

ot I

ros frIils rraydtufiu{ uBU-r-8 frrir oo.rqrqnrvirfil 16.s3+'o.23 finar oo S'.l1ru.r (ntvfr +.zt)

l8

l6

14

l2

l0

8

6

4

2

0

0 6 12 l8 24 3o 36 42 48 54 60 66 72 78 84 90 96 102 l08ll4l20
r?ar (fidiln)

nrr{d 4.27 nt:ro;qlounr:5orir oDrro c,o.:6aeimuf oil K. marxianus d1afril{ueu-r-z 1o1
tlrrY

r ray UBU- t -8 ( o ) fi u rinl r rhri'r r-'rr uiu sr v iu fi fi rhsr r o ri ru du zoo n frusi o 6sr :
a4d

oiuu nri 40 o.lflllcrCItryud o9l5'|fl 'l: fl ?u I 50 : 0u9l0u1Yl
g{

4.8.2 nt:1#;tnraro{Aclsinuiou K. mariunus d1uilu{ UBU-I-2 ttov UBU-I-8
r99

fi rn rYnlu ri r 6'u #r u riu sr v iulu ff.r m rint u r fl s a n :
a tJ v ta otr! i o v d
0cqryN 2 fltuilurunt: [,!,u'rFnorlroflr:[0:tUrlount5d.:lfi:]v14fl1tsl'.l.1",l

u arornritdu nr: il r]n aruri'u r{ uBU- l -2 "lfiri rnraour.rs ?n15 ?0u dr#r]ru{fi :o n dsornriu
lttv9o,,o a e 4 a - ^t2o#r]ru.rfirirsrtnfl{liln^o5g.t2+l.lln:-ileioAfl5nl: tryularar:lJryln{ ruoduqfl nl:HUnvl

u9
6orflu nr:ldrirsrra'hJvi'rrusrfouov 66.s3 6i?udrurt'u{ uBU-r-8 ufr'rotnrirurl'unr:rrinfi

ytt99t9t
oe/o , d a J s ; - J qyl6 I A 4 a d

ntr [,futgnoout.t:']fir:?0uony? tuiyl 54 ilai0'tfluunt: l'rutfllnyln{ rilodudonl:HUnYl
r!YY

tzo #rlrl.rfirirsrron{rHfio 41.63+l.zs nirurioasr:6nrflunr:ldrirqrahjfr'.rnuoflouns 6s.40
j

(nrvrfi 4.28 rravar:r{fi 4.16)



88

c!
(t

")r(tr
6

225

200

t75

150

125

100

75

50

25

0

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114120

r?ar (S'du{)

t9

nrild 4.28 nl:tdrfisrralor6arivrufou K. marxianus druri'u{ 6o ueu-t-2 (o ) rtav
iYrlt9t

uBU- I -8 ( o ) fi m rinl u ri r fiu ri'a r uiu qr y iu fi fi ri rn r n rirL du z oo n fiL qi o fi sr :
dvid

ofliilflil 40 o{flltryalryud onslnl:fl?u 150 :ouglou'lvl
t9

AdlY
4.8.3 nl:r.fOgltOlttUOOt O{UdnnU:OU .K. morxiunus

GT]UilUfi UBU-T-8I

6 /,^ io g , q
0 I fl n 1 : ? I fi 5 1 v u il : u 1 iu t 0 Yl'l u o a m t fl 9l lJ u : v fi ?'l.t fl : e u ? u n 1 5 il 1I fl

K. morxicutu.s aror{uf,uBU-l-2 unydru}iuf uBU-l-8 fiurlnlurirriu#rruiuerviufifirirsrraqe

A v v r a e v - i I v a .tZ - u d

tjiletu 200 nSilaoasr:luti'rurjnru-rn 5 fin: ua'rornt5ru6unr:mrjnEaeifr'.r z arurt'urffin1:ld
9tY

ri rsrra 1u nr: ro;ilrra y nr: Hafl ro ynu oa rfiofi0 r: ru rfiil;u rilt to vrt u oo fi r.rfi qrldvr u'ir fr'.r
v

v I a tnY i A - I ^2 CnUy{UrilAfllolltuOA tflCt{d9tylr?ar z8 fa]rqIonn]:fifn cr.:dluYrur uBU-l-2 riagl
a{qe

royt-tuoot{ru{urvirfiufouas 8.46+0.39 lquil?urn: rfiofrqrflurir yietd(prr) ldrvirflu
-:6drud,evJ

0.48 ntilroylruonaoniruilrmranorilu5ouav 93.93 0rnmqufl d?u ludluiluq UBU-l-8

ru6nromru oafl rqor{ru{uflouav 7.72+0.67 lnurJirursr: rfiofi nrfl urir yield(p/s)ldrvirfiu
$q

- ! a dr e o A j 
^ te,

0.45 n:il[oyl]uoafl0fl:ruu]firaflnrilu5ouau 88.06 0tnmqu0 cr{[u0?rn:ru1.rroryam1nd09r
,,

nu-jrrir yietd(p/s) frr z aruri'u{hirrnnrir'rri'ufi:cdunlrurfiofiufouac 9s (nrr^rfi 4.2s ilas
4

sn:]{Yr4.16)

fl1U?IUfi UBU-I-2 lrctv



89

; A d./ e u r
nrflfr 4.29 nliHa=CIroynuoato{Edsryru5ol) K. marxianas d-luv{uq UBU-1-2 (I) ttnv

r/Ytlt

uBU- I -8 tn) fi n fntu rirfr'u ri'auriu srv iu fi fi ri rsrrariru du zoo n irLri ofi sr:

ad4

o0r1{Rri 40 o{fl]tcuCItcrud o9l:'ln]:n?u 1 50 :ouglou'lvl
q{

4.8.4 nrrrilduuurjosfi toxtvildt{o:vu?unl:ilrintonluooto.16osinuiou
v I - : L v t v q- Y----4!- --^-^- -a

K. morxianu.s orurt'u{ UBU-I-2 uay uBU-l-8 olndrfruf?uriusrviuluflwrinturo s 6sr:
YY':vaAv

nr : fi fnro r ru oalu ri r riu ri'rr uiu sr v iu fi fi fi rovr: rL n u 5. 5 ur o rt lJ fl u n I : fi u n

o J v da t d q ' e '

Iurn{t 2 d'luflunilrosaoa{out{:'letr:?fl1u tur?R1 za drlrL.rnd'.:ornriufirom?run.rfirfrolornfi
q

9r, a _ l) a , a dv .9 lo
n15d51{r{a=an'nr.mytuonolfl0vf{nflroYtluoa[[6?8dgr8{d51{Hannil,}101fl?nfl591 [Tu Lactic acid,

dtvA2ltr-i
Acetic acid, Succinic acid tllusru cx{tUoduflrtfl:uU?ufll:rrinfr Z+ #eluriqrirfiroYld'rvirfiu

4-6+0.00 ttav 4.7+0.00 lunr:urinttondlufi'uf, ueu-t-z ttoYdrufi'ud uBU-l-8 qrrrudrd'u
qq

j
(nryrvr4.3o)

o\

(6
(o

F
(o

10

9

8

7

6

5

4

3

2

1

0

o 6 t2 r8 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114120

t?or (#dN{)



90

Fg
(=

5.6

5.4

5.2

5.0

4.8

4.6

4.4

4.2

4.0

0 6 t2 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114t20

[?a1('fi'ilil{)

.t
ntilYt 4.30 n r : rrJd u u r r il a s fr r o ry: v u'j x n r : n fin t o.16 a dvr u f o\) K. m arx i an us d r u riu f,I

t99t9t

uBU- I -2 ( o ) rray uBU- t -8 1 o I fi n rinlu ri rriu#rruiu srv iu fi fi ri rsrrarirudu

ut^aduld
200 niugroan: oililnu 40 o.:flllcralcrorY ofl:1n15fl?u 150:ouglou'lYlq9

aaadlY-vl-
4.7.5 6onrriloqautufrl,oitBdsmuSoil /(. murxianus flruiluq UBU-I-2 llav

tA
a rufiu rf uBU-l -8 fi lrrinluri r fiu#r uriu sr v iu'lu 6'.r m rint u r n s A n :

ad9vl 4
Easlytuiou K. marxianus d1UilUI UBU ilfl?lildlrul:o'lunr:nngrrou'lryrl

A a A , s Y o o 
"Y,nYi 

s 4 .i4 I qyq a 9t

ounurudry{ouou tfis{flixros6ufiuhi'ldurnra tiltonarqu?vrude}d]u150 tT lunt:r0:tuila?
s$qo

- rnvai o io u /o o .io al ^ a + I
nt:r{datoynuoa [ortJott0t:6utmn0n5iilrou lryuouourudyrudsr11.l2 dluv'lu!zuantu v{u?1

{q

arurt'u f, uBU- 1 -2 fi fi on: : rLdufr uru aa.:an 3.02+0. 1 2 qu^srsiofi afi fi n: fi nar t zo drlrulto.r
---ssqs

-iaiaoa6ataaa:ft1:?riln.u{u1fln?1d'rulIuD UBU-l-8 mun0fl::uoudulud 1.02+0.14 uufiflouaCIan:ml1n1q99

.)* ; ;
l2 s? [ru{ (nrr^tvr 4.31 rrava15r.r1.r 4.l6)

a



9t

i o h /a 4 I I -- v d

nrflfr 4.31 ilon::ilto{lou-lcxt]ououtuato{Sdstmu5ol) K. mqrxiar,ils dlu?Iuq UBU-1-2

(r) uas uBU-1-8 tu) fiurinlurirriuri':uriusrviufifirirsrro,Sl,du zoo nfirsio

fisr: oarmnfi 40 o{flrtcrat6tla dqr:rnt:fl?u 150 :otLsiourfiq$

I I tY

o 1 n n r 5 H fin ro yr r u o n 0'r n ri r6'u ri'r r uiu sr s iu fi ri r n r a r? ru du z oo n fru si o fr sr : fi
o i 6 d t I < | v d-
fr rog s.s fr Qarm nrL 40 o{fl l[$atBud nrr: alrnrm r{ 0nuilafl'rsr: 0Bnt u?']eltuilu q UBU- 1 -8qs

trY'
roiruldlurirri'uri'ruriusryiuld6n'ir usu-t-z lsrufior:on6'srrsi6'fl:rdltvuvfl{do unstfio- - - -a -- { e

fior:rurrir biomass doubling rime (td) rru'jrarufi'u{ uru-r-z rtunfi6ud'lut:otdilulodurflu
, d ;! t v I - t A o tvtgd ' i

dostynlu:uuv[?attidun?] UBU-l-8 o{uudlul^tuq UBU-l-2 [?Iu0lu?uleroo tfilS?n?lcrq
gvadl6tvlt

doofl6o{nuriantir0S6U0yn{u01nn5ty4lnttt0:tus?'l:uuv log phase dlullur" UBU-l-2 0vt[1J{

Atald , i 
Y I

tcraa tors?n?t rraurlro?r0r:6urorflnr yield (x/s) vrudrrirnrailfi{n;rLrirl#1dru?atoq
;3 v tr v ! a , iuva v rt

UBU-I-8 ll^tuiu 0.04 n:ilt.ronnon5uu'r9r1a cr.:ulnn?] UBU-1-2 Yr t9llv{u{ 0.03 nsiltcraoflo
9t

o;AaaruJa99n:uutnla ruol,{0't5tutfl-r5f{anrovrluon}tu?ldlulIut UBU-l-2 f{afl[oYl'luoad{d9ll1rulJuc9c

,staadt-:
5ouay 8.46+0.40 lnoil:utsr: nqtilu 0.48 nsulovnuoaaoflsuurara ilav 15.23 fl:utoytluon

lA "] s 6 dr I d J a
aon:ulcrao mr?a] 78 $? lili nqrilurouov 93.93 erlrJmqua d?udlufluq UBU-l-8 ,{afrt

roynuoad{aqr{il{ufoilay.7.12+o.oz lourj?lro: nqrflu 0.4s n;ilroynuondon;rurirnra
gl

Irar 12.01 nfuromruoasionirurvodfinar zs frluleiufiu frnrflufouav 88.06 arumqBfi
I ta d i - d, aa I t a I I u I a h t t v

out{ [:nfl]]J[uo?tnStvfi1Joruamrraonr16?Ytu']-rudgrYr.r 2 dlulluq,4nnro]rluoo Iurrgtfl9t1{nu

D
il6 2

((E

=r 1.5
(@

ur
!El
@

AC
0.5

48 60

raor (*alu{)

72 84 96 r08 120t2 24 36
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t 4v o q ; - A L ct j o i, a u " ,flf:ldoul.lrJu uiilnqYt:gqun?]il[TolJu 5 oua y 95 ttaytilofl t1: 611 ]m n] q, 14 5 ooa: 1n1: t llv{ 1

! , t u J qY! ht,d t - @ I q I

ulalau{uon?ldluyrur uBU-l-2 lyu'rera tn[:?n']rdlultuli uBU-l-8 lutrsiarfrlul
---q

I s ra j 
^ nY t o 4 - t d v I A

doon6o{nUilirurartonruoCIYlr.loel tnq{n?1d]Uiluq UBU-l-8 lryutnU?nUfl1 qr l'l5o oq:]n1:

drr?ngnr:rfinrufisr6'nr.ridroyrf udr arurt'u{ uBU-t-2 firirrurnn'ir uBU-l-8 rran.rl#rfiu'ir
v 4 a hgd I q t

dtullur uBU-l-2,^lnflioYlluoa tflt:?n?1d1u1lu! uBU-1-8 tuttnav'fi'r]ill (srr:rlfi q.to)
_ 

-- - q

i a d t -i i--r^.^'!^.--.*^.^flrtl{n 4.16 1^t15'lilrgro:yt]{0aililCIfl'tgr:1onn'l:iluntoYlluoo0lnulfiufi?tlflu9lv?u1l0.t

ianus et'fiJfiil{ ueulu6.rrfinuurpr s fifl:

9 t r 4 , j 
^ A- J ^ 

? 66 ta 4
?Iu'lutfi9t: {oruattgtoyryo{non]tflauolnfl]:?[fl51Y'tI2,ii1ttCIgn]:?lfl:]rfim1id6l9l[]J:uutvluue{

d d - i dv v d s d t j rn I I - j - /s ad
talr]y"[u[[0?16Urilufrlaqonue[oraonB:lttuoununonlraau Iurrnnflt{nuluo?tnt1rfi [nu?I

;-Ai'yt
duncan's multiple range test mSyAUn?'llJtSOilUt0UAy 95

all
?t l: liltgt o: 111{loouTlo fl l9l :

dlufluI

UBU-I-2 UBU-I-8

roYllu oCId{lqo (iouavleuiliilrn: ) g.46+0.40A 7.72*0-67^

Yield(p/s) (nfusioniru) 0.4gA 0.45'

adud9/-
n1: p{afl rovnuoarmuunumqua (5ouau ) 93.93 88.06

Yield(p/x) (nflsioniru) 15.23 12.01

Yield(x/s) (nfiLsi onirL) 0.03 0.04

6'n: rnr: roiiydrrnrv q.rqn (p.*) (frlru':'' ) 0.003 0.036

us
q. (niuoioniilqtorl lu{) 8.26 3.69

UJ
q- (nfileionfrusioryr [ru]) 3.78 1.71

biomass doubling time (td) (#rlru.: '1 2.80 4.70

d rsrronrru fi o (n:-rusionfru ) 59.12+1.11A 4l .63+1.78B

rhnrofiqn1dlil rYouav) 73.26+2.168 8l . t 6+3.84A

oqau ru a t gu^n oiofi afi fi n: ) 3.02+0.17A 1.02+0.74^



UYIYI 5

o:ilruo ofirJ:ru ttav{otauolluvq

s.t o:rJ uovofiil:'tunanr:nqaoir

r-*
s.r. r ornil: snounru'lurirflufr':uriustv iu

"19tee'o{nil:ynounroturirfi'uri"lrrriuqryiufildlunr:vrpraolnfrfifirj?urarritsrra
v99

,i'unuqr 321.27 nfrusio6sr: 'luln:rrufr'.rililo 29,030.+o fiafin:-lsio6sr: iluoo6nfr'sililn 0.299

@ r A o A at t v t dt - lAa
nfilsioasr: frrory s.as frtrilurrriusruiu0rnuilrimuroutoutlnu tilutlnufls?udtulluqmt:uflnu

d d a v I A I u d^ a dt dr u 4 ^ i
'jrarur{uriruoi : r.rSoaru{ui cN52867 mrrnunvauuouauriluo{fiil:en0uilan 0{T101:ru1?l- _- '-'- - q $

rj?rurardu6u finr::rusru'jruriuqrviuarur{'udfifi6ufiu 20 ni-usiori'?der 100 niru ttsiornnr:
{cq

I - r r u da a , ! -- l
mqao{1o{yt5Tl ooud5ou (2551) flu?trtnuflu?uiloHausouav 90.22 1Jo{ulgllAm{fiil91

a d4 sa l^ 
I I

drunr:moaowo{nneqwr{ 6oarurifr (zssr) {eiliilrfl{ar:rixlturir6'uri'ruriusrsiuvrl'irfi
v9,

o^uauiooav 77.64 xo{flsrrofrs?itJel ttaYuonolflriu frirr: 6'uto rtosniue (2012)'ldnfruutfitlu

rJ?urnrdqfiuluri'auiunriu l6 arurt'u{61:rud'ralort'u{ cN szsoz fildlunr:mqao{ngsd

deuyrudrrjiurardu6urqduotifi 68.ss-68.97 nfusiorirrrinn#{ 100 nfru 6.rarurt'ud cN szsoz----" ''' t O - q

,i : - e -1t:ilr€rouauouyr to.4g ua:..77.56 n:ilfloul4uflrr1.r! 100 n:uluttriusrviufr:Jonrr]fionrrov
{$

hirJonujfionsrrildrdu
v 4 aa I e, v I Aa t 4 

^5.1.2 nl:nfltoonudgtnu:ou l(. murxionus dtuilu[ uBU ililil:vflnfnlil'lunlt
e

v i a :L v t v
?rilnronluoanoolfi RtJfl {olnulnum?lmufl v?uc{u

adgvdq,ivda
oagrytu5ou K. nrurxiailus dluiluq UBU lunaufluvrqaowl I rlndluiluqu

9v

nr:ro3iU n?rurnrn:crtunr:ldrirara uau,rAflroynuoRtldhjrtqrnsirqfiulqufinr:ldrirqra

rurnn'ir#oony 90 rrouflaflroynuoanerur{ru{uod:vn'ixfou ay, 4.g4-5.03lquil?rirsr: ttaufiril
ur-:rda44y

Yield (p/s) 0u:y1.r?1{ 0.42-0.44 fl:uroYtluooflon5ilul9r-ICI rsul0u'lnur{afllsnoraonudnmusou

K. ,tarxiarrus aiurt'u{ ueu lun{runr:}1oao{d 2 Undrufi'u{finr:roity n?tlrdun:6r1unr:1d
9v Urh | 4 oro t ,utflta uayruanloyltuo0 l9t turrnnnt{nu unt: lTu-lflla}Jlnn?l:ouav 90 uovp.lCIglloYllu0R

Y Y , s 16 4l
oarrurduduoqru?i?r{5ouav 4.31-4.84 [fluil:rJrsr: rrouilnr Yield (p/s) og:vmrrn 0.28-0.43

- ! | h d zi e o itly
fl:lJroynuoanon:rurirnraotir.r'[:frqrulfrorilEuurfiouruaronruoam tq0rnnts:ru{-tuflt:l{un

9v
roynuoCIornrirdur"'rruiueryiulqu Z. mobitis lqufr'ryvr eiouafoo (2sst) dll#nir yield (p/s)
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d.rder 0.41 niruromruoasioniilrirqra rrsirflunr:tdrjirurnrrfior?rdufitiouov to Ioorjirursr:
A d t o juyq y4 d ta , t4 d
rysoyn4u:rr{ar{aqtoytluooyltfi [ndtnulnu K marxiantu dlul{uq UBUttglfi{ou]{ [:nfllu

K. marxiaruts arort'uf ugu tioilfi{o'ldnjsoruioi0rn'hidrtfludosrirun:vu?untiduoti',fi,q

v j v I d Ul lt u t u Y q 4 dA
nrttnunyrua?un:qfitorou [ryuflouflnlTun]:rilfl,a1u z. mobilis tlavnn?E]tl'l CIodilu9l

(2551)'ld:rulrunrsHfinroynuuuo'.rn,i'lriuri'ttuiusrviulnu s. cerevisiae6'r6o'jrrfluaar{nt'fl

luoflarun::unr:fiAnroynuoa'[uil0oriu 6.rruoldromruoaodturiat 0.36-0.50 nfirtomruoaqa{
9t

sionfnrirqrra dsfio'jrfirir'lrirrsrnsir.rriunr:firinlFru r marxianus arurt'u{ ueu
r r h d n, - ! I u t - vlrs I t r I

rrgtoutl [:nfllil ^s. cerevisiae lud-lu]:01.lunu1frufi?ttnuflu?u tgr t9lun:{aoif{lunl:uou9l?u
d rf, 4t - I - a -; a d A

n:flH5orou'lryrunounr:miln uofl0tnuuu{tilun]:H}JnnqflIilnil 30 o.lflltcratsufI cr{

u d u a t |n' E - j 
^ d

K. marxianus fltulitur usu 6.:fio'ir'ldrrjiulryr:tvauJtiCIr.rlJnmOililnu 40 [tnr 45 o{flllcratrysr1-4 -- - r $

vt 9)
t9t

aa:jvtv'"Lvtv
5.1.3 0ytfi ytouoilulgncilSlrgtunont:rilnroYrtuooolnutoull?ununv?u

3:yAo,a,u
f{a10.1utgnal:IJaumSvgtu 50, 100, 150 tras 200 fl:]Jfloafl:glonl:fi]Jn

r ln d zl a - J eY
roynuoaour{ tsne}'rrrruoroo0l{:seruurflraludr6'uri"lrrriusrviulri'drnlhirfiultrsiritnrafi

fl n rdo orn d r : or 14 r 5 du q fi o s o n 16o o r r dr ur,ilu rG ur fiu fi rfl u il o i'u fi hi atu t 5 o n 1 u n ru'ldr tsi
$ 

_ -- I - - iu' q

r b d lne, qYd ' i J : .'
odrr'[:finrurunnr:TFroorl tqlrryq{ t}rn4u?-r rrJou'rflrarvrrLriu0rn 50 rflu too [tou 150

a d al - e A 3 r 4 - ,i - ! u I ^nSilgloani flt:[0:a,ro(luGystytil2 dtuilur[y{}JTursulflu?fluttam:rquulmla 200 fl:]Jflona:
Ut

6 q tr* - A , a , qv! zi 9, i' : 2)
fl t: r0:flJ In6rn u lnum:yfiu 1 50 nr ]Jstoafl : d?u n]: tTu tnt 0afl antilo: ufiuu'lgr'lot5 ilnu
:3 , u d at - .ii' : et

tlttJl,u d?Ufll:,{aflt0l11UoCI11U?161'lUl^{U! UBU-l-2 Ufll Yield (p/s) mUrnrnt:Uglil 100 ttav
9r

tso nirusiofrsr:'hirrqrnsir.:ri'ufirir 0.37-0.38 n:-ilrovnuonsionfrLriraro 6{ilrnnirfi:vd'u
a , q i ;! A y a d

50 lrou 200 n:]Jeloafl: d?ud-ruiluq UBU-1-8 mulalar:]Jsru 150 rrou 200 n:ufloafl:]J
9t

rir yi"ta (p/s)'hirrsrnsirsfiufirir 0.37-0.3g niruromruoasioniurirnro 6{il'rnn'irfi:v6'u so

AdY'
uny 100 nfi.rsioasr: frqornrunnr:manonoo'irrJSrurcurirnrnrirfiufil# vi"ta (p/s) qrqn frsrir

'.i^dvl"nitrlJorilruulyluilnr:filJfltoynuoattnutri'uli?rrriuqrviu]fl u K. ntarxianas UCD (FST) 55-82
tv,y

rir yi"ta (p/s) q.rqofirirqrrar?rudu 300 n:-rusiofiqr: rvirfiu 0.45 nfiLroynuoasionfirrirnro
rdr - i a d 

e

rrririlunr:urinfieiurnil 35 o.lf,rrcrarfrofl (Mararitis and Bajpai. 1982) d'lriudsriraulorflut$

'Ai-3Agt'irai^ou1.1u{yrlsyrgtdouoY]Iv{auo{u-rnlnr:}J9luu]fln?lvl:v9ru 150 n:ufloafl:mq6u?l8rJ
4 d 4 o J,,n,,'hd ar 9v3' ;YA

35 0{fl-}tryatcrudH tnuntSflnu 1 [ufl : nno [il rrmourl l5 nfl tucl o?ldoqnnonnuuln]at5uauvt
i-61 lvi^o'

lllUlydilrYll'l5U K. moruianus DMKU3-l042vlVNntUUlOOUvlOtu?lnU 40 O{fl]t$nrrytradqt#q$
,9

Yield (p/s) q.rqqfirirnrarildu tso nfrusiofiflr (Limtong er a1..2007) unvdoendolfi'un-|:
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t9I

naao{ro.t Yuan W.J. et al. (2008)'finu'jr K. marxianus ATCC855+ frrhd'uri'rttriusrviufifi

rjrernrirudu 200 nfusiofin:l#ruatomruoaa.rcnfirir Yield (p/s) rvirfi'u o.+z nfruromruoasio
/t

ninrirqra rravrfior:Jiulrfrtrufiu Z' mobilis do'irr' marxianus arurt'uduBU n?lutriru{uq

9rrYtl

rirq,rn6rudufirmrursaruri :rr,i1z. mobitisduri,r,o,irdufinrurvarLdlh?rir Yietd (p/s) q{qnfi
9 9, u I a v t , ----, J

n?]illttulu 250 n:ugloaa: (yly5] ooud:ou, 2551) 0]nn]::1u{'lufll:Ylgloo{vl{tlunfi16',

' d J : 9t , A - e t a d a ^ I --nat?il'luntsytfidouiltator:ilsluq{fl?'tyt5un1J 200 n:}JFroCI9l5 ttav0vtfiuoYltr{a1oilulCI1a

' - A- i i i 9 t t a e

fl on]: fi ufl ytxorou rru ou lalar: ueru lJtn n?]5 3 qil 200 n: ilnoaqr: 1u nr: fi nu rnilsiohJ ol0 0s

yA-!^vigtttura
6o{r1yil: sfiuiltatnti uaumfl ?'tut{,u{uil]nn?l 200 n:ilaoaa5

aaatv-"Lvlu-
5.1.4 Onf ilAtO{qolil4ufl Onllililntonluoaolnulnuil?llfl uglv ?u

,
oiuH nfi fi Hosionr: roirurrau nrr tdd'rfl tailo{ K. marxianus drult'u d uBU- I -2
c '-qi----' '---------'- o

i ^ .l 3 o qYi ' a r

rras UBU-1 -8 rru=Oqruu qnnlrut unr: r0trurrau nl: ['[u rn ra 0vae]a{tlfl qflIfi QlJs?{ 35-45

o{flrcrarfiuahifiHasionriilanroyrruoa6{firir yield (p/s) oqi:rrirr 0.34-0.39 nfiLtomruoo
vvYt

d a @ | I a q9,fd a /a 4 4
qioniruilrnra uonotnuuytqilHguq{u.ts?ud{[d5u [?r]Jfll5t"tantoYtluoalo{tcuaalr{iluucr{

e '; oa i A y
rrlu'ldorn yi"la (p/x) frrfirLfiurfioqnrr,rqfirfirufiu 6qaoqndo{riunt:finntomruoa

1fl0 K. marxianus arurt'u{ uBU d{ to aruri'u{1u YP+2Y. Glucose fiqnrrqfr 37 ttac

d dt .i,s i ^ 
j j a , a I

45 o.tfltr.rarBud rilu[?a124 \1lu{ ry{qruuQilr}rilrun]:t0:ECIqa$ ttnnl:flantovlluoailil?1

nrrnr{uduq,:qora6ufouae 0.79 ilav 0.17 lquilirurfl: fiqnrnqfi 37 uas 45 o{flttcrotfiud

srrudr6'uds1ndr6ulfiurutn (Sutthikhampa et al., 2010) rrsifirJ:vfrvrfinrnlunr:ufintomruoa

rurnn'jrrruioriltuurfiouri'l K. marxianusDMKu3-l042 il6fltomruon1ndr6u'rfiufiqnnrqfi 37 rtou

40 onfltrcra16ua rtrifiqar?rQfr 45 o.:fl'lrcra16ud flr:r{Aflrovt'luoCI0vnn0n (Limtong et al., 2007) fi

nr:ldrvrnlulo6vrr.rdruri'urisrn::ilulli'eiluldruri'ud s. cerevisiq, d.rfio'irrflulrutqoBaeiqt

qrd eaq ^--.h/ v"lfnnguaruugt'tunr:munooful-tfludiltsu 
Shahsavarani et al. (2013) [9t14ufltoyllu0nttuu semi-

oqg$

grvssj
simultaneous saccharification and fermentation d:uiaqrunq)oalno S. cerevisiae TJ14 fi

qruuQfrqi (39 onflrrryarGud) 6.rr"laqIaa too nfruInudrxfineio6n: (g(w/v)lt) r^raet

ln e, v r 6 r4 t tn d v a I - : , o ja d
roytluoa [9t 45 fl:ustonn: r[9r0.tou1{ l:nqrilu{CIo?1q6u?lnuuuu{flrn?lqilfiQilmudgrdf]a

K. marxianas 6I'llJ-156t[o?surravr^rfrnloynuon'lrfl rrnvrdofior:riltnttfifintoyt]uonttnrirri'u
tY

ri'atrriusryiufi fi rirnrnr?udu 250 n:-ueiofiqr: lou z. mobitis fi orumnfi 30 o{flrt.ratfiudc$

ot t) rrdenu'irrir yield (p/s) fl.rn'jtnrtilfnto{
'',',, fi nn',o 9udr rsi od r.: 1: fi n rrL

rrl, - : s 9 i ;- q r tl v d
fl?nrxt'[6yro6Iounr:Hfflriroranqload'aurfio z. mobilis fin'orrunluil:ulmfl'lmu 4 arort'u{

i

!

!
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a

l16?v{u?1oflI14fl}Jllt14u-tvdilii]fi5uf}]5fiuntoll]uoato.1 Z. mobilis ouYl 30-35 o.lflltcratryuda{$

[111UU

6a4tv:Jvtv
5.1.5 onfi ?lauo{Tllou9ronl:ililnlonluoaolRl{rnum?llnunv?u

arurf,u { uBU- l -2 fi fi rov +.s fi nr:to?ryq.rfi qerdrfi rir oo.* qr n'jrfi fi rordul
,9tUyt t u Y r o ih to lu a i' d q Y ; I

rrafl lu.lu oun?]u tnu fi'?rrriuqv Sufi '[rifi nr: ilfufi roy rrav u on0 r nu u u nl: tryu renos ouas

8i.66+t.si d.:lndrdu{fiufirory s.o riruarurt'u{uBU-r-8 fifirov s.s roicyld6fiqelurir.r frror
, ja o 

^tr! 
tn. r d - i I d ei a

s.0-6.0 drufifirory +.s frnr:lfirirora'[rirrsrnsirrornfiro$ s.s fr{q{n'jrfirot6u1 fito11u'ir.r
I

4.s-6.l'hifir.rasionr:,{aqroynuoaxo{fr'{ z aruri'u{ Ieuarur(u{ uBU-l-2 firir vi.ta (p/s) oqj
I

lurir.r 0.44-0.4s nfirromruoasionfrurirsrra tiruarofiu{unu-r-s finir v;"ta (pls) oqilurirs

1ru oa o r n lirri'u #atuiu srv iu

1fl0 s. cerevisiae mfnfifirou?udu +.s, 5.0, 5.5 rras 6.0 fiqarrqfi 30 o.lflttcratfiua lotlfirory

lrifierasio:Jirurorromruoadurinloru s. cerevisiaedsfirir vi"ta (p/s) oqj:rr-jrt o.:q-0.++

nfruromruoosion:-rurirsrra (Thuesombat et al., 2007) tteinl:maao{To{ ri'ni:"wri fioarurifi
a a 4 r - io

(2551):]Un]Un]:ytAdOUOylIl^to1,o{il[OSgtOfi1514]Jfl[OylluOA1|O{ s. cerevisiae vlyltos 5.0-6.0
9t

yield (p/s)'hirrsrnsirrfi'ufiriroqi:ru'jrn 0.40-0.42 nfrutonruonrionfrurirora ttsififirov +.s frrir
d v r u 3 ' u d t^ jUYq 9)d v 4

yield (p/s) rfiul o.:o niilroynuoasionfruilrsrra otir{'[:6srrruil?trnrtovtruoofr'[d"lndrhu.:nurL

rir:vil'irs iz.zg-76.2gnfrusioasr: rrayfr.:'hiaoondorfiu:ru{run15finrurdvrfrvrato{firos

sionr:rrintoytluoo0rnrrriuerviudru r. marxianus ATCC8554luanrvr'lfotntfl]qu

yuan w.J. et al. (2008)'nqdoufirorydrs:.s-s.o ds rorruoananlfi4lqqfifrtory 4.6 01fln1:
tq

vrnao.:1un*rdrr.rfi,u, +.s-o.ohjfiruasionr:ufflrovr'ruoa orotdo.:rurornEaqiro5ru6fifiror
t 9, lt Aa I a ai< I , 4 ,-S d d I 6 

^:nou,[1{fli]{crnurrat0:tugtyt iltory5yH?'t{ 3.5 0.: 6.5 lau?lroTilr^raaofl0fl::uYrl{s']?vrul1Jo{
d de 4 

"rrlutos'la]o:rtu'Iooounru'lurryaiildodr.:6rfiofiudgtu ourl t: tu t.rna d'tu1: CIn?uq ilfl ?1ur1rt

nr:rilduurujarfirornrouoflrryad (arin6 frruvro.r, 2549) 0rnnr:fifiroryooa{:vH-jrnr:Hrinriu
,' v - ;3 A y

d oe n a o { fl 1r fl r 5 fi }J fl roynu o a 0 rn ri.r rrfl u erv ?u n u r n ra ri u du t ao n iu sr o o n : ] n u

a n ,
S. cerevisiae KCCM50549 crnrilolanrnru'hjfi tostuil'ilnnl:fi ffl ovaanr lqur{6fl romtuoo

d.:der 36.2 nfrusiodsr:fil?or 36 6'r]ru.r (Lim et al., 2011)

s.t.o 6yrGrrrarlo{nrrAiluoruIurfi aud'arrlsrsionr:nrYnronruuuo',nri',*ufi,
lv

llDu9tv?u

n r : rer r r r o il l ru r fr o ru 6'a rr{ e} d n'r ril r{u r{u io ua r 0.02 5 -0, 1 l fl 0 d r H fn hi fl r.r a
I

rionr:roicgluri'r z arurt'u{ 6.rarurt'u{ uBU-r-2 firrorulrurfiuudnrv,lmrdru{ufouov o.t

E
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v,s ; @ or; ln, A I q d d s 4 @ t I 9t

loroilrmunlfilrflrn-[6rJrnnar:sorlou1 rrorarulruq UBU-l-8 vrrrou lutuuuryatflgtlJrutu
9'

#ouny 0.025-0.0s Inorirr.rrTn ldrirqrol6'ilrnfian rrsinr:r6rurrorulrurfiurudarv,lqrfin:rrLrdu{u
,n,

fotrny 0.02s-0.1 lourirmrinhjfiHasionr:ufinroyr'ruoo1ufr'u za'rufiuitdofior:i,,rornrir

yield (p/s) 6lfiriroqilu,frr o.tg-o.zo niruromruoasioniuil'rer-lo fr{doandosdunr:ilnao.l

tosfr'ni:"wri fioaurifi (2551) :ru{rufl'r:vrnaou6nr^r^rotorrroruJrurfiurufiarv,lsrsionr:rfin
)t

loynuoaro I S. cerevisia" turhd'urirrrriusrviufinrrrut{u{ufouav 0.25,0.50,0.75 ttav 0.1

9t

loarirurin 6.rhifiruasionlsilfnroyrruoarfioril:'ourfiurfiunr:urinfihifinr:rourtorulurfiuru
- , Aa, ro t u t v J J
#arylsrfi.rfirit yield (pls) oqiluri?n 0.34-0.45 nfuromruoosronirurirsrto uon0tnrlunt:tqtruttra.t
h s j 

' 4 s d h h t d I l -e--- -.-Y-.!^.'
tu Ia:r0uoulrru griu rrorulurfiuru'lursr:m ttav 'lfltrouIurfiuil?,loarv,lqrfrnrrrur{u{urir.:1Us

'hifir.rasionr:ufnromruoarrsinr:rfiru rroruIrurfioru'lurn:vrnd'r1#rJirurorromruoaq{n'jtttildn
'9a<dutr)r,

6u1 uonornriu Limtong et al. (2007) modount:tduttorulrutfrurudorr'lsrnrrrutdrudu
u - A - ly e )

fooay o-o.t lourjrrrinfr.rr.rrlnilr6oo6ru r. marxianus DMKU3-l042 frqruuQtt
Arda-odtrd

40 O{fl.tl.IarfiuA rrUrrlrdaruaflrOmrUOa yield (p/s) nnrilu:OUny 55.4-58.8 0tnmquA
,t9Y

(rirsrra r nfruarrur:nrrJ6uurfluroynuoal6'o.s1l niu) tuaolorn'lulsr:roulurir6'u
v t u 4d a d 'hido.rtfirurroru]rurfitlu'i'otv'lsr?t ?tlnunv?u u[]tlu.l?Io9lon15t0:6uttoenlS HaaloYllu oa0.:o100v

rfirurfrrurtsirrnHanr5mnaonror ri'niqwri o^oalrio virl#rf u'jrnrrr6rurtoillrurfioru'lursr:vr
uYa 9t v ,) Y Ut 'd t v < i a

d{[druflt:,^taflrot'ltuoa lnorrrurr:yftufl?turljUtu0s luu,"laflonl:?llJfl[ovlluoCInalucr{u

rir yi"ta (p/s) 0.45-0.s0 nfruromruoosionfirri',*',u 6"rriud.rfinrrrurjraulonrnfinr:finur

uu,fiud,
a a a v d lt v '" L v

5.1.7 ontrfl auoilnl:tglu0l: dnoolnufl grnonll?lunlonluoaolnulnufi ?

uflu9tv?u

n r : rfr ru a r : afifl o r nt a sifi : v d'u n rr u r{rL du io u a u 0. 5 -2. 5 I o orirv rin d r u

, A 6 d ll v 4d94 ^ tr J ' a qYa 
" 

'
fl(rrfl5tuflrir0:rulro{udeifr'r z arur{urf1#finr:ro:uy{rr1,utravo.:siruci{rairut#rfinnr:ldrirsrra

9t9v

ldrirfiuloruarurt'uf, uBU-1-2 frar:afi'nrrntarir{rudufouas o.s lqudrHfn ldrirsna16'
q

' - n i u a A v 4 49 Y I Y e

ilrnnlrsyeruoul rrarnufrur{ ueu-t-s fiar:an'qornEasrr{u{ufouav t.s Inurirrrin ldrirqrra
tny i o i o v d dy * J u 4 ra
tprillnyrdn tutruylrflr:rauflr:flnqtrfluflgr:ouayz.5 tFruurfiunfir]irurnrrovrruoalJrnfidaluqc
Yt
nudtAa4rtddytn 2 dtuiluqtlnlrioTr0r:iutmnt Yield (p/s) l^tu?'tn]:r9rud'1:dfl9rttnudniln:v9ru

9, 9 agtt q 9d I a, rA
n?lUtUUl,u tfinl Yield (p/s) lnOtnu.:nU d1u}IUq UBU-I-2 UflloU1l 0.20-0.29 flslJtoYlluO0nO

Yrt,

nfirrirsrra lutaryfrarurt'ud uBU-l-8 firirotifi 0.18{.29 nfuronruoasionfrurirnra 6sfinr:tg

@dlAahroel
ndtrirar:arlntrnBasi (yeast exrract) rfioro^ruo.rlrJ1uornr: drnfur.rrinfirunh?nr:f,ufrltfrolorn
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qs4groclrlaaq'
rr:.touooa tilrydaquoud$ (panchal, rqqo) yirl#il:yfinf;nrvrlunr:tdrjrsrrn rtovru6ntoynuoa

19Yt

rfi ru fi u niu rG u?flu n r : yr n a o r fi fi r r u r I riru 16 or6'u ri'u nr : m o ao u n r : tfi il il : v fi m Gn r n n r: il lifl

loynuoolruu very high gravity (VHG) lnu S. cereyisiae ]flut6ilar:afioorn6aai'ttautryad6dei
j, orufla s s r a 4 o io - a.d)
fi Ei ru nr: aurolysis h{ldlu let: mu 0. 1 4 1 fu asiofr n: tfi uufiuqnn?uqilfi t6ildr: afisr o rnBarifr

fi'lulsr:rouriu6'u o.o+q lilasiofrsr:6rilu'irrfior6ruar:a6'nornEapirjirurorromruoa ttav
Yr,agt5 A e a dt u t a t'

ntslfiltataryrililtnuu olnEon?uEU 85 n:ilfl onn: rilu 1 03 nrrufl ooes ltetFtl yield

ndu'hiuqnoixornloro?uqu iirun-r:rsrrur$adAddfiritunt: aurolysis ntsr{Aatomtuoarrau
lq

I

nr:ldrjrqrra'hjrrqrnsix0rnnr:rgrildr:afioorn6ap{ (Bar*.ova et al., tg99) rdurdu?firnt:
t9

ufinromruoottfl whey fifirirsrrar?rudu too nfrusioosr:I eru K. marxianus ytetclolJ6mfiltatol

uddtaflr: dfler 0rnudslrll:'uurfi oufi'rrroru]rurfi urudo tv{qrttav flr: rqilar: afiq0tnAdeii?ilii'u

r ro u l u rfi uruda rr{ n d.: rw'i r n r: m fi n fi fi n r: rfi ru ar : a fie o r nta ri to? tuun fi a n t ta v tn drd us fiuUT

a q a dr u s o ' '
ntsretudt:dnn0tnuflet:?uflurrorr trrruuild'ory{n 6.rfr'raorfinr:ro?ru1d',6n'jrnr:ro^ilrail]u

rroillilrfiuru6'aryln (panondo et al., 2009) lunr:finurntitglud'l:d;ro-.liooirirnr:finu'tmflao{
,,

nrfssio,IrJor00ye{o{yrcrdornr:16ildr:afinorntrapidrrufirrrmri.r'lulsr:roudul tfr'ort'nrurnr:
v aYd t a a vtY ^ i i

fi u fl r ovr 1 u o a lil il il : u d vl 5 fl lvl t la v I 91,{a ruan [o vl 1 u o a m d.l 1J u
v:Lvr-f,as.rtv

5.1.8 nt:fi untonluoaornulnum?ununv?unqiulrQxr g{ l gruudgrYlul ou

K. murxiqnus orufiu{ uBU-l-2 uav uBu-l-gluff{ilffntlurfl 5 anr
vdrdc'e

arur[u r{ uBU-l -2 ro?qodx: rfl r;']n'rulu : v uv r'larrfi u'r t t #rJru.r 0rnfiu
o A ia e

n r : r 0 : Er: u 0 y fl n n ru n r : l dri r n r a'hJ So u a v'7 3.26*2.1 6 r ro u ruA n r o yn u o a ( { q q r{ru {u io ua v

8.46+0.40 Jfluiliurn: frtror zs #'rlil':d.:6qrflurir vield (p/s) 0.48 n;utortuoasion;iltf'lr',4
tvg4dard6ld

rytlnu5ouax %.93 nrrimqud d?ud'rul^ruq UBU-I-8 r0:Eoul{5?9r:?nru [u:uuet?artnun

ta #rlrusniurGurriuornrfunr:rrSot?ruornld finr:ldrirnrnlilflouav 81.16+3.84 rravruAer

9 el , 
" 

s , ,s .i^ dt r

roynuoad{dqr{il{ufo ilay 1.12+o.oz lnuil?urn: fitror zs #a1il.:fiinqriJurir Yield (p/s)
$q

e , - ! .6 lvy d
0.45 n:ilroYnuoaflofl:uu]flra ry{lvrlflu5ouau 88.06 fl]ilvrqu0

.ia
R.r d o'j rri r yieta (plsl fi 1 dei r n'i r n r : n fi n r o vr r u o CI 0 r n #r r r ri u sr v 5u I q u

K. cicerispo-r lu6'ryriflturo s nn: fildrirsrrn6rL6'unerur{ru{u zzo niusiofin: fiqrun4fi

30 o.:flrrerarfiua dsr:rnl:nufl?u 300:oudourfi'luanrrvlfoonfirounu'ir rufisrrovr]uoa'ld
y 9) 9t L s a dt I 4 d

d{dqrdilliuiouov tz.:o IourJi}na: fir?or t++ frlrL.r norrflufounv 96.s flrumqufi rrovilnr:
9v

ldrjrqrrafr'rrilqSouar 93.6 (Yu er al., 2010) rrrifi6o'jr K. ntqrxiatrus arurt'u{usu 16'til;uu

lu16orqlornrsH,inroyr-ruoadonrnnfidn rrei,{onr:vrqao{fifi1ndr6usri'unr:ilfinrovnuoa0rnq$s
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ri'rrrriusrviulnu r. marxianus yxot nrinluti'wrrintu vr 2.5 fisr:nl'irnr:b?ornrglu:vuu
o q e, A ct - J lqgr! 9 I a a t4,
firlfnr:run-nloynuoaaon{lun15fitJnnirulryulflra 235 n5unoaets runmlovt'lu0d tflq{qn

I

luanrryfr'hifiornrnd.:ruanromruo d 92.2 nfiLrionsr: finrflu 0.44 niutovnuoaeion;urirs,ro
A9

u5ofooas as.s nrruvrqufi (yuan et aI.,2008b) d{6o'jr Yield (p/s) lndrfiulfiunt:mqao.l

^ !: ta oa ! J u I aluni,rfi fr'ni:"wri fioaurifi (2551) yrodounr:ilr]nrovnuoaorndrdunrttriustviuorn

s. cerevisiaeluti'.rnfinrurer 5 fisr:fifirirsrrarirudu 3I6.50 nirusio6n: dn:rnt:nru
r di o o '

100 5ouqoulytytoilr14flu 30 oqfllrryarerud rru'irldrirfl're'Lil zlq.q+ niusioasr: rrauflasl
t{

u t A ; L s 'i ^ 4
rovnuoad{qq n4.42 nfrusioa=sr: frnar :6 ryr lrurBrnotilunr Yield (p/s) 0.42 n5}Jrovlluoa

,tj a ,t 4 4 a q 9d
sionirudrora ilSormtnu5ouas 82.35 qlruylquA ry{i}o?]fi] Yield (p/s) tnatnu{nUfll:mnao{

99,/

lunfsfiuonornfu fr'yr eiouaflou (zsst) modoilfll:trrinromruoairrfl z. mobilis luti.:urin
9r]9

lrurer s frsr:Inufidrqrariildu zs: niusiofiq: firoryriildu s.o trovilirLrnrrdotirLdur{rL{u
,

fouoy to lquiliilrfl: flu'jrfinr:ldrjrsrra'lil tso.zo nfusioa^fl: ttovHAflromtuoa'ldq{qet
; L s i o dt - -:- ^-

75.79 n5iletOan5 mr'la1 ro ,fi'rIU.16.rfrorilurir Yield (pis) 0.41 n;rulovlluoneionfilrlrnrn
d , q e oa e r _ Gt- _& l+-.-!:^_

USOrvirnlj5OUoe 79.85 nlilmqUA cr{uOUn?lnl5mqaO{ tuns{u0{[tlJ?1fl-l:14ufl1,o{
vA { qvd t v t 'r lddasiluanaK.marxianusttZ. mobilis ovtnnttu-[91t5?fl?l K. marxianus d]UllUt UBU ttanl: 

e

ee'oi
n?rilnrrJrudulunr:mrinroynuoa0rnrirfium"'rrrriunsiufiqnrfifludntuo{01fldl}Jt:rtt'trinldqta

lsrosr:.:'[ridow.irunr:tioudaun:erriorou'lryririoutnfiourittriunr:ufnd 1u s. cerevisiae Llrry

Z. mobilis

vq
5.2 l'Otfl UOUUy tunl: nnOO.rnY.rsio'hj

j a I !or, o '
luo{ 0tnn15 flflu lfi: {uilr orlfio 1u rio.:1,or: vuvr?a1[rav {ruil: vurru6.rf,.rfi6n

rnroiloi'ufr6.rhildvirnr:finur r,iu nr:rfiruornralurjirursudtuurvaru il?rrrur.radtiuriufi

n{rJrydu i-ru6{nrsyrerdourrl.rd{'luIn:rrufifiolflHarun'irrroru]urfiurudarylsrviod-tidtiq
a?rs

ornEasi r,$u rroulrurfiuru'lursr:yr fifrnr::rolru'irri:urirrairunr:rufimroynuondln'irrruds0

,i',ddufi o r.,rurirau 1o1u nr:
o4i--,iooo,

u ril r fl fl u'l [u 0'l 0 tfl ]J 0 ourH a I u u ovr r il a fl o nl : fi lJ fl lovl ]u oa
<dJ'hrr,d^dlt

rroy H rnu nr : rrnu rm a o os 1, u ei o 1 il o r o t s do rfi nr : ?rn : rv ?r o { fl il : v n o un ru'l u
u av 

e e 
I a I '

1{?rrflusti?u tl{utnn'j-rrrrirlirurorrjrnrnHio'lu]n:roufr'rrrun oroosdo.rirn:rv#ar:6u1
9 d r zi 4a t 4 - , j 9 o v I
druru: rsosnil: y nou6u 1frfrHaaron-r: fi fnriurdurnurrsirfro.:o rn{oo rnn6ru lurJssu-lol

1!.^ ld 4r ' I
r r a 3 r ? a 1 fl 1 : m fl a o { n :-q fr i I i rn : r v * tt^t 0.: I x o I n il : v n o u tvi r f u
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l. Yeast extract peptone dextrose agar (YPD agar)
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4.2. 1 .2 irn : r v #rJ?u tfli to yt -tu oa 6'rurn5o.r gas chromatography Iq ufr fl

6'rotjrsr]irursr: t 'lrLIn:fisr:]qul#flnt?vrto{tn$ol .olu-,l oven (100 olgttryatfiua)

injection port (150 olflrrryar6urf) tlav detector (FID, 180 olArtuarGua;

" , j i"y
4.2.1 .3 u rn r fl u yr t sr n : ryl fi 1 d'l u r rsi av n rr rL r{ru{u r o r d-r : o v a r uro yr r u oa

grrrAc)rsi
uln:ntun'llurflu1uFr1{1 9r.l9nT]{Rlnm 16 uldt-1.ln:lv{ulgnsluo{n1?{vl 1,3

yyl)
ronluoatuill,u:ouav

t Iourfirursr:

druIn:6sr:)

rirnfi'u

dlruIn:6n:)

fianruoar{ru{uiouov

t louil3rursr:

druIn:6sr:)

rovnuoor#ruriu

(iouovlosrJSilrnr)

100 400 s00 0.2

2AA 300 500 0.4

300 200 500 0.6

400 100 s00 0.8

500 0 500 1.0
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t9
d a dq9)

n r: l{n r.6 ?ru yr tn n: rv'lt or ar5 ov aruto}nu oailt Fr: I ru n :rrrt{l{u rixl

9r9r,'-e: fiufildn:r?,hovnuoa **B: fiufildn:rvlfirvrruoa *** ei11qfi6ntflnt:Ylqno{ 2 "fl

(6
(o

=r!(=
(E
@

F
@

=r
C)6

-G
a{F

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

0.2 0.4 0.6 0.8

lollluo0 (fhvlv)

1.2

y:0.6186x

Rr:0.999

nrild u3 n: rv,Lovrlvnu oaulnr o ru fi ldri lu ?rutoll ru onfi irn: rv#lqurndo{ cc

a lu t
4.2.2 n}1-ilfr: rvlrgr?oulrl

4 v I Y ! - qYvY Y Y A
4.2.2.1 r00 01{9r ?oul i9r ?uu lnRu t ?t t9rfl?-lurljUlu ro}11u onmtil ul3du

toYtluoo

(iosovlourJ?ilrfli)

curfll cDln2 E/B
d

toau
E* B** E B culyll cut?12

0 0*** 0 0 0 0 0 0

0.2 32149 237018 29917 236578 0. r 3s6 0.126'7 0.1312

0.4 59350 235698 s9482 23537 1 0.2518 a_2521 0.2523

0.6 81038 219891 82366 223359 0.3685 0.3688 0.3686

0.8 10571 I 221116 I 06028 216770 0.4781 0.4891 0.4836

1.0 148993 238153 r 49385 238186 0.6256 0.6256 o_62s6
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4.2.2.2 r"r au 6'eo ti r.r soo'l ru I n : fi qr : ri'u fi : m I u o a n ? I u r{rL {u io o a s t

Inuiliu rsr : rjirurqr: soo lruIo: asr: r rdrH arul#rdrfiu

4.2.2.3 irn:rsfrJsiltflrtovnuoo6'ro,oiuu gas chromatography Iqufio

6'rodrtr]?trsr: I 'lrLIn:fisr:lquldan',rrruo,odo{ column oven (100 olgrtryot6ud) injection

4
port (150 olarrryarfiod ) unsdetecror (FID, 180 o{f,trsar6ua) udrrir{oryorirurnrurilirurnr

I

ro?]]u oo 0tnn5 tfl u1450 lu

6 dh v A
5. Rt:ltnttyriilErutrutoilruoa6?utn5o.t nign performance liquid chromatography (HPLC)

nr:irn:ry#rJirutnrrovrruondat,,odo{ high performance liquid chromatography

(Shimadzu, LClOvp fapan)Ino1d nod'ruri Shodex SCl01l (packing material: styrene

divinylbenzene copolymer sulfo (Ca'.)) Anrrvfild6o column oven (80 o{f,'llcraldUd), detector
9t

(RID Detector), flow rate 1.0 fioafisr:siourfi rravldrjrn6'urflu mobile phase

5.r flr:rnfi

rovnuoafl ?rrLrdru{uSouav I 0 lnuil?rursr:
9t

rirnd'u
a.a

5.2 ?5nrr

5.2.r nriln3uilollCIva'lulonluoailln:gru

du u 
-, 

n n',r,ri uru a r : n v a r uu rer t t I u I rr ul dro vr ru o o n ?'l u r{u {u f o uo v

1.25,2.50,5.0, Ira& to.o lourjiru]n: nio$r^irun:vorunio{uurel o.+s '1ru]n:rusr: fioritn:rvr{

rJirurruroyrruoa:Jirururoynuoad?utnios HILC rJiurfl: zo'lruln:frsr:rrflrrir{orynfiufi1d
tYr

n:]Y|il1d51{nt 1Y,{il',]A5 S 1U

.s.2.2 nrrern:rv#6'rodt.r
I

6'rodr.rn: oq r.iru n: r n ru n5 o{lJu r9r o.+s'lrL]n: ruas 0rnfiu ri rnr: fi n

irn:rrridro,udo, f,lgn performance liquid chromatography (HPLC) rJiurfl: zo'lrL]n:a^m:

ri r u r ru rli u r iu r o yr'r u o CI rfi uu fiu n : r vl u r fl : n ru
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(G
@

F
e
=lr-caG

-r=

"tr=

1.00E+07

8.00E+06

6.00E+06

4.00E+06

2.00E+06

0.00E+00

46
IOYIIUOA ('hvlv)

t0 t2

y:891035x

R'z:0.998

nrfl d u.4 n5 rl,hor ru o Rlr rer: o ru fi ldri ru ?ot tovt I u oafi irn: rv rilo urndo I H PLC

6. n:rr.lilrn:gruilrvjrsrirnaru{urlo{r.uad (oDseo) ,,arJnnrln,sodu#.rto.rdari

j , ! q d \t -- 4
nt:tnn tl.7 fi'tft'llulu1,onlexnn (Oo.p ltagil'lHuntcront[?t.11o.1 K. marxianus d1ul{uf

UBU-l-2 rrav UBU-l-8

UBU-I-2 UBU-I-8

i-eY
utflunlryCIallm{

VAAA(n:il/ilooan:)*
oD.ro*

ouly
ulruntcrooil?ln

VAAA(n:il/iloaan:)*
oDrro*

0.00009 0.20 0.00004 0.20

0.000r 3 0.39 0.000r 7 0.39

0.00024 0.68 0.00025 0.67

0.00063 1.62 0.00050 l.5l

0.00r t9 3.48 0.001l9 3.45

0.00555 16.2 0.00545 15.61

l,
i4* fltlQnuolnnl:11fl4o{ 3 GI'l
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2.00E+01

l 50E+01

1.00E+01

5.00E+00

0.00E+00

0.00E+00 1.00E-03 2.00E-03 3.00E-03 4.00E-03 s.00E-03 6.00E-03

tovlt

UlflUnll?l{ (g/ml)

jr,l,tJudY
: f,i1ilfr 1.5 n:1y|il19t:$1U:Ult?-t.:fltnlrululJ0.lrclaa (oD.ro; uasulilunlGtrnatlfi.11,o{

K. marxianus dlUflui UBU-1-2
a

6

2.00E+01

1.50E+01

L00E+01

5.00E+00

0.00E+00

0.00E+00 r.00E-03 2.00E-03 3.00E-03 4.00E-03 5.00E-03 6.00E-03

i-1,
u'lfiufltlfirl (e/ml)

-je
n rilii i,.6 n: ry{ru rn : I ru : s n'jxri rn ?rutu (oD.ro; uar drfi fnrryadrr#lt o.r

vt
K. nnrxiqnus dlUflUI tlBU-l-8

e
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Rln9{u?n n

nr:eto:rvridoryovnsffifid'ruftJ:ttn:il The SAS system for windorvs v9.0

lou?[ duncan's multiple range test
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nr:atn: ty #dorua vns oB 6 sYauIrJ: ttn:il The SAS svstem for windows vq.olnuiG
I

duncan's multiple range test

t. ffaotixnr:iro:ry#{oryanr.rofifirituftJ:un:u The SAS system for windows vs.o louif;

duncan's multiple range test

a lil oaiqro a a t t : a I ,
nt5arns rsridoryavrr.:ao6fil,fflurmorunuf uiuiluner'?otjr{nr:Jrn:rvfia6flfrIo0

,,99
o 9, q u u a a /ia t a a q v o

[,f n r : m q a o n I u t u n ou n r r no rn on u dn ytu il : u dm r n til lu n t: H r nrolt tu o a 0 ] nu ]n u
uddtia4

1.r ?ilnuav?uljo{udfl nqilm I rfl orljust?ou]{
vdyv9
i'orrE uldo rya 6'.:q r: r { si o'1il fi

i v e j ^ de
nr:t{fr n.l nrsd'ndoryarfioTrn:rrridoryavrxafisr^dro}Jirrn:u The SAS system forwindows r9.0

4ul
uo9tl0ut{ cult,o{nl:noaoil

n?rilrrlilr7uloYnuo0

(iouavlourJ':^ilrer:)

UBU-I-I I 5.094

UBU-I-I 2 4.492

UBU-1-I ) s.495

UBU_I-2 I 3.694

UBU-I-2 2 6.1 35

UBU.I-2 3 5.259

UBU-I-3 I 5.581

UBU-I-3 2 3.992

UBU-I-3 3 5.241

UBU-I-4 I 4.418

UBU-I-4 2 5.512

UBU-I-4 3 4.915

UBU-I-5 I 4.65

UBU-I-5 2 4.848

UBU-I-5 3 5.498
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rfioiro:rvridaohJ:ttn:u The SAS system for windows v9.0 druiG duncan's

t

mutriple ranse test o v l d{0 ry o 6'{ CI r : r.: d n z d.: o v G o{ o r nri r rq d ufi ru r n fi qor hJ n rrio ufi qe

nrir{fi n.2 ruont:ern: rr#{ouayrxa6sr-dro]rl:rrn:ru The SAS system for windows v9.0

4',/^d
14u-lU[14Q: A flO fl1n150OnQlJ91?U?I duncan's multiple range test

qq

-.rn 6o rirrqdunrrrrrdru{uro.rrovnuoolil:rrn:lovriu{doua0rnrird.roolrJriroer
{{qq

I
4oo

N no 0tu?ucxl
ai

TRT nO SOgt?OU'1.1

jj',q,d-Lj,
fr.:ornnr:xfr nz nr duncan grouping oqilun{ru e rrfiouri'utiurruronrrilltnttqAuro.tttnCIv

nrirL6'rotir.rfirirhirrsrnsir.rfiuodr.rfiriutirri'iufi:v6'lnrrrut6oriuflounv qs
to

a

a

Duncan grouping mean N TRT

A* 5.0293 J UBU-I-2

A 5.0270 J UBU-I-I

A 4.9987 J UBU-1-5

A 4.9683 5 UBU-I-4

A 4.9380 3 UBU-I-3
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