PRFAESA0E. el FRdustiens

f\e\

TIHITUITHRT UL 0L

Tavanay nyasfialginaasimwrnta lelaalaoisnosmwain

Production of Xylital from Xylose by Fermantadtion

Tany @ilaad A3dumionis wasznme

AENZIA W.A. 2543




k Anprisnd POREAE540

ﬂu-ﬂﬁﬁ’ﬁaﬁﬂm@ﬂi

Wsny noeRalafnesemiosn e Tartaniinsiin
Froouction ol }EyIlTnI Tresii K}rlimrm By Fermentaiion

ainize T
v bl Finusiione rodeienelulsiit now encesmmnmmness snssseiand
% ARSI rovFm e UTERF i A eReriv e 1 i
3 WTEEunT aswii medeunalulaftinm PN BRSPS S LT e

¥ A wHASWA Qs mwmTren lulaiT I nisesn e nTna AL e ans
G Peof. Masaleshl Matsumura [nstite of Appliad Biochemistry, Univarsily of Teukuba, Japan

[l rurwlais N peiau e

'L AL TS wurE AL TR



il ||
fimArssidsend

losimsidtiag modeladmarndsealzlasladiinln WionaionEnees
wnnE R IE IR FRURSUITT D (ann] duwessalisms 3 0 Awefil 1 Reean
2880 fgduf M1 mnginy 2543 peeulelisavtunte wro AN e
mf}*hﬁL“'-'i‘itiﬂ'?ﬁftﬁﬂ'HMﬁﬁiuﬁ wrpesnnFTrAlulebTimm bR
LT TR R T TR TR 'ﬂlﬂ.‘r|‘m._-rf|.han*uﬁ'l:aalﬂm'iim"'mqﬁmu:ﬁ'ﬂﬁ-ﬁﬂun'm’m"lﬁiu'luﬁ:J
U TRINANET Iammw:ﬁEﬂﬂaﬁmm:ﬂ“ﬁé‘mﬁqﬁﬂnnhu*ﬁ'uﬁuﬁ Prof, Dr.-lmg. Menlred Rez f
e luud iR unseivaennifofaissann

s an
L]

T nngee 2540



i

= = ==

=

_ = IR

i ==

L ]

=

@2
| UNARED
Frrtpnasf PLFIERR2540
Fulnasrms rrspfiatrinessmis e Taataas Snasndn
s bl Riduadons g Tninky wwed Saanis’

st Masstoshi Matsumur

" inwfirnnniklaBnm esconmnnTTinges
uRTInETIIn SR SEINT A{any 10800

Int o78-B003, 572 8521 Inivrry 579-4098, B42-8442

" Instlluls o) Apgiied Bicchomistry, University of Tsukaba, Tennods| 1-1+1
Toukuba, Itarak 305 Sapan

i dae enisslfke e th
U TIIRTINTY B f1 Bewane won. 2548 - 39 nanginu R 2540
anilasnod 1 Anersinasiiassacuinrd s amsfomdnn i lfnes

& ﬁnmnwmh'tﬂﬁanmuimﬁaﬂrquuﬂuumnﬁ'

o Ande ranieleBnonfrustedraniman o wimad
iy Angsitinafinssan iz Candidd mbgi ATEC 10364 duindimedy Wl
werm & e fgagE 20 6 kenedeiulelamisdn 50 g (' moWereRlemm e
anrawiain mﬂnm‘nmmquuﬂnu'mmmiﬂﬁnm.uuuulimﬁuﬁzuuuqmﬂnumi muld
mefiemeat Arasnaasndiiudin fgmnnl 305 was pH 5.0

porvReReE  Cantiy Mol ATGE e mu'[huu.m'himn‘lﬁﬁﬂ 45 waz e
ey Salwaa b rinmaoiniy 055 g o " iRl wes 07 g p (rendoniEaing
1mmHﬁhhiﬂaauhuﬁalﬁwﬂwqm‘imrﬁ dnpadnyifaieguein Wil ety
VR ons (e e um‘lﬂuﬁ:#mhmmrrmimnﬂ-uﬁnﬂmﬁuﬁ g une 1Ao7 [EAne
Fans m;r-m*:mrﬁquL’ium-mﬁ‘-'-'lEwmﬁiimg:liﬁmmmﬁnhﬁﬁnngmfh_mmﬂilwniﬁmnn
33 o uesgsmhnmaiw isRnamdudings 52 oh

munsira rnae e mUineT T sainiiv 2 e fo Arsiaeean o4 45 (onmeds
Whoms) sarmsiinleivaed pi g0 Eenfeadaiey madinglasii Wi Pl esmssrnms
HER R REs R 23 50 e BRA2 4 ﬂ-:ummiﬁ"hnnmﬁa;ﬁamumummnmmhmr
BETTIRUTION 11f§qﬁﬁ'um..rmnmhmtaﬁnn (4= 00287 g ]ﬂ D= 0067 H =050 uss
Serrmin bmamesnSnesgign (@.= 06091 b1 o =cesr s R=078

TaBURLuS mn%ﬁifmulwﬁmﬁmmunqmﬁmhmﬂﬁn-nmmiman*-umuiﬁﬁn STE1TEEN
umaﬂﬁnamﬁumﬁﬂlﬁnmﬂnm.mmm uiunuﬁnﬂwmﬂmmwmm pr iyl
ﬂ‘l'iuiﬂ_mnﬂﬂnmLauhﬂ*l'ﬂﬂmﬁnmﬂuﬂlﬁm&ﬂﬂmﬁLmﬂﬁimmhmnﬂﬂmmaﬁhihan
ulumssitaWainnmnialvivosfitussamsademmiElasmidly

el lefnas, Candids mogi ATCC 18384, Talss. wudineamisniineas



n

= [EE =

ul

Il

I N D N & D o

Il .

EH
Abstract
Prowes This Produiction of Xyllia from Xylsss by’ Farmaitatin
esstigaturs Samits Sirsansanesysil Woest fochamps” Nann Ruangpani’

Supapong Bhuwapathenspdn Masatoshi Matéusmrs”

' Depariment of Bistechnsgy, Facuily o Agro-indusiry
Fasatzan Unersity, Chatucnak. Sangkok 10800, Thaikand
Tel G79-RO03. 5746521 Fam 784098, B42-8447

% nslitle of Sppisd Bochemesiny, Univarsty of Tankobs, Tennodal 1-3-1
Tsukuba, tharski 305 Jdzpan

F-mail Adress sEginaiEkL e th
Progect Paricg & years (AUgUEt 1887 4o July 2000)
Clbpmctives | Sfuly mr ph and inoie model e pH affecting Ryitl prodiction

2 Slody-en conlinuous producton of xyilal with eefl recyicle

4. Kiteudie: srescdulling of it peodieson of xyliey
Methodolony  Congide mogn ATGG 18364 was ussd m both batch and conlinustEs sulfure with c=ll
recyeds for ol produclion bom Dhxyloss undes geechle g veeygien-limited nonditione. o bekch et
e aflacts of pt) (30T 0) on growth and oyitol productsn wers nvestigaiod Wil on ol Xylose
conceniration ol B0 g | and 30 ‘C In conlibusis dhire Wi gl racyele, wpiitnd procucnos wos
Fviessigntied udet o7 somtdled oh) 0 and 30 76 wih @ foad syl conmtation of 30 g 1 ol B = 069
087 ' wee e recyeie ration (R) ol 0.50 ahd 0.7,
Ruaytty Canedirtel mesggll ATGC 18304 Kund by ophrsal growth and xylin] formation o beksh cufure
a1 pH 4.5 and §0. respaciiely, An 8 resull the xyiol yickd in ddvobiv and oxyonrn-Emited conditiens wians
055 wd D7V 1 g ru;mtlﬁglr I condindious cullurs With eall racyele, an dacresse of rcycn mtio (),
mereased B bomess ylald 1,70 mes undes asmobic condition, wiille thea xylitel yisld and moductivity waio
nituasd 3 et 1 5 Gimes ol aygon-lmihed cenden 82 sompared 1o =|::!:-'1I rocyuling kystam with low
cell ciansidy o fo batch cublurs, the cefl recyoiing systesn with bigh call dansity srhanced e produciviy
of sylilcd 33 and 5.2 kmes undor oxygendimiied condifon, fespactively.
Dmmmissiondt Cunclusslon In taleh nullure, the produstion of bopmass and xylilol sheuld be perbrmed at
pH 45 {aembic] and PH 6.0 (Cuygen-miad ), mepetyely. Ghioosd fneding Fhproves bafh syisal jiskt
£3.56%) and produtivity (5882361 10 oxygen-teniod batch calture: In skygen-fimited contevious ullufe
wilth ol Necpeie, rsimmim specili e of xyitel production (U = 0.020 y 4 "h") wiss obtemed wt D~ B067
Ho=na R = U5 whils madimim velimets prodisty (O = 0160 g 1" 0" was found at 3 highsr
recyclo ratio 7 =076

-Sugusstion! Fartrer Implication’ Implementation In cnygen-imiled sontinuods cuiture with o=l recycls

il productivty ==n ke imumyed with tsing highes sl ool density and glivess = cosoheiets The
swioy of musceluiar xywee reductasse and Xyiiol sshydropenzse afletting Kyl formation & necessany to
eyt suctured weodal deseriting the produciioe of tylicl by (epmignlation,
Kepwoms  wyliol, Gandida mogil ATOC 18384 syinse. kinstio madélling



= = = = =

m=_

1i

= =1

=N eEEm

(4
i‘ﬁ-ﬂﬁ'ﬂ#ﬁﬂ
(Executivs Summary)
Fgmpuai POFIEIZSH!
Felasay -mﬁﬁﬂ‘ﬁﬁﬂﬂﬁ?ﬂﬂhmﬁfﬁﬂhfﬁﬁmﬁﬁ
e bl Wdustiogs w5nE Intvh whing Geavniy’

A e Mosatoshl Matsumura

" i lsTER e R s

wwianenisnsasernd anlns s3smie 10300

v, 579-H800. 579-5521  Tyim 578-4006, B42-8442

* Institite of Applied Biochemistry. Univarsity of Teukuioa, Tennods) 4-1-1

Taukuba, |Barakl 305, dspan

Tal, D298 (53) 6E24 Fax 0286 (53) 4605
Bud (gl e i
wgmmmbnnn 30 [ Rawneu we. 2540 - 31 rRND W 2543)
Tumbszwad 1 Anunssensamuschuwist e s nvynin leinesd e

2 fmeimysanisineseouwsilsmznmayioignd

3 g uin leiveudanaa o imisaiam wmd
ITATTYGan |

AL Candidn roogll ATOS 15384 LutiBwids Wdawihowm 2 ey thenaw
e 196 Jadlin wesewemwisSs 135 Fi ﬂﬂnﬁ'tnp 10 nFideRns Wielelan S8y
sains witmumnzilosfignogii 36 esrmendon faTmamm 1,000 seudewf feris
IdEmin. 1.0 v wheRinmyRL 50 Wiviaws 24 Talus nmt'fumlhlnﬂﬂiﬂﬂmiﬁmmﬁu
30 rinesEnr undiufwmesiednludadiveudnrsmaseadly 30 40, 45 50 6D
uis 7.0 mvneRiathinsnsesmawiaie el larmsinde 5 nusblior Sndulelasin
nidtidnrdidun 50 nduiisles Wrmwndssiemuldnvnstitnssndsula S
ne 300 sauan i wazdarinidlietnie 0.3 wm
ssmEEsutdnis S e (i 1) it

ylrreseey 24 £3lnauds 'r-’nnﬁﬁﬂuﬁmmﬁumﬁmﬁﬁﬁﬁamﬁﬂmﬂMu R} tisfy
075 wis 050 meldr =l imethafisme (sembic condiion) SI0BRTIMSTIY 000 i
dgsod gevirnliern 10 wm wssmalfmsiviagen®eu (orgen liniing condition) Fu
FRTINTINGY% 00 4auReeTh umﬂnn’ﬁhmnm 0.3 wm ua:muﬁuﬁgmﬁm 30 ssenemEw
ey 5.8 aumsE s B s ias (steady siate) Tatthmae R
uﬁm'li.mnmmnu 4 o



—
e

=]

= | = —

1E

s | R |

it | rl'*mwmﬂr;:uuuimﬂamtﬁﬂnqm’inmﬁﬁ

HENYIYE

iR LN Wik Casdida mogil ATEC 18384 18U launeslie lefnouls
ARy 45 was B0 mudidy 30l l=inem (Ya) Tmeiifienrussnnendsantia
AR 055 and 071 g g’ widdl evrinsnysme sl o sued s v s o e
ilfaErudniwnsifemisnsdiuloussnrhnleines ldid

A idenaeg L3 sl

de, 043N L, c
Al we ke T
059, |1 !

[ j| e 'h:urlr;l’ i J

25 - —[ e 1433:-*}!]‘!:]

it HATI

©, ome,
R (P

0 T 11 i
mysirmaindivu
&y, 0.605- ¢, .
o 765+ ]ln Loy '“’“Dq} 1
Kooeig 1P

!H:‘ B L, ’ =3

e _[ﬂ.uﬂﬂ' J

ac, bsec,
1

v .
i0’ 115*:4:11]
27.57=C, ( =

'E 3., SR TN Uil ]



i |

= =N

I.l—

Bl R =0

==

N e

16}
Imﬁﬁ“ﬁﬂgﬁ;mﬂuﬂmﬁﬁﬁmmuqmﬁﬂmmﬁ mwldnmdlinmesiafisss GO
sREETIEIATITAYWIOREYT) 0,75 iy 058 ﬁﬁ‘iﬁ‘i_:ﬂﬁ':ﬁﬁ‘gﬁfn. 78 wit EmarseRdTTEnG
TEwimiERaEnn 076 e 0.50 st trmeaniay e ldled i ne i
AR SRR A Jas 1.5 iR nﬁmﬁﬂﬁﬂﬂﬂlﬁmmmﬁumnﬂﬁﬁaﬁiﬁu
éugs mulfinnsihiasandie h‘L&'ﬂT'ﬂ"ﬂ"iHﬁﬂiﬁﬂﬂHWTTHJUHHHﬁHHlﬁiﬂuwiﬂﬂuﬁu
¢ 32 ol usmsrhiEnmmEn leivesssmsnaRsauudinats 52 o weawesn
'aiuumw‘ér:'[-umﬂﬂmﬂEl1ﬁp{mammlsnﬂyﬂyawnﬁﬂsnﬁ;w%mmhn.un_q
nievriaTrnTEanafarm melleles wesnsiialefines ol

de, (nmaic

L1 1391+C,

%—: = olef -c }-[ - +00653.C ]
ue:, 047350,

; z DE e

i *TassIaC, —%s

amdummiin insnesielsinesodnsdanul i eendiilainmfo
nplra g lnsstmasmsn g laloadumadulassenfnensslaouled
NADPM wostafliwiBomalnmiu b iisalius@nrinmlarafnemfduld 2050
usr 5882 % wivd1dy Tnuneldbeinesdldfntu 9564 % vasdmald inesmimgus
i Gyyverl

nTmwEEnnE © mogi ATCE 18364 mmm:ﬁufnuﬂvﬂin‘h&naﬂiﬂ
maldnrisfuiniuie Taismmmiulebvegeiie poas 1 mdldrei
sordisuivtion 4.8 dnnsdelineseBe @ o\ Smisriniananson Fey 5.0 Weald
Yooy 001 niuledroadendilales fadu 77,86 Welimuduemnstdmumms Snis
smafursiinleiverlunrsneGushsinanneiondi 2 ssus feduvinmy
arcinsiafiuemsiifios 4.5 moldrciemnanafioms AodtnBirosgad sy
SamanFufmanldifie 6.0 melfmaediheandion Ramada lninosdaly

mwml.wmirnuﬂﬂn&mﬁmﬁwﬁqm‘*umﬁmﬂﬂﬁﬂﬁﬁmm:umﬁﬁ fiEwn
nradas D = 0087 b Hﬁﬁﬁﬂmmﬂﬁﬂ-ﬁnamqﬂ (= 0028 g g 1) Aleurs
wyien B = 050 welibamnaHEe isinsedannTan (€2,= 0.360 0 "w 1 Rifenmis
o B = 276 milanleinoslusmundruseiiladSudugs mgldnmzsiiasniien
‘_‘a‘ﬂi’iﬁiﬁnﬁﬂﬁﬂﬁﬂaﬁﬁéhﬂmumwﬁmﬁﬁﬁ'ﬂwﬁ-_3.-:5:11%’- BRI nTIEN TN
ae lsinassaneRnwuliingSs 52 ob aivlsies nmaRnenlsend il woh
frriﬁ:mgiﬁau‘w';mﬂﬂﬂﬂmﬂﬂqﬂﬁﬂ’mnmﬁﬂmaﬂnﬁﬁtmﬂnmiﬁ NADPH seibadin
Ftumlng foldhuluinna@snsnilmasrmfesriminin Indndalepirrman ovmeithi



. = = =

=l EE E=

e S (EE N T aE M B 0

= = =

___;_—F_. —

{7}
sidusannmiiss \ineadnine  eelssltuesleTnoafnihy 0568 % spiensld
leSrammmme]  usiniFRssn st ea s i gt mansndh)
ﬂkﬂnﬂﬁ‘tﬁmmmmﬁ BRI e T A R s TR L N e Bl TR E e E g

SiANEuME

A EEAT PR T AL, muﬂﬁ"ﬁ_muunnummfﬁﬂmﬁitwﬁapmﬂmw re g
e R e DT SRR e LR T VU L R I e AV
mwrmﬁunglnmﬂu@ﬂmwﬁuimnmmﬁﬁmﬁu unsmR IS bR S
mmzﬁwmmnttﬂmanﬁmi ﬂnmqniﬁmuhlﬁﬂﬁuﬁﬁtﬁnﬂlu
wnibavdsimwindimenleilelaaienmas inaftoladnan i cssuriy
Fmnftarmuiieswanmsnfrmeesledvises srlaidnimetasdrnifnasmswssde
wisq it bicRldnaliffdumlnssflEadu wastl g st e lein
winbwiarleutfusudramon feenaedidsinsaadnla

Wity Nafinan, Cancticta moigi ATCE 18384, Yolss. latiard wnanyan Sinen i



. I N = . = =

AeEnssutema
umfRee (e )
UNARES [Nt
i#laitdsds (Exsoutive Summary)
ilywmitie

unn

“gilmeniu u‘"i‘én"smhmq

bt IeIRA3 TNl

L UL T APETATS

daFrudg R

VERATE R
ks it aY (Outpu)
AWM |

1T rpima s

2 rrimashmen sl i

iy

"

LE8bBRrEa

38



Uk

h‘ﬁ“ﬂumﬁmim*muuﬁﬁnmuﬁﬂtﬁmﬂfﬁ&ﬂnﬂtﬁ.ﬁuiﬂ&ﬁﬂﬂﬂﬂ s Lsanea kel
:':'u,ﬁﬁur.*;r,mumﬂmmuuﬁ%zma-uﬁmilﬂmanmﬁw {Hollman w8z Toustar  1957) uss
warmmapldmseTrilslnescan lhermmile (Weshutl . dasnms, 1973 Tnsnpsiiem
artiiaetis munwitasasasd a1 adleivealn s BRwa i someimng
WG ER AT AT 7 fin BATiam e g s Winasardsniou Lzﬂ:‘lﬂﬂ-ﬂﬁ'ﬂr‘iﬂﬂuﬂ
(Puppar @xz Olinges 1988) Lﬂ.ﬂ'ﬂ'm@ﬁu"rl‘-':tihrdH-'nhnnh- Streptocecel g Sl siveg
s st R Tl e nethan [Makiodm, 1679) ﬁq-fu‘[uﬁmqﬂlﬁaﬁfﬂith'l-.-,ﬁﬂnn
Tl weiiosd radsastmio i w5 el ey c TN L
Anemagimaro e, 2537 alswl 2540m0) wesBamumne leiviag W Aallinirres
TR TR I R A '-ﬁl-'lﬂ'Fm'l.:ﬁi’i"lrJrj:ln'lLﬁ'laa'ﬂri'l-nﬁHE:H1"1ﬁ.'}u&m1_I‘:'::nnu'mrTnuu:u:u'L;j‘ii
Vi g ml?r-nl'ﬁﬁnuﬁ1’1ﬁ:ﬁuqf.n;rm.'rﬁl.ll‘ﬁn‘&n|‘11u1'|':._r.'uuu'3 iMalain e
Flamlairr, T 'i"F'Ir|r1'1‘s1l"|"l'ﬂ-.*.,l|.ﬂﬁnﬁ-mm: Tt e e e s st
Tarlunihenaily TR wittlsalsersh el ik lar e i rogenallont it
st paingaenwainen s ledered WA licdaiing
Aty reeda e inen lanan s i i Taessrs e sl fe s wt v
'Lu:n'l*ﬁv';'n:i}m%m}:: Corificte DRI & beeting (Vieeloskin Wiz, 19806, Songstvmiben e
Tiacity THEE) 2 pivilisrnonetl (WGyiil Wazieis TP Noflead Uhsanle 1983) Rabaro s
VI, Tamisom iasnnie. 1983) O wogy [Srisnssrsaydbil WHSOns 199%) © miramsdasi
Funan wR=nTE, 1991 © poloosa (Kilpeeanavanich wacmms 1984 Niahin saseols. 1985)
L fropeahs (Gang Wesiibe, 1881 Hovilau nszamy, 1855 Stha i Mscnar 1994 Sivn ies
wms, T Tensibnedssfn felalisma o fisadermadiulae nroda minas o 3
v gl AR waseprtsraairing e

Simnas kidna Rlangi L

i lfrasm bl aalugiurtiiaa 2 50 G0 lelsnegmufomd S
TavwsslanmuadlaylsaSanmedt nappH el wiatelargnidiunlulneasly
kg taarsudiawlal ol sl lnwnem arlm'?u%«]ﬂ rigd il inea lnmsaulal s
slardanivs Trad NADH \Fulmats (Horer iasnos. 1971) davwmrs Llum |



| ==

I

il 1 pusdEaeiua e e lanen

LR TR AN
AETLILENY CsH 50
I H H
Tosaiye HUCH;— I'.'i' —— 1‘-|- — T — {308
OH H 311

(S P {ELY

i HARAT

& L]

BTtk 1T AT

A YulfinGiu

LR R I fpemmrniaiiugbome siwrinan
wadlivia wesdimdivion

FRNBREMY T B34 - 0070

ek 2R78

szl (20 C) BA.2 ndusd 100 SHakes

froaaeain il pmian 1.2 s 100 Sadiing

rryves A by B0 pdien 100 BaRNeg

rrniﬂm-rl'uu%u 1“ﬂlﬂﬂ‘ﬂu#ﬂﬁu?:wﬂﬁllﬁﬂiﬁiﬂﬂ#ﬁﬁlm i
uslannivaitives

e ST T EC ST 1ﬂﬁr}mﬁﬁmﬁﬂmmm_ma

rsthutlen WNWilYiER, TETivER. mNanRne, e,

i« Enwd] {1674)



I

I|| J _'-

-

=5 U

Aylose isomerasa , B
| D-wylose | > | D-xylulose |

mwih e Infinasmn i wenitSuag 1w s

ayavwanba It nya e Bl unlu braman s inisng a8 mas

Yl anl e ol 2 fonsmaldon 4 pasite

| e s S S e rmeste e leadimmmmis oot NADPH mar
onn @A dlsTnea i Tsa londamowb e taiimonilalosSoumi A Tnimded Nan

2 Tlenrmynoniddlidlwleinen TnulTnuewled vaprH Flanimrfrniy
dnnlng wileivemiomumgnnon Bl lan Tnoldlmelnd nan' #t8
I E TR s R L

3 pwdlifnning commafuwlaea Tl NAGH uhe NAGEH

a mwildrerefmad il 'lﬁhﬂﬂﬂ;gfnﬂahﬂﬂﬁﬁﬁmﬁdlmrﬁ MADIPH o)
atmlinsan iwissegmidaunsmnuanmsd
h-m&'#mh‘ﬁ‘ﬁEni@#ﬂﬁﬂ'ﬂﬂﬁmﬂuﬁnﬁtdﬁﬂurmtﬂt*ﬁﬂﬂﬂﬁhﬂhﬁﬂm%i Tasiviin

sbsazgniaasascaaaed Tnolvsdmiignaongladlodesfaesesd napeu o

iw (it 2) +ﬁ&hmg&u1auwrﬁunu&aﬂﬁau’lwﬁﬁiﬂmﬁan acldwaldniammuin

fu .80 Tswes InBneasaly mﬂﬂ*ﬂﬂgﬁgnﬁ (Babosa wazems, THEE)



XYL OSE

IADPH
_ HADF
— EYLITEL
a NALD?
l HADH
AYLULOSE
XYL ULGSE-E-P

I

pantosa cycls enzyme

RIBLILOSE-5-2

!

et Peluliydragensss

E R [T ER S T
[roaicgzanuls A uhyimgnEss
BLUCTEE-.f ! K
> a# L " {:-[.J _.
# &
;Jr;r m‘HHH
o
> i e
BIOMASS ETHANCH, RESPIRATICHN

4*——1{—‘ B [respiatony
0 ChEn

— AL o

HATTH

i _I_Li':'i_g e Eie Vi H".“.iﬂ'{ml:r'.:'yrrlr: raguetadiin Tt udfin bkl
Wir - Barbos) WBEAGIE RIEHHY

-

b a1 A P o

B M= oy
Fremmes ErapiTa Loy
ol ghsn

]l

Hplues raducians

EELL MEMEHANE

ks f—eElanass|

E.'ﬂllﬂ_ﬂnrqﬂcnnmnsn

EHNRSEOHS

!4 i ; i L
MR S wnusituveslelreliiss
W ¢ Sirlsansanseyaiul . lasanis (1992)



I

w_im?é;rr‘lﬁﬁﬂm_saqsamrakul HASETH ilEﬂij':ﬁrﬂﬁﬁi'ﬂmu'ﬁ'lﬂﬁmiﬂﬂ-ﬁhﬂ"tﬂ"ﬁflﬁﬂ
wssbavngmslelalamlaulad © mogi ATCS 18384 (fiBatinifimsiinlainesd0es
n"mﬁ’fn:Tmﬂﬁmﬁﬂﬂﬁrﬂuﬁiﬁﬂnaﬂﬁu“huwaﬁlmmmaﬁ (it 3) Beduganmnsd
hﬁﬁﬂﬂﬁwﬁﬁﬁmﬁmﬁﬂﬂm‘mﬂ' Hrﬂ“1-"ﬂ‘ﬂﬁ'5‘1ﬂ'£?ﬂﬂHﬂﬁaumﬂ“1'lﬂﬂﬂ€iﬂ-ﬁluu1ﬂ:ﬁ
lalastdnma: Indvmidatvesgndsasnanysd ﬁﬁﬂiﬂ&ﬂéruﬂﬂhﬂHHHMﬂuhﬁiﬁﬂ
Taualaflad naf Talasisaidald@mrediluwseFnmwen i)

Eaun AW R N R LnsasnnTin e Earnt

arilmunap iRl riRaan e b lnisamad wes
rrfiasda Ansiasrizu sl giweildlwgenssniiulalilnge 24 wmbofey
ﬂLmnqﬁun‘iﬁmu‘[w'lﬂiﬁﬁa;m:m_lurdwunu-q SadaatinrsrounudnyIin dlusafisnes
L TRrnl s owladmdnmal Facum TuRRsR IR i
nezm sl oz snd avunisiu e nrsGoolafonusnia i
iVorgrdvanierl noe Tam VA0 Vandeska unzwims, TRH5) U.:'I-fiﬁ-ﬂm'.lﬂl'l"l‘l“'tﬁi.il'ﬂ'#!l“u'l:
wufsslflur e ilesadital i i ey

Anddtoyaus Uz Binakey (1673 Whanundmesrran@amsedussanama ifion
steri@u lnuserm Hnnfie Ao lanwdimolmaswnamssdooenind Y paniio
i charn tusenie 10z TilEaa v T Tmiafu i Beinues 1 dninTinmfa
U (Balliy war Ollis, 1988) wylssunfldin Fermraiyliunaead lomomwn) dasid
Adifnem (R westondililfsnmy () Wiewis s e iies iy

Tubsaten 1| Faralonl avsdatalad

H H
.:"-H:_nlup -— Had e xb-mp. 1]
.+H- +HI
K K;
Tomi
X, ,
E, = = [}
l E:':I:l:ﬂ.l:*H
K. ] ] )
Ky Sk (4)
R
:&:H = x".‘l — xm:ll’-lt'+%+ }:mu_} |i4]'



EARR TR Bl AR R T R AT R iﬁ y Saurtii

B _ b
X, 1___[-” ]1 K
K, 1]

a — - . .. -y -5 -
s an il e edisvad AUl fn

TN s AU R e R Tesene s 1) e

Aoy .
T L pe—_
X, L
CARTIY
nik®y = ~———#"-“ —
{.J..H l., E.'i_
Koo [H)
b
win pH) = Im_l_lit_,ll T
| i
SR (TRUEN

&
IATERTWL

(G},

i)

i)

Tubywaracdteriis e iny i sz mfoniad i fofiom

it Ll

My
YT _
P L B

Ky o

4, pky -

)

e (8 ee (8] st s toansae s lwmmesioadls

Wldasmmin By lawas S minafedme g&qﬂﬁﬁhi{

Frmiu Nl
e = VKK,
5 g
FFE;pl = E%H‘F—E}.J
FIRTUMTTIRARES A

Ml = JKaKy
il = -_'Efpxﬁnﬂ.}

(1)

Nk

fizy
[13)



N

==

Wi RSN R AA ST TR E T LT Es
dieatRu sl (Morod wsustion ) 538 fsai wﬂﬂfﬁ'ﬁWEuTﬂﬁﬁu@m
v sarvsnetringe s i T e e e Tanuss Ml

il

w0,

ull, pf) = — [14
(K'-“ +E'} 1= 'rﬂ L—E-l—-x :r
& e -K-q_ IU_.Pﬂ y
asdurnsam s nawiduamsiulawsensl i gt
ac,
R ly = w0, pHIC,
by E‘I — i 14)
1" ;
] |1 b (| i #
{H‘. ‘}, l'ﬂl * |I"i ||1I ]
4 f
*.‘i.t_- TR |?_5!— | m,r:,] 16}

o L -
A i eanam s bl gesin e s graa i s gafm
CE il s Wi ¥ Wi Lo 5 -
it s fnedussagfmmaduorns e pedal

Wi
aw, e, -
w o fkr 1o ) 14207 Ka

e[

of . )
m-am':.:ta.trmm_rﬁmdmﬁmmmwuﬁ’;;mgad

o & : e
rss R et ne T Tehamostat 104 gannmALlssgi e LT
Fema fdilution rate) Tenldbenranwandysiimdersganh s ding fwnm:
-, . o I P . N .
faldifmbngnridFeni] wash ouff maf’yﬁwmﬁmmmh|rrmvn:gau«_umymgg

s il Y I d § - i -, as o
Viowgatihon  Sufumawnst v e susnsssea et e ng

wun raknssnay wiarmse wdnimaeEn s ol minaad sosoefeadagie
Tawaln (ol wdention  lime) ﬂ-:'lyﬂw%nm:xmm“ﬂﬂwﬁ'nﬂghmmﬂ- (il i
retenlion lims) 'rrﬂmrﬁmm.tﬁmmﬂE'mﬂﬁwfmggn wimenirdimald e



=

aswsaL T seunsnTR s rER I (sieddy siate) |7 lrurmmurshiwily
sanandivain lnpwsearnadmiiag {bleading) FnETIR L s
r':f’qii_'uiﬁﬁ'1-m'm:umﬁﬂf@m_’?uﬂ@-ﬁﬁtﬁﬁnﬁLﬁ#ﬁ*ﬁﬁn’ﬁﬁﬁﬂ LS B B T
ViReTuwinedaTust 19 ITEEAITYINEN (Damiane WALAES. 1985 Lafigrgin-Delome
Whemfus 1884; Lee uas Chang, 1987, Monbougquette, 1892 |';-ﬂfslr5.r WAE Cooney, 1984
MNishisaws wasani, 1883) WnsmisaBnnsauadiin (Park. Wi, IBEH' Mishiwaki. 1887}
Thidw Tapfinwiballatednay Hitaml e Ao @ Fasdeud
FRTTHTHI WL, (retycle radio) ki TRTTmTbRiim folreulation fow sata) (e

W 4 s mﬂmmimwm‘ihuuhqm:mwﬁ |Lee Az Chang. THET)

maigsuasnisnd Huinas uasidntpstymuumpiowinl i 4) el

i

{1
"I'“ = =BDE, 41,
i

S (T 13T 1)
S L bl 0,5,
I

PR

= B -¢,) -J,;;a"—*m,ﬂhj [78)
dc,
m = =DC e1,

-« =P, eub, (20}

Taefdmrinmdulpdwe Llnr:ﬁaﬁ“rhm-r:n'mF’iﬂmﬁﬂﬁ'mm"{wmgﬁirmﬂmﬂﬁﬁwnq
FUMYER st oo s

j £ i @
K. ¢
e

g = W 221

KI+C,



O _HEH = BEE ==

el il

] || Eyrd
st o

w

r—— Ll
VS G v

= T 4t

Farmeniar Mamzrana Filtar

.nnwi‘:-n i.-.uurmhﬂ:;ﬁmtwmimﬁummi_

wingre 19 n:,L':i;jJ.‘hh'-Sw ﬁuﬁm:uuﬂﬁmmqm’inmwnﬁww{r}-t_.u e
iimarmasnd nﬂm.-ﬂ‘mhrnmuunﬁ'u:gaqmu'lﬂmmmmm‘suwﬁ.ﬁ.ﬁ‘uamn"hl‘u‘ dla
WS i wesnetEivesnzafarindoslnmunmimdnasonnd ot o

atladmiiag un=1'I"1T'rr'.r-.ﬁ"rmﬂ'w'lwmzﬁglﬂﬂﬂﬂﬁnm’mqrra:rtll “wonnlt oul” m-:ﬁ'-_] W

sl ERTIenaR w2 W

o= i (23}
L'.'!I'.'.'II }
= (24
‘a4
S |
R (2
: £
?:I..II- = ) ll:tF!T"'.‘-"':fE"'_" 1.25:'
u{‘:"i _f"'l.]l [11' cr
L
i fla —t (£

- pel-c,pof-c

.



i

atninuasiFnnasas

1, adnsaimznnags

1.1 fawan (EYELA Mini Jar farmenter, Mads) MO0, Tokyo Rikskikal Solid ) meamn 2
AT WIBNTALAILIRENI T dasamind

2 wizimunuiien (EYELA pH Contruller, Medel FC-19, Tokye Rikskilal Co._Lid |

13 witasgil (EYELA Microtubs pismip, Modsl MP-3, Madsl MP-301 se= Mods] /F-1000,
Tokyo Rikakika Co, Lid,)

14 Wi (Kuasay UF Modils, Modal KL-U-M 5302 s TTRinaT
AH WL 1 B N AL

15 mudnlalwlofiined

(0 wdhamymnio

17 lulnamauiumnd

2 gi‘mﬂ'ﬁ fl

qﬂuw’ir]'ijr'lfﬁinmﬁu Camdliti mogil ATCT | RI64 -'E‘-‘uﬂ!nﬂﬁﬁwmﬁuﬁﬁmmwnﬁﬂm
e tiigayn (Sidsananneeyokil waenme, 1955)

8. ;J"imumﬂ%u

awmb it ataRaem t G (Rizd wasmone, 1908) Ussnaudan KiLFa, 1875
AH(NHGHPD, GO MgS0L TR L nE el ond nd Fecy g0 Brknd
My 10 640 Bafini ZnS0.TH,O G468 lelnf culDusHo 140 TEfnfu My
pattel 30 50 Tafindi Ga-Pantolherste 1620 Dukndy  Thinmlee-do 568 Dodndy
Ftigonal HCT .90 Taliy Blotin 0018 BuBafu waswwiaprarsaoduss J3udhipesiny
6l

41 rrrmesasiimaanniule malglalesissmsnialsines

dandd s e lﬁmilm%ﬂﬁﬁﬂhduh‘rﬂwwL"gmﬁmm 15 Duife
Lursafnae 250 Duffier viuweienutonomis 250 snLRERIT 'ﬁnmnnm 30 @
vl (st 24 Filus b IR AT T n-mn‘mmﬁ*m-: 135 ﬁﬂ,ﬁﬂm Turlaan
wwm 500 Tedns tume S saieanm s ga0 sEtTauIn ﬂgm;'.:‘]_ﬂ 30 ssdivEaFoa
e 24 7l

wf'imnﬁﬁ_l.%alﬂﬁwfﬁn Todnundsaanndicada i 2 Hn e
i‘r-rr"i’{'ﬁm?{] 135 #a7 ﬁ"lnmﬂfu:'l.gjjﬁ&ﬁanﬁmawﬁ‘“Tﬁu'l'éitﬂﬁ&mmmwﬁmmﬂunﬂﬂ& 10

R AR InLEl-li.Fi AT 5 ATUAgEAT ﬂﬂmmn 30 Eﬂ-‘?ﬁh"‘iﬁﬁiﬂa BTSN 1,000 '-s'EEI.IFI'ﬂ



=l B

8

Wit FRmnTlwata 10w siussfaneiiiy 50 Teunri NaOH Wis H20, A
iuiv2.0 wadle sllweas 24 Sl

whITnERLn TS TR TheusTy 24 Sl Fsifrensasien Tondy
Tl W laronustminnindy 20 nfudafins saa:ﬂ?uﬁua'ﬁumi-mﬂ‘n'mﬁaﬁﬁMaamiaé
ravmagaily 30, 40, 45, 50, 60 yiz 7.0 Fruguierliaiinaenmmemos mold
rzbiampdhaioane lanlSinmams 1,000 sovssid ussBusTstEmme 10
W ﬁgmﬁ{}ﬁ M pamHEn g tﬁuré"’.lm}ﬂw]rlﬂ { Falus dielelaanssaniadsnm 5
rivehus SufulelanmoluBonialWidmaiin 50 rasaien wEuwmBssaruly
arEtmeeriineldinrmarm 200 spuneud wesferirasiiere 0w e
a4 Tl i hmmedibminemdol Tl wetsines

4% mEAng {r|E'im-riﬁ'a'mﬂ'.r"l.gmﬁguu&mwm‘rﬁuﬁtwmL-ﬁﬁﬁﬁﬂni':mlrrm'mg

s d . Taminman A A s e s
il 1!'1Lﬁnﬂ#’lﬁu'mﬁn'-rr-w'-:e'mm“mwﬂ:t’f&ﬂ"luﬂmﬁ&qmm11ﬂf*iiuau'lh"li£mw|.ﬁuﬂu 20
whz 40 nfuda g sl nasaurinming

il aszuunnanmsnres Taskbnnsaansgad (hollow fsar i) st
st 500 Daivir Hl'lmnnrmnnrrwuﬁaﬂ aﬂ:ﬁnnﬁumnﬂirnr|'11.|.u|:|..1-|ﬂﬂ (e
wliffat) 'l'r'l’l.n'*‘m»;q[uuqmt‘]uu.l.-man}'r-'numl::umuwwﬁ'umrunnwnw;huﬁ'mﬂﬁniumﬁﬂ
e lanni 5 'ﬂ"lm'.:'-'mHmm‘nm&ﬂhﬂ'l‘ikiﬁmﬂuquﬁfltuﬂﬁmﬁﬂmﬂ“ﬁ
Cienifle 20, 30 wie 40 RovstetaTan Wuiomamshifbnsemaum s SSsasamed wasta
Fvitrvinasenn g 4 ¥

Jose

Flaf sy MMl frasatisig

h::':'—“:;{—-}

1
/ agredh: dlliar \
-

ST & pInTenEedenn hilleaw fber module



12

43 pusfnirmislaliineasivieile lngnmauisueed

Faf TN a0 srsuumyuissad nohorsshifelwairensa st Tnldiag
g Frulmvmeasmbidute 70 WeltEud dahlsmintnssamadihugen 20wl uia
franandptndufitsnrdudas “ﬁoﬂﬂI'Iél-ﬂﬂ'ﬂﬂﬁmf'lﬁi.lﬁ*i“ﬁﬂﬁﬂﬂﬂﬁ & ez
TR ﬁﬁuﬁﬁg:gﬂgﬂaun‘nnﬁﬁhﬂhi‘ﬁ"tﬂﬁmnmmwaﬁ- wiandl bl st
CRTE T T e AT TR TG N a'“m'u“ﬁﬁ'nm5@&_’&;@;@Lﬁﬂiﬂﬂ4'rﬁmﬁamﬁﬁanﬁﬂaﬁﬁu
Sweriiinfudasuesdmiinfsanasndinin it saremand 2 B idhi
AT RN A (i) wt=twiinaTeRaansn G nnass ()

winrnAuEnondnSeludmhonnsn 20 Hlud SurrireEeinuisis
Voo T b ﬂﬂUﬂﬂﬂﬂﬁuﬂﬂﬂﬂlﬂ".:Lﬁ'ﬂﬂl'.lrl‘lﬂfﬁﬂﬂl]ﬁ'ﬂﬂﬂl}"ﬁ'%;&ﬂ"ﬂﬂi
ARTHTITING (F) edariu 0 Sresad T 1J"r’1m':"mﬁ'wmuﬁ'uquﬁ'1ﬁ bRy wasi 2
(P2 L'Fita'nﬁ'iﬂﬁm-mmn-n“qm‘iuu (R) WFiri .76 Wiz 0.80 AswITion 2 i i
milirrnmldiemm & arie e reeWimemed e (ssrobia cionditien) eranias
A 1000 gt Fennidhlinnin 1.0 win basimeTidnaenion foygon mming
eondifion) dpdamireeme 300 ssuiseod Snalfeme 09 win TRt
(gt 50 aevummdns wisWa 8.0 wr'l::Lﬁrimun'i-@n‘l':—m.:-ﬁ'l L
s A Rl i 4 o

irriafl o ﬁn‘ﬂfﬂ'&"lmmndmwmnmﬁmﬁmn‘hegu P e P

P2 #1 " F2 F= P14 "2
ol =7 (b (i {th'y
 am 0.25 .0z 0075 a1
(1Al 0.80 (1,650 {4500 010

& fir it

I
El".l'lr‘l-lnﬂmi —-—%—
i

Al

-'#:. i = .y B )
I'I"lﬂ'ﬁ B nomw s pzasuuae e siwn MERERI T TRBRIL nollow fiber module



-——

=1

4 4 wisfinnnmdunalesiie i sanmds luinesrn lelsa

ulspundnioludanad SodafndnlumnmosEnfnes 15 Saidas ludeaa
w250 Daiies duumrtaawinany 260 'muﬂﬂmﬁ'ﬂqmﬁqﬁ B0 BamnERIEns
L 24 il eFrealumw s el Raties 138 OaRRwT Trlaarieiem 500
NaRRaT LaeTanatnerd 250 saudannd ﬁqm&gi 30 sanwsaios Ewcrer 24
Fala13

e . ol . il = . - - 5 . -, il
Lerstunie i wiin l'l"lHnﬁl‘lli'}lﬂﬁﬂﬁﬁﬁih{ﬂ“ﬁdmlH'IJ'II."|'F| o s e aiR
nl'ﬂiﬂm‘l 1,75 Tms ﬁ'ln'nnﬂmﬁudLﬂ'ﬂ:lﬁnauﬂﬁ-?ﬂuiﬁumlarnm-:mi:-mmﬂuh'glhm 10 fishiita

i vz Tl & bl fgneagd 50 ganeusiSea Samsn i 1000 sodmef fem

mrsbhare 1.0 e ﬂ"mquﬁm'ﬁuhﬁu 50 Tatei7ifn NaOH W38 HPO, fosadienl 2.0
wodiin e 24 14l

witnnindnionii e su il inmrteles WL IA Rl TR
24 s laaudn datelnasdlidn 100 fealia Il &romuaiuhusintu 30 ndudiier usdsyi
et Tt 4.5 winirevsdeiefigan g 90 esadi Se
f 4,000 audiut® wsgFerinrtdenan Lo v W 12 Wl

prsinaindmpldrnziiaosnium. sumimnsedlwdaw oy 12 i
g Wi farlaanalafin 100 Deainidldermshmiuoti ge rdudalm sesifofloy
spmbrwTliTas dnds 6 0w L#uaﬁﬁﬁqmﬁqﬂ 30 G ARn ST 300 16
davern dnrrrr Lk 0% ven

Ao Bunplng wirvidsduonsdunglne 195, 235, 40 10 906 i
Pt Inu‘l-im'm:m'mngiﬁaﬁﬂn'nm.fuﬂunﬂlﬁm'iuﬁuwhﬁu Gzg 1264, 280,
¥7.8 Nt s ﬁ?ﬁﬁimmﬁl-?m:nﬂfnmﬂﬁﬁ‘n 3.6 fadRensailug delify ks
wunpeaiEing eIy 1B TRy Tall e lairimsidng
i 88 S1lua vianwwfudadiagng 4 il AEeretwalairelids i
Yeloe wez|wfinea

5 mTinred
5.1 Sunusailaiionuy ErmmioussmEsSinanaTan Ringer sait sohition Tl
; . il " 4 st - e
Uil H000  peadanlafies e LT T TR BT
naemanﬁmtar-ﬂfﬁﬁu:mému'lﬂ'nﬁqummﬂ sradToe Lee uneAner (1581}

B - . eyt
52 prwsmciliissrsiuasnbwinsageds dmeisiiuldlwdsisaceedn

rrmduimasnlnsidishest Arrmennin 620 wiliwer ddfedafimieam
wizs v /S e Wlalaauaslainas FL AR AL 2 T wdd
Wanfigswan 105 semwesites s 24 9000 siawmihminigaduds



L

55 Calas basdefifelBoderelivinssmsinreleloy st
Deschatalote aus Yu (e Inoldlalamiuansumsems

5.4 ladnas dundairn Hnl s limnesuimim et lvdmg Aafifnd Adier
uiy GSustafsson UErEﬂ‘}TE‘rHT.ﬂ'nEﬂamﬂummmpﬂ

G At TR R TR AT R MR S TR

ndErimfm el enmdnsamaniligTl  Simpse melhod
[Melder  waz  Msad.  1885)  wwinlimansunasfinesifliownlay e luee
Biokerlahransiechinih, Univeratast Stullgan (Mnswan 0) eredmssnmrswninin o
ey g lanlEisurauaan] ISIM digtal simastion Enguage (Dubn e
wtas; 1902} nRmaFonid i dmnnrmanaatinh i dnme dssansanumawdn e
Wy maan s dini stun



——r = — |

panIManaeinsiarl

| wewssieededmnnrnile melsletse urserseinleines

TR Candids Tnngi WuBrssluawmwisEaiaieaifien 1070
inrantaees e Gentan s MAusumaiule seddbiles daen
i lafings s i ErR T T e ana iU e
LA - st B prdninrmriEu e e fardieesaantilelileg weierdionsing

revsemn b

Baminivan e euet £ g Wi laarrad o Wsnssarmasn o s
wvilmrneaiain e wuniasBr Rl R 45 (u= 00484 ') uaelifa
i insnandofirsgrndading a5 disusinvesnmwsdbeidadommldmasim
anndven Yol moduleiis setdlidmmdioasting. wewehanildros
ifegandioumaiiine i loduwedindifioain voduiifiey a0 Sl
Lﬂlﬂ'ﬂ

ilﬁ_}'jlgﬁ_@ Sonrduta s nolilelos wiersaBalaBnani R Ut

Martobic conthtion Chmyigen lmitlng contbilon

pH " e i " T tly
'y ma'n ' e m'y ma'h'h fma'n')

) B4 g4 Oord , ows  uin
A, 0,028 d1a4 o 0 (i (1,150 13, [t
3.6 QoaG 0aEon 0088 oDaE 008ss DUE)
) {hap (). 240 IR EY T O 17 S T
an, U438 0240 0% DO D059 nD38
7.0 0034 0262 0114 Lo 0088 DLag

[T e .-" E F: . ks
ﬁ".t'luﬂuﬁ'ﬂﬁzmﬁﬂmtﬁwmaﬂmﬁ;mwﬁhu‘.'m*mm%u"[wi“ummﬁﬁ-mmmﬁ 7
arnt s riieeimaaums) 2 Yaaai

rva=ld e atl i sma c— oot

-;"Inr

K = 576%107 mold’

K, = T43x 107" mel i
Fﬂ'm = 5fE-



o ||

ta

IR BT i, o= O0I2A
K, = 89%=10" mal!”
K, = LThsr* pal 1
PR, = 390

Lﬂuﬂm’nﬁﬂ'ﬁmﬂﬁ‘ﬁﬁﬁﬂﬂLﬂ'\:‘:}ﬂﬁﬂﬂ‘i‘tﬂ*ﬂﬂﬁﬁ-’u‘#u aififiRE 50, B0 uie 74 §i
Seyriuwsriarlfislandlnafesdy  asciladviwosldaenfaasi Wsn e
voansislulnessmlugnnsll  wasym s danisnin i lafvarinnad i &
ieniinpieden Fuaenaaniminlsineatinmldmet g sl mEer it
aRNBTUALTIVR B b nileedmaun T o ey

ke wsafinawe qy = Uiskgg"x'
Keo= 1085107 gt
b = LRE = 10" gl
pHL = 5¥8
I E R gy = Doadg g h
Ay, = 339w B0 mpf
Ki = 125%30% moif
P, = 569

12 pwnsfumdanelfusaraduosteiinia

arverat 4 el adaasrntdvosloBnmeas T il st f yeilu i
mwldrremaatofrmesidueidesedgpadifios 45 ssemaldinedh
anndiawizldhalin o nfgagififiey 6.0 danpldusslein satuuandraiusiiastias
nEtrwIRan (rieiad 4) tﬂnn'mnam-mw-mﬁmﬂﬂmm 6.0 sehfinlduaslnfvaags
qﬁmmulﬁﬂ'n*'l“u'Immnl“rdmamauﬁ smaziieaendis s ievesbrdnne
mn‘[nﬂ'l;.ﬂﬁﬂﬂﬂﬂnﬁ'&%h'ﬂﬂﬂﬂnmmﬁﬂmt&;ﬁhmm.nﬂtlﬂ'.::mm 14 ¥ andwi
|8y 3.u--1'%an11:1.ﬁa':nrmmh#nﬂmmnﬂun'[ﬁma'lﬁnw@rriﬂ

axsiu Ay msiu e s AnlrGnosduaaie. Sixsendas
AT e Vangsovanlest sz Tani (1 989} Uas Vandesks UasAms (1985) ﬁfpf&iiﬂw 1l
-d:am-aaamm-nﬁulmmﬂ l1‘ﬂﬁﬂgeﬂ1.ﬂﬂt.‘ﬁ§m'1ﬁﬁrﬂl'ﬁaamnﬂﬂmmﬂﬁaﬂﬁﬂﬁ& Tl

HalmunsmEnesd mﬂn’i‘iﬂﬁﬁmifnHTLmlihﬂ'nﬂnﬂmjmﬂmﬁ'{ﬁrmiﬁmmmdmﬁurm:l

waErIEtRseeGe e 6.0 fadlu 8042 % umk 77.96 % ndkaEinged s

AR



- -

/|l == = =l

R

-
- -
- TaRURt TICIat s el

TS R FERTEE TR AT T,

=5

il rnsiRnssrd s nanadis lednasmeldroe e maathafinama
i) Wash e drivaianm e (1)

[ilE
ni
]
74 - m g
7
W an L i i
T £ & FoOV
Wieg

nipafumdsarmn Bl s gl A e adeae (h) i

SAEA T BITaNERW fu)

1 |

£ £

B b b i
: 3 )

Sgrrmmdialadaie (it

AT = TR b

)
m_ =
frn
o .
ﬁ T
u'uu , | 1i I
3 Ul g5 - )
Himy

(ehi]

o |

n

£ oo

&
Pk
E 1 L HH
1 32 4 ]
i,

7



& v

148

i 4 -Haiﬁﬁijﬁﬁ‘iuﬁiﬁﬁﬁﬂ'ﬁﬁuﬁﬂﬂﬂ

Aetabic vondition Caoygen limbing condition

pH Yare Yz Y Y ¥ e Y.

lga)  (ga') (%) wa')  fom) %)
40 11154 0362 4,64 " 0257 2774
il &:167 (402 50166 EGE U589 5458
4. 3E2T {1,460 0l 54 04 G2 BH Th
6.0 0158 £, 54 56,67 0156 11,605, BE94.
B.O il 160 £h.04 BO42 R Q.71 1796
7o 0134 0,467 4945 0150 0,607 G500

wiwng - wn e slaEn sy niviiin 0912 ndleineder o TorfE (arkios
nEEMIR: 1988

13 wirrssinaniapasfosnalalafn s e
wrmeiuivanacend talwe unlwinon Mdsnnmeredosifionday et

drstimrvsrll et ausb s dtien e lumints 1847 10658 Stmplax mathod
Vit D u*ﬁ’[m u'u:auflqnﬁ' T i

i 8 rllma TR s e TR Sl mthi

wnihens el Emnesla e prsTinseniisu
(b 0394 0,008
Kt 11,554 1765
Y, e 173 HRE
mEg™ k) (R B e
e zea D, 1%
Klgl™) 77 27 5T

it alimetiidenwsilusams 1596 YRivudasamontismpsugais
WA | Tane RO aETRR



=i

=y ==

===

14
nsMaIRBHY R A
ie, T CR
= - [ 1™ pazsqe)
i e | it _
: '1( Tsaexi0 T 1o ]
ﬂtﬁt ; -¥ '
) = - d:E
o = (Fgreore,)
4e, 0221 ¢, =
il R 1T L
Theka 1 be -
(477 4 w.ll[ lln—hm,,-l' =

Frvas v En s

i, 0.00%C, "

di 1o Te 7, 1 T
17689 4+6 C—
{ ' '}(” gagugo ! (o

*{El [ My i- q ]

ok =] e BRI

il 00328 i

ﬂcr = I-JE. “':_"t“ : r'ln. i

L
ili o TQ"HH I}.GHT“‘_.E ST
i ”*c'}[.' MR IS T

|ty s g ety S Bt
i mnymsses | deediussslwmi b el S moud s s
st Ienn srmae T g sl tarasomsdasm
e i’s*'mﬂﬂmm‘g'u-mwlﬁhmﬁﬁaﬁhhﬁiﬂﬁh uuuﬁﬁmﬁ‘%ﬁﬁigﬁml-nn
st 8 b laauasnsnia v Tk ® wsdfatnansaylaltiotnn



sraiitiaiat bl Telan mﬁ'ﬁ!u i ﬁmﬁ_

e mee Tl wesTuloes: (fudaian

o8 4 o8 b W ol bon o0 e "
v ehlin
q Vo i | pHaH |"LL phas | s
B " o - -
.. L] .‘ HJ"--._ .-h' qlr..q a0 . 'ﬁ'ﬁ -ﬂ"ﬁﬂnﬂ p 'E
I " TR 'l’ _"||!ﬂ'-|‘ P W
9 - - | g ﬁl‘d' ]
TR KR = T R
ﬂ._b‘"{"-‘ i '\-‘\_ 'a -ll“:
- ol .'H "I_;' H
LU I — "ln &
T.!.'t i prisn | pribed pitta | g
- \ s ]
A \i’ijﬁp | j;;_,q.r-q 5o ] P g
e e - ‘ -..‘ - - - ﬂ .% . -.'.'

é i ‘ﬁ ‘j"_: e ‘#x_; — mE
¢ !'I"‘k £ = =
i . 2T Ean My
in. i Wloawil sl W o o3 o % I M oW 40 B &

i r‘.?:'.ﬂ:lrdr

il 8 R i urs g (e Tala () s (&) AITINAT
wangsusdmesmileignt W) mtdmalRonmeanadioowe @
gz T Rean e b



21

2 samasdariny adtweasaadydensnadse e sa

Lﬁﬂﬁﬂﬁ*ﬁﬂi‘ﬁ"&ﬂﬁﬂmﬁﬁiﬁﬂﬁﬁmj&‘ﬂﬂhﬂtﬂwm‘.'[.’E:I niEaRe wmnERInTTTEL taa e
Snsnslwacin 20 Snsdadalu mﬁﬁﬁﬁ’ﬁﬁfﬁﬁnﬂmmm‘sﬁﬁﬁﬂmL‘?ﬁﬁﬂ'ﬂlrimvﬁﬂ-ﬁ*i.!.
e ann 48 Filuas widh dETesearadfioeieg BlndiAeeestnaifieauiag
sdagmen laufiessotlineaifie oty ndex) rfreai 628 - as % dlsyin e edlal
FrmnTiaiieile A0 sas 40 Bessedalue wuhessslmelitaysnesda i s
Tonagluday 87 - 96 2 % W= 384 - 080 % pudian S ldhanmnlvatewimeess
vsriansas iikas mm st etsamad Tt 100m)

Eefrefisdrmanioansdt et 14 Tluwsssesinmmalreifion 20 G
Filus Serwnyaranssziwn Bitauin 0.24 W 021 fnsaasalios winiERmmInaed
s laaton 30 waz 40 Sesdet i st benw matin Tay
Hrinrinansadhiedn) 0210 - 0210 Rvdedlan  sechdlddmnmm ma"h%u;jﬁ'm*m
ngEAwE AT daniwi 1) #Jﬂkﬂm:rm'lur'mmnt:'ﬂfﬂn*}m*nu:um"rﬁduﬂﬁﬂu.wm
vt @ llimdoned dafsdammanteitansi

el s Rushuihn 40 nivdling sl smieuranas el
dwrrenatwao 20, 30 wie 40 TasedaiTug Tnbirmilin Sarealantiinmn 24 40
wed) st aunedn T Brmaiodsadeun welvlndBratuntmnsns
Wl paess 20 raudadnT faemmi 11




z
S
w60
IE_ A0
E 20 ()
._,I.E
£ n7B%epee—0—0—tea—o-6 o o
E ot
§ (1)
-E— LA | L i |
0 0 20 a a0 0

vy (R lugy
w10 psmnadaTny e nassains T (1] iR T TR (10 My
Wi 20 pivdaing dwnodleacing 2 (o), 30 oy ez A0 (A) Bl

d
: EIJ J=l = -{:I.‘.'rv{[}-! i) LJ---Ill-n '[I}--_l! 1= |.}—.-1-.'.HJ'|I:|B

L

L} | .
¥ d = Al 7
i : i 1175
‘% _3.'_.'"”-'“.-.-... e . BT S 'E
[
::_’ i (i i#l Jdan
I.-: 1 . B
& i
L]

0.0 : - ' i oA A bil 17

i 1] N a0 i E (o o
vy (alan)

fowdl 11 wasadernts iwadowdenreinelSe (0) wedenn e (o) Bt

vaamed 40 niseday Sarmralaadion. 20 (1), 50 W) wes 40 v BeeRoriag



23

3. miuBetefmaw vdniedlaunisnsdauead

TR IERES & mogy ﬂﬂﬂ@iﬁtﬁ.&ﬂﬂnﬁ'ﬁ:numgﬁ%%ﬁi Tawldlslaanansdudy
3 piERes dweeiseifuedsews iR Suemrledduiincsamed
hyzane 0BT I YorrmensEeiin 2 sk ArmsiianmRBR R IS Wacry SN
b v Te LSS aTATR I (R) 0,75 wus 0,80 HENSMRSEIUaRIT TN &

1.1 BRIBMIENTT AR AR L nactnduas bednae

Wrnen@ann) CES-1 Uiz BRS-2 nﬂh?rﬁthmgnaﬁﬁn’fﬁlﬁm‘;'ﬁgmﬁuu G mowle
SR g nRuansa i sl Buaratdsems W e el p oo
o lmasmadgan i nidnrsiireeniiow  wilwmesauminsiiimaaniiowes
Lianalfusalammpngandinraldamands uie vt s fmo i
pun@iailad min ﬁ:'.'hi'uanﬁ"iﬂﬂjmLmﬁuﬂﬁﬁmnﬁfslhﬁ%uuﬂqfnﬁu (Kim @ezRDE, 1967
teraymiilrendannied NAD sordialntmsstaamawils b lgnodao
Tl Tusuyedairadandanty  Enbubsralainmsdiemingniluwnndine
wilidtanieianasanmstsindrd s desdbiiFhnodmewlas maoH naolwesd
sty "ﬁ-a‘n::‘hh']'ur.?au.ur'lﬁﬁﬁﬂJmu'i'm'l'lwﬂrrnuE‘ﬂnTm".‘mm (Prlor wasamis, 196800 Wnds
e st it a@vans Lo lnsliue (Sirsnnaansisganl weondg, 1aaz) blitsi
moasss bl dfdhmasiu v neaonwovss ol ﬂﬁ'ﬂd*}mﬂ'.mquﬁrm .80
(oRsS e GHS Aslduanmmnsosdudiiiula saldnslebmmmnldmasisia
uarllas g e e s own waiki T gavaad e rvss bee il i avid
b reiima e nin

32 gy drinre o uisan @ andyee e

Twrravismng GRS wie cRE dlummmsiparldrmsiwe meeinniivsaun
et ikt e T B FNGTIR B s aansassans TR
Harﬁﬂwﬁmmnn WasrmmremsldrmeadsnansansiwRummeu Teometims b lai
o sl pefiasanmodnTimedoengy  wiimemransTimsasairasenn
075 eflsd 0.50 ?_;-ﬁ'lll.@rﬂ,ﬁ'u'.mun'aaigﬂﬂ 75 b sl sl sra i idine
Sramssgmibsineonsm s e (H) AT 26 PTERR AT T TR
s A e T T e sl i e Semadif
i i e e e immnet Sl mars i lnewiss e e e d
ag i tagm

dwimie: CREZ R CRS4 L‘ﬁun"m‘i‘r"q:k'_trﬁ'lﬂi"lFllﬁi"r“l”l:,i"‘rﬁﬁﬂﬁﬁﬁlﬂ:ﬁ Lt
rssmdaTRRmTRT s .76 156 050 i lfaeld s 48 viseeildng

Hﬂﬂa"aﬁﬂwgﬁﬁ- 247



Bl 66 6097 @Z0D s e¥l ST 006 o 080 B uskiken  SH0

by 10 0D sv0 900 TSSE 4% p200 0D aioise B

an' bR ada ] a5z aF'§ sy 0 1 040 B usfifey  Zegud

aoeL o¥'o 4000 27 T FAES a0 d4n't 540 BgeusE 2=
{ i 1Bt} . _..m...@.E { i) | 55 |, SE |, 8 { (6 i =t

‘o ' " % 5 "a 3 mmousmg oneremiesy  oypung iy

LARSLLIG LI EL R T Ay e D SigreLisi. FHTILDE

|
[
J
[
i
|
|
|
|
l

. e  E e EE BEBE BE =



&3 nepnvisiimmase S raiurisyudoudsiammraisleives

TP S C T O LG P e L E e 1 Lﬁa‘iﬁnﬂﬁunﬁﬂyﬁﬁﬂuﬁﬁ-wﬁ‘n‘ WU R
st bsivien {3 ) usedsmrinwicreanradalvims i mﬂléi'mniﬂﬁ’mann%mm:g:q

nimeldrsrsldemearadivme  eiifensarmannSe s sESmnbe

'L'aﬁnﬁﬂuﬁzﬁ'ﬂﬂmmﬁﬂm’i’mm%nm:mu'lﬁﬂﬂrﬂﬂﬁ'ﬁEran%mm:gan'hnﬁﬂﬁnmnﬁ!ﬁ
rimmAsa s 13 war 47 i suaTl u&fﬁﬁ'ﬁnﬂ%m}augﬂﬁnﬂ_ (.50 sxtdaaTinTg
nﬁﬂ’l-ﬁﬁﬁnmm::im-lmmﬁﬁh‘ﬁﬁaﬂﬂﬁ'm1:~z|'1u1-ﬁm-:=i-ﬁwa+m~‘iwmgﬂn’jf-mhin'rnﬁ-n
VR mrsae sfluewe 22 U 168 ) audd

i 1muﬁwuumﬂmumiww_uﬁum'u'lﬁm:r-i"iﬁ’wiﬂaﬂ'mw. T RTRE TR o
s dnaaain 078 st 050 asvildlderanduiuesslainoadies sanlddnrmne
il dvabmmatlarm 1.6 o ﬁ,:LuH-'.inﬁﬂﬁnﬂH'mmma;m’i’nm:'ﬁ*ﬂ#ﬂﬂnnmﬁuﬁu
wosvandunslaginginnas  wilipndardsmrimgndinmiildiarinsiularivegd
s 29 wenitearn fardonsusansindminosu sl aoss ey
Fi e Liedeking Pirst (Fulen aiziiee,  1900) st dladar e
Diwisgaiin (CRS-A) ol dumnznsnakfabafmagaiwet Tnudtdnihn 18 wh
ilafiou oz Ehﬂﬁmn*ﬁmiufhm 0.7

34 it Pou i Tl iues LSl

il 7 sawarsi B Reurmasdirimoaeed Tales Yafiven nosissmosbels
nuEaan g wanlefin i iane uuunmda:hu':-mrwuﬁnm'mﬁ‘ Ty
et darandire Il nadud 2556 ndudolon viammwzdnsitfies o et d 20
a st onldn i indey Sallsmrefomeiunrsialsinem awdummnme
s 2 mmwapeE RO sFae e e aoer i wsinveeiaes
cag- MFamaunrmaiisuiy 050 has 50 suldnrediineandou den
vinaE) CRE-S TulnTRivisins 2 otz fie sreondinraneioaferbnesd o i
dawrrrmpudinsdiiu 10 moldarslfemnedinfeie T 45 SatrnsEinding
v lrrsmad (i 18 Flne samaiaSudes 18 6.0 Eﬂmmumﬂﬁqmﬁumﬁnﬁh 050
R TP T it TP e oy P




B P

==l

pdi)

ki 7 R pursie loRnsaududnamasnnanisalarsounsi owen

Run c, oA C, Q@

gl ) e 17 gl b
Bt 1551 REZ) 16581 BZ.34
CRE4 451 A5 1.48 88,16
ORe-s 10 1516 A BB 39562

dervmssin emealussurryw v laparemenes - CRS-4 FAN AL D
18 ) e €, megi i Ted LﬂmhmLﬁ'mﬁﬂ-'rl.nruﬁi}!.‘i'iﬁﬁﬂiﬁﬂ‘i;ﬂ;inﬁmwt:
ﬁuqﬁlLﬁﬁﬁ'ﬁﬂEM?m'miﬁﬂﬂﬁa (Albia LATAGE, 1973) ﬁ11@“\'HI'JTLE!'IIIW“ﬂ’ﬁﬂfﬁllﬂuﬂlﬂTﬂﬂﬂ
wis Fniueeriiismsnendiartofnenild b min mrmianninits Yo
ats-s Brrestwseilno il iy lae ns Tl slward
1hmuummnﬁu.n=1~uﬁ*rmm_'rri'|u Aot amandasisoolafivnaitdy  udfmamoin g
wiveimpnlitgatis 32582 Balinfudilomslomlie fomndarmmmeiamudiss s
MAPATE R (SRE-) Tl B2 wne 33w

36w apamsndarse i sersis i lwsssmin e wemad

s e Tolmsauindtarrsmiuitvo e d s s i
N s R TE T

il T + -
s —t  w AR R
v - g -y,
ol L/ T O T L )
ot r U Y
B di’ g L
135]-“]& ﬂrr - ﬂr_ _Id _.Eaﬂ E'f’; I3 o

Hibhdeuanrandutiwenand lelas uarluinanuasnmesns CRS-4 walzmmen
WiTTE ARSI ER R AR S ba e iR T Simplex methid Teirwnnm
Daimgreauiail
w, — bM8s H S |39l gi”
Yo = 0371 gau”, m, = 0088 eg'hHC
q_f._." = (0735 g b7, KD = 3333 gl”

ofvwrsim s sy setanrnduls oeliteslae narnrsialadvee T
ssurmsunngrinuaishse s tinesedidae



27

€ 00485 !
v - (e

L _oplel e ]-{.;{E_-,ﬂ_lkéﬂﬁﬂ ]
h R 1 i
e 00735
i = « ¥ s P
it DR +31:53:.;;P Cx

i,iiﬁsﬂ‘%nmﬂ HAIRRITITNERSS (CRS-4) Fundasrntiomsadili wehinrmean
nigamuued el Famwdl 12 wsmalduiu sy aius i uuFmEn i e A
M’Tﬂuﬂ?aﬁﬂﬂ:ﬁllHFHiIFTI'.!m"iFﬁﬂ"l'ﬁﬂ&ﬂﬁmamm!ﬁﬁmﬁmﬂ'ﬂ‘

amn I

e |

I

S sfiag
g
|

e T

-
-
-

r

RV GTSITER (08

i 12 Areeelinudaysai s adarGiyinediios g S masrntdismed iy

ﬁ_.l-l-Jl'L"Th

L

I (i

k&
(=

rimediduee et Yelan satiskiem (iiurafe

40

&l

15

=10

=]

A s Aeaedmuldmasddnaesian 1 D=0 es7

F=030. Cf =4 1



=

4 prafsnglom i pAS e I Enasn et

MW A3 wemasRmrRs et sinlyBnaalan Candids mogi ATCC 18364 srmle
avisiiRenaEEy . lunyrite LﬁL'Jm_uUJ."EimLﬁiﬁﬁiﬂ'ﬂnﬂtﬁmﬁtnmmﬁm'stﬁmna‘[ﬁm b pite 1]
srTRs TR R mswan i TnaRasnani W T e a

ST & nsiinleinasinleimhmrsinunTin e e fne ansian

RIS L sanld Ammdtvne S IR
WY Yaog Yo Yy Uy e 2y
O wE) ey e e o) e WY (g
ldnglar o002 bere 0es1 75T 0084 RET 0187
(b (s
115 DLGSR Ddd Bz Mian 0.050 {1 (i bant
240 Ly 0.0%4 (ETLT S | a0t 0 (40 oy
4,10 fhondh  oob GAae  BLG7 0, I 10430 AL
{4t QOUF7  DOTY  Duod BB R 13, e 0264

*natdivnammamnmiiobeiu oate edalalinoomin el Babose herme, 1988)

1H‘H‘Inm|1anﬂ'[nmﬂnrﬁ;uuu'uﬂu'u-‘m?m*ﬁ1:L‘£1]i'm:uult1ﬁ'm1rnnﬁu'[mm;l & mugil ATC
peagd  unsmadinlaivas uldnrsddasondian 1ﬂ1r|mnﬁTﬂaﬁLﬁm:ﬁrrmmr,mnﬁﬁ'lal
btdamsdudanntilalos  unegnldbwtnasawrsnsmumerin sl Vel ammiing
wamadnlauszrmdimestlnowle! naoen Lo lva vildliTosrpmiluldidantia
Cal e T
iwuriylng 2.3 nhsdensmmsns dwBumnglisionszamli ldlednes o.es ni
M) wasBaTINTINEN elines (0.297 ninfansim. ) Famn i o slwnrzstrs
i st an ghaa v R T rmSamas Waraaiaing 2350 e B0 o
FITRliE L nﬂaﬂ?ﬁm-uuﬁumﬁnuﬁwﬂ#hﬁmammqn.ﬁush wud e T ldnamiing
4364 % wadwan A e imaanmne uumiﬁﬁ'ﬂﬁﬂwngiﬂﬂﬁniugnlﬂmﬂ erresn lnues
aiviaunulalaw s alardsgrb b idanfalidnamRatiu

(g I. -l'
LaEvamAuL N

dgr I | dune Bayimeiimisbeinanitatiu



el | | | | - |

il

ay
i ~‘ ik
- ]
i

= o=

o
i
m-.-ﬂ_i 'Jﬂnﬂl iy
T L o el

_L“Th-:nc‘:,l1 '., vu_‘ﬁ"‘ﬂd'

-jﬁﬂﬂmn
& g
-."2';' .l'l
'Hulm-inruﬁtﬁ_!: *

" R A 3
] i i1 ] il Il.l.l

warTin

.l

)

W e & gl il e
-
-
o i

R

e ¥iiaa)

a
I

fi

wrnta e rarps b e e

2%

o ¥ W OE &
=

-

i
'm-ﬂ"!*#ﬁ 1 mﬁ I
: i.-ﬁhﬂ! I“'m*ﬂ‘bﬂ_ﬂfn

L

. .
DE‘-' al":'lﬂﬂ:

i -

"l ':.;H.I'l;ﬁ
IE‘[‘J .

- _E'."F [t e peas e NETERC Lo kT I M

L L] 41 i I
= ik,
ik
II
.y
n'ﬁ“ -
.I . I .".. Irr‘_':
o
S
mﬁ
i I:E -
l||-.|'-'|" II i
" e
&
Y
sutpsunsnsste? ‘I"l&f—-ﬂ
R s
- i i P A

Wil allbp

arwidh 18 i s evmprinlalassmmmosisininsis ol dnmsddaean i

(n} liFvnging

o) vienging 145 nd (0] Benglee 230 1

(43 \funging 480 n¥i (o) (Bumglaeag0 iy

g (il A lefnas Vopgles @ i tlinad



i 16

asliaedoimnaes

. mogil ATCC 18364 sarmaulaunsnie iSvas ldnmutdmsiuansrsm Tas
dinmmmauladiegamrdny 0046 1 moldnetisanfiiiiien 48 dnens
Mﬁtﬂﬂaﬁﬁﬁzmﬁ'lrﬁmu'lﬂmmmnﬁEiMﬂQH o &0 Vinal@tadladnaanim 0011
riutaineataniyt=las fasdiv 77.06 ;ﬂﬂﬁﬁuﬁu-awﬂﬁmuﬁnﬂﬁ anbac il asniis
i lainanlsnrswilsanndinfiriniiad@eidy 2 sus fedusmniiwisieded
\wamnaiivien 45 moldmtemeanhafivame  AefunfFnnted i@
R life 60 amldnredvimeentan  dvrmandslainessald s mmermens
rarEnayinnIERa slarrmn st A r e rsumiaE e
dinurtadiianana g Wasil

NIRRT
Ij{:‘. - .00 E:: |
1 ull
» (05350 *'f'“{l v ,_m_,,___:_ Ladwio®
STowin j el
e 'y _ -
Fralil s fi i} BB "
i [n i IO, )
i, 03846, |
o W ety
1774
{ ; F[ I“Ir'-.“" f 1 L
[IRE e ML TR
o 0005 |

i { TR T } .
Ta5a (L F 1w
{] e lIH*:Pf.?:-q[ﬂ' 1G:m

4, _ _{ ., |.--.s,a'a:r'|:r’{.:;]
dr (.0328

e, 0.I0K G,

C
- [ Cal BT <. 171 1 s IR
STETHE H 1+ 4 :
( C‘}[ £ 1298 T (1l J

'tum:nﬂﬂ:tﬁ*ﬂJmmﬂm‘iﬂa[ﬁm‘:mu_a‘qju’i'nmmﬂﬁnm‘lﬁmar;’iﬁﬁﬂm'ﬂﬁt_i"r-uimwﬂ
enadismmnsayadaiassm 0.75 D 080 slialdssmadgsiu 176 v frun
padas s mesednaan 076 1 050 maldnsiTnsenieu iiliueldedlad
UG el e e R T S T it 3 was 1 5 e



=]
Z]

1

rﬁ‘;ﬁ-’*_ﬁ'ﬁ"tﬁﬁﬁﬂ'&u‘i;yhmguﬁuuum&@i‘ﬁﬂtﬁmﬁﬁuﬁu%i foras) srldrmzding
aardan ssbidanninlaiyenmseinmuinessindaadGoiud (CRe4) 33
i ‘.m:gm'iié’ﬁﬂn’rmiﬂﬁnaﬂwaamnwﬁﬁawmﬁmﬁﬂ-'ﬁ:ﬁ WE

FINMVENARED (CRE-4) wursnetuiumsiEd leivealussumpeTawaad muld
T UYL T DAY ST eor SR Bt )

B L i . .
[. 136+, P L‘r]{f,

'i‘“:.i- ) uf ( I":' . i ]
el ot E,}—.ﬂﬁuﬂtmﬂ-t{h

d__l-':"ﬂ " Q0T3S0

- -

o re———
Il ol I R

S snaliuumyudmemdenrmi S drmrmsinlsimendiuis e
i VdinnuiTod g la B fudundonadma ot drsfiGinodela
mﬁueuq'mﬁ-'mﬁnga Banabinrwifwsdalaodhwinsamdaldfueiain
pecsubstratay D enersad i tmrﬁmmjﬂuuumlLﬂnm'rﬂﬁ'ﬁmhﬂr'ﬁ.lﬁnﬂmi
Taiusmyvmsasradn o wiw riessivaiguninre (fed-bateh) s nesinle
ammenfurssrnstieinshosed et T Tastdnmaue T el

Nalettinn  wintirrdinieSarmaldssma S bafams e fieti fatinanolu

g afteRoan W ieie aerirlEeilalanalnisrad el iuaiad nasdid
rrseisntautuuudrsereninmaeiifa sl

arlsfimn sinnvnmliradiul wonradunglisdomainmsdlelanls
rrauDnigeris@marelninle) MaopH waelafliGhmulae aaami e e
Sorirrsiroe irinea i 2960 e SAEZ % SuEEL BnoTmessimais
nilnw 23 pésmawadssmsldrmediimeanien Tufaaldleinesdlalnat
Gand % mmdrrprﬁ'lii'riiﬁmﬂm-mnﬁﬁ %qﬁﬂiﬁﬁlﬁuﬁnmqﬁﬂnﬁﬁmmhﬁt’ﬁt@ﬁﬁﬂﬂﬂ
ke | Tanad bee Rnamin st uis



[

=i

il

c

o

1,

"H.“ R'J_r Ej, E.
KK

Arafmadudnunt
avanfuduraslaines (ilednantiag)
avsatudweasliae (i lal safes
nrrdiiia Salanlus vommafanla il lonia
auire st (o)

fwruwdans ()

swsirriiva i gendn el

dnmsfinruanin (lusidsmaing

e Tmsntm et wrmiiil s n ALl aedndy
i telaaiGng

s i eepdmenonad (i tlaerdsme e iy
Borriersuiiv i e (ndlalineodas il
ansriiwisnbenninbnivoe (A lalneainduadingT)
Ansrdsrznnsrseinladinosgge :H'E'n;'bﬁﬁhumn’fu'.-mﬁrﬁ'{[uu
Favdmwrzvaanr i lolaa (e Tamminasdeiilug)
Ivsain magucime « =

Faruvsabnlaiman (o bslineatiuda i)

Samroldtelee ndutslendasrtlug

farnradule (nHudndfismmialug

viE (9 L)

vpadifidwan e

et e

Ueniran

waldnasaaicmValas (iumadingyinlas)

pa e leBnaaenlalus (n3laG ratrrintelan)
ua‘iﬁqra'.1'tﬁﬁmaamn"1-ﬂﬁmﬁuuﬁﬂna’iﬁmﬂmwﬂ %)

Farsnmeniawinaenannasin lnea T
ganmmiledivie (1@l
Fasstiulednnsgass (rlug)



23

|BmETIEe e
wilzald Widuatiuns 2537 ladnan, TS TR 53] - 1327
il #duaiions, 2540041, rermiinaidl . v lulat, 24 1136) | 161-164,

Adler, L and L Guislaisson. 1980 Palyhyiris alohol production ahd irassiiular amicg skl

pool I relaton whalsinlsrance of the yeast Debaryomyees Hansend Axh, Microbiol 124
143-130

Albe. B A E Humphrey and MF Millls. 1873, Biochemical Enginedring, Univasity of
Tekyo Pross, Tokyo, 434 p

Andreyeya, L N, el VW Birgakay, 1873, Allalysls of madbimmaticot ot of i s
of pH on fermentao priwesses and (her use for cilcelabeg  oplmal  fErman o
cimatiibings  Bactec il Becthing Symop A4 G170,

Bafwy, J. E and O F Ol 1688, Bivchemleal wigiastiog indamepials pp. 1300142
MeSrawHIt, Singrpora.

Burbosa, MF & M B du Mudslion, || M de Mancitbio, M. Setmelder. and W, Lee. 1,
Sereehing of yonu for production of gyl feom Boylemss o some fastors whicy il
aylinol yiekd wy Gandiche gedliermondi o, Ind, Misrobel, 30242581,

Dampang, O, €& Ghing N F Juy snd 5 8 Wag Y985, Poarlormancm, - Kinetica s
aubetralE Allizotion in i eealnoods yieal fermentdton wih ol moyede By wlrmiiimtion
membrarme: Appl Microbiol Biolsshionl, 21 | G8.77.

Petehatelts, L oand E K ¥y 1980 A Sivple ixmbosn assay for binmass cotvetsion
Altndien. Appl. Midrobsl Biotochned. 24 379507

B, L o B Homwle; Jo lighem and | F Prenosl 19852 Biokogioal sngmesring
pringiples, oppleatioss and  medaling with PGS ostmolation. VEH Versasnesalischalt,
Weihoim 438

Emotl. A 1678 Hylied | - properiies and food applications: Food Toohnol, Jan ;. 2832

Furlan, & A P Bouillouel, P. Strehaiep and J P Bibie 1987, Sty of aylital formation
fronaploss under oxyen imifing conditions. Biotechasl Lell 3 205200

Gong, 5. L F Chen and B, 7 Taso, 1981 Quanttative produsiion of xyitial from ﬁ-xflnaa
by & highylital producing yessl mutanl Cardids tropicalis HXPL Bistechnol Lall 3
120135

Hulmapn, S aml O Touster 1957  Lxylulossxyllol srgzyme and oter polyol
dehydrogenase of quinea pig ther mitechondria. | Biol. Chigm 225 (B7-10L



[ |

34

Hoites, H., ¥ “Yehazhi K. Tokamezaws, K Kawsi, T Suzuki and ‘N, Watanabe, 1882
Production of xyliel fram D-aylose by Candida lmpiealis  oplimization of production rale
Hilechno:. 'Eimng, 4% 1 10a5-1081.

Kilpreeshavanich, v M. Hayashl, N Nishis, 2nd § Nagal, 1884 Converslon of Dexylass
into xylital by sylose reductass fom Candids peliodoss coupled with exide-reductass
systam of methanogen stram HU, Siotechngl. Lell, 6 BE1:G56.

Laffarguis-Distorme, C., P, Oelerma, and G Gama. 1804, Centinuous dleoholn fermentation
will Saecharomyies werevisiae recyele by langential fitraton © key poinis o progeas
mindeding. Blotechnal. Lol 16 749744,

Miakiinei, 1o K. 1578 Xylital apd ol healih, Ady, Food Res, 25 137-180

Malam, A Jand L Hamalsinen 1977 Process for making xyfitel, US Balanl 4,008,255

Meprinl, V. J. P Delgenen, B Molsita, st | M, Navarro, 1881 ¥yllial productlon frem ©-
xyiose by Canoida guitfeenondt - fofmontalion behoview Biobsshiod Lstt, 13 28180,

Mistty, F R oand © L Coonoy, 1805 Production of sibsnsl by Clostigimg e
gacharalytiim - | eftaat of coll jooyete and anviresnmentsl pammeters Biotaohinel
Biaani. 34 0 151304,

Menbonguille, W G 1882, Modeling nightlomass-donaily el meoysle  formanion:
Binstechingl Edtoeng. 38 ° 400604

Netdes Ji A ond R M, 1985, A simplax minlhod e fnction aitimcating. Geinputsr J
Fooapnz

Wistio, M., K Sugowi, N, Haysw, and S Nagai 19840, Convetsion of D-yloss nfo aylital
by immobilized colls of Caodics pefilawoss and Mathsnaiactegom sj HU | Eairien],
Bimrg 67 - 360-360,

Wishiwakl, A 1887 Analysls wl o twostage fetmentor with el recysiing for continuois
acelle sou produchon, J. Fermant, Elqanm.: B3 565-570

Mishlzawa, ¥, ¥ Mitasl, M Tamd, =od S Magal, 1983, Eharol production by ol
recyeling with holicw Tibers. J, Ferment, Toshool, 81 800005

Muleau. V., L Prezosi-Beiloy, J P Delgenes, and J. M, Mavarro, (583, Xulitol producfion
fron) sylose by Iwo yeast strains  sugar Woluranae, Curr, Misrobiel 27 - 184-147

Ohara, M, K Hiysma, and T, Yoshida. 1082 Kinatic study on pH dependence of deowlty and
dealh of Streplocoocus faecalis, Appl, Micrabiol. Biolechnal, 38 ; 403407,

Park, ¥. 5., H. Ohtake, M. Fukaya, M. Ckumurs, Y. Kawamars, and. K. Toda, 1689 Acaii
atid production vsing = frmentor equipped with 2 holiciw fiber fitter madula. Bistscknal,
Bineng 33 :818.823.



i |
L

35

F'.E.F!pﬂ‘!l T and P. M, Onmmger. 41958 Xyliol in sugarires confechions Food Technol, 42 @ -
104,

Riesdy M, P Erlemann A BulkThank apg H Delvag 1988 Mylosi fermantadion By

yeel IV Pirifcation and kinetic studiss of iylass reductass from Piehis- stpivs Appi.
Microbiod Biolachnol 25 148-1584,

Rizzl, M., K. Harbwaed, P Erlemann NoA, Bui-Thanh, and H, Deliweg. 19822 Parification
atd properies. ol he H.ﬁ..Ef"-xgl'rt-;:-! dehydrogenase from Ihe yeasl Plohis stipitis J.
Femment. Bioenw. BT 20-24

Fizzi 0 K Hartworl, NA Bui-Thand), and W Dellweg. 10680, A& Kiralis siudy of e
MNADTH xylel denydregenasa iram e yeasl Plobia Slipifs | Pefnsnt Bloeng 67 o5
Al

Robuaro, | & M G A Falipe, | M de Manclba, B Viale, 5. Sade, and 5 8 o Bllve.
THRG Ayihal prodoction by Candide ginlfarondd 85 ar pppeadely foe e ulilzaten of
wppreinchstriol festduns Bores Technol, 1 286257

Sy, B 8, | C Robailey M G A Felipe, and | M. Manaiila, 1990 Bately fermanstation
af wyloss for syfilol sroduotion in 2limed ok soteactor. Protuss Biochem 31 540.55%

Slvw, B 8 oand A 8 Afuclwr ﬂiﬁm. ol prodonbon of sylitel vom Dayless weng
Crarefieta broplealls. Blopioedas Eng, 11 129054

SiHmrmaneeyan, 5, M Steeueewsk, and M Rez 1995 Sereenind ol yrastl o
produstion of syllinl from Poaplome. J Famont Bioerm 60 505570,

TarmEcly, J W Qfame and VO Keupploen, 1993 Muligradienl molad for oplimization of
v Higteshnologicsl processes. Botesnnol. Biseng, 42 1 13011310

Vanduska, E. & Aptarty, 5 Rigmanova, and T W Jeffrins 1985 Effuct ol anvIronmmnrtsl
condifiong on produchion of kylital By Candida baidind Wil J. Miseabicl Bioteehnnl,
11715218

vorgeuvarierf, V. aml Y Tanl. 1989 Xylitol preduction by a methanol veasl, Candida
Doichinit {Kieaekers-ap ) Mo, 2201 J. Farmanl, Blosng, §7 | 35349,

Wastultl ., P Rlederer and € Bancher, 173 A gualitative antl quanfitative study of
stgar-aicthals in sovians! fods. J. Food, Sei. 38 ; 120201262

Winkelhausen, E and Kuzmanova, 5. 1898, Microbial conversion of Dandose 1o xylifnl, J.
Furtanl Biosng, 36 1214,



:HE

TN AR DB T

1 m?'lﬂa.r‘r:-qmﬁr.;a;mﬂ’m’hﬁm; [Paper Published in Interiational or National Sanférences )
T Smisanssneeyaku) S W, Tochampa and M. Rize 1857 Kinetic medalling of pH affecting
ayliind productian by Candida mogi, Bt Ewopsan Congress on Blooechnolagy, Augis
17-21, Budapest Hungary
1.2 Birissnzaneeyakul 5. W, Tochampa and &, Shuwapathanapun. 1982, Microbial production
of xylilol with k=il reoycle. 91 Eurcpenn Congrass on Bistechnetogy, July |1-15, Brissels,
Belglum

2 ovsanuiumaa s (Papor Pulsiishad In Intetrationsl or Mationol Joursals)

41 Sirsansenceyskol, 5. W, Tochamps ami S Bhowapathanapun. 2000 Kinstic madiling of
P affaning ayliten peoduction by Candida magl, Thal J, Agria, Scl (submiited)

<2 Sirmaneaneeyiol B, W Tochamps and S Bhowapathsnagid 2000, Coslinicms
proiuition of sytiol by ool moeyoling system. Thal J, Agnc. Sl tsubminied)

23 Sitisanganaaynkl, 5, W Tochampn, M. Motumos and 5 Bhuwapaibstspom, 20600
Microbel prechmian of xylaal with coll raoycis, ) Biage Bl (atibinilied),



M
{Raprint Wi Manuseript)



= O E =S s =

= = B = = B &S B =B =EmEm s

(gl msniandnims

11 Shirhmsmneeyslil 5. W Tuchompn and M, Rizzl. 17, Kisebe modailing o bl mttecting

lﬁl‘lllﬂl prechuabion by Condicda e B Farspean ﬂaw on EBwsalacimoiony, Augedsl
17-25 Hudapea, Fungary,



fi

KINETIC MODELLING OF PIl AFFECTING XYLITOL PRODUCTION
BY CANDIDA MOGIT

Sarmte Sirissnpncgyikud, Wornsis Tochmmpa? and Mastied Hiss®
\Degartment of Rinecimniozy, Faculty of Agroladusery, Kasetsart University, Bungkale 11990, Tiiailand.
Nastitur fiser Ploverfaleenstechiil, Usiversibuet Stwmgart, TO569 Shuttpart, Cermany.

ey wirde. Xyllool, Fermuuation, plf effest, Condity magil anudeiiing

ABSTRACT

Candidiy progil AT 15364 wes eplitvated inniimmal medlhum contpomng Ryless a5 coibion iomes
vl pH. The optimun g o, growih and xvtitol fomation are 4.9 snd 6.0, respeativitly, Mastmm syl
wield fom wyloae fvend ar pll 6.0 i 0.538 gwlitelig xyloge Bauilibrinm constant of pll depsndences spaciiie
growill e and spesifie (nee foe aplliol fomouton B, = 5766107, Ko = 43= 107K, =130 10 =md
K, = LO0Ce 10 moll". ee obtsined &om pop-lines copession nefysis. The mateddl halisse et
eMpTensig e growth, sylose consumption wid syfiol formution aste feonubited o estimeze the Kinh
phsnmeters. oF pathematonl wmadel Aso manll, e (olllowing kisale pemineiers, g, = G039 11,
s L0 TN R T T B T i, =483 (! B ‘Jh", t|: w (23} T i B =N e e
mattrmatail by Mo shplen metod, The compeiinn atweer e imoded predlestans aud exporimeni obssrvanon
vy vy ol nprdemen) Tor dillermin pB vslues

TR

Clonedisin il ATET TRIDA D bedn seporied w =iliciently produce 11l {'::"Fﬁ = (.62 g xylitabiy

wyliose) A i produck yielil was shiined wien il [aylese canepmmaton gnd Anbaifie Gxypen wpalie
rie wese b gl and 028 mmal Ogtgh, eapeaiiively (Sirsensanceyionl, 8, er sl 19053 Thix poger presonts i

edteey ot pFTou gyviirod Commmlon muder wesobie condition and i kel modelliog,

MATHEMATICAL MODEL

The klieeale nnlet fr pl | dependence hoz boon propascd dessrdlilng e speel e growtlumes (pgand e
sppccifio eatd lor protluct [nfalion {19, (Obar et al . | 992}

HLFH‘} = ““—HI:‘IIFI K o [“
| pheeraa el iT
i (1077
a5
) = —t—— 1
R i O “
Ky O™

[lre msteriiil betance oquinions expressmy the' mowsh, xylnee canwmptian fd aylitsl frmmtlon we
formufated in fie B (31-(5)

ac, HCC, _ -
dt I O T '
|E;+C _l+—H.I T
d";i e r, :
ac, alch, %
dr E iy CJ[I—'L i 5 Kl-j }
e S T T

" Paster presented at the Sth Enropean Congress on Blotcehnology, 17-21 Augast 2997, Bwdapest.
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HESULLS
Effect of pH on Growih aund Xylitel Formation

4
e optindial pid for mrowii ond spiited foomation am 4.5 (n = (046K § and i':-._'l:r'f‘:" = 55 e,

reapectlyely {able 1), Equilibrivom sonstines of pH dependence apn:u.:ﬂv; graiwth et aiid n_,muﬁ-t ritte Lo xyliial
farmeton are obiained fom non-finecar vepresson anilysiz:

Eq.ty K, =576xin?, B, =143 107 ot
(gl K, =130w107 | K, = 10010 pinl

Tkl b Hesulis from acmibile bawh termentation of ©, momii in xyless mediem & various phis

pH H i 9 Fis Yea Yo
'y G M e Y (Eg") ez b
1.0l i #aie frirr e thrid AR §9.0F
40 e 0las fi iy tia? 462 i, iy
'R i et il i (R0 LA # el WA
g4 {840 W2 il 43 INET) 546 087
o 0 TR i A 2 PR (P afl 2
) s (L0 waid & RET) 1545

= Thaneoti e mxkiusl wcld s I:U-J'E;;mlm'h*g w¥long (Havbous or wl., 1968.)

Comparison between Model Prodictions and Experimentol Clmervations
Tl zessrabning nbedel Koeie pammeiers bave been estimanet by e sinples mediod

PR TR KY = 05595
Yo ™ 0WITY gg™ o= A8I 0 g b
gl = 022397 b K = 177 g1"

The compartsan betwesn the model prediciions. and experimeniml obzereations show very goad
ugrrmznen Jof ditterent pH viies (Fyges 1,

CONCLITSIOMN

The vpitmml prowis and zylidl frmation are ahomined ar difaragy BT values. Llenee, e o stapey
pracezs for xwlital moddanien 13 recommssded for M Biomass and defito] fommations
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MICROBLAL PRODUCTION OF XYLITOL WITH CELL RECY(LE

“aarnte Sinsansgnesvakul, Worasi Voehampa and Supapong Bhawapatitinopin
Blepartment of Diatcolnology, Froulty of ..-*.gm-mﬂnsl:m Kasetsan Tniversity,
Chiuehak, Banpkok 109H), Thatland
(Faw: 6625794096, B-mail: fgissiiikune th)

Kewwords: Kylinil, Cell pesvele, Donylie, ﬂwrrfinnmlﬁ:u{mr_t, Fermnenration kinetice

Summary
Crnatisley mogll AVCT 1E364 Lol Drs optimad growth and syfita| formation i batch
vulture up g 4.8 il 6.0, redpectively. As .1 resull, the sepbitol yight b agepbie and paygen
bmited gonditions were (035 and 071 g g, respectively, In continurus culture with cell
feyele, tho moslnm spectiis e of eylited fommotion (g 0028 & g 'l wirs ohtaiped m =
LRET ' wral B = b5, widle Us moxbmom velumatric procluetiviey (G 0060 8 1"'HY) wes
Fiieteeel b vt vyt ritha (= 0.96) indée oxven-llmited comdition,

Intradietinn

Vansh i the mos) proomiesiog xylitel praduseny in ntleroblad conversion ol Desviose 1w
aytunl, wa s béen receolly feviewnd by Winkelhavsen and Fusnuedyy (1998), Xylnie
envetit b st sl sylivel produetion [n yonsts wern meperted 10 be contralled by two key enzyes,
NALTE or NADPHSovloks redoctioe whid NADylitol dehydrogenme (Rizzi of all, 1988,
Vst WAooy yeasts, Carideder wrogll ATCC HEAAM way found 10 e one of the maost
peomnising m eonverslan of Degyloss o wylinal. Kineties of Degylove ptake il Desyloss
rachusiase and xylited deliedropenase gynihesin durng aerebic ani nﬁg-:n-‘iimjﬂ:d coidlitidain
unieg synihotic wedive wis explained and postuluted s comples regalatary  toenbels
{ Sarisamaaneeyakul e al,, 19953 o thizwork, o process of xylited iridictiog by o Singlestoe
[rmentatinn with e=ll reevele by Varyving reayele matos wnder fesabsie aml ovypsn-limited
eounclitiong wis levésiigitedl

Matertals pod Methuds

Candida pregil ATCT ERIA4 way whed in bith bately and cettinmouy, galiure whih ezl

teevele for wvlitol production Bom Deaviose wader wecobie sad oxygendimited eonditione
fermentation was garried out with 1.3 § Dxylose minimal ipedia of Sirtsansureayakul 20 af,
(RS, i -l Termenter o Hivstal B (B Braun Plotedh Intermational), o bateh culture, the
eHtiks-of phl (3.0-7.0) o wrivwth sindl %litol production were. Liyestigaied willy uoiniial oy lose
comeenation of 31 g 07, af controllell piT under consecutively werobic and oxypen-lmited
sonditions, repsectively. T comtinnous culture, the preculiire was frown -aerphically at
-gonirolled pH 4.5 and tomperamre, 30°C; and-war cullivited For 24 & at 1,000 rpoy sgitatsar s
and | vvm asraton rate; then switched to continuous mode witlh eell réeyele using a hallew
fiber moduke of modst KL-U-M A102 (Kuraray TTF Module, Japan), Xylitol production was
svestigated wnder both zevobiz (1,000 pm and 1.0 vim) and u:.';}rg,gm limited {300 rpm and 0.3
wirm)| conditions &t entrollei pH 5.0 witlia feed xylise coneentration of 30 3 1 ar 0 = 0,06



0L B d@n reeyele ratios {R) 0.50 and 0,75, The steady state wad obtiinad after folir vollmies
replrcement:. . '
The samples; takeen al spevifisd tme jntorvals, were centrifoped; zclls were washed

with water. the residues were dried @ W30 for 24 B for cell mass détermimuion; (he
supernatants were wsed for D-syloss and welitol analyvsis by the methods of [eachataiets and
Yo { 19867 amd Adber and Gusafsson (19800, respectively.
Hesnlis and DNacussion

I hateh cubiue, ander asrobio congdition the madnmes speei Gomrowth e (5= 0.038
W3 and Blonasd yield Yy =022 g 2') wiire obtined ol pT 4.3 (Table 18), but indes Gxyuen-
lmibted condisiom mexmmom sylital yield (Yeg = 0.71 g g".ll 15:00 18 %o ol the iheorenca] yield
[ Harbom of al, 1988) win obluiged at b 6.0 (Table 1), Hiwever, amximums spociiie oiies fur
syl produetion wder serobie (g 0131 gg'h') tind exypen-tmmted (= 0.053 g o'l
ootiitiors were abtained ot pH between %0 (o 6.0 (Tuble 181 and 4.5 (Toble [h), respoouvely
Sk the medial range of pH of 50w belevted e mulying e peodudthn of syl
oot eulars with cell recyele,

Tahde tu Flateheulige of gyliol prodwetion wndes werehis enndithon,
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\lging #n enzyme kimetic mode| propesed by Andreyevs awd inyukov (1973), the
ctfeers of pll on growih and product fooation under serobic anid axyeen-timited copdiiong
sl bie desprined Lnﬂ-ﬂ}bmﬁlimﬂ]y Far the .i'IF-Dﬂ[r:Llﬁn af xylited. Thorates of growth and syl
rormenion were vegutated by a ratio of agive cells b botal cells awhith was affecled Ly
sarmunding proan joie As o oreawde, the aptimad i for mmximiziog gowlh asd syliol

darmation hndee aoobic and oxygei-lmited sbaditions wers numerisally olbigined o pH =

504, 580 and 9H =350, 469, respeerively, Usien s simple Monod kinefses meluding pH-
dibecting inodel], e balancing equutions for growthe Deeylose aud J.l}"li-h-l!. U pcslebs W gl
tiv comstrpot ba explaln (o pattern for preduetion of xylieol m e culires A curve filing
wsiny vin-linear leanr square anlysin was performed o estinme telovanl kinglis purameters of
(e preepressed woathermtivil mode! for yiinol prodocion.
b aetinuon eulnee with cell secudle, the bigh eell dendity (O~ 3065 g 1) Yy -

(.25 5 5") was obtmined under serobie conditton, ar o refatively hugh reeveie ealio (I8~ 0.74)
| Fabie dak However an expected, o melatively bigh sybitol vicld (Yog = 0200 g 'y was
afitalied ymder oxvgen-himited condison, o0 g lower reeyuls otio (R = 8,50) (Table Ja), The
Ao ek ol wlitol Tobmation win b enlunesd iitdee oy lmited gangition (o D02R
o o the Tower voayile patio (I = 0507, whicvean the valgetic g of il produetion
with st by Wigher (0= 060 30" ot the Wjghor resyela atlo (6= 0,763 1T bl 20

Tatlile 20 Crmtinnove eulwes wilh cel| rocyete for sylitol production wider uhely wuls

e o
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Conclusion
Significant increass of mylitel from Ducvlese to 78% the thearerios] yield (Yra=071 g
8" with specific rate 6 xylitol formation of e~ 0035 g g'H, i baich cutiure uF pH .0,

wiian oxypen became limited probably resubied fhom Locrease level af NADH m ke cell { Rizzt

bl 19885, b) and 4t 45 the combition thet enhanses mu;&rﬂiniun:}'-crt'N,ﬁIﬁPH'r:g:nmtnn thar
Eeepdihe level bl NADP low and therefore stinmistes the dctivity of D-xvloss reductass ani
sylitgl emation (Sivismmianceyakil e al, 19954 As this concept, wos spplisd 1o contirmons
produstion of xylitol hy wsing confnous culiure itk meotbrans Rler o resin eel] o the
system. Mrezionm coll massand speeitic growdrate (G~ 30,05 g1, p= 0046 1, & = 0.79)
were (hained under sembie sondition ot the contvelled renges of dibation e (1 =0 060,07
W'} Specific rao of xylitel production wis mereased afier reayeie o s been redieed (=
0428 & g ') under ssymen-fimbted coodbon; fup the yolumetme mn, (T 0160 g 1'0') vy
velunzed o the ldeeaded ceeyele ftle, The duty seom b indicate Y sell donasy . amd
betracelialie il af xylivol aré inter-relsed b controlling xylitol Condbnirntion releamd frim
the wwltore, The phesomens are anider further investigaion ingloding Two smges: comtnuog
crbtore with cell regyils sl o alwulation of o siople-stage fomenuiin wirh eell rpeyele [y
enpeently copsileeed lor whuadaing o process apdmizaton for sylinol produstion atie
dubilueting the parameler eatimation, o which !g.lﬂl.nl productiviey witl be fheorstivally
izl under sesdy mme o optmal diludon e with sumble conzemetans of cells Do
wylose i xviitol,
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V', v e estbiiveied barotncally o LD penicpnd | vt for 24 b This e e switched b0 conlisnons mods with.call vecpets uring @ hulles fher -
medulz, Xyfimd productbon wi inveigmed weder kot seratio {1000 rm and 1.0 vwnrjeed ocgpgen HniieS {350 mm and 0.3 vwm) mndisons with § fees
il ermrsarakion of 30 g1 w1 008 006807 17 a1 reewete radiog, B, 050 e 075

*iverviews and discasvion of reutt: Condids il ATCE DRI veis ugeil by boily bateh snd dqmiisnimy oubum wis cell idopile e oylisal produstices from
-y il seratie ani oaygen Hiniring soad| ko, I hesh-cabiure, e opaline growd (YU = (107 g ") was ol ai pH 4§ snder rerohic
dopdietitbzen el e opthsial gilsol preduction T 1S S 071 H"‘).-ﬂ obeied i pld 8.0 imader ghoygen fmbisd soedifion. (i [T T
priyete. the highar sl deminy (C00 = ML) g%, YIUS = 021 ga'") wis obiumed under membis conbition s the ligher yoryols ik (R = 0.7} Hossver s
“eprered, wyllisd yiehd wnd Apesific prochicticn radi improved under eopin limittion ressiling in & obaiteely highor xylanl yinld o tha lower recych i,
Thsiedare, u ponesss fnr nbmlking higher xykitul iyiry scelil e achileved by apeeming a hilgheell deainy oikium isidor amokis aondizim, follewed by
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Kinetic Modeling of pH Affecting Xylitol Production by Candida mogii

S, Strisansaneeyaknl=', W, Tochampa®, M. Rind” and 5. Bhowapathanapum®

Eeparnnest of Biotechnalowy, Faculty of Agre-lidustry, Kacetsart University, Bangkok 10900,
Thaitand
tbstract
Canlicls megn ATCC 18364 which was cultivated v manms! medmm commining xylose a5

‘carhan gouren af vatlows bl found s eptimum pH for growds nnd cylitol Srmmtion buth s pH 4.3

nneter sesobie (u= 0,046 k') and oxygen-limited {op = 0051 g g b} cenditions, reEpoctively. On the
atlier hand, s masimun gyliod yiold o sylose (Y foomd at pH 6,008 00710 g g™ woder oevgen
lunitesd condithm. Equilibrinm cowtants of pH depesdent specific grovith e and specidic wie for
wyliol formation vmder both aerobie and oxyeen-limned conditions are optnlly htumed from’ noi-
lineal rewressien analysis, As o oresnll, the mideriil balies equationy expieasing prowtl, svlose
comgumption and syinol frmation uder both conditbons ars fommvibsted with mmencally gotimated
lemsetie pravameters of the peepossd nastmetured medel, The comprrison between e medal prediction
und ‘exporimental shservationy show very pood agreemeait for difforean pH valies wder aerobic
eonndrmion, wxcept these nnder oxyvipenelimited coodition

ey wordd @ <ylilal, pi'l e, f:rmerIn.mnHu. lnetie 111::1,!;-}.1““

Introduction

Xylitol, n five carboy sugar alcohol which |8 rocommended fur dinbeties aid for s prevention
of dental canes pecurs widely in natues. Ax compared (o chenucal production, s microbial produtten
5 lotely becoming more dtractive beebuse of an expected sheaper downgtronm proceysing Aniong
mncroorgimbsins, Candtedn mogh ATCC 18364 hnd been reporfed to efficiently produce kylitol (Y =
1162 g aylitelle xylose) A macrmum product vield was obtwined when inial Dexylose concentration
and spécific anygen ptake rite were 53 g 1 and 0.5 mmal O ¢ 0, sespectively (Sirsmsnesyakul,
Ser al., 1995), Thos papor presoms the offect of pH on xylitol formanon under serobio and oxygen-
linited conditong and fis pH affecting knetic modeling on xylitol productos

* {orTespandonen
mpﬂnmm nfmntr.-thunlum, Facuity of Agro-Tndnstry, Kaseisart Universiry, Banglok 10900, Thailand
Ilep-anmmt of Agre-Tndustry, Famlgr of Agricotinre, Matural Resonrces and Emaromment, Nascaman
Utu-.-e:rm}l Phitzanulek 65000, Thailand
Dnya'mnr:m of Biotechnology, lnstitne of Food Technology, T}'Ili:#&m"[j" of Hohenhoim, 13-70593 Stattpart,
L
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Mathematical Model
A bmoeen, pH pliys an impartant tole atfecting both microhiat growth and product formetion
ar differeat ol vahecs (Visgrovanler aml Tani, | 989, Vandesks ef al., 1955), Lt ereyme kinetic
approgch, the mathematical model expressing pi effoer was proposed Tor mierobial prowth kinesics
(Andreveva and Biryukov, 1973, Obam ef of, 1392}, whose mte equations were formmibmed o
asspration with proton contribution m colls (Buley and Ollis, 198¢) Thoss ealls vnder welive or
iactive conditien were mechanigrically. shown fm Hey (1)

xm" r LIl ?l'.“ L HL-\J xl_ﬂ_,l,ll

il | [1:'

p—— - | X ti®
Providing K, = m—J K, = —1'5*:— it X, =X, X e X oo e oo of neve

s ekl eolls woin nesutoed in Fo (5))
| :
R W
[Hy
b the peowdh mes depends on the sethue cell prosmt ailly, the epeitio peovil) mis wis
Vebiited by in derms of praten comeentsation o pH m the system as th followng By 5p4d1

X
X, == - Y —y
L T in
K MY
- 1]
R T ) (hay
K, m|
g - [m"‘gllj'- (it
IF——-_—-h
(TR

The Kirietie e for pHE dependaice wai sy proposed  deseething (he epecific rato fior
product fonmation (Bg. §)

Hy = il
My & il 13
Ky ot
The opumal pH for growth (B &) and product Sormation (Bq 7) wers ohtained by the

derivativesof T, (4) amd {5) witl protun concemzation-and setting to zemo, Tespeetively
Ml = KR and g = Sl (6)
W - B, wd i - Sk e ”




B

By unsing Monod fpe kinetics showid Lo Eqg, (8), hemos, she marcridl balance cquatins
expressme Mie gronvtly, xytoss {:uusurrﬂaﬂ{m and xyhtol formahon were feinulated in the By {911},
i,

when by - R = p{CaptiCy
i
sic,pH| = L ﬁ
fk.‘-‘-:—c] '|-|ln-'m+ ¥y e
' " E. T']'*'
gy by
= 9
dt y WK
lE\:: Frﬂa}'[' |mTI'|"'“:I_.i.IT
Lik= W [ Sy
ili (‘I'r.'aimﬂhj HY
e -, rhialy
A |' T T (11}
4 J-I'..I,'I[i-r 1{.._|FI|:I il

Hegnlis anl Diseussbon

Etfect of pH an growih asd tvlitel favailion

The optisal pl tor groweh and xovlool formpmen neder perobe eondition weee 4.3 (1= 00
Y 0 (Y o= 0300 g oY respoetively (Tabls 1) And those under vy st Hended comliteon
catihilian were 4.5 (1< 0012 W) and 6.0 (Yie = 070 g @), tespoctively (Table 23 The prowl
dveresset at ughes and lowsr the opteeal pH mder perobio conditron. lowever, andar morgen-lnhed
candditicn, epseifie growth vmes 3t pb 4570 were siodlady dn the e of 00100002 1" mul pao
arowth was-found ot pIT 3.0 The sylitol vicld at pF A4 0T 0 were approssivately | =10 e bighes o
aerobie W m oxggern-tmd fed combitions, sueept thit at pbt 3.0 sehome <ylitol yolthwas | A tie lugher
utidur aevithng comditlon, Thow st growng condition cobanves (4 blomass prisduehon sather tian
svhined formatbon sesultiag lower xylitol yield obtaned {Yonpsavanben numd Tan, 1988 Yandeska o ol
Ups), [ the Iner enss, with noo growing phase, this might he & strong effeet of piT dnosylitol
formation umder oxygen Temited condition. AL present work, the Xylivol yuelds Both under aenobie azd
aeypen-hmited condiioms were masomed ot pH 6.0, which are 8042 and 77.96 % of theoretical yoehd,
ruskpLivedy

The correlanion brawees pH with specific growth mie: {F"mr: 1} and speoific raie of xyhiol
firmation | Figurs 3) can be expressed in Eq 4b and 5, respeevely, From non-finear negrossion
snalyiie, Uwsse pH dependent consiants inciuding equihbrum constants, makiniam spedific growth mae
ankd mpsamum specific rate of xylitel formation ore: surasrrsd i Tablec 3. Az.z result, optimal pH
(M, | dor growttano xylival formation dermved fram: the proposed medel by Eq 6 and 7 are 5.04, 3,46

wnidei ferphic eonditian and 5.90, 569 inder sacyuen-limited eondition, fespectively, Thest optital gl



valuce are slightly diffseent from those obtained from experimental obsereation, sxoept that for optimal
growvtl nnder oxygen-Umited condition, which was oheaited at pH 4 3 These (ifferénees mightl be
mamiy resulted fom mongncal determination for approprste curve fitung with lanied experomental
dea, sapeeially (e oaygen dimited condition

Bemdes growth and xyitel fonsation, an mersase of pH moreased slightly the specific rate of
wwlosp consumption widsr esvobie condition and fomnd Ity matinmo at pH 7.0 (0262 g 2" 57, while
the maxinal speaific mte of xyloze consmmption (0085 gz b} was st pH 45 under axygen limited

cenneltion. Pewsever, 1 i élear thar the rate of sylose transporiation was obviously: more e wdes

aeygen-fmied condition than by siwerion of pH effect, An scémmulmnon of mirdeelhilae gvlitol by
parially mhibned respirary chn with. oxygen Tmiston can consequently doercase e [orwid
activiey of NADPH-tepehdont xylose reducting (Sirinanmamosynil ér @l (U953 Theealore, (s relly
e dleorense of xyloss wnleanon moroeethitarly apamss o8 risportnon siuultasseasly. Ad-a rssult
Ty specile pited of aylose topdumnplion aod cylie] formetlon were welliveible woeder omvgens|mited

woibiom an oo w (e nosull, while e ol vield unlikely found i ogtinnd value [stend.

foampartsen between mndel peodietinns and exprrinentil observations

Tl remmnailig misdel kinste congtamty (K. 911} have been antimated by the Simplex meiled
Edeider and Memd, 1%03) Some provioasdy devsrmmed bvetie comaranee; 1e iy, 4 bove alio bsen
maditierd for better Githng the expermental resulby: The optrmal kmetie parmmenrs obroned by ourve
Bty ethod ave somrgrized Gy Talle 4 Tho. comparidon betweey the pods| pradichens
experimgEml observabons diow preity pood agreemen for diferent pH valoes under aerole coniditen
{Klgsirn LAD, Diuin Fadely satisfuctory umler cxygensfmmited conditing (Fimire 38)

Conelugmn

Coanliotie ol ATEC PA36) was gulttvated {n mimitead mediim-cominmming sylose se earbon
foarca bt pH 3070, This optitnum pH lor the specific prowth fote and de spedibo rote @f svlitol
formatton-are 4.9, S0-60 and 4.5, 45 wnder aooble and oxygen-lmited conditions, Tospecthaly
Mt xyfited yield from cylose (Yie) fiund at piT 6.0 unider oxypenslimited condition s 0.71F g g
which 1s 7796 % of the theoreocal vield {Barbosa, M, F 5. a1 wf, 1988) Equilibrinm constant of
pH depemdent speeific prowth cate and specifie rate for wylitel formation, K, - 5762107,
By = AL 40 = 0515, Ko = 1815005 mol [ and K = 89900, K, = M0, K, =139x10,

Iy = 125x 1 ol P umiler serohic and axyeen-limited conditions, reepctively, aie obitained from noti-

Timear regesesion analysis The material balance cqwations sxprosuime the growth, xylose consimption

did xyiircl formation are formulatel] to estrmate the kinetie paramsters of mathematical model, As a

result,  the Tollowing kinche pammeters, p, =003 b ', B =0559gd7. Yy =01T3gs:

i}



=l =

mmg e AEINT g T, gF 02887 0 KIS 1ITe s il e =0005 B BY=17ss5ed,
iy =005EE g g7 g <R3 (0 g, g =00k g b, Y ~2757 g4 under aerolic and
auygen-limied conditions, iespectivaly, werg estimated By the simplex methisd. Therefore, the kinetic
mgdehng of pii arfeerng xylinol production; wineh describes the congentrations of hiettiuss, wvlass, aud
wvlined have bees Gnally constrocted utider otk acrobic and cxyoen-limted conditions. respectively, ag
ferkiemrnigy:
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The gonmparisen betweon the mntlemoticn) model predictions amd experimental observitions
shorw Faitly good agreement for difforont pH whieg, Since the optimal growth e sylitel formation afé
obtunel ot dilferent 3111 valoos, Henoe, the mwe stages process Tor xylital produtbon m recommended
fiir e bivwemads anid gyl Formlinns separately, which splaits the obinined optimal conditions, Snch
au shsgrvation b expermentally- wnder mvestigation for concliding the expectsd resull m (he eyt
et
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Table I Resulss from uerobic hateh Rementation of = magil lu wylose medium a1 vanoos pHs.
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a0 D028 {:Ead by WaT (ET Y] Sl 66
45 A ii46- i, 200 LY 9221 0,4t 300144
0 o4 {5,241 b, 1L i |58 .54 SUET
fild (INEAE 240 0.131 158 [HE3 % 43
T 1034 i, 260), Al 14 i1 RS 44.45
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Table 3 Snmnacy of knene eodant obisined from pH diyeniden) moglol (Hy, 41 leid $)
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I t 135 003
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Contimuoas Production of Xytitol by Cell Recycling System
S Sirsansanceyakul®’ W, Tmhmnpié..h-! Rizzi' imd S. Bhowspathinapun'
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Abstract
Cannsireler ot ATOC | 83040 s varriod ol i eontinuons elbire witll g2l mayale, tho ligh
gedl demity (G = 3000 g 1Y, Yo = 025 p g ') was obtamed under aerobic condinon, 8t a rélalively
high reeyele miin (R = 0L.75), Howsver us expeated, o celabively high syfitol seld (Y = 0,000 g o'y
wits abitened under geygen-lunited condinon, av i lower recyele oo (R = 0.50), Fhe gpecitle fato of
aylisad fopumation v alee enhaneed et sy el contlfitien (ge = 0.02% & &'h ') ot the lower
ceeyle e (0= 10,500, whereas the volmmenne mte of xylitol prodution wis vemurkably ighey (G =
A er g 1" it T roeyels ratio (B = 0 76) A% compuzed m bareh and contimmms produghion
of xyhrol, the . macmsl wilnmeide  productivity of xylitol 0= 32567 my WYy ubstained i
cenbinubng cultire with optionil bwo-stop oell péewdly, war 329 aid $522 funes Mghizr fn s
i i contmnees aultnee with suglesstep coll yeavels and s batch oullure, respeetvely

Kavwords ; xylilol, e=ll recvele, Cardiafs mogii, oostimwa enlima

Tatruhuetingn

Yoamst 1 the mest prosmsang sylitol prodocess i mierobul convertion of [rylnge to sviital, un
Bush e pesently pevicwed by Winkelhaugen, and Kossnva (1998) :’-;erlcm retabotien il wyhinol
nreduction n yeaste wore fepartel to be comtrolled by tovo kov encymes, NATH- or NATELxyjuse
reiigtase and NAD-xybitol debwiropenase (Riza o ol 1988, 1985, b)Y Among yeasty, Candrde
ey ATCC FA364 wis found 10 be one of the most promising n cemyersian of Dexyleso 1o sylilal
Ronones of Basylose nptabke and Dogyluse reduciase and sviitel devdropenate sonibas durmg niralie
il esygen-bmites) comdmions wsing. Synthesle mediinn veas explsned. and - postilated m complio
rephiatory models Eainsansateeyakul e al, F95) Lo this work, o process of xylitel produeticn by o
wingle-2tnge fenmentation with cell reoyels by varying reeycle rtios undes aveobic and oeygen-limited
condatinne waa investipated.
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Mathematical Model
In eontiniaes euliire with cell recychng systern as stiown i Figure 1, the soatzoal balances of
biomaes, substrate and product comebe formlared as followes (Lee and Chany, | GET):
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Mlaterials aod Methods

Prepavation of Altration unil

Yeart coll suspension was. prepared fom balch enlre of Crandbale siogsn ATCC 12304 o
iniokinal medinnm without earbon source (Sieimsaneevikul = of | 1995}, Tor chetlong cell moyaling
svstem, twi epll soncentrations ol 2wl 40 ¢ ) were investigated naing @ ballow Bher medsde ol
anodel BL-U-M G302 (Ruteray UF Maedula, Lapan) wider specificd cell recyele rtes (20, 30 wnd 40 R
'} ittt using ligh pressure penistatus pump (Evela Roller Famp, BP0, Japan). Samples wens
witliberwi cuery o b for detesmminmg vell visbiity and Rhration tate. Call walility was detormined by
mcthylene hlue stning (Lée ef ol 1981) and caleulated as percent of Tiving colts 1o total cell count, so
callid viabd] e mdex

For conwsctmg 0 contiineds formenter, the filbration weit wias stetilized vath arculating: 0%
il for 30 minutes and washing with sterile waler: The single-stage fhrmentation with el reeycle
wag 5et a8 shown systematically o Figore 2. ol recyele rate was kept consmmt for setainimy eells ity
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the formenier, while the fresh mediom was Continuously fod U Trmireer witl ontrolled flow rans,
Contmuuud elmre. wiae established by balenang mflow and outfiow rame wanstantly Therefore;
bleeding from fermenter dircetly wis necosspeily cumpensatsd with outflowing of filtats fom fikration
it Far havimg cell secvele ratear B =075 ar 080, its Ehnstans valoa waz controdled by pl:ﬂ'tﬁ.tﬁhll:"
prip M1 und P2 (1able | )

Tuble 1 Flaw rawe of fEementition broth and fresh mediom passmg throngh persteloe pump P1oand 17

g2 ﬁ_$ ri ¥ Pl b2
i .
(' (b fh 'y
.75 0125 TFES [THTFE] TR
.50 .41 0 03h (TIRTY 4. 10

ymhols 1| st P2 refermd o Figore 2.

Ky libel production with cell recyeling systes

Lindisl migrt ATCC M4 was used i contmnong eulture with eil] reivele far ey
preduction from Begylose undes geroble il deysen-lbiited conditioms, Faimentution was eared out
with 1.3 | Daxylose munimiad medium of Sidensaneovilnl of af, {1995), in 24 Enretse of Bicwtat W
(H Hrmm Wotech Iniermational), b contimss enlture a5 shown in Fignrg 2. the peeonlnree was:prown
nerobicaily at contollel pH A 5 and temperturg, 30 wud was enlivated o 24 b LG Fyi
agtition e and | vy aenbon e, then awitched to contmuous mode with ' eall recvole LTI
hatiow fibser maryle of medal KE-T-M 0302 (Kumesy UF Module, Japan) Svlitol praducnon was
ivestigarad wider hoth nerobte CLOGD rprm and 10 i) and ossgen-liited (100 Ty kil 3 wvan)
cemlitiens at conteolled pHl S0 witls o feeil sylose concenteation of 3 g 1w D = 0064007 1
recicle mlioa (K]0 50 aod 0.75. The steady state wan uhitimed afler four volumss regilacimcn

Vhe smmples, takean at specified o mtcevils, weee cenurifugad: eolis were wanbed with witer
the s cs were deied ol 165°C fog 2d 1 for eell sy detenmimition) (he sdpemmtaiies wore nsed for
Pxylear and ayvlitol analyai by the methods of Deschistelets sind Yo (1986) and Adier and Chuntufiyr)
{1980), reepsarively

Rosults and Discugsion

Factors affecting Rtration systen

With 20 g el concentsution at méopele te 20 14", the éall vighilingy lidie wus phiafed
potween: 923482 % m 48 b of circulanon e and filtraton rate found seghible changing Wiien
wereREng (nta ligher recycle mios, 30-and 40 | &' the cell wabibry sndex wers stlf i ths tange of
#8.7-96.2 and 88.2-58.6 %, respecsively (Figure 2A) While the filtration ritss Tl no change withis
(:210-0.2161 5" n 48 h.of eirculanon time at higher rocyele mocs. except that at Lwer reeysle raie 20 |
h' the filizalion rate was slightly reduced from 024 = 021 | Y incthe fiest 14 §.of ciroulston Hime



[Figure 20) It ie, Wowever, clear that both recyele rate andd ciroulabion nme of 48 b did not remarkably

catfoer e cell viabality. [Uis also foond tha the filtration rale was independint fromy (ezycle mate and

carcilazion tirme (48 by, Fumhermose, an mcrease of ccll concentration to 40 e 1 mve similar fesults as
ebstarinied will fovegr cell concentration (2004 1) With chianging the recycle Tses of 20, 30 &nd 400 | &'

A every 24 bat creplonon e poth 2l vislility snd-filteation fite kept clearly constand nnder the

erpetimental condriong (Figers 4), Thewefone, the Giranon wo system shows 15 officiont pertormance
ur bamg mothe cantmucos cofters with 66l recyele i this sy,

Kylinul production with cell eecveling svaten

P dnunn sate was nistaed epproxinately: constme at 0067 b under asrobie mul
svvgen-limined ettulithon for the contlmens culttvation of Condide mogn nsing 50 & 1Dy lose with
Cveerieeiells runos (1L 075 and G50 (Table 23, As sompared with seribic condition at R = 1), 75-0. 14
(IS o R 57, xylned loomuabon showed s better vield wider osyeem-timitsd conditio, bl it
liommass yiohl wie dertaimly oppoiite. Sinee i ngreased setivily of ayliol dehiyidiogemse maitod o
anngrene AF hmsaived oxygen andor aceobie condibos and cespilntory delianecd cociepie NAD
refenimiition, sbeacotludar gylivol & converted W xvlifoss for use in Womass syithesls vin pontosss
phasyihas: prtlivay (Sirsmsansyikdl of al 1995 Bing ez af, 1597), On the ather haid, devrtasing of
Wismolved copygen nnder ooxygenJunired. oondition mbitburs delyvdvopanase aelivity Wil i bereased
cotrzymie WAL, jeailting an seeumlution ol syl sed s sxoretlon-extmedNibirly (el 1959,
VAU, Proo e FORS, Sirsnnsaneesalki ot al, 10957 At ldwer tooyils fatlo 1 = 0 50 (CRS-5 el
RS, the epsult vrs sundlar, howaver, the biomass aml sylitol yields wore wgrensed 4.5 and 799
Firtietas higghiee thiss 1hage abtoined &1 lighies resyals raio Bo= 74, Lgalmﬂwﬁ.

Lhdey nerebng comhibion-ar lwer reoyvelo cone B = (1,50 (CRS-3), the bramass yield was |76
Tty bghhen hass thay abtalueld ot higher reeyele matio R o= 074 (CRS-1) Bevaude the Womass. viekd
tlsponds an o nerease of bleeding ratio (i = 1-R) rather thab ihe subsde eotetitiation (€ 771 Hy,
7 Asaovesult the fower syliol vield was obtatted independintly Trom the bleeding mtio (Eq. 8), Fé
arvain-linited condtion, decremnmg reoyels. reto morensed the xvitol yehl 299 mey higher than o
ligher reeycle fatha R~ 0.76 [CRS-2), whertas its speaific mte of xylital formaition was lower | 49
tmes ingread T mdicates that not only oxyeen omitmg factor but also reoycis rato play &o
frespartant fale for an improveniens of aylitol thrmation. The husher cell dehisity by ingreasing recyely
ratio dess tol seei Snitably (o enhanee J6 speeific fate of xylitnl formation

Az -comngased to deroabore cendilion.. bolh the volumeloe, productity af xylitol '{ij and The
apensfic sate of wylitol formation { gy ) found thomeelves favorably nndar oxyeen-limited condimion, wers
|27 (at B - (076) aud 13606 times (at R = U.50) higher. respectively o thid work, the volumetne
swyhiio] prodicoviny was wmaximzed athighes reevele ratin B=1076 (Qp= |60 mg I':'"h"]-. while the
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spesific rate of xylitel formation found its makimim w fower recyele fatia B = .50 { g,= 28.00 mg g
Wy, The svlitel formmtion has besn seporied us growth assoniansd pattern with Lucdeking and Piret
kietic model (Fulan gr ol 19%1) AL the lower recyele rao B =UL50 ([} = 0 50), henes, un ncressed
spectfic growth rats (Bq. 4) con merease the specific mie of xylitol formauon .1 A4 1mes; ag coanpared
bt e ahe dughies recvle mtie B < 0,76 {f =0.24),

Compurison betwesn batoh and gontimeous production of xylin)

The continueis production of xylitel with eell repveln was cmicd onl Lt steas’ eultivedinm
of Crondid o ATCC 1E304, Frratly, biomasy predustion was contduesed imder serobie conditon ut
veeyule mity ®o= 1 G wd the upimaal pHfor grow ot 4.3 (Stosancsiesyvabad of @, 2000) B 160 of
wulore sme Fimally, then, the coltore broth wis atbested o the optimal pF o syfisol formation e 6.0
{Shrisaminosyakul ¢l ef 2000) aml @mbrolled the formemiaton uer oxnygeos bl condition ot (e
retycle satla [ U530 [URS-3) The companzen. ol sviital production wat funmneeged o Tible 3
hetween (ke fuich produeton of wylingl (o= 2358 g ' Dexplose; pgendionted condijion 3
eantrolled pH %0 and tompermture 30 C) (Mrsansanseyakiol of af, 2000 and vwo eommmioas cultires
with egll reeyele st dilutdon waee D = G071 (CREA wnd CRS-S), The masimal volweiric
pronlustivity of sylitol ( Qe 32502 mig |1 0) obwiged oo contimiis culnie with Gwisiten el
reeyuie, wis 320 mod ¥ 22 (e foghey Chan eivoes olinansed 10 eombmna: el eg will llgle=gpep getl
reayeln amdd W bateh entnue, cespectively, However, the [wal concentintion ol svbtol w santimoms
il s ok liwes (o thal obtained i bateh oulrire. This doed not leod sppropriately o the
dowi stizam processmg of ayhiol reeavery sflerwacd, e pamoular o mmauong o ligh concentraton of
Dexyloge i e Sermestateon brph, Fowewsy as expected, the high <ell dedity ean improve e
widlirietng prixluctvity, bul this orctrmstance i) Toverss fetards 68 prowtll nsultng sulseduently (e
worsy speailin prductivity of syliol formation. Theeefore, an opttmiestion noeds to overcome the
technical prooblema matmtioned abovn far gmua m exgglient advamape b ¢ontinutid eultine with sell

rouycle enlirely

Conclngion

Trram pur preveons report (Stirsansancevakul er o, 2000, spmficant mersse of xyltol from
D-wylose vo T4% the theoretical yield (Viy = 0718 g7) with specific mte of sylitol fommation of g=
003 g 'l U bench culinre of pEL 6.1, when exyeey becaue limited probably restited from lncreass
lovel o NADH In the coll (Rizzs erad . 1%8%. b) and it15 the condvbon that enhances the eficency of
MADPH regereration that keeps the level of MADE low mil thersfors stimmilates the activity of D
sylome reductase gnid xylitol formation (Sinsancsneebiokul ¢f @, 1995), As this ¢oncept, was applicd o
ctplmuous producion of xylitol oy usme contmuous: calture wath gzl mﬂjﬂﬁ'i_‘:g-s}'ﬁmm P mommum oo

i



pezes and specitic arowth eate (Cy = 30030 1Y, = 0046 1", R = 0.75) were ahtame| under asrobic
condition at the controlled ranges of dilobon rate (D = 0.06-0.07 k') Specific rate of it
prodfuctinn wars increxsed aftor rweyels i has been redueed (=025 g g 1) under oxvgen-linized
sondrteen, bk e vohimetne rane (= 061 & "0 wis maimitzcd a5 the mecsased feyele Tatky, The
dnta saen 1 ipdicate that ool densiy and brracelliing peol-of xyliol gre imer-retaned msantlllng
sybinl concsntration reléased frem G coltune
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Tahte 2a Conminuous cillure with eell recyele for xylitol prodiction under steedy date,

fun LUnndition n [ Ca Ci Cs Cy: Yalm  Wie

CCR-| Agrrhic 076 WOST W 004 FD0S ILE D25 (LG
U2 Oxypenlimdted 076 0064 kLl ASD. Bdd 2S00 008 0000
CCRA LT iTTe 11540 R 3 25 24:54 LG 4 NN
EOR-|  Oypen diwited 0800 0667 00 2808 3sT 13y 036 029l

Limite of diluno mig (DY) concenmilions l,t'i:l and yiekds (Y5 am b, g1 and g:{l; rﬁ'ﬂpﬂ:ﬂl‘iﬂj’

Tkele 2y Contisuis cullure with et recypele for xylita!) produesion undsr sicatty stv,

e Clomsginiog E 1 apecilic roked [g Volumetrio rates (1))

Hiuse il Myl Xyhital

o Aarubic W73 ponT e WAl A0 Ex
CORST  Oxvgen cfoiked 0070 RIS PR 2 1584 [N LeiT
R Asiile Al g #m 1 i A4
GO Cogen -fened 0,500 0T AR 09 i o

it o adeburnon e (£, wpeertio and volomenie mres e 0, mg g ' 1o mg 100 compeerively,

Tabda 3 Conparisou of welithl peocduetian borwen i hatel wnd coithonons cothire swith eall reeyelu

L L £
Morde of aperation {E;"i i Il',‘l " 1F|} {W?T Wy
'-i'l:l.L:h_ eullore 53] 0B 16 %61 234
Coptinuogs colture with — Singlestep (CRS-1) 353 1508 A8 T
oell reoyele Twestep (CRS4) 610 518 i G 12562
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MICROBIAL PRODUCTION OF XYLITOL WITH CELL RECYCLE

Sarake Siraanzancovakul’, Worsit Tochampa®, Masateshi Mazsynnus’ aul
Supapong: Bhuwspathanapnn
Depamment of Biotechmelogy, Faenly of Aoro-tsdusicy, Kaseisarn Thvermty
Chamelak. Bangkob [0000, Thaibin
"fﬁc;mtmmu of Ageslodasary, Faciilty of Aarcidtuse, Wutpml.é!aﬁmu'ms s Fare s,
Mourssiuan University, Phigaypmbol 6500, Tl

histitsale of Agplied Hioghendetey, University of Teusdn, Trikobn, Thamda 405, ks

beyworids: Xylitol, (ol weeyele, Daxylose; Continnoup coliore, Fermuntanon kineties

Optimad growth ol Candice sl ATCC 183640 and xvlitel formbdon were
repechvely, at pHt 4.5 and 6 O i barch ouliee. Az o result Ui svliesl wielil i devobie
il wgsgen-liited condirions. woees 055 and 071 g 2, respestively. A Kinetic medel
for pH affecting sylitol farmalien wid congtructed for explaining a process of gk
prodiction under aemobie and oxygen-imited conditions: Tn continuous cultire witl cel)
reeviele, the mamimuam epediic e of aylital production {g.= 0024 g 'y wim
pifuabteed] al 0 = 0067 b and B =430, while s mastomum volumetie productivity {ﬂ-’ir
= 4000 2 I W) was twnd ara higher reoyole mtle (1 = 0.76) under ooeegen-limiled

covedilbi
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lutraduction

Kylleal, @ five arbon sigar weohol, |5 widely usied ws wn alfermative” sweoeteriar

vecomtiended for digbierics and fon thes preventlon of dental cenivs, Fermeontation process.

buid betm Tnurcadingly found more wractive (b chemicsl provess’ becanse of less
compless v punfication  sed  cheaper  downstream  procesung Amiohyg  the
miwrnorgantsos, Candids yeasts luve been faund 1o bethe best xylitol producers am

efleative fn comvarsum of Bexviose o xylitol ﬂ\f'r'ilil_alﬂhﬂ.uﬂmi whi] Kllzmmunuyi, (208)

Xytome metsbolism and  xoyvlitol producion by Cowdida mogid ATCC 18360 were

reportod to be enmrmllel by two key emeymmes, NADH- or MADEH-xvlose redociue
and NAD-kyingl dehytrogenase (Mol of of, 1998, 19800, b, Siriossseeyalal o ol
109sy Cindicly migid ATCC 18364 wis found 1o T Gne of e incsl i ok
neroarpeoy o convarsion of Mexvioss foovlitol Comples reguliory models wers
revstvibintedd by Siisammsiengbul e af, (1995 b explan the kineties of Dhsylose uptake
and Dexylive veductis and sylitol debydrogenase synlierid dufing perobic and byyges-
Tt conditions wsmg syohizie modsam

Iy b wenk, o bioteelindlogisnl process for sylltel produetion nsing Hes strinw

hydrolysates an o enbatmatie i continmouy, tullive with eell Teaynle usimg hollow fitiurs

was developed The etfeers of pHoon e praduction of aylitl frone Dexylase 10 hateh

cufture wess kinetisally modelbed imiler both perabie aml oxygen-fmiteil conditicns, pH

antrallvl motle] vis investigated Tor optimal gropwth and xylival production. ) & single-

stugze fermentation wath cell tecvele batliundsr asrobic and tooygen-fimited canditions.



Maretriaks anil Methods

Microorganizm  Candiade mopi ATOC 18360 wag obtained fum American L'ipe
Caliure Collection (Rockyille, MDY USA) andd collected at Mictobwlogical Besource
Center, Thailind (Bangkob MIRCEN), Thallssd lestiute of Seicotific and Technohigial
Reszarch ('T15TR) The stram was isntamed on potato dexirese agal {Difkn, Michigan
UiSA Y shant ar4 "C

Coaltwre midiomy b synibetic tafiun of Sibsatanesyabk) o ol (1984) was
sl CHEenBEnou L experimsiig, 10 contiese per lter 18,75 g CHINY), 6 g INTLYHPO, | 13
2 MaSth THAL 01 g Cally 36,5 mg myn-tnasiiol, 182 mg ealoum pancothense; 3 66
g (hanine-HOL. 00 g peeidocbFCL D018 mg B, 1 e Fallly, 6+ mg
MuSO, H0 S 40 ing ZnS0y FHLO, A6 mg CuSO SHL wnd syl comcentratian ns
wied s carben sonee

Cultuee conditions. Farmentation was errried out usigy 240 feementer of Blosil B
(B Bran Biotech Intorunlional) with |20 Beyfowe mimamul mudin. T dated cultre, the
wffects of pH (3,0-7.0) o0 growih wnd syltal produetion werd inveatigiaied sith an it
sylonse vonventration of Mg 1Y, ot temperatars 39 °C il comrelled AH under asrohic

etneition e 12 byl e euliure were switehed ta condue) eonsesutivily unider weyen-

figmted conditions for fimther 72 1 with sdditin of initish sl Cineuntrtion of 0 g 1"

Mor comimuegs wultore, theeulture was srown: aerobically (D0 > 80 %) Tor 24 b the
eemrrolled eondition el pld 4.5, termoratire 30 °C, | vem asration 1aze and 1,000 o
agitation rate pefore switching 1o 4 cotdinpouy mode with el reeyele vsing - hellow fiber
mndule of modat K1-U-M 8302 (Kuearsy TF Module, JTapan): The everall system s shown
in Fiz. | When the contumeus aperating with feeding of [resh madivm (11 and P23 aml coll
regycling wae started, the cirontating pump (P3Y circulated the enlure broth through the

module, The flow mté (F) of fresh medium was equivalent to the feed rate of fresh medium
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perfoemed by bwo penstiliic pumps (designzted s M gl P2) While the bleeding rale

Py | filtration tate (Fp:) were controlled a1 the same time by the same peristaliw
pumps, PLand 12, respectively. Therefore; the recyele 1wiie (B} and blesdmg:ratin (i) were
cakcubaieil froim the foed rata of P1 {I?__p,'_i and P2 {Fe) elivide] by the overdll flow rawy (F) of
fresh medhun, respecisvely. [n 1B stody, the (how rate of fresh imediiom wigs dorto 0 30 | K
Iy -ciintlegplimgt the fomd rotes of B) gm) B2 Eey and Pre were weljusreed o 0023 1 B ana
Q075 | for ehiatsing W reeyle catio () of 0075 il Plesiimg sotin () of 025 Wlicn
both Fi id Ty was afjusied (o 0050 1, this leeyele ol (RY of G50 and hlesding vilin
(B} of 030 were olstwmed  Nybral produeticn wis investignted unded hoth awribie
o ion (1006 rpm and & U vy aml oxygen-liomed condivon (300 rpmcand 008 v ar
Phveccant e pBL 8 0, L0 ieasireiminib was s contduered shimiltaneoudly e confirmsg
the gaatielitiand F kolic (DO = 90 Y aid ety enslinited (10 =< | %) The feed rate of
wilose medom (30 g 17 svlesd) wos contralled or B = 0.06-0.07 1wl revvele tatiog (i
O Ch S0 and 075, Tlhe stewcy state swas aoblaned after fonr volimes repliconmnt,;

Annlytical wethods  The semples, taken v specified fine mlesals, wers
centrifuged and yesian colts wore wished with 10 ol distillesd wited g 6o reviducs wepe
drieel at 105 0 for 240 for cell mess determination The supernatatils vwas wsed for 1.
ayploids gimd aytite] aoedyiis g Uhe methods of Deachmelers sl %0 (LOR0) ind Adler s
Gustafssibm  ([B80), respectively. Ihsdlovied oxyien toniod wds measored Wwith g
polarograptie oxvpen electrode (Mettiler Toleds. Swarzerand)

Kinetic analysls ﬂ;le& of celluly prowih, D-xylose commmption and xylitol
production were determied feort (I slope of the measured concentrisions yerms e
Specific mates wore oveleated as the ratio of the above mentonsd rakes Lo the

eovresponding  biinass comeoeniration. Values of the vields for srowth snd xylil

L
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productlon were calculated fom the slopes of binmuse ve. Boxylose and syliol vs B-
sylose plows:. respestively

Mathesmatieal model  Analysis ot mathematical roodel o the effict af pll on
jroveth dmd xylital frmation witl) \he help of slesdy-state eneyeatic kinetios was
mpdified odel proposea by Andreyeva aml Birpukow (1973) by combimng Monad type
kaneties, Fspression G (he gpecilic rites of arowtl xylral poduetion depeniling o

D vl obrradned e we shonwrs i Py (1) and (2), reqreetivily

F iy, By
ai{lyplly » Py
uﬂll-a!tl*'-ﬁl *;,’-;J.w
!l[:
W (B Pl = __'l‘ﬂﬁh'ﬁl' K - 02y

AR R TP, I
e TN TR T

36
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Reésults and iscpasion
Effect of pH on Growth and Xyliol Formation

Try brttchs enlture, undar aerobic condition; the masimumn speeific growall mee (u =

{0 vkt by qomd B yigld (Ve = 0.22 g ') weere pbeainad ot gH 4.5 {able §a), jmL.

et xvlitol veeld (Yeg = 071 & @) duder sooysi-timileld condition was oliained
atpll B it wasanly s of T8 % ol the thearstbcal yiekd (Barboss ok 1988) (Tatile
th Hewever, the s specific raned far sylitel productiong wador avgobic condifion
by WM g H'"lr'll st alitimmed Al plT butween 5.0 0 800 (Tabte Ta), but (hie i

afpecalie vrilese I plin] prondiecliom e Oxyper=lmitel comlition |:l||.r 0031 i g'lll"}

wis abtmned M pH 3 (Table 1h) Froa the reault obtaingd, the medinl range of gH of
50 was setected for studying the producton of sylitel m contmous el wil cell
recyele

Viking an sreymie bt soddal propesed by Apileoyeva gl Hicyakey (1973),
the offect of pH o grenith and product fariatlon unddr sarobio aid esven-linived
conditions eould be deseiiwed madiematicnly for the production of xylitel The mres of
aronwth ani xylitol formation wene propesed cegoliod By o nitis ol astive calls b tofal
colls which wag sffected by wirronnding protoy jbn s bue been sipulinned Uy Obure of
ol {19921 Ak 4 resdll, the optival pH for masmznng ¢l givwith wd xylital Tormten
under aerobic vondition wore respectively ol = 504 gl 386 (g 23 and those iide
oxygeri-linited condition were respectively pH = 390 smd 5.6% (P 13 pIT depemlence
cruifibishing constnts foe specibc growth rate (Bq. 1) and specific rate for aylitol

produttion (Ey 2kbtimed fom us-fngw segossson anatysis were K, =35,74x10 3

Ki=143x10 E, Ky = 1301077 and ¥, = o1t mpt !

&7



Lising, & combined simple Muonod kinetics with pH affecting model of Andreveva

and Beyukov {1973, ihe (olloving ﬂf&esenmﬂ- eguations  for growih, D-xyloze

contsbmtion and wylitg| rmetion the mide! could be constrocesd. to crplum the patierm
far xylital procdiction i Bateh cullire.

|1I_'_H HH E:a

= £ T3
U y g g, Y (3
(KE =401 %+ = )
L I
it W il (4
"0, LT .
i o TRl P x (%)
(AN 7 it

Etimated kinetis paramoters of thee proposed matbemationl mollel for sylial
production g o cueve g with bonslivesr least sgunee analyes ol are sbiown
i Table T, Resul of model predeuons and expermental oheervationg wirs Fousid o
have & good pgroement for different pl) walios both in perobic and axygendimited
ity (Fi. 1), exenpt for sylude sitilizsion ar pH 30 and edll goowil between pH

F. 570 under copygen-lonied conedition.

A simgle-stnge Termentation with eell vecyels

In contimuvus cultiee with cell recvele; high cell density (Cy = 3005 g1, Yus
125 g ') was obtained undsr aerobiv condition, at-a relatively hish recvele eatlo (&=
i 7E) ("Table TA) Bug specifie mie 6F mylital grndustion sl sylilbl vicld were Found
enhanced under cevgen-Emited condition. A relatively high sylitn] vihl (Yps =0.299 4
") was obtaned, nader oxygen-lmited condition ‘at-2 lower recvele maun (R 0.50)
{Table 3A) The specific rate of aylitol praduction f,qglﬂ-'-'ﬂﬁ.g g b war ohiained

vnsler oxysonhimited . condition. ar the |ower recyele mtlo (R = 0500 whereas the
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wohimetc sabe of xyittol production was-remarkabiy- bueler Q.= 0.160.2 o'y ar e

hesher recvele rafso (o= 00 76) (Table 30}

Comparson ol the volumetrie rate of sylitol production bétween batch ol

con o cil fures

T aeeh caltoge witlh S el wgloe concentratian of 2558 o U wolumetric
e f gelite] productinn was 6230 ma ' B ooder oxygen-limeed condttion g i
cuiivandled i Of S 00 (Tabile 4, Bt o sostinoogss, suliure wil cell eevele 80 B = 10,50
ol pH 3.0 (CCRA L the valielsse fae of xylital posduction wil incroused to 99 16
mg 1B omder exppendimibel comliion: However, xylinl soncestralion was
P bty slenrumeed becaise hititass conventtation was ceduced. When eell togsole
. (rchoded i orrtinious enliare noovder e megreasu. biggh cell deosiey Rrihee
operated under aerobie combeon ar Koo | hand 4 45 Defre e omode o sporation
wood awilebed fo o eonbmogns fermentatien umder oxygeoshmited. comllien (COR-5)
with el jeeveda oI = 0§ apd b £ 0 Rie prodyieime wylited, the velumetite rate o)
wylitul prodiction was mproved o 125 A2 g U Y10 wis 33 and 5.2 I ense in
comparison i the CCR=4 g and bawch ouliure’s, mspeetively. Bar final eoncemeation of
wyrtiiind v omly 4 88 el e 4 4 imes Sower than Dhe st bt sallaire. Bt the results
lavie bean guite-enconvagiog wnil show (bt oo are rowoms foF adjisting (o use g sl

stage chemosint with cell reevile st very hgh imfil cell concentratton:

Comparison between Milil Prediction and Experimental Observation
The balancing equabons regaidivss (be pH efect Rr bosiass; Dexylose and
wviend were considered fora single-srape fermenter with cell recyole as shown in Hg b—

5 ﬁ:'ﬁl*.:iﬁ are, vespectively, expressed as dilitin rats and biseding, where 1 -fi gquals 10

&g
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recyele rauo (K),

W _ Mabs .0
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The values of tle Rt paime)ey deseribing o cell pegyely caminimig firees

calculmed wsmg & non-ooe lows squore abyse Ty simplay iethod of Nelder and

Mead (1968} are  m Dellowing, (g, = D0as

Vs = 0 aa" mg = ooosd gy "Wl gf <0038y e RE < a8 gr!

Midel prediciems feve beos Tvnd ssvsfaeonriy 0F o Ui sxpemenu resulty [y COR-

amd s owa choarky Mogtrated in Mg 5
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Conclusion
Clatuelichs mogit ATCC 18364 was sultiyilten] T eoinimad medism Gontaining
sylise as earbon souree ul vanous pH vahes The optimim pH for giawit jnd xylital
Formation were fonual e b 6 and &0, respoctively. Maimom syhiol viold of 1553 u
o “was ohlamed af pH 6.0 Vilies of il dependeice epilibrnim canstanid fir specific

yrowih veee and speabo mre for svlitel poduction weré alitging] from noe-linea

regresston  umalysis I = 876 1077, K =lA3000™, K= 130107 and

g = 101 AW moll” The maseoal brdanee equations expressing the qrowth, syiis

carimption. anil xytilol producnon were found sansfactory used 10 et tie kisete

prabmeters o muthmmetial mold As & el the Bllowms onethe parmmoters,

i = (0304 4 K = tsshg ! Yy =113 |
TIPS & 5 VT L t||":' S0 T Al K= e, were
salstaddonly  catimated by the smples method. Compresen between g mody
predictions il experimentd observatiop shows o very wool agieerent in e e of
pH values sperate

Undar oxygen-himiled condition, 78%% the theoreteal viold (Yyw - 171 g’y of
Fa-eudgran whay vanverted v sylitol with specilie cibe ol sylivol produstion of o= 0058 g
20, batel eulwire eolealled 6l pH 60 Incresse in preduction of sylibel imder
oxvien-limited conditian probably sesulted from métease level of NAI w the ol
(Rizad st el , 10892 b) and it = the condition i enliances (e wilcicney of ADTPH
segeneration (il keeps (be level of NADI low and therefore: stimuates the ety of
D-svtose rediictase (Sidsamaneeyakul ef of, 1995% This gundition when extended 1
contitimzs production ot xyliml by using # single-itage with ipembrane filter to refain

celt mrthe system. Maxmm cell mass aml speadicgrowil e {Gy - 3005 ¢ I pis

i



DOd6-W", Ro=0.75) werp sttrined. under acrobic conditiom at the controlled ranges of
dilunon rate (Lr=006-007 ") Specifie rate of xylito] produstion was lncreased alter
reeyele rans has besn reduced from 0= 1. [ g=g;1h" to Q= 10288 W' under
vygen-immted condition, Hur the volumernie rafe altimed wes increased -muximum
vidue (L) O 160 g IR at R=07 The datn seom 1o odleate thnl ool denstty and
mitrweetlalie peet of sylnl e mierrdlsted i epnmalling svlivsl convenmreton released
from the wilture Tle phengimess e yodés o ibie' investlgation (i the twiesnge
fermeniation with cell reeycling sysient Simmlation of 4 single-sloge tmentution will
vl reeyele b owlao commdersd glocifaling & process optiplzanon of vl
frrvkduietion oty coaticductisg e parumeter eitlmiliom A4 ixperted, at sesdy aake, 1y
xylitel produetivity woll be beoreteally medmized ot te apllosd dilusion rae with

thowe setnble conesmamiom of celis, Doaviose sl xviitol
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PARLE 1A Bateh cultine of xylitel production undér aernbié comdition,
&' ' ok u B Yy Vg Theorsucalyiela ™
P e el ) feg'W el g (e 54
O @i ds wms 0214 1 N I S 1 360
| 1388 B46 0020 paog 0077 0167 dsd StL.6n
T5% 1023 490 D04a D206 LOBY 0221 G %) 44
L | LEY 239 Dadh L L 130 188 i 54h FHT
G0 1180 209 O0xE D340 {13) hI8% 043§ B0, 42
T ILRs 1220 003 U262 G114 (A B T 1943
FABLE 1B Baeh calture of sylnal production under oxyvieen-limired sandin
F 1 i ::':m r-.l T i ||’ I:l'T irm ?n-.u "Thiaavetl yisld (=]
(I wl'y ' WY feetry e’y (we") (%)
e a8 . 0 AIES (R . 1253 2774 -
Jo 148 234 a0gt  Dps6 ANRELe 0069 0 AR W58
1% TEEY [T9E 0O0i2 L ES (ANARE Uir4E 0027 il TS
sl ARET WYY Dt S 0038 158 Oa0s 66,54
bt 1HTH 143 O NG Ohse 0038 1% FT- S U 1706
CLE A € ¥ A 8 S K P 1 L) .o WASD 0607 Ol 50

W st and seybivid cumentiabiing swarp teprtl s 13 imid 74 0 oF colturs Gme umlel conseiulively serobic
LEREY o Gl nband vxvgen-dimmied {00 < | Yhoonditives, mepectively,
Viehle (¥ sm Wi ) atteh spreciile taley (B, s, ge) seete caliylbted (o experimantal dnta, ke undss
I=12 |k of enttre fom fhr aerobne eonditicn and 1274 h of ool time foreivger-mited condinon
Ve expermmuntal dim of haoh enhorss BFE 3027 0) imder Both aenobic wnd oxyees-limited comiilmne
swere sepaestehy shown m Fie. o ilnsteated. as symbols for cells gylose and xyliwl.
B heveercal yiuhd of xvlinol farmation From Pecylose was 1012 o o (Baubosa e nl, T9R),
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TABLE 2. Model Rinctic constants for xylil production s batel vubture

Meda

Parimetery Asralic Oxveen-hered
Hy th') 00304 £ 0005
K2 (et 0,359 | 765
Yieg (e 07 (PRAE5
g (g’ W 83l LB
g taa’ W 020 U108
KE ' (77 .57

Parsmuisr gatimation ws el ot with Sineples mothiod (Nehbn & Mond, 1908) by
litistibging e wrror sqiare letween thy model iedivton (pgs 54 il experimlitg)
et b batih ollvitsen vargiag ptl 30270 ae conticlled Setnparaions 5 "C e
ol (RO and xygen-Himitad (00<1%) condioms, The eEpermental ity fo
et ylonis and sylitdd were smarized Dl (Muskmted o Fig 0 Tl compiner progr
waed 10 proneser opliopzation wis pregaseld by the Butinite of Brochomical Regimeesiig,
Univerity af Stuttga|, Cermang
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TABLE 3. Coatinnaie culire with coll recycle fiaf sopbiiol production under steady sinte

Hain Ciatiditive I D€, G B £y Y Y
COR- Avcbie 075 LLET  3p 0 LS DR P25 Uoos
GOR-Z Oxypen-hmmes 076 0000 30 488 840 IS0 DOR O 100
Cr-2 Agralils 30 BRI 30 247 235t 006 wad ool
CCRe Oxygen-llinded &30 0067 30 2505 1353 148 035 Q260

Lisitts ol chidustion raty {1, omecnmrytons {6 omd yielils t':','l,mlit.;,g | aned g;'. PEEROCTIVELY,

PARL ORI Cammthm o sulture will cell reeyele for sylienl it yndior stedy slals

R Conditian ft

R Arrobic 0,78
-2 Chuypen -limited 0.0
LTTR3 Airakic i150

CEUIRA Drivgen <lmgtee] 050

Speeific mred () Volumetrie rtea (€)

r
Xylowe  Xytilol  Xylode  Xyluol
NOET oo i1 7 1206
04 |RLaY | .84 1407 |l
T E3.02 fl iR 0% 4 e
(VL0 A HU S 800 g W1

Theratan ol chibaeiomn ke (0), gpeetiio ahd voluatnic pite e 0 g gt 0 ! el aig 111 ! isfieciively
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TABLE 4 Companson betwesn bitch snd somtiinous aliure for the volimetric tate of

xyintol producton,
Moude of cultivanon Cx Us Cy Qy
{'Ei'h] {H [ll."' [}I E-1-:I ':m‘ﬂi—l h—ﬂ'!

Butch colnre 1351 0184 16561 6234
(e 250k al t)
(=i ™)

Gunzsous caltirs
with cell réeydle
R~ Oadimited ™ 383 2504 148 0o 16
COR-5 Cp-limited '™ I& | 15 15 4,86 125,652

Pl b g tideons [onm the bt cibes ot aotolied 10 3.0 wnder, oxmenelimeed
condition tuving | 282 W of culowsy tame. The cell concenmation was gverage from el
concentyations hebween |12 10 33 W of enbrune tme. The congantetion of sylise i
sylital wory st B2 1t of eulture ttme Therelors, thie volumetee sate of syl praduction
et galewtarod fvom wylitol pracead by 70l o Dateh culivation

16 hivkis s Rk Fn-rm the nnder steady star of commios ol ol comtrolbed | =
0050 aurned TY = D67 10" il s ypesn Timited condition (36 phl &0,

_l'-lI'= ilata s taken I'n:uu the undor steady sune of commuons entee w0 camtrlle] B =
0850 qund 1 = 0 067 W pnddor osypen-limbted vondiviom (40"C pb 60y,

i
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