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d d d. 
i ~ ~ ~ ~ n u ~ ~ l O l f l ~ 1 ~ f l n ' l u ~ l ' b ~  Yn'iifi Sake 91096j(iW Biityae 9109%! I IRz Prem 

vosuinWIu5wTndi4u nisnGn9udszim~~i~umza"woonln~u"s9~~nii~si~uiina's~os~a"~~m 
a <d xumifiuiion~n 



d iW9uiiduns~dlM'il~utden"u%u5u'pdavu ~ i n n i ~ ~ ~ a ~ ~ n d ? u i ~ ~ ~ ~ ~ n n ~ ~ o a " w u ~ i n i h n d ~ ~ ~ ~ n i w ~  
d Y azirioanee6dseuia 15 Zn? hnuka7"l nlzinliuia 12 in: sneond+uaianuou ttaz 

4 %  uinple ~s'9lkin~u"unsl nyu dnW9niFmPJnnaz~uhnu%Bnzaiuzw4ia w f o  cud1 

nihn rdeY&i~iiunis~iY~nn"u~du~siGunii ~wdisna ~shnokai7r~ozir~aana~oB 
aa a 

30-45 Zn: %uPnariisdiitndildoutai~~zunnsBqniiku ninsnku%~idu~w&az~t'uY&i 
d uiuvu dn%i;u%uYw 1aidi?d3nudaw"nr&au~u~w~uaw~a~~6i ~nuuinPJnoz~s~uYT~Aa~n 

Gs~~iwtYid nis%dYw#s~uYT~sndia~dunisniudZ iwsizi7r&i~uplaiut"~u1~"Au~u 61lf;uY5 

waiu7iZeut~z?&s'nriwditdou~iiqfiiniwdZuin n ~ u w o u v e s ~ ~ o a n o ~ ~ e n d ~ a ~ n ~ u " ~ ~ a t w ~ d u a  

tlazn~uiiwanaisloa~nei sa.lriw"%uuanWuim~a 

d  9 diwYu'lrga"uwid%ugn~~dsniFw svii$disaouidisaanuoufdniioz1~1~w~dian"u aiau 

% W t $ d ~ l &  Rhisopus hmul~wiz Rhisopuso~zae  4s~~sziin~mwnisriou~1dso~1u1n~dn" 

WOnOlfl'WLI Rhizopus i l ~ d 7 ~ ~ ~ l n l l d ?  Mucor 'WYUlflSD4519Pll l M ' l d ~ 9 7 Q ~ l I d ? ' ~ ' ~ l ~ l d ~ ~  

u a a  2 ~ w ~ ~ w ~ ~ n l J ~ ~ ~ ~ d ~ ~ i  lld6$Dw?n Mucor %wnnun l"llosl~ul dwu81s ?&illfi Amylontyus 

m w i i  6 I  'LI d~ U ? & i l l f i  Aspergillus , Per~icillium d 1H Y'll l$~!fl&$ M 'W U 1"; 8 

Saccharomyces cerevisiae 9 8  9 a 9 ~ l l d ~  E,ldomycopsis jibuligera ll W C a n d i d a  Torulopsis 

wuu'isldnd~~ aiaul~eatunidud~ulw~wu Pediococcus %~433i709tllu ~ujldllJnv89rll3 

w% u'nwkQiflIfUlihw?n Lactobacillus 

k d o  e i n m s ~ i ~ o n l i ~ w u i i  ~ r o w o i t d u ~ i w ~ ' u n i ~ w u " n a 1 ~ m ~ o  Rizopus , Amylomyces 
A d  w 

rouxii aM"n%nrQnwu.rnYn dinYu"u&diirdu8lo S. cerevisiae nihwdnu"no~ni$o 
d 9 

Rhizopus Q ~ s a t ~ u a n i i m m i n t n n  Amylontyces muau f l i ~ n f i n l & ~ ~ a n i i ~ n l ~ d s ~ d n  

dou 
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A a h a  

-a d 9. 
nyu~wsi14fiigniidqtwdid ni lnsoGu~~i iunnisuw~rwiQnud~.ym~~ui~i l i f i~a~u 

%niia- , i$asi i~$~unisw~~~n a y u ~ w s ~ m s i i  i ~ u ~ w a i i ~ a ~ u n i s ~ u ~ ~ i i u n ~ u ~ ~ ~ i i ~ u m ~ o ~ ~ ~  
9 I 

gwsayuYwswaiuviiat~u?nl msGi~mcd~Fmu~nolgnitd~n"~ny~~ws~49't4in"u~~uQ~l$~ut~u 

$ou?&i (dszont!~ 80 5aa"a"wsiaii loo nJol ) ~"a9$ i ids~uaa~naiu~~dszol i t !~  45 ./. Gus 

GnuHsnszkw40n~nuzKuTdis lsuwsgnuds 15 n?ol lids I nn. 

ngol&iauiiwianns iju~~szolinr 48 iia1u.3 G I Y L I W ~ ~ ~ I ~ W I G I ~ ~ ~ ' ~  





2.3 fnT~if7 (Fermentation ) 

niswin tdunsznraunisrd~eu~imiaWdi$u~ininIdtdutow7arroansoa"rrazn"iv 
d .yd ni$nreuSnoonYvi nsznraunisninrtis~flu 2 i a s  ~asir~nt~u"l isdt~6f ini~rrnistvaa%n~~ 

d3mauindqn 1uias~iiibum"esIdoininhlai $294 2 rduias.uosnismdieu$inia%~ 

rguttonnosoi ~uias&n~f~oj~osnisoinia gsiu $ ~ a m J ~ f n $ ~ ~ i 1 $ ~ m " 0 9 f i ~ n ~ ~ d ~ p f O J ' n  

r ~ n ~ " ~ . ~ ~ d Y i % d o i n i n r $ i  aiaiuisnddoer~dn"ivni~nrou?~oon~vdd~iinoinnisn~noon~n' 

lsderngn&i rrof'im nisninu"naibn~ubds~udn~n~n~rds oioan^wnisdur$ou~n' 

nisninai~warnwiipaIn~~~s unnii 28 osnitvaiiiera oz f i i ~~ t i i nn i sn ino i i s~an  
A d K da vsidunrnwnisno~"ndYif rwsiz~usznii~ni~~1in"nor~nnaiu~ouvun'aer $sfiiIn%aimier 

Yn' ~s~zi~aw'onaiuaiuisnIuni~wuiod~uiuraoanosroivosla6dans liaz9niiIdr~nnsn 

rrazniss:rnervostt~anosoa" gunp~Wdmuizau9uni~~in~o 20 osairvat+era k i u  vkWd 
' 2  w d y  ~nsznraunisninaifrndu~lu n a ~ f i i n i s a ~ ~ ~ ~ ~ G n i s n i n a s t d o $ d r n 9 n n i s n ~ n ~ 1 i a s  itaz 

I4raaiuiu rdo%d~~qsidiqusliw~traztBonsz~auni~nfnInd~u~nns nasrlu,gnrnpfiIdas 
K d 9 vuranuoe d~zuim 24- 26 esfiitvar4ua rdoliau~n%ai~$ii~iadi~uiininopdnun nis 

nGn%uIdsvuin 200 sms ~u~udoinifffouoiu~anrqupun~~nisnfn?~?d 



e d  0 

n?iu iid?uimi?imiauin $s13uoinisves8i?uwsu wi%Xailwii'ioniatiianisnfin~ulnnilu 

van ~ul8uin~%Xv?~~zi~a?&i%uo~ml~upartesi?l j l8u~~ni  ridndnr18ul~osdw"sdsisoui 

im~luniswa'~mTwszdnrq~ninnssu wiudsznianszws~snis~a'~~~m~tMn"do~~~ss~luni"~~uz 
d 9  3 

7lnn9n k i f u  tsiSs?ljaiuis~lXiinisnfin~~9uva~?&ii'~siz~i~11m~n~vu oziilGvl'sl?nszr3a 
a d d  d ?n' k~u$sdosiilXdiai'imiin?iuns$aiaru'mnwznou ?u'~"uad~~azpa'umsu8uw~a~iwdoo~ 

Taunispiu nismnmzneu nisnsos ilaznisdii$o&iaunaiuiou 





v d n i s d ? u d ~ u i a 1 $ i m i a " I u a , i ~ w 1 i n i u i s a 9 r t  a i l  

nis~uiia:d?ud?uim$imiamiuw"oanis wfswin&eanis?rnsi:dodiaii~~~ &ea%%ni5miq 

rnij 

?uuim5giu!?6 uen. 2089 - 2544 ~ ~ ~ i m ~ ~ i j n i s d ? u i r i a : n i u % a q ~ ~ i ? & r ~ d  

I u n i ~  w~ma:&~~~:~li~uw~uIuni~woeyyimn"unsu~sswa,i~m 



d ? u ~ a i i t o a n s o i I u ~  ( %  VIV ) ( d4uirn~dumaa~uu11o~t~ln ( un. ion"w7) I 



- * a  1. n~sia"an.lcGnvosvan dsloqslanldu$qddldqdp7a~i1Gq qs~da~%uvaaaivuuiiua~sd"ud 

o z i i i n n l s o o n i ? n ~ f i o e r n i ~ q s ~ d u ~ ~ P ~ u v a n ~ a s  qs i i iasna~nr~sg~us lan~ i imia t4~  w4e 

I S U ~ ~ ~ U  iioi~unlsdBqfiun151dierua 
2. msa'isiia:dir&F3n ~i?&i~fluiii%umsa:aier$nldo8na0n?v6 2% i%?a'ulu 15 

uifi i~n:?u~an O 1 n i u 1 ~ i i f o u i v i i t n n f s  ~ 6 a : n j i % # a z i ~ n i l  Tlndiii;ula'euni1o~%4 

w~oeiacriik$oia'au~aiii;?&i F n u n i s ~ ~ d s z u i ~ a  lo  uifi 

3. qnnain n - ~ s i d u s l ~ ~ l i &  ~ l a z f i ~ n ~ s u z n a i ~ w ~ u d a z ~ ~ e r n  ~ ~ n z i j n w ~ u l t i  fiou94nasui 
d * %uarisa:aiu~ardo8no~n~c11n' 1% dtiun%va:ulanuou dszuim 2 i a~s lq  

d 
4. rn3nrss~qsiaqv-~n nasnr~-igFnu%4r:nrnrpia wfemerais %w'isiosi1smnavani~Zo 

4 d ~13:uim 1 - 1.5 i a  i iazna3gn?nkfi  iwde~aqfiwnis~uinfiu~in~a c11qlduniiw~waqn1s 

iiinaon%~n$u 
Y Y 

5. nisYnpnnain iinzdia3au na-i9alw'wa8fiudinva~1 iibakw^q!a' 2-3 a'uli&'ldgn 
d taw's n&ain iuuauvan&?5 3 - 4  ?u iwomnnanriian%a~14o?~ P.sa'soiniu5qw'lnix$u 

B K  walnsn rlodosn'~dW%Pl"r;~~va~iv~~ 

nisi8uqsi ~iaii;nr?9jsn~W&0.1~u~aiain o1al8nrl?rnernls~uslandYn~nnainii&a 
K ~uaisazaier.uaslsl~s 1 t i au f in rw i~ i~u  1 ddu gnd3:uisu 0.5 - i i a  



d aas d sr 
ga'uw?iiwuSuQnllds?n"~Iri s i  ltndnm" cji~~unsur~mwmosnisoinia~uniswiuIo 

atazazwSmifidou oonuitiouuds9uaudnu"ia~~naiutdu$imia aiau%nAidu~sij??mvwintdn 

tvaitzua ~uos~aumi iddi?nidu &o:nfis&eiou ad~uu6imiaS~tfJu ttoanoeoitta:$iS# 

n&snrau$u "um1iosnicjoinia9unicjwiu90 k$u3srnuicjnwlnlufivuz7nl&i 

~~eanasaa' + miuawl~aon'lwA 

Jimia 

c j i  $am" 
A cjiiwu"lupnllds l k i r l r i  Amylomyces rowii , Rhizopus oryzae % ~ l d ~ d ~ l ~ ~ l ~  $U 

nisnu'nusn i b s i o a a ~ i s i d u l u  v o u ~ v l d k a  traztiouufla~XtduJim~a ai~itu"osoincj1via 
e o.alriw"i~pl'Ciatd~u~a~ idosoinuos9ii.Wdutdu1uw".a'naou d i s a i n n i s w l n 0 ~ a i ~ i d u a i l ~ s i 3  

i4ua i8aiidq1uha~ndauniliu1dudimia ~.r?iaiuisotfu&95?$ l i a : ~ i i 7 o ~ ~ o z & o o n u i  
24 d l  

~ h ~ i $ t $ o u a v i a  ~ u ~ a s i  sioznfi.rftsn GiIn' I ia7naiutduns~ naum ph h a s  $i%diEn 
- a  4 0 

armw~~wui~nun"nrnisto?~~~~l~mvosinm" t t a z ~ l r ~ ~ n i s t o ? f l ! ~ ~ ~ m ~ a u n m a s u ~ n i ~ ~ ~ i a ~ ~ t ~ i  
a A unm"wa'nw"wlr~u~nttds~"o Saccharomycopsis jibuligenra rd4 td~~n~~~na iumuisn1u~ ic j  

w~miieiou doui~islddau aipi%uanllds!iwu~am" Saccharomyces cerevisiae 



a Y d 9  d 
~ums~muiniswa'mai%mdu~ii~u~o~~u"ndii'~~omus~m~ iue)s~inoi~uPUad~ssu'~~i~ 

k u  o~i~w~nWdijn~sio?~ibu%aw"?ljiiiu~u % u n i s w ~ n e i o i i i ~ ~ n ~ d ~ ~ o i s u f l ~ ~ ? n i & ~ s n i s ~  
w .:a B I n  dZ d d ' iiazniswunminnsu~i w%~iiinsnidfu? ~siu~sn?~~nisw'P?Iuindii'IIounm~u iwoa'lc'iunis 

rnGnqsi~u~du'iu%nuiilwiz %ugmaimnssu?=deju ?n"9nis~midenGu$nddimui:nu9wnis 
daa wDnqsi n"om~~~ioanoaoa"iin:nis~9n'n~usnm~u~mnufl~9uniswn~:n~u ~~~za iu isna i i  

4 ,w / A  unmwu~suYA 





%us:miismswa'mailm $imiadoaq ddauoanuioin4ia 6iSw'd?uimiimia%u 
" 

d 9 

s:niisnisw&!aicsiFiw!d gmsinisnfinuos S. cerevisiae ozanas i u o n ~ i u i 4 ~ 4 w u o s i i n i a  

qsiFiti200 nYueiooa"s ( dseninl 20 u i n 4 )  kiunisdiiifs?rjnasi?uJiniaas~d 

i~asi~o?~t4ulm9wBiaiiXa oz6iSPrYlEnnm 6i IXn~iuidwnsn - i i . 1  in'iSudas3.0 - .4.0 Gmsi 

f l l ~ i ~ ? P p J 8 ~  S. cerevisiae QEaWflP i i h d i 1 8 ~ f l ~ ~ d i 9  flflRJBlfl 3.5 1 8 ~ 3 . 0  ii~z"uija6"llm 

i u q  i(Gii~ralGui$uif uaKu 





1. inaiull$slass wunaiufeurmznaiuduY&~;1 

2. ijseuunis1epYoinimiaszuuni5naud~ 

3. BszuunauquqsuwgCi 

4. 353Nfl7~lqo~ pH 

5. i3zu1lnisn2uquni~riinie;r 

6. i i 1 6 u ~ a o $ i ~ ~ i n n ' ~ w u " n ~ ~ n ~ f l a n  ina~iliinnis~luifisu 

7. i n i s ~ g r ~ u i i o s o i n n i 5 s z ~ ~ ~ ~ i n ~ 4 w u " n ? ~ w " ~ a  
d d 

8. ildriuudnauqunisfiisiu msinurnvawwwa'm nisGinaiunzsin rrazni34iqs 

s"n~i?Miuuaz%4ra~;r~iudeu 

9. nasK4EunszuauniswoJ"nYAwaiarGfl 

lo.  AiuSu~~6'swu"nmsiWadau 

11. e jIunniwdaoai~oluusuz9~~iu~didur~aiuiu 

12. wudsnis6nniou i~az?i~fluw'u 

13. filQlfl?"~~51flltJtl 

2.5.2 ? " ~ ~ ~ % ~ f i l ~ ~ ~ U " n  ( Material and Component) 



9.. d d l~n~mtduPian?o~opan?mi;ld twsizi inisnu'nttnrnr~l l jdoer~iu"~~~nisdut~ouvo~t~o~u%~in 

pd'n t idinisnu'nnrl~.a~m~itdud~~i i~u~i~di l l~~n~m tta:.l'aqil$ i;?dniitndndaoaa1P1 
B d d s  

( stainless steel ) ~~~~tdumu~u~$n'uodi~t~w~naier~ua~nis~mai~nssun~n%u~opu'u 

nis%~aisiinaiuazoiflwdi~s~~ oieiiaier~adol~fianU'ivo~tndndaonnu'~?$i fj?ttAlv 

a n u i s n i i l d ~ m u n i s 4 i ~ i i ~ a u n s m u i ~ ~ G n  diqatnuu'~tduoon%?nlq4 tdu nsnlum?n 
dn sr 

tr&$q,'i~~i&iauiiar:oifl %unri~nfqoiniswaroloi~ivoqttiqwarolod isoatn"nn1s~~mwafliu 

~uvosBi~nu'ni~tdunisiiaier~uadiia~do~n'unisn"mni~uvo~tn$ndaomar~ol~&i iwdo~n'ttti~s 

ii~ua"w"tna"onrfia&iiulu~o~o'~tndntt~~tts~itn:mumiupionis~~~ $qnastm"u%nstBerua~ld1u 
9-42 d dl Tanzwarol is % tia:tn~ndaeaa~olo:mumiukonisn'nn~ou~mfl~~vuiuotm"u$iaer~t~a Zn 8 % 

9 

ku'Pd%an:wnuol'nqnna'iaviu1uzd 18 / 8 stainless steel 

dnm"%unisnfiqbqnpJ'n oziniseonrtnrnr,tazm"wk~F3dnsinauqupatngith~a"~au tudoq 
d A oin%uns:nraunisnol'no:inaiuf~utn"mvuoinn"onssuvo~p~um~bua:nisnau~au~~ii%~ 

Y d o  Q a t ~ g ~ ~ i ~ ~ ~ ~ ~ n o l ' n ~ ~ t ~ ~ i : ~ u d o n i s ~ a " m n i s ~ d o ~ n i s ~ t a ~ n o i t d u ~ o ~ ~ n i s t f  uw?oaanaiu 
d n  d fou,wdo~pl'!&iQungDdtnui:au %mer~a?dlus:$I"~n'o~d~u'm"ni~ naiufoum~nnvu9unszuau 

nisnol'n~u~~n~nvuintdno:~d?ui~PdYoernisszui~nai~fou~autn"uoonoin~~n ol'n ii?k;Tmer 







2.5.4 f l l 5 0 0 f l ~ ~ ~ ~ 4 M o l ' f l  ( WS3l15, 2540) 

naiu~u'wniu9u~4e'wniuuon~nsz~iuarii~~~it~u~ozii9pl'tii~naiutkiu~1iuttua 
9 9 

tdusouas uinn4inaiut$umiu1iuauiao~ 2 ivii n S 9 ~ o i n ~ n ~ 1 a z ~ d i i a w o ~ w s a n ~ z u o n ~ o ~  

diws'~naiuthn~~utw"~~oinnaiu~uniuuon iiaznaiuigiw& t i o q o i n  
9 

naiu~u'wnio~uaiui5nwiYAoin~m~ioYd~ 

qm5 

naiutkiumiuiluaula : s, = PD 1 4t ................. ( 1 )  

n a i u i ~ u m i u t i u a ~ d u s o u a ~  : S, = PD / 2t ................. ( 2 )  

i$a D = t#urjiPGnaista~uw~an'a 

P = ~ ~ ? ~ P J ~ u ' ~ ~ ~ u % u ' w ~ D ~ ~ u w o ~ ,  kg / crn 







aisiurtmuo?aw"dguf?~tduaisw"naiu~ii$u~~nisto?suvo~pa'um?u" ldu nsmozu'Tu 

c ~ n z l o l m i  TJSZU n s ~ l ~ a n ~ g n  57~1 itaznl?ilJ?~6m~~1 B~~~n:~ i lw~mnn5m6~u~iaq log phase 
narn  3 vo4ms~~~~~aiaociisvo~aistum1ue?aw"d~u~umunaiudld~mi4n1sditiazwa"~vu~muniswP1'n 

?Aufi iemiuoa nsa%m?n nsmn~mifin oz%Tmu Gamiuea l a g u  i?an3lolmA iw t t i vn  

mYsA tiazimiiu 



4. niswGnwd6~%#~iiwnisid$uuadwaaai~d~:noudrZuasYd rdwns:uaunistd~u~~rida~~n~s 
x A as"iswo~ai~d-s:nau9#0~luani~dn~~un"wird9si~1i~~v~ ~asniuisnii?d7wu"l~eu?aol"ain 

a 
ga"u?Ij!u" nf 8t l l . j  tni3ifiu6~ria6ilXtiind gns 81 oxidation , amination, dehydrogenation , 

dehydrooxylation , dehydration, decarboxylation , deamination , condensation fll4l4i8~d?%&lfl 

pn"uw~iGii6~niini~l.a'~isrniiWa iin~iu4iiwi:uinnii iin:mui3ndiY&iip~nF1ii IwuYai 
4 n ,d ResI.a"~an:n~d'n~siduai~uaw"udtdww'aiis transformation process ~ 1 4 ~ G w m s u n ~ ~ n ~ w ~ ~  

B qnYdtrri ns:uaunisna"n~iar~olaiu~ .lrsns;.u~unisd~~w~n~o-,iiuaIos~uni3w~naisdii 

~initlws rbuarisd~%au: atweseuA lta: wsoawirrnawZu 

u A 9  
1. Aerobic fermentation i~~nls~unwm09n130ln1N tbu nls~1~nn~~F1:%in Ira: flsntaPi?n 

2. Anaerobic fermentation 1 ~ ~ ~ 3 ~ . s ~ n ~ ~ d 1 ~ 9 n l 3 8 l n l N  r$u ~ 1 3 ~ o J ' n 0 : ~ ~ f l ~ t l a : ~ a W l ~ 8 a  

nleoiouu'smium~wnisnauqunisdur8auvosr~o?~idw 3 Kin  88 

'4 
1. Seption fermention i~uni~nfinlwarniwilw ~slu'~irdudassiir~apa"wnl6oinn1uuon~ 

siadurdowuin"u~m4Zud141unisn~n nfadutdau~Iiui1~s:niisni5npl'n iriIpi53niz 

dfianiwdisq l#rnon:~udonisto?~we~p~umfu"~~o~nis ttn-,~ojrwui:aun%fiu~slo?y 

vasg?iwn?6$lai&a9nis 1 b w n i s i 5 u m ~ a l ~ ~ n i 5 ~ f i n ~ i d ~ i  tin: &a 

2. Semi -septic fermention idunisnGn1uarniwil~, iWdsda~n'unisdui~ouva~~~oo~nniu 

wan rid~~4iidw&a~c3i~i~a8fiun~u"ddui~auu~~u~m~Zud~~nin itn:1&5i;nisds'nraniw 
=,,A9 

di9q 1#rnui:audonis~~?qvo~~a"un~unwo~nistrd~~~nui:~1un~ofi~~~ni~to?qve~~Gun3i 



3. Aseptic fermentation l 8 ~ f l l ~ ~ ~ f l l W  d $ 8 9 ~ l % d ? ' ~ g ~ ~ d ~ ~ ~ ~ f 1 1 ~ ~ ~ f l n ] ~ 1 8 [ ~ 1 f l  

k don]ul?fow iiar$oss:u'~saa's?~~~ijnisdutdouwosivosaniisnis~u'n u"na6uoriildiiim 

naiutduniueiisuin ibw nisnu'nmsdi9au: 

d W  d 
1. Solid state fermentation 1 8 ~ f l l ~ ~ u ' f l ~ ~ ~ l ~ l ~ i 1 ~ 9  $9~fllSl~sJc'liRflWOUlW~1$llYlnUl& 

a dd v auisnisio3yiZuFmwo~~a"umsup1mosnisi~i6u lbu nisnu'nnsm$m3n%mul4t~osi1~1~$w 

aa n, 

2. Submerged fermentation i8ufli~~u'n1~uln~iaid~s~a"um~6 ~ w o i n i ~ ~ p l a n ~ m & l n n a  

~bu  nisnu'nrioanoeaa" ltaaiiduaiux 

1 .  Batch fermentation ihflif M U Y ~ M U U ? ~ ~ D ~ , ~ ~ ,  $ ~ i i ( ~ u s ~ u u ~ ~ m d ~ f l i s o i n i s t ? u ~ w d ~ u i ~  
a d d *  ~ i h  ida~ai~~umsumaosnisiwiariui;s?~~ussuu~i~a oa~~Znis i~urnsain is1m~iAun9?~ 

iin 

2. Continuous fermentation i8unisnJniiuudoludes lmu4nis~Zuoiwis"lsu'iiaafiiiuoiriii 

oonoins:uuIuo'wsiiTuan"umaom~aai ~i~d~a"um46aiplisnio?yr~uBiuaw?n'olii~daii;"os 

% n u ~ J i j 4 o i l n " m ~ w L ~ o s o l ~ l ~  

3.Fed-batch fermentation l 8 ~ f l l ~ ~ ~ f l ~ ~ f l l ~ l ~ ~ ~ l ~ 0 l ~ l 5 ~ l 9 0 ~ ~ ~ ~ ~ ~ d 1 ~ 0 l ~ l ~ d ( l ~ ~ ' l ~ l ~  
d d  i~us2a"um46rdwsauq ~da1d~n"wm~6~ofylia:~~a,isoinisuisoii91mum inulu'iinisdiu 

oinislriioon nisnu'n~iuu~aiaw$n~1~iwdo1i~~~~i~~uan"~1i~ii~mdosnaiu~4pl4uvosms 
d d  dl ainisi?u&w ~9%ii1~uiniiiu~n]oio~~niufsnis1o~yvos~a"wm~u~s~oioii1d~~~wi1unis 

$doon$iouIwn]3ulw~i~~u~~0?kiuln 



l4~d~uu~1Guuuimxidausw"ol3ufiixiiCamGn 1~x~~ i ivu imvoaC~9vu im1~u~ i~uUd 
Y 

naisaPiin'wwu~qfiCq Wo 18 cm. ~wxi:~:Gu 

o"sQ 1 Wo 5mdau 1 : 1 ( naiun%iq : naiuqq ) 

8oz Id i i  $5mdau 1 : 1 ~azaksCsI&3u$naiun51~ 18 cm. do naiutp 18 cm. 

0"d 2 $8 5mdau 1 : 1.2 ( naiun51q : naiugs ) 

iozl~uuuinxiaiauoin~qLLxn~q6 
sr 4 ,  mwarmdau 1 : 1 IAnaiugs 18 cm. 

Y 

64Gu ~maiau 1 : 1.2 !&naluq(9 21.6 cm. 
Y I 

6qGwB5mdau 1 : 1.2 n d ~ ~ d f l ~ ~ ~ ! & t $ ~ $ ~ ~ l ~ n ~ i ~  18 cm . denaiugs 21.6 cm. 

3 $8 gmaiau 1 : 1.4 ( naiuna"iq : naiuqq ) 

i;az~fiuu~Guuui~siaiauoinB~~~xn {ad 
sr 4 ,  
niwamdau 1 : 1 in'naiugs 18 cm. 

" d ,  
kw'uwamdau 1 : I .A ?n'naiut=p 25.2 cm. 

d w  
6qfiuwamaiau 1 : 1.4 i ;o:afi~~~~sl~a8uinai~]n~i~ 18 cm . ionaiugq 25.2 cm. 

3.2 niaaanauua~i'ls5~nGn1~uurnz1~na91Inw~di 100Brn3 

a'n~m:'inxsn5"1~wa'nvoaCqmol'n do C~iswPJ'nszuni~l~u 2 dau WFJ daud 1 t3wCq 

&won i~oldiiwtiasduuldoamanlwP~lw"n'unxzuaunix$odl~Cq daud 2 do ~smfiaiaud 

? f l d ~ i w G n ' n . l i a s n x z u a u n ~ x d ~ z ~ n ~ ~ n 1 ~ ~ ~ u q n a w ~ ~ 1 ~ ~ i ~ 3 u ~ ~ 9 8 ~ 1 w t i o 1 d u ~ & 1 u 4 i ~ ~ d ~ d a u ~ ~ ~  

qmmw$~vosa~'iw d a d  3 dau~~8u~xznnx~l3~ha~wiiua~doa:mand~~mxsiiu~w4ia 
d d A  a - ~w~ua$w~l 'nmx~w~two~$unixam~aai lunix i i inaiuzoim a:~ando~d'nlgumqiu ita:li 

* A  d 
~ d ~ o ~ t t s ~ ~ i u u i n  m~omxzu:~aainixmGnGni~~xaoaou~a"~n'mn9n"'imu~ as9aihw"iclrstdu 

lioqmxao6n~Smn'Qln"an"jiua:~an Gai iadisu~ini%w~wol 'nialala"~iui~~vs~6ad~wGn 

a'nvmzozduunru slope tdoa:mandsnix?mavoqdiw~~'nlla:di$~~diqdQ %udawvoqCq 

&iuusnosGaiia 1 d ~ ~ x z u i u ~ i ~ ~  dau8iuuudiC~~z~tw~~~~ufit~o~7m!a"1donou~~nqmw~fi 

%wxzwiismxwpl'n 



aiia~idiaoriis?didn I B ~ ~ Y I ~  STL 1/2 i fa uia 6 i a  niu~unaQsin~uaiioioiIi;u 

aiiavuiw 1/2 {a ni:wrg~in68iulu oli~iu$isvos6isZwo~u31as1t ~iua'iqvosCqgn~mr 
.'2' 

ni.jawPiot~usnsibnw'ou iw"onaiun:wan'lwfli.j%Bsiu aiia.j:uiuuiwsves~i~nin~ 94add 

STL 1 G $3 uia 3 if? n i u l u n ~ ~ m ~ u a t w d a i ~ t G ~ ~ u a ~ ~ a v u ~ ~  1 ifa~nei8iudis 

vosCs u?iaa~~s~uuon a i ~ a s i ~ u n i b ~ ~ ~ n I B ~ t ~ d  STL 2 '/2 i fa mu9unaQstn~uaswdaio 

t4in'Plaiiaaauiw 2 K i fa  oiwis~iudisqwvosCs 

Jiiiduni~murnawui 2 uu. uia i u. n5is 16 vu. uiiiuau 4 itdu $usotduqd 
A 

$3 iiaiAunaiurtisttss i<ool~w;u~siuuon twoun~s1~~siu9iniu 50 vu. 



- nisaw?uugn~ads 

%wniswnaasdv:$~~ndh 2 % da~!iw~in$ia 1 kg vintuJiQnudsi$~unisw11'n 

&i?iuBn7 uiuna~~ws%#axt8un t~uplss~%d~si~a. jonis is io<iww'n~iaa~o~~$uni . j  

.w fin 



~163~~199189iiMPJ'~ ~nm~a~TmfiaiolwaiuqnqTu waomszu:~aaiisiini5wPJ'n 

lmu%Giid5nlmiimoi ,8~ i3u i f i?o~io%~Tmm~~~~f ln iwu~~aisa:a iu  im:ii&:;nidiuu 
d a a  0 i3udl Brix Sllu%~ifi?89~8iau in5oqolokiwui:diw~uwi~l~olinldiwiaoeiiq5ami~a 668: 

lYlv a aiui5nTmdikwuw 

iioqariuYn4 aiuisslii1~isiwsiuiiiifiiiw~onaluwaiu6uo~kiw~'nio~~piiim 

dlw'%IwfinalFw ~ ~ 5 % ~ ~ d l ~ ~ l o l ~ ~ l ~ d 5 : ~ 1 ~ ~  12 Brix 

~ i ~ a o e i 1 ~ u ~ ~ i 1 w u ' n w " ~ a ~ ~ ? ~ ~ 1 m 5 a ~ ~ ~ o l i i l u q  FRU%$ Hydrometer 6 ~ a z i l u l T m ~ ~ l ~  
d i e  2 

a:~um~nfi!31nu%$ ebuliometer 1 ~ 0 t h 6 n ~ i l  ~6oano8oawmmuu~ia'ai1u1%~%un15~1wum~a' 

ifuqmni5wfln ~ i w s ' ~ l m ~ w ~ ~ ~ n ~ n i w ~ ~ z ~ i i o a n o 8 o a " d ~ : u i m  15 Zn; 



3.3.1 m%a%qtYa5qn4n 

CqnGnQnmnfiuut9u2dwrdqnrd:p10nCq lludis t9uqdwsG ~wdorw"uds:dw~niwluni~ 

toiai%weon t t a : ~ o ~ n ' w n i r d a n ~ i ~ v o d ~ H ~ u ' i a ~ ~ w " a a d ~ ~ ~ i n n i r d n ~ n  %~u?taaAiudisfi %flue: 

ahq%ni'n 2 24 %mua'n~su:muwonvodn'~~no~id1~d0un'u~~dnia~u~a6~a:1~mndidn'u n'sdu 
A A d  J s:uuns%~ clr~mdun:aunisGn d~o~nis~in~a%uia~t~rdn~oia~niu lw's~vu i - 2 5u ttn: 

@! z 2 
nfiain$uo:ld$osnirdBini~LGi1dlurdzuudoiaanirdnGn twdaJosn'unisduLBe,uvodtrow1d 

Pr 
$oqnird d?~na%unirdn~nqdqw 100 Zw5 $~niu%uiaC~d~twndi~fi'unlrd:nou~au n'snu'nuuu 

packed- bed 0:9~u~d~:lln59 3 & di~?uuss8~iai~w"ua~~~iuiaina~i~utnavuimp1rdsB~~~u 

a: 8-10 a"ws w:Lanrdqw"usspGiaLLda:~uBq 23 tvuEtuws t#udiu;uudnai4 41 tclruitarws dauk 

~~~~6iaosui6iae~uiainnirdws~'nitup1%d nia1ua:~w:a~n~sdurdrd~4iat~dua 25 gwrd n:ttnmd 
A 

uss~$iam~oaqd 25 tclru&uwrd 1dudiuquinai4 41 ~clru&umrd clr9%4din?unil~u'nluSi4d4 

niia vuimvo4~4qq 90 tclru~tarwrd td~adi~~~~~~149189dad4 45 acawzwms wiwosrisqsainiu 40 

tclruituwrd ~ iud i~ iaC~t f iuEdws~~  

nlwd 3.1 ~ ~ % I o l : n l ~ ~ 0 n ~ l ~ 4 d 9 ~ i ' n f l i ~ ~ 1 L ~ ' i l  packed - bed 



niwd 3.2 mzttnssdiw?vld~iawoqn'qwfinnib~ttvv packed -bed 

niwd 3.3 ~nusuzmzitnx~niuIun'~mfinniFp1aiuv packed - bed 

u I 4 -  iiniswfinbau1&~qrnfind11~'inixn5iqvu unswu'n 2 iiuu dai?Aahs iifiwfinibw 

iavv paeked - bed l ~ ~ n ~ l w f i f l ~ ~ i ~ ~ 9 ~ i f l f l l 5 ~ f i f l ~ t ~ ~ b ~ 9  i ~ o ~ ~ q ~ n u ~ ~ v o ~ n ' 9 t w u " o ~ n ' u i 5 1 ~ 9  

nfi~riaza&n~#5nq~unixnfi~n'~t~d~~n'uo~?k;?~~~a~onixwII'nnib ridniu~ut?a6q~zlcwn 

diqn'u b~ut~ i~zkuw~nwfou~u  iiazthinmn'~~fiflM"q 2 tiuu ttuu~m~z~#5zuz~aai~uniswfin 

daniinSWu iiazlusiaqvoqnixwfinoziinisnxao5mdi %or dinaiuwaiu 5mnlss"lvw&nsn 

tdait4uktaanoersd vo~&wfind9 2 ttuu b m u t ~ i I l i d i ~ e ~ ~ ~ n i ~ i d ~ u ~ ~ i d ~ ~ ~ s u m ~ ~ ~ w o ~ M " ~ n o ~  

fi 1dsnp~'nrn~o~u"inibp1dwfin?A?diini~~~ao~~udaorii~~nan'tli4iuau is nu ua'aQiGol?a 

~aiiinixd~:dunaip~'11ouwo~u'nanu~4iuau is nu vosn'swfinM"q 2 iivv uitd3uuiiuun'w 







S = d i f l ' ~ 1 4 ~ l 8 ~ q 4 q ~ ~ 0 9  Stanless SA- 240 LnSfl316L 

gawgD 25 n9wit~lratQun 



P = naiuCuipamu%u (kg I cm2) 



.'. Gen1$ Stanless SA- 240 inan 316L 

K $wdawvosn:~~na~u.j. j~$ia~wduaiiniav~~d~initdw~:t~na~aitnwia~ anau 0 
d 3  

2.0 - w w i  1.0 - b n u n i ~ ~ u i i a ~ ~ o ~ v ~ u i w ~ i w " u n a i u ~ ~ ~ ~ t t a ~ 1 u n i a Y u  iinw"n nsanastid 

a:$uu.j.jg~iamdua<iww'n 21 Elan% .jaar$iaiw3ua~$$lwniawPn~~warn 168 EhanYu 

idw<msidawvo~d?arinadedin~n Be $1 2 daw (332 Gna) do Giatwdua 1 daw (168 ElanYar) 

d41naaaau500 Elan% 

~iudiavesGawu'n d a u h w u w v e ~ n : t i n ~ ~ t ~ ~ u p . s ' a a ~ w ' n : v e n ~ u ~ w ~ a ~ ~ w ~ n ~ i u i ~ o t ~ u a ~ ~ ~ ~ n ~ a  
Y Y 

fi 8 ~w aautfIunaana:uenM sdniwd 3.8 ttasi~uulunin wwan n. 



i1wunlw' 

d?uiazvasw:aans9 (v) 0.168 m' 

tduiiurJuUd"ai~niuuon (D) 0.6 m 

~duiiu~winai~rnulu (d) 0.2 m 

oin 

V = 7 1 1 4 ( ~ ' -  d2)h 

0.168 m3 = 7t 14 (0.6' - 0.2~)  h 

h = 0.67 

W 0.7 m 



A pl di~l~nttoi ion (Air L O C ~ )  a w o % r % u n i a a : ~ i u a ; n i ~ I u ~ ~ ~ i i ~ f i i ~ ~ ~ n s i a ~ ~ ~ i l  r & i l  
" Y 

PioaSiw?uldiilu4unouussni~ii~i a~ofiai~1aamanawdo~~inlni~os~3mrlio";ldsiuuialw~ 
9 

aiaxdes~um~du~3ou~inni~i~mdin"~ 

9 9  d m3defidio'9lB spin ~ o c k  6 ~ a 6 a a : v o u v 8 ~ d i n ' ~ c n ^ m ~ a u i 9 ~ w ' ~ a ~ ~ ~ 1 ~ ~ 1 u o 9 0 i n 1 d ~  

rn~n~nlusauu~m ~ f l ~ m z n i 3 d w % ~  Swing Hang 1 ~ ~ 6 a d o f i ~ a n i i ~ d i 8 ~ n " L I ~ a o ' ~  i~n~nua$ou 

di&oen~unua~auiu & a f l i w i  3.9 

d A d  d d 
Pioaaa:aiaawnanrdon"u~~~ulud~~nou~au aiaamnga'aoiiq aia"adins'nrda'ou& 

nGnua:ain"addouiia"iqn'~ 1nuShia"a 0 ~PiiiiPl '/z i fa i ifatla:z ifa ninr6i6u 
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Fii ( TTS,' Brix ) dmsaa~miWdu?Aoriiq~miou i6oid?u~11~~~10innsidoeiiudini~msao% 
d dl  ( ns,' Brix ) i?~urrdarni~rrarruoiiniswidir~duoonuioeifu!k;miUmi7iq 4.2 %mudl 

(ns , 'Brix)  dms-n~m?k;Euoetdugat WO &hdauha 1 kg n'i (PS,' Brix) #D 9.37 4th  

dauha 2 kg d l  ('ITS,' Brix ) #O 12.86 dt7mdau8ia 3 kg dl  (TTS,' Brix ) 18.96 uae 

dn'f lda~813 4 kg ~ ~ ( T T s , '  Brix ) #a 22.46 



b e 6 d  2 itas~iouiiiogsi 1 ria- 3 iias 4 miua'l~u~~osaonn&osn'ucil( TTS,' Brix ). d 
msaa5'mlA i o d i  ( ns,' grix ) asamasiiaadiiioanosoa"ii9dn'i ( r r s , '  Brix ) i tdukna' ia$s 

~ou4is1%1utiazdi % iioanosoa" 8s fiigoinmisis 4.2 iidacii ( TTS,' Brix ) Iiazfii % 
a -  4 d s r  " '  

i~oaneeoa" vasgsi 1 i ia:~si  2 o:InrGuq{u iimnqY; 2 oi~oz~n~iianuouMq9w"osidu 

iwsi:~oo'u$uq ita:8mdauvos4iadI.a'iimnpii~n'u1~iiin'di a iieanosodves6si 1 

diw?uludauniswi % nsmiianzn cii % nsnilanzn vostkd 2 ~sGounii6s$uq 
,Y PYA wsutuosuioinnisi1udiiasa'ui 3 i i ld % nsmimnGn w"tlA1us:uziaaiddouiia:di % nsm 

A n dd sr iianm^noz4naiua'uw"uin'udi % tioanoeoi n"siuo% iieanasoi qsasii96i60ga"uwsuwasis 
s n l  * 

nsniian%niiQiuaudou w?oio~y~~dou~~ii~n'dinsmt~anmnuniuou 



0 Brix 1 a'w 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Alc 

Tank 

15.2 

14.8 

14.4 

13.8 

13.4 

13.2 

13.2 

13.0 

13.0 

12.9 

12.9 

12.8 

9 

~ i f l m ~ m ~ n ~ ~ ~ m s ~ ~ n o l ' n a i ~ w ~ ~ ~ ~ ~  packed -bed ~PI~443n~n~u6~ua~~u?Oj~ni~nau~41 
9 

qsungl iwarnswaaeskfi 

Tank 

5.0 

6.1 

7.3 

8.7 

9.5 

10.1 

10.6 

11.2 

11.5 

11.9 

12.3 

12.5 

T OC 

Jar 

15.1 

14.4 

13.8 

13.4 

13.2 

13.0 

13.0 

12.6 

12.4 

12.2 

12.2 

12.0 

Jar 

4.5 

5.5 

6.7 

7.8 

9.4 

9.1 

13.7 

10.1 

10.3 

10.8 

10.9 

11.2 

Tank 

28 

28 

28 

28 

28 

28 

28 ' 

28 

28 

28 

28 

28 

Jar 

29.9 

29.9 

29.8 

30.1 

30.6 

30.9 

31.0 

30.8 

30.4 

30.6 

30.8 

31.0 





KIN; 4.2 f l l2 l f i~LI i%JLIf i l  Total soluble solid (O~rix) $Ut?h~lh 3 $U PdLI l$U 

I.? 

~ . ~ . ~ ~  ~ . . .  .. 

~, 0.8 

, 0.6 * 0, 

0.2 

1,:: ~ 
A 



n i w i  4.4 n i s i f i u ~ l i i u ~ l f i i  p~ SutYanfin 3 'nu Enr i l u  

d d  9 c? 
~ l f l f l l 5 m n ~ o ~ i f l l 5 ~ f i f l i i ~ ~ i i ~ f l 5 l  - i E ? ' m ~  $V iV85 l  Amylomycer rouxii % ~ ~ ~ ~ i i 5 f l i ~ ~ 5 1 ~  

i o ~ n i s o i n i ~ ~ u r n s i ~ ? ~  g q i u ~ u i a q  2- 3 ~uiimwoqni5nfin i o ~ 1 ~ o i n i ~ ~ i i u i p 1 n i u 1 ~ ~ . 1 w f i n i i o  

%G~ilkifioim~oeii~P;-at% iia~t~oiid~%u4iaQneioulp9"naiui3u~imia$~lu'aiui5n~u~iioil.1"lA 
da ad iiadinpJBGno:~pJoonpJii~uiiiiopJ4ia 5ioznQiqnsmii%X4iaj;naiuidun5~ ~Snnnia:dinp~i: 

* d a d o  8 . 3  a nun"Plnlsia?~%odind~~a:~~~~ii~~ni5ummi%p9"~iai~iii~u Limi~ouCld Saccharomyces ?U'b(ip~isn 

eiouiid~lXi8uiimialA ~iimui~n%4~imiai3uni~~~iu1ia:~d~uuidu~oniu~a 

~un~:nraumsnfiniip1~11un5i - "ua i14~4~ i~a  Saccharomyces ~ u q d v o q  starter yeast i ~ p J  

c? 
a~%u~~"snfinna'~aindsieiou~iir.~lkiiida rns%$ivo~nv8uZd starter yeast 8idoiwdu0iuau%oqi~o?~d 

d d i<u&u iwoiwud~z~m%niwIuni5~a"miioano~oa" ni~w~lAoinn~:nrauni~nfinid?o~imiioanonoa" 

iPiin"nr 12 % tYn~lm:vosa(i%m~n~u4ia , iiinti'aq"l, i d ~ u a d n ~ o u  ijii p~ iiad?uimnsm o i  

1u.liaqdiiinum %mu p~ o:lnjiSu 3.6 iia: % n3no:lnjiiiu 0.9% $sa:lkia(i%wdi~nvit4 iqniw 4.3 

n'nr 4.4 

i i a :~ inn i~mna(onr~o~~~nf in  2 iivnr oinniwd 4.1 W9oi~ai~~d?uimiioano~oa"wnrii%uia~ 

1i5no:ijflianfi'lsrioan~~oa"oeii~5ani~a thnu'niiunr packcd - bed (3&) ijm5n$i.111oan~~oa^1kii$a 

iia:csnii~qn%iui~ua oin~ud?uiaiioanonoa"o:iwdu~u4i 7iia:n.rd%uiqn iia:tfiW9oi5ai3q 

d?o~iol~imiao:tdwiiaonn&o~Enrd4uimiioanonoa" n"od?pJimi~oanoaoa"iwdpJ d?uimt!imia8o:an 
, A  4. 

aaiafliwd 4.2 iimnsmwi%p9"a(i%moin~qn~n$q 2 iinrnr iimniian'wn"~ sa.aikia:na"u oinnisnnaonr 



%AA. Brix pH %nsn ga~wgGCc) 

%Alc. " Brix PH % f lm Q ~ M M Q G  (OC) 



Iwdauwo~nis4msiePl'di p~ uar % nsn Kamwd 4.7 ua: 4.8 wujidi p~ d o p d ~ i ~ i i  

uae % nsngg% 2.45 % ~~~io~$~~moinni~dui~8uw8~~a"u~~61w~nr1d~fi i"1pl '1n"~nsndi~ru fii(1pl' 

ailmd!&ioinnispfu'n~said~ua Aaia'su6, 2535) ~ ~ f i i f l i 5 p f u ' n % p f ~ ~ m u " l i ~ o ~ 1 ? ~ n ~  



niwd 4.6 ~anis~smnzPs" Brix vosa i i~wi~Aoinn isp; r~n~a~~B~nss~s  





Iwaiawwosnix~insi:Pl"Fii p~ iia: % nsn gaisniwi 4.12 iiw: 4.13 w ~ i i i i  p~ IIR: % 
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