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61.111ifilitt=ỳiate101)(MnIITflttl(11144(-1fflSrf5t 	vnrilfmcvn.ThttuulilvTaSOrm,-,ihnulfu 

LOY11110flqu1l1111fill 4.27-4.36 %v/v 	16-20 	inl.Jf115111.7fILVIJUVII1Flifliltilqf11171tt,' 
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ilfillati10161,11,Tilfill 3.87-3.88 % v/v C  22- 26 '514 !AM,' 4.32-4.45 % v/v 171 20- 24 '51-1 011.1411i 

,1611,14V01113(1,111.1'ild11.115f111-insfl6111m115:,11a1911uni5iiiii-nouvialAn4 	Tlt-WIM115A11 

niDifintlutiolAnsaA151,4Turmtlimilltilalii14frnamiannaltairrnmalin)illituirium 
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Abstract 

The study of ethanol fermentation by immobilized yeast cell (Saccharonzyces cerevisiase) 

in sodium alginate was done. Scanning -Electron Microscope (SEM) was used to determine 

the attachment between yeast cell and sodium alginate. Ethanol quantity of immobilized yeast 

cell fermentation (batch and continuous type) and free cell fermentation were compares. The result 

showed that, ethanol production from each type was very low. The maximum ethanol quantity in 

batch fermentation with free cell was found in the range of 4.27-4.45% v/v at 16-20 days. The 

ethanol quantity of immobilized yeast cell in batch and continuous type was found in the range of 

3.23-3.97 %v/v at 20-24 days and 4.18-4.36% v/v at 30-32 days, respectively. Moreover, the 

ethanol quantity which were produced from 1 and 2 cycle of fermentation were almost. The same 

as the ethanol quantity of 3.87-3.88 % v/v at 22- 26 days and 4.32-4.45% v/v at 20- 24 days in 1 

and 2 cycle, respectively. Immobilized yeast cell could be used in further cycle of fermentation 

process. This result suggested that , immobilized yeast cell could be improved for ethanol 

fementation , such as selecting the purified yeast cell, developing fermentor and varying 

concentration of sodium alginate. 
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1.1 filla1-1311Han11131dliitlyilellIftlill 
91 0 a. 

1,1A911'11,1T2111:145t1151411111J5V1111C111J5 ,11601A1O1111.111111-111)11011,14111 

datI101t110O0O151111,4111O1111-1IMOltdillf1151411O1,111411qtkiratillinniilifu 

f115111t4h119-11714avonmElund-wd50,,Tno Ionvir:inEinnilymilni511-itlinijliiutiliipona; 60 1J11 
9, 

1133.fltu t115191riA'llmillilJO 11131 2547 ilf1151110111113711ti'OBAIS11J1f111"-i1 4 tr011S11-1111T1 IflEJ 

2548 :t,''ec.(1t1,1 5 unIS11,111111 Illatilallti115101a91111115Vhaantf11105`iit11,151411111A1111 

04 
O,̀,'1.152'.,111ild 8 ttOlIA'imi- n iiiivIaaltlutliAlt411i11:11,1111f111-31f151111,111104510149-ineilaDn 

Frafilt111105tiOn/jali13.71414811411J5fOlAt11,11151f1101All 	115f1f19STIviT1111109,111'141.11V1,119 

INA'1111-IihallAIUMM151111411719'1171RiTatlIal 	(www.mtec.or.thlthinewslcool,....stufflcoo130.html: 

2 iiint11.12549) 

"tafficlia06" till,i1NA1111,1111M11119S11WIlitlIOESJO-BINO1J5°014 -i11601111,10O115n11f1,1 10% 

fil11,113714t11161011 90% 9i11filtlIVIVIVIIIIMI1d1191i1111371,1LIndif1100f1t1114 95 liaf1911111 111514 
91 

ta1/111MO 10% 1,111191111/11V115tAllttdA MTBE (methyl tertiary-butyl ether) tusIrmatjlucti-mili 

tuucisil 95 f19`.',O11115t1dq1115111011O15i11191f1d1,11.15nYlf1V11 111 IT1f1O111f151f11111111I6InA11 

1,114111114 	11ddlf11411/10O11115ONOMOVITI1OOu1 111n9191,m,;i1NOMAJ111ALaynuamiam12onoro 

(www.geocities.com/d15_yi/chapter2vi. htm101 : 2 rat-Hilt 2549) 

1taf191014 1152;1/1511116,11111iIttGlItEllTbff1O91NIttiOi9fda&111J1Jgailifi'pl,N11 9 11-31f111 

2549 fill'illflicilumanlfal5tFlaittd1 MTBE 11D111,15f11 95 11.11 2549 ttal'iiitt449S006. 91 
9 	. 

11-111111411cii Itat,'11flatf5VJIMI 18 rIt111/11f111 2547 f111111Wilil 2549.1,411 f115141,1,t9I'Vfic1500A( 95 

itlilt1"111Jel'alf11514tavrnmallilIarill-i1i1Of 1 A)11-1SV15daill ltd,`,:,:ttril 2554 11 
9 

t11111111014t01111MOtililMf 3 A'11,1OG15 14011914671f11514116,9111,191011110 tIEJ1411J91f1JJ1fl 

Tdodouilm o nifputiinlfulA'11-ruijouaf 37 111flq0d1111f1551.1i'atld 36 	 21 
9 

ttdflW1`111-13111151414161111-11/1qtrallta111111111V11011154tfAirJAijarin 0.5 	1.101f1ThJ4alf115111 

11611111111111A 114U 	8 ii_1411,111111TI.XiA7111i0Vh1,41,1T0Eld , 8 	T1n1i'11151tia1141015FI1O 

ta1111MOati119311 9vO11415€1c~Glfll5ld169111N l'1'1 1144 11J 1 35,000 4.11-11JTV1 

(www.mtec.or.th/th/riews/cool_stuff/coo130.html:  2 111-11fl1.1 2549) 



ni5NagtocnivaaMoNSorihitthicisgaanutilallontAtunili'datrif3orrincrnom 

(Iumer) ttanTweiiiiniAIttivioti6u Ifluiini514t-nnjwimcihlioqulum5NSotocvnuafl 

iqtrli) SwviiiitMAttvidAtoculciflivilviicutctI6ovio0ictulvtacriniofl 	"f115113711" 

Ill'Al11111tSoniIm1lMwvia551rolvocumo ITA1Ullii1161111191111A10Vciflqfll 

11-0109f11A911104111119INSAtOY11140t1 till Clostridium sp., 	Zymomonas mobilis 

Saccharomyces cerevisiase 1qa-CIATIAnflt1 i',,,'V111.115titilift1laS110144111T;',1711,1iii0Dfli191-1 

NSOlitu4 

rovim9,14tocn -nlo -cittmntNvflii'cuocu tlflaanIcis4oanan 1145nvilln -nvaTnioulliiif11511D1-1 

17if1c1'Gl  

0106111511A -1U f115VISMOVIlllOfli00f11511171MiA9oullatillil cuill46915 -ini5NSo 

t011-11l0flflflfl5 t1fU NSONM100014 

n15693g11017J'vvi Iquyi-Ailw,',617wInilfmr4Sotamin -o 5-nn'119hilialtarnmafliiiimiNS1la 

WAINM1110111151,9ii101A916U017_1d9c11.K1051 Hi'andlTilLOYITUDflYILIONffill011.0111151,MItIO 

9 -J'ilf1 J11it1illiilivi0tJrf S. cerevisiase l ,91.111.411V111.115A1115:11114'i1lINS9INMODEllati,an0111110fl 

T1110,1101/11.10S41.11145a,11-illfl15111711V11111501Jiht&f115NS0601111-10diDlildA145,l'Al'ilAft15111Th 

6111:441114311151ATRIll'UlT)1411151Iffil IO0f1150111'n4ilMcltiA41014111111511170 111519151tcliaS151 

Iq011-1690SiiVrAllifIll1"111.40111-11111'UDliViqiilillAlIll 	6ail,1-10 (alginate) 1,fl1F1`11 (gelatin) 

9) 	 d 9/ A 	v 	A 
ttt 	NYIVI (agar) n11_10111  131F19411141111fadi12-1/1 ilicliaallfY)111fRIVIlAf111151.11•OFJ1J1111D91171.9ffill'I.t 

it10503.1 (tiU qtumg, iitoqf u0;f1-)lutEihlituoll,aaavicurr15fl:;flitnif0501) 
A A 	 9) v 	 crA 

V514 1,0111140-CILI,i11;i115 

!0a`.'-,171AL111156/7:13JVIMIaMI;d2,11105411G1611011,81/111-10 1qt111,111 1993 Takamitsu 

141/W01AlltcltaS Z. mobilis illf1151llifltallld0t1J01 (continuous fermentation) 1110Na01.0111110a 

Illrilfs1S911,0T11140"0141.1lflfrilttlilithlifilli'illAlltclfaSildili191 2 ail (111161 tlarldiV16, 2537: 30) 

110M1flifillil 2002 Yamada UM'fltl' W19111195'd Z. mobilis M0l1Siumninin1511 in 

tayrilloa ll1Ufia 1111 -1.1411.115illilli1911flflqif1V111DA1Attlid1D111151461111MArrvilv 

n51-tynini5mTn 'iifyynniikiGilvqltil 12-15% v/v hi Ifle1111.1111161A51E1fi1119Sfltit0 

lisifiliut4anitruald'lmiarrlunAtlakaTimaflivinuitufiquinan cuan9lni,4669,01n15a1 
, 

IliflA11411151111f11-19;flA111-17101411161114t1OfilcliflS (downsteam 	processing) 001111191111.111,11J11 

11.10191flalc1119WS1)11.411111`o',frifli91 @i11011.1V1fdS9f 111111.16111.11111.711 

d11.115frihrli'MTliffili el5111111e1101t cliflS1311411111t;c11 01,11%0 v0n9ini11011101n15v1591MS9, 



n 9) =9 	I 	d 	 In 3) =4 	 .4 

D111151-111.11,11T1-1M11/141105,111.411flfflIcoliltflilbflliM11N1TTIJOlidT*151  01)61 flill1dirN1, 

2537 : 37) 

6dialq (alginate) AiT1111i11119Nifllit'lfdlalEJLVd.c1-,'rft,'0")11 6)11:11-1 .41rfillirfqi1;197di4 

11(n41.111111(1q8 111-i1T,LfillqVIV1111115511111191111011115 tfla15115511 A1l1ltJ ttallwa1lif15511f15fA1li 

37111116DiV11fl11,111,9illrfiLIVT-311,9(11-31116111-114i4111If1-1111f116'1 UM'.,1111VT-J1(1111II,Flqi46'11 t110191f1 

6flitlaii5,'1101JalEldl(Jilli111cliflf111,501,1Ut11 -111V1111510V(1-11Alci15t1-0`',"d1(1111 iMetruoy,nu 

„, 
9filq9101111flack19110y 9111(111141i9111110flil-M11,111.111114n7III11J1144119M461-1111fl1111171915t111 

91f111.1311111.1)ItlilL61711.1141N01111i 92,'1111;116ditl(qA11110S1,11D`b55111516illlic)61iiiinillo 

6d9r10 31ifnldfilynlmiiiithniau4-mndufauancimluttvianivi-arniao (ILIILAflf11156) 

49 i9 	1 	I 	 2+ 	2++ 	 l+ 	 A119211: lc11161JDODIMAMTf11111( 7M 11;1.1 Ca Ba, CuCU IA= Al 	all 	 Na  

f1-11111Viit1511flnl'Ilrlifl6riou'A4M"u1411nri-inAtivut151 tffuNailL9WAV111,111111911:1010 

A'fllitln,'Ilii1A910119M19111Nianatn&13191fiall (111U3.1 tlililVfiV131, 2537 : 41) 

111111 J9'El119 11f1111f115q1119(flar(Vfle1illAi 	S. cerevisiae 
- 

MD Nantamcwoa 

iourdioutilocuYini51117n 2 111n] flO fl15119111111111i10111011511111511fjf1/1,1111f1117.1 

(batch 	fermentation) I001115111:111119J1Jdot11011114115nY3141115113:1111t1f11514iflilF111UM,' 

V(1501111519111,111116.thaTtioflaqt-mi luGutu2Aulfiaiit-mttontomSofitivAilaDDf11.11 

Od0qt-M1194161.-1 irdLif11511311f1111111filill,M1115f,11")14f1151117f1Na91/5tU4I08014Elfli5IFIUSitim 

V15011115 11,D1,61111V1h11111c101f155ti1t1-MO011151117111-10fl91f1116119i5t11190161J3if115113:111  

0111110diqn1111.4911-101flalV(4'vfi'Dfil5141.Tfl4FIV15-°'.1M2'orfirwlf11517-iliclf.Allli11(1111115N1 

181/11.10dhlfli111114ttN'1111f161111114(111111 LADA4n1514-59N110(j11411f1111WAI5Z.',116141-111111 

1)151,IS1 IA€114icaE1116ailnAlM1511-11-1911:11,1SZIS 

1.2 Ynn91 	4611 

(1) 1110af19J11111 31/11f115NS911,D111140U1101119-11"16,1111.417G16(111191flt11511171111n1f  

S. cerevisiae 	 E110 IM11115113:411115113711111_11ThilUdat110111a 2,1115113Th 

111111i111/1 

(2) VrA101111(111641111133J1t11101(11110'd17.114111911111151137a1V(6.  S. cerevisiae flf1V11111 

Ii101.16flik1106117L115111711t01111.10d1M11:114q11t9MAVI1130f11514,19ffl45r15411461111.4  

91̀17111 

(3) kA041-11i1f11517111clid4031111111JUL10111411-11115141T11 



/i 

1.3 110111110110An-nla 

() ilim-16915-1m5ditut6iiio (growth rate) qi il'ef iivr 	'4'.  S. cerevisiae 

(2) o'Ilm'Slimi4-miciaitaaflittio 

(3) filtlf111A1131qt9041W-AflAlVy115501:164110501-11fid'OriOlf1510 (SEM) 

(4) 1,137iNuTimufliouliVivait:IfialamicisaitnAdituott,Tairrallitpala-micliaitni-

6aillA91 (tcliflalVi46V51') 

(5) If15141131.11flltD11111-10fl41ffirlaiflttflrfif15/11I11115A 

(6) 1llfl11liqn4ard al-7i (validation method) 9tf15-1:,41131.11fldtD111140fl41Elalfliifillfiff 

If15111IYIn5171 

o c■-• d 
1.4 1-A01114111■114,1711`,1; 

GC 	= 	Gas Chromatography 

tR 	

- 	

Retention time 

mg 	= 	Milligram 

ml 	= 	Milliliter  

- Gram 

Percent 

MW 	= 	Molecular weight 

v/v 	= 	Volume by volume 

Conc. = Concentration 

- Celsius 

um 	 Micrometer 

U ml' = 	Unit per militre 

KU 1' h '= 	Kilounit per litre per hour 

1 KU = 	1000 units 

U (g wet cells) 	Unit per wet cells 1 g per hour 

1.5 thtlinniiinicri-mlaiii, 
cr, 

liorwaini5miiflkO11114011114fliult11111111111-ilf1151417fltalllt6'11 11.15nfft-M1111d10A 

9) 
1,110flW11411uf115VISV1t01111.1fla 



113111 2 

wna-ntwf,1114)Clilt71011101 

.4.4 	V 
2.1 1Ofl11Tillflt1r1J01 

2.1.1 Willi-10D (Ethanol) (fAiiIM 3:11-11939,, 2547: 14) 

101111.40D1M16k0Df10(141Si3OVidliti11151/11,1141,111111011,11D'3k11:111a 

14F, 5a1110510 1q11/ 61q 	 WY111.10DVii1Z551.19fi'giiimlnn151137nrm6'ficti 

iqtf61] 	4ao 111Ald ninj-tola 	1111p1 (11ClaillM111'3114) u1113:114AlliniAl 1J 1m61Irt  

viu 41--Am 411`J 11-1 -101 	 1M-1a1-1 101-11,91319111ild9c 

iff11.10i0111.71vW10 il.lflitTrwiliVithavriunfltwftt4?.1fIli'llf11114100_flIcis4 

C6H,,06  

nlifm 

fl if Ui 
2C1-13CH,OH + CO, 

101/111,10fl 	flii(1101.-11floonlcis4 

 

2.1.1.1 titltainIGTV1lAtIlltilliAINHItlijI1U:,irand 

A 
950V111141 10T11110d 

il;011111fin 1011D1t0DflORDS 

vro5tauffifia C1-13CH,OH 

_ _ l'_ 
JJ d6161.1tclir 

-filìctioulana:,' 

-Idi5o1m5o6'ia 

- 	v 
-001191191-1500D,t 

46.73 

52.14 

13.13 

34.73 

fiTiiiilid 

1
c
1 1110n 1 inDfld 46.730 niVila 

0-1111111-11111:11,1 0.790 t151J(S15 

A1.6600 78.500 0111111iDal0d 

vitii'anttC1 -117.300 aliniclifficTStid 

1011flOIJIIA(0") -144.100 011111c1fDa0D" 

f121lit125A111Allf, 0.789 ii6anT1J/So5 

fiiknivTrim 1.690 
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2.1.1.2 1.11,'11.111111101/0111110fl 

(1) L0111140d1cf11111.0fl110d0Si1;1,11111145'NV111111371.1 	(Fuel Alcohol) 	A1,1 

110fl11000Siiiif1111,111341(lalild 95% v/v 

(2) V1114111t1j1411M110143nhtiimadnagOA15 ,411Cirvi3J1t,̀,T111 

(3) liahldatria1i1Vii'l101vi 

(4) lfillf115alkfint clIV1561.11/11ti 

(5) 11ftWV111-10fli)00df, 75 1._111011(1111Nfl 

(6)145A-16-3111fla,'1E111A0111h'171Fifl15 

2.1.2 ikfil (Yeast) (I1N15T11i:NnInA111395, 2539 : 23-24) 

-emarAfllitln,41,1ten4Atl) 1Jrn6t.1111.11f1iqf11110191f1 11:M13,115f114116,1111alf111d1 

viTiallf16151i1^1FIT,;', (free-living cell) tcf_11.1c1f1I11511^1.4 (saprophyte) 1/111k'31A11,1f,55"trIF. 1Gli`U 

k̀at! 114141 ttWn1.11lirrtnilll 91011111111t1:41001,4V12iltili11fflga1in1N1Jiivill1.1mi1l 

ili dValiitclid6A111/1511 (ellipse) 'U`111001-3 5-140 nm 011 1-15 1.1.m 11119faqt`1111/5 111MJ 

(sphere) 31F11.1111MS ci;1115‘t'f101JaW1111,114talli (mannan)11,M;f1111f11.1 (glucans) 

,191,9i1F1171MSrihdltigll (chitin) ktM,19fdlIrr (cellulose) iirrviv11115 	t 11 Si2i3J 6M4 ail 

11.11111,400f1,151A141Malli14DDfris'mull-If115ditlgUL1 ni5tiiIiicu-)111,■1.4b èttlIU11101A"Eltitifivill 

14Thf1151W111111,10 (budding)11301111f15 1D1%11],96'"1 (fission) f115hch,14'01111D14011AlffifIqT1fliclfaS 

iiMifil; t111,1 haploid cell 2 itclfflS1,115'13.1611411 diploid cell LiElflfrill9fif191 (zygote) 11d1'6F1Of115 

_ _ _ 11_1 	 _  
!AIWA -mut] 111611.14 CI 	ttmr,A 	(germinate) 61114 naptoia cell 1 611 

11111 119, qtrllifl51,1ijaViAlAcitlf11,111,11,15'ElnA11,1111 19f14 111f15n1-11.1f115NSA 

1--a1i" (wine) tVitli"  (beer) ttAct'Vf5111611vi141 (distilled alcohol) 2flE11A711011t-Till 

S. Cerevisiae, S. uvarum 	S. ,fermentati TIT) Kluyveromyces Ohl K. fragaisl4rAliAttririnAfia 

Saccharotnycopsis fibuligera litaulcisilluni5Auutollblvihdivna 

(Saccharification), Candida utilis, C. hpoytica 	C. tropicalisl4NS917)MiNli9;11911t40-11415 

2.1.2.1 cilaiillf-Inciofintiitipiicuicisuoilera 

( 1 ) 111 1 5 01 61 99;11 A'  6 laud 111c11fl IAEJMIAllniv101ffllifldktflndi'11IYIVI 

ilVklilIGIS1.7fld11115flinlAflf1115k1ArciflIJD,IIYIVI 	 inumalvInfill56" 

ale) 	iivriiilvf11111I1141,611114 Ohl 	S. 	diastaticus, S. chevalieri, 

Endomycopsis fibuhgera i.171V4J -1,19511M11111% V113,115t11911.11q1"0111.1IY1V1WMfl'iT171°101Miliclirf 

Cryptococcusr1r411111/fl11 1944 



ADPADF 

+ I", 

Glucose 

2 Pyruvate 

2 Acetaldehyde 

2 Ethanol 

NAD+ 

NAD+ 

l'ilA1115,1111,0115111dIfIdIdcliff 2 115,-LITI4f115 fig ~b111Nf1~lJ3Je1e1fl°1f691d  

ild'a9,14115t1Y3W115tOklfStW111,11t0di'0011 ltili?Ylt")(1 (EMP) X11 90% (114 S. cerevisiae 

Candida 	 Dailih91,11101191f1f151-111141115tO1111'!.014 tlJttldi'001Al 

US-AU S. cerevisiae 	'.,14;1151,-1Y)1,111151.dfli'lld3JOIADIAIOMIA10 6-30% 61,fl,'11,1 C. utilis 30-50% 

h1111,ifif111/113.131D0frit91.-11i1VIMT,;,q419;f1511-11.4f115-11171114i,01/111.40diMnilir1101-11q0Dill'll 

(1-111^611 2.1) 	Ltd111511iY11141?11,01/111-10d1113.1141fiqiildtPlAM11-1d111111thiddfl'itTlAtifill111 

019tiavUlaujatgfilild411411v1AldfltiifiVrillIfl'illit11114hapdodivwfilltiiiVJODWit9111791)'111019 

t`rlttrI512,ffidifIrfltif1113J011141Allflfril 5% 916116111151l16d51n1tO1-119f16i10161JfI15111019 

Mitillilt1131311ilqiditdd11415tgtiliimi mu-iitilunl5n5,41,11130tfalri9f1551111011.01-11,Tal' 

110f191f1111115VJT:Uii lld161J6,9f115V(1111,3JIYItIdtitfl10`611410 114V11111/1 

iioaticit9Lwanyynitliwihnoljivrimill iirriiw,AGilli-wriatilkullitctLiflli?. 1101-1L1001119i4k= 

11111301rw1115nn11f115111019t9h,lt1t1i11Jl1d1N1 ta2,'r791-1 

DIVVY! 2.1 f1511-31,Ifl151137116UD1f1V41711,1J`doullivnaLlutavnuaa 

(2) 961Al1gjli OVIclIniT;,'ISIrial17 titc-Wirli.F.101`,311UMN114 ■11-1 EJVNIVI-31.4114f1A,1 

111fl1l1clilcol a 9, ga1lsj1l1161J1rflR11l5'1lf111193fI1Dd52.11111 20-30°C qunii), iirprIvriiiirrvit71 

V111115f1t9341141J5fIllill 35-47°C fillqildliglii61/0ild-13J15f1t93t1161'1JI911a0d5n,rill 0-5°C 

Udildk11-119ciAltc111.111111195If1511AISV11115tailliV1144114i1316-m-ii 0°C till C. 	frigida, 

C. gelida UM,' C. nivalis 	 (-5 -7 )°C qt-1,111iliiilL111J1MJILIf115i939,IguIo ik  

15°C twcolliV113J15t1tFrIJIVIcilqi11111113tflfl'il 20°C 913dAt'Ll1-111111001JSLIM ITIf1511AIS itvir71111 

1111J riVialAVILliailIIJIAS113DV111.115falIJI0114iiqt111111iJ'Vfl'il 50°C 

14Of1910 

uarrin5d1Joi'l101ii'6?'6f1410,f2iiir1011112.:411damwri'lltrovimmioi'voliivi6"iWASTIfl 

66V1M111611 till S. 	cerevisiae quiviiliiltvancL-vaJad52.,'vrill 25-30°C vvfm.15f lila! 35°C 

iff, fl 11-12t, S. ellipsoideus inVO 4-7.5 -C 	 -C rr, 30-33°C, S. intermedius 
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0.5-4 °C11111Tt.'n 25 °C rprp 27-29°C, S. pastorianus 61qo 0.5-4 °C 	J.JX,-.,T11.1 27.4 °C qiqo 

29-31.5°C, S. turbidans 6141 4.8 °C11,13.1%','Vfli 29 °C glqq 33-35°C, S. validus 612fq 4.8-5.0 °C 

1141 - t,'MJ 25 °C rflqfl 27-29°C ri21.111-1f1 Schizosaccharomyces octosporus S. tombe, 

Kluyveromyces sp. Nadsonia JUlvescens 1/M,' Hansenula saturnus 

25°C 

(3)  

lAillID(1(facultative -anaerobe) tidTid91'1J -11V110141-11"61i)ifill-linTIVIi1DOWitT1-1146 vh1.-,111ffiling 

luvoradoonit91471dillid-wrmioot-milanistqiuiqudinpiNli  

flli1101,11,0D0f11919‘11.M241 Iquiloonimurilwi-aTuMf19-1501-11c)rf,q19410 

OflcisbT1-111r1V1411.:410Th Iq0111511a7t-rehtlimajththi511,9 tocvnutidivfl -15111711 iqui.m9;111' 

101111,i0n1114 1,1114.10 Uncistwuilaay.,1fti191114frii'll0111flO 0f11.9f6̀ ttflAl ttY11111151,11Th 

11110T11110fl1130f1151117f19,1161Jf15IMf1151110GhtlElfli15111flfll511111-i1 pasteur effect 0f1111411-17)V16'  

inlyfio 'laud Brettanomyces c11100fri31111htlflU'411f115111.7f1 (negative pasteur effect) '6'041_111 

61filflV111115i11611IVII4tP`Vila',114V/11V13100fliCIALlikinfl')13JV111115t1111111511137f1 (oxidative yeast) 

711'1k11-3111114itfi Rhodotorula, Sporobolomyces, Endomycopsis 1.'1149911U 

(4) filfilliallIfl10-11.1C1 ildi16341,14114 pH 9f'11f1-113 pH 2I12Oci02tf1V111115t1 

66'f1 68710 1.5 Y'1U pH fflqqtlfiltil1 8.0-8.5 	pH iit113J1,'VI'll q111T11f115tF11JI0110,9r7ml 

LLAIld1161-1 Vi211111ill,'0011'i1l 4.0-4.5 11M-;i1T0111il:pniii1113:(611,1M1111171rf_11.n111 1.108111 

VIND&iiDf115(61jiclitg4iIIINDvitl,f115V(4'111.1.flrilf1M1flii911,1171Mlilifleilirl pH 19.111152141,9?(111,1i'  pH 

6110,171V16? 1,1dflV1f1.101M1119illfillt9h4 S. cerevisiae pH I5Aflt1llf19J 9.1-9.2 , pH viTerorviifiu 

2.4-2.6, S. pombe pH (1:11,1i,irliiii11 8.0-8.2 	 4.0-4.3 

2.1.2.2 ni5teit-pasidera (Yeast Growth) (http://www.pmf.unsa.baibiologija/ 

talofiti/Saccharomyces-cerevisiae.jpg. [2 i11 1-11f111 2549]. 

ilVililf1151A3illtillb111`301131A11.471.1Iqtlf115t1M11111-i0 (budding) LIAT,1115 

(fission) 5;111111111111111J111110trifl f115iq340111IPII00015tivinviliatioll-iivilu 

A'atitunwiA1a,-91ol01i1r15osi0cti11at51lT1110IT11,9511 ttancisa6,113.1t1151-1 11O1tdiA140011T1f1V1Sd 

141316tilialnluviini3omia (bud) ITLivia-rillnalmaStalw„.AndoriutaliniailiAtmtal 

1,1SdSolin1010114ititt=tflADINT-)1114111i0 	 i71")kf11El1 

flW11f11-111iwOIA(11:1-)14(.151111119J514 (nuclear membrane) 1711111f1tllilltD1171tatMi411`d11111110 

niSahfifsivrtimilutqfdStai TinrisaStuutu5u1lAf,vallmai'mricLitail5..-,'vrilltqmSulikt= 

Tiviaiquronpa vilionwoonwinvisflStainaitalunsalTai 	 6111111.,i11114 

1'116.tl;11f.6901TrMq1!011,11j199.fli,lq -OfittrAIMIlt1.1 	bud scar If"-)1.410.(rif6',T1i1c.4 birth scar 



Log no 
viable 
cells 

time 

Few cells  
Lan dead 

Live cells 

• Dead cells 

9 

WittHatfili,lliilVfaldliliMIJ15i11.1D1tillalilf14011dY15501,d1171iiltbdl`b55klql -Ivi_11.1a01141):111f111f1 

rlIODOVIVIS144 I1J1fl5dIa (fluorescence microscopy)1111511q"00,11Til bud scar IJUL'IldalVficil 

6gE1AV111111116' W1161V1111Tririlli31115VItAllril,U`dfl 	 bud scar 

0 ill 6 nil I!fl',1i-31110EJTPIMfl bud scar 12-15 66114 	'6111-11-1 bud scar dO1106?1111i3J1f1 

t1151, tiJ'aiirr6'tinhilu -aul71 -1113(3N114 -JUVISflSTITIlttth4411 iii0fl15111q1,141M-1011115tFrofiov 

111/1111111V1f115tifilillrall,91f4 (111111/ 2.2) lAdehm-daliv%, ff;9-cuonvaiDuAlliVryi -notillta 

LtWilAlf.11011111,011VISdS001100f1 u 	rf 6'  S. cerevisae ,111115thitinflilli01,6dttii0 bud scar 149'11 

9 ill 43 litl'ildDHSdS iMilif1Fltr;0111-htlill 'a0161.11:fiflVili0665ifl91119,flaafITHItcintili HAIM 

2fi11-)nni0l1i1iqfloaf191f1r1f0att1J 

iiillTti19-afhitio:kit96 -ciaii'Iatfiwerivousw-certtirl6?  f156111A-M101711113(Fedititi6lillii'Cdou 

(mycelium) ttd91-14910111ciatallitAilGUDAIAI-IflIJJ61? 	pseudomycelium f115114111111:10 

91017J'  91.92.141A111111156ii3J11.-111-11,9Sflt`11-12 1111 cd5nTlilit 90-120 VA 

iir111.11t;d3J914nfll 45 Wrii 

	

SI 	2.2 6V151fmAitirtrollimi 

1 = lag phase, 2 = logarithumic phase, 3 = stationary phase U111.1 4 = death phase 

1101191f1f115qUi1461,111113.101htliffiAflrnifl ikih11115ilercuiwittuu 

rnJoi?0,1111D1401,1^1flIaliirfk6A91f1L9Maff6'irifillt6iltilii0 

IMJUI111111.10cilMIIIMIIJI9f116184Varni13411011"il haploid cell 11-1--311 2 tclia6?  

A 
5-311ilvlahl diploid zygote -11111'11i711140V(61101 diploid zygote tr101115LtliWY111-11115011fflefflil 

ascospores ElS41tAdW,' ascospores %',1934]d01llflaltAld haploid cell 

luilalqii6'n-mii'010511-nmovivin553Aolu 61311151411103611101 

9' 
, 	 ci 

P C1.2,1 CI I 4'  icvV1,- '1 CV 9 9,9 91'cl 	 19 icylcaAlic-N9n 
rldodild 61,9 ki9..,99,1.010) 	 i 	 bavi' " '" 	•" I ••,'"""-'"'—" 	•" 	" • •-  n- 	'• 
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'11t1440A14611117f111/1011MO114 15 ttataDlatalltl f61-11flitdlii0111)1601.1hil5t11d - 51  fillfl114 

fillnifliADVIfilis'-a,-)manarAlaw-nua011115 tilviaTho-mori515d1il51111111111f1I2M1A1M11130 

1.111fli'101111M1Ufltf1101t1?hvii'oqiin5tiNiiptcuiluiTanlaiTit-myTililt114 

li)1,11olal6ocHtw,;o1r614141-nAr(11)15ollolfil4fl5 

VOID5f.11(11f11111Vfl'ON161flnbildtW1140114 	 tir14 o,orviijii pH 61W1 

1115 1137f11111f15d4010401111517ifirft111nAltalAl 145atilTo1669)liT14 

aiTtriP117LI'fld1-31P1A112;611137{11114116110111-1501M11411711,1 

	

2.1.2.3 1111111f1-311111111k11-31-11i 01111 a 	o 	o 	(Turbidimetric methods) 

11M1,' 	 2547: 13-14) 

t11511 1Willnalltail,l11011'nnOtliAf1")11161i1401KEITTA'flf14010190631f115 

!A3tut1Ahano41,1 IF11111V111.115i161111M-11.1 6414"-M1Vddl 

iMlifOriTtlfillf1-)11.1111-11U111-161101LWA'ttan'n 6U141011igiW111-11Y1111iiIIT011,M111111fl'il 

1,9ifl CI114 -10 fl 

lattfi VffliflI1/15T1lia11910i'  (spectrophotometer) 1,1,W1,' 

0 r 
11,fifl0317m1Di'  (calorimeter) IormullatilosoilDlt,TalifillliflOAiOLM:',d-X11  

3) 	0) 	0) .., 
iittVIAPi1110011111 (% transmittance) 1,1111.1t111,11fle.116U0AVIffl'S'll:1411111 1110 	kral Fill-I00f1311 

iwrvi-1111112',1411id1W113.1111,1 (optical density 	OD) iS4AllgVlicTIII0t105 1611f1-113J 

1114111i1r113011,1111195flS (1111kli1l  2.3) 

0 1.9) 
-n`14111Mil fibs 1T1-10V1111-3f1 q -c11911,1 -3 613,141110-n1r1n1l5ni-n10-nw3416)u 

111-)1.,11.91fld113D1.1111 ITf1110119fflna IK11115 -910f1-)11Jii1.4110,919MLMA 	61101:,1;10'3151,1 

011:1110-1 -atlAtelfS3J11.rl'11111111111 

otrin4sat'illntr,En1 ttX)17I111A61,10511A15nl ii115,11-ilAfilfl)1111itail.11111117flUill'UDAVISO )ri3o 
, 

614111-314iflIWOIJOAM4'  T.,1,4f1711^11.11V151114 (standard curve) 'Iv"11.11.11f1D`Vilf1151(NM0111.1fli'l 

i  11 fi -̀ f 5A l 	GU 1 1:1 lthlt 	15 -11V(11.115tIllifilli 1 	 11111111,14161M119M6'1,3o -ru-ruifiiall 

11011,c1MnAlflf15 

VO1115205'1T5Miliakiivh, 113031d-153.1thooTinnioiritiluctinlvo6 vonuoilvol5ioiotaifi 

11A15 -1,111113f)16Afillileti1111;14C6t1'1614 



S.,04 

JO.  rAliVerz 

4111191 2.3 f115111f1-111J11111tiVila0169fdSIOEYWYMJT:11110.19:61-aliflAtnitlifliT15IVII91311910i'  

2.1.2.4 -6'frinwf,T019iiniltifiFiditiTulillumiliiiiiwilar4otacniviaa 

(1) liiirwrZorrl 

(2) ij69151f1151197fItiAIDGISMOT11110flq1 

(3) vniquatickfl 

(4) IlirlYjtyuttlial.ii01,currili-hwilli 11D11115149111 

(5) litifillia_111f150-1,1M 

(6) 31f11111V11115011-111159.1fInf101d 

(7) VilirWY,f15541,9;namiunIiiti 

(8) T11ddO66510DVi9Jcifff 

S. cerevisiae yeast. Bar: 5 inn S. cerevisiae yeast. Bar: 2 1.tm 

cy 

5119191 	 alliVf 6'  2.4 	ilin 	S. cerevisiae 
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2.1.3 11151117fTILF4M01911140V1 (171)J10 )71-1t115i1J, 2547: 18 ti1c.",t1.151.1141-11 	2547 

: 12 ) 

f15,,11-)11111514171-1Iqtrhill ttli100f411 3 115=111 q11.4 

(1) 1111119111WI1IMA (Batch Fermentation) 1,111115`.',Inllf11511J7f1GISal'ill4I0th115 

t611 7c19:61] V11,1 0 111 15 tid,c111'113151'fAl4tlitilithlflilhIEJWififiq11151137f1 V1f11 f11511a7fitilONSV1 

toTiluoalvi5111w4So4,5-willl lInhnvinlvm 

(2) 1111111111MJ11/110I1111111 (Fed-Batch Fermentation) t&f15,nallt1151137flii111115 

LFaiiot-giutmvi5a-an5allcdulon-il 1 fliVirulcd icinia1111SuinitIvnin5olfl191q6uttat; 

rma- vi -nitAliirittp,119111411.rd'imairrl 37111,1114NSofiatiiiq1411 cisliim145114f11511i'lfdll 

f1151,13:1110,111JtA91t1111/Cifi3111014tIritllifYilf1151117flttlillfllillifflEJ1J5t;f115 
9/ 	

_ 

4-3061-1 till 1115 ii1J6111010111-15 	(substate inhibition) V115011415V1t1114taidlbl9flli'liall 

t01,1111DdtkallllfldtaVfl51152',110111A1-31101151.116f1 V(11115fltillti,9111519311101 

1S1111iWttlrillf1T111111114111)11001 t191111 ni5t6uonn5tvidiflathlaarrt,Truttanivrijolficu 

wAltilil'Ouviltirr1111501qiiilaIoulJ5117111f11115611til%0AVf15011115 

littl (high cell concentration) 11.11115LWAMA'15lIT11(10.1_11ff11171W1)1131J1illtclianlhfilltItilfili 

f115NSada111,11119 -inifivnauomi 	 mviilltaynuod 
A .4' 

flt,' daill 6111 ilf11111f1")11J t411414 61101 dwn 	vi -15 vitmA v11 ullmtl1loarr9sm4 

in1/111111fli).2111114113111WFIM6?..00fll 

(glucose effect) 11109t,'flq6irliM61101f190 if14114111111f1fiflf115113Thllilllillq0,111/i953J11411-1 

til5FIFi917_414 	117114't'liif,i"Telelafnlkillaiilifilf_)11115 (decreasing viscosity of broth) 11D'ell3.1071 

filVi'lliivIIIMIS111/11(1d1/115f1M11q11t1-311111l1W11010111l5i9181115fini 

WitillitilAtiallflfliflaalIM9i051111f115tF11101111t1 till 111i911111-115f1-111q;a011461A'Al.r1Altial 

u1fl9111 trlATialuit-Ivu 	 cdolt-TufmcdnhitallSwillii6'111 

(protection from contamination) fl5illi1151137flt01/111-1041EctlVivi f1151113:411.1,1111f1111019Vaillil 

6101fl151hAlitallS11d5FJ hl 171114roNS9-11,01111-10fl-nqfll 

111111111d111fITn111011l 

(3) 1111119ID/1111191011161 (Continuous Fermentation) ITh.lf15nilllf11512137f1Vd14 

viotdal 3'Jf11514slotIFIlltMt'r1-150111151.911911111.4611117f191flall:Thl 114 611ilinAtiMilltillf1151AMD1 

111511371flltialvillfhlaalpiiirM/11111151n1fli4patillwin 

ttfl,'401TiDltillf1151111Clial-111011SIllrlitceAlf111101.10t10ti illilllilf1154111ilfil4111111145A111 

4n11113016n15 iiitt155110151,117111i'llflVt4111f)55.11f115(40trilfilltfTh ilm11141.1i114tilli0f16:1tiri 



lilii41D1Tfill1.1111f1111flid (molasses) 111400 (cane juice) tiltiflOti_10115f,0111 (sulfide waste liquor) 

111-1a1.1 1,146klltiltaflf1151117110,111111%f,p1111111451W114f11511TITh'31316`II3A1,1110111,11d10111115 

a31a1414 14-18% v/v 11159.11aD (pasteurization) Thlfli'lliritlf1-313d.11.4f1”1-111Viti3J1'111!l'atifril 5 

t11512Ahtlaflnl5`1Jutii01111011V11fliititl1qt11T'Alif115iditalt40131N911.1 

(seed vessels) 1,11I'Vfill'h`,f°14,1401f115D1f110(semi-aerobic)11101Adi131f115 iqierti 

tlA,13111/111)151,1/7frilqtlaNii 21-27°C 11-15-14311Tar153-101111.5ildll14 

L'Iffl 35-75 i'1I111 ISIEliAll-rdli6V(6'1i5tantu 1.5 x 108 191flSAIdSt1J915 UM,lacti3iflftlb01111110fl 

5a1Y 314 6-9% w/v Dti111511911115V1111t11511iifIW,'17 15itiltilf115tiillGUDIZrefictlAft115N&11.01(11 

uoa 	 ni513onviw13a11 

11;111 Al 

2.1.4 €1311111 (Fermenter) a1vi5wCi "liTLIt,-1^11111f, 2539: 46-47) 

61-vainIoutLy9Nilunilthnfrmi6in adt1Nn4i3Jf1115:-Ap11 osillwinnivi?,vcd5t,-nau 

ttflfnlitialii511-11- ucitLonviilfil4001111111fllOttUll 

ohlilrlal5%',"611117f1114T11f115di'111.11Al■invu-aomialdiamilitilinfmailariAlottAtipiiinviiu 

f115113Ifilldflf 	11-dilifTfildl-HDIAllff11541,11121lAflbilIff1151111111161,11101d151111.1hIlitf11115 

1117n 

vanotil V1150-111 154111,NIT1560''441,1 vr15Nm46967N 

91f101 14 3:1111tfln9SflS1SUlilitd1 

(fermentation broth) 	 11`?flflifilfr1,1,P.fKVI41,11 47;i").0113(i)S,1111'3E1 

111195110tiiff115113°IflfilE1141J5581f11111101619f6.ViriIliliaarrisou citrvi-Actiiin1411n91'19S11111051ALI 

Vii3Ofilii1J01,1U1'0011119511-15ttlilIMJiitt5ittli1151130.,1601,1 (circulation) ltd,li -ltiLY1J-141vt116MZ419S 

141-0011T1lt1l VC13J15flttliA6,11117t100f111 4115x61111 

(1) iihinfirthl (Closed Reactor) 

fTs11117f11J52.,1,111rIfiOID13.114111311f1151117119TAFal cilDltliMil.1115ff10114'38011415i1 

11931 -ffri3Jttmn-1411401S11115'E1 tWV11551f1)9P1111401f115Allifi'illtliflataltmallv6Ivriiflt1A1-) 

cddoulTI0151137f16'ittlul.cd 

I93Jf,Jvtlef,o1 winArravuoun5d111 t9;14 illdIA51,10.M;d15NflNS91 Itw;,'filiuniwraleual 

tcis 
d
li.arvainttuni5rdatmtrdaloaaq -Nnaltaln-ncnii'fl 

(2) 1Jfin5t1li4YJG1 (Semi - closed Reactor) 

611117flttillYti f15t11f141JG111f1A11061J6,11137fltalltilf15i1ATh ii081,1i31115d101141 

minvin-aaniconviilm5vain 	 61iiaTntrumifin5tiftlitAilni5mpiinaling 

11`30f11 7111,6'9',11- fiflfl1115',11-.'1111151137fl 
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(3) (Open Reactor) 

11101jUilin15ViliflnJ559,011115d111.1611117f1 ttNTLIdool4 

‘Suelitidittaguionlailiu-nvisflafiTait911141-1q11/10 

Inn611d15d2A10611115111111.111111AU605117414111rILW00M11,116151137f1 1006'051 

111566)Ja15M,111061111561.M;f115i-i101111.111137f1W:aalrviliTU Litiii"11111`R,'■iliGUOTUNrIli17;114tirer,:ifi 

116 111 MI1T,'111511i1111146'1113If1115ni11111`0:1161W-31113J aLITOf.j11-1rfitflf,t116'"3 (steady state) 11W,' 

vilmt-wiiriTurn5m7nUatiildardal flT1111.113ALITO,91,91fl6t1,M;d15d111 

tl.,'0,91/1VM001,101 

(4) dhfilf.1111101.1 (Cycle Reactor) 

il&Ilitlg;t1151rn,111-1AUltinn*5ilaTh 6691111115 

ii101111,111137f1 ttangl1V17M,'AlE10111115 tld rdfl -lirlt113J1V111 1,1161j11411,111.4f1151137119n1551 

d1IM,'1061111511,1611117f11.1ATLId0011-111151137f411,111-19i611J I00111316151;13Manil0j11137f1 

`1.1e111,W11(11,113.1rAll 1941 /14N1N10 1130mScrillfnuoilAcurpria 41t-iirnimaThaanriijoufiu 

1611d15D,'"d106111151113:m11111,111,1 nifaildathlryi51417n6inlu lictiumnihn5ail9An 

Ifluni5ditnilinThuanguo-mit-ntilitmAnvirik-m-innimdu 	viljahrmoinhual 

2.1 611137111.1.1.111d1A1 ttliA0111111511111-1601a11511.11J66301t115111711 

IhZtmitionin iiinnur 
2. 	. 

fl ilIWUSIVLIIIF)4 . 	. 
vrianIt la 114 n17107f1 

,.,t0 

E um -- 

x 

r 

ac 
17 

;vc 
ri: 

447) 

. 
trill 

41111.111. 
(111 

X 

1.11111 

NNW 

t 

s 

tr-

c 
fG7 

C 

E111411 

7 
1 

1 

4" .7 
5 r,  
a 

ara --, 

011117 

X 
---"\ 

 

i / 
I 
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2.1.5 fillii111d0Orlf (Sterilization) (11115 Ti 69 914t;1A11111f 2539: 48) 

f11511111116041113i1011f1411`ila‘1lrl15ij 011115 /1.WfV11-111n0111 tc10"niii113J1t,'Vfll 

114F111 111 ttapin -if1' llwinuitthalorritral4 

latilf116131 1FO'fV111115f1/93ilallIA14110fint,17;t1A1E1611 6slchlf1151131fliikFw191f101,111i7;d10 

1411flli101991111146111)01-1 (contaminate) 11'305 11 fITI,IIM.11 S1,11/11a1,11 
9)

ti1l1iih115110161,1g11AID 
9, 	9, 

HD1Rtlitii091fl1115th-Itii01411111111"d10115,tf11511'ttfi f11113(1110M116"NdHSVI9111f11514iTf161 11511  

/315Th'iidIS15111111ir114tplis191t1STIVI3tithliilli1011115 

FlaNSOctilltFit11 /1,PintEMODf19-1f1FMNSV1i1401111511uin 115 e~~c111115fJ1^9~~1f3~e711e~1~111~1f11J5e)  

ci.h1Stv15 ticlAMIN1a01/11111)11151137f1A'11111M14 

1115171111d0q1"110 (sterillization) 	fillAtlf11130111ME10111/150 f1151,1111111I-lifflirliqE1 

'''At115t1501 (filtration) 	 Y111f11EJ1111NA 	111,fl 141,1Si 

f115ttiA1 cuo 	f11TIM11 f152,1MITIA1 Uflt"Al5tflii HRH  

lcuni514171noianii'l 	 1418 v(15n,"d10011115 

uw„isvurhuqiin541192;r7asivrtiiriiim7fi VI-15W,'fl -lUilaaltFaialluc6911113:4111iln'411fillf115111711 

6141 41”1 tefff 5-11111TINicliDanif't914140D11111111-111561110111151417fIt14aan cisk9131 

tidnaJ1 f1"Itt1lt1914 3 	ff15d,'D100111151tflf,T151f111 	 tmt,'N-Ns 

111,1111131d0W111Ji'01,1 VI-11115011341T111f01,191,10,1-ild11151K9111Straticrli iiinqadiquilillni5 

qqleurvnlflaum11,,,-, cil.palfliTIffil5=1101",,enti1111`f,011115 ■3111911115 LlifIT1117,0MJ1■11961,11,11 

92,'‘6114f1t141111111010111151.11A0111111flAlliqlflt3h1 	 n1514frimi'acuttii 

V1-15fl'Alt1 1,11011-M101SLI1136171i1ViV1111'111MOtilAttlit,1014 

11141. i_liltcd -rinriuta4f115Tilf115ctiflaqtilvD fl5f116/19S110111111MOM`if99DIOVI15f1504i11=Mflfril 

0010 

db 6'14 

2.1.6 1115c1111c1M (Cell Immobilization) (iilltilflilflrfiVa, 2537 : 42-49). 

fl1501,1191fl4111-@141,191fltlInfrillaiq 611011115 -allflg15553J111a 6bs217111n1MAIM5 t 11  

ii915t1.11f115T11111,111011 '1,1111(111,1i141,1,S-31111114ottiMA14sluniwillltailtirihnitt uanunil 

iiTiltly-wrialFw191f1f15,1n1.1f115141ScuvileiluqviV1114f1551J1J119SOViiitqfnSi1011SWirliAlJill rn 

110111D1A11430Alrilliv1A1 	11,1n5vu -runi5NSoil-Arnol fle15111IngElltdatiia 

ilf1150i1110691f11501.911MUTIfifiltt5i1113171 f1.11. 1966 Itani6191f11,!̀141.N1911,1111 

111.111111411,111141itiikanniivati-1152G11i 11AV1152,'VflffMr71591,1515°3-3'9111J9,AV1111f1551111110111 

cifna-nittdwiniRillAisivtilf11001111D1111101101f11514111flAciri3141301411-1001.1(60-)10111c1flifil'INU 

00 	 d 	I 49) I 0000  
alt(15 -nrIc1S1-05n1IINCriV115i1t5HT16d1-1 lwjitfl t)ni1141091[011 (amino asilase)61'1119farlilaFlittid 



(penisilin asilase) 11 Q, IfIdleligitlial5 VI (glucose isomerase) unawrì rviff (aspartase) d111t5rr 

(fumarase) taflald (lectase) 

lijOaltlf1151_15n1flvil4MSoillumllovnlin551.11,aionnItlatiilllwA-3Ioniq 

tyymiiciA'iwynA 
9' 

f115i11111151M:;(60011D11)htTitatIDltn14001-1 (multi-step reaction) GlID1f15,'11-31-1111511ilfl ttfl"f1115 

t1n01l2f15NSVIiTt11criilD 

"TtittlitallJOSi1911 (metabolic pathway) 5V1J1.1111514t01-11T3114fflU Glifiq (multi-enzyme system) 

1115191IfltlAt1WID5 	 (ATP) 	il; a0 1 f115 

D141J5:;f1DIVUOliclifl'S fil5V1-591V1110i" f115q1111cd4"-Ill (co-immobilization of cells) Iflf11419SflS 

1U1t11517-1fl 1-10fP0111c-1 tistiltlfl111-alf11115q1111iflit'i% tt'n'.",11150111,9i'diraw3 

2t 11951J1Jfi~f15o111~1f1J'e111 

Aauttr.-,ton1Poin-1561t015a,JuunsflSglilfrywilici;o14 6111 

(1) 11663tfririL69dilimol4toulcinlyfiql6Entvi- iu 

(2) ilfiTioliitilmiatoulcifilvtaloisilottatllilinflLIVINADi"`MiLIAM 

(3) 31'011115IfItalfliVIDilli-i19:.,441116F130141,10 OtaltriliielDildif141119101-1 

(4) 14150111111M1111111 5')111,011415EJTV11113JM101f15`,1;1111-411150.11111110a9f3J111113Jg 

latlfi fl5tilifilaff15Na9IfitticAltlfM,'Illtdf11511171111;11 taul,nifl5qD°.,17111,1 twJuriu  

tt11-ilf115011V1Sfl 6?E,',11f1 -311141J401-,1 6U0111F13EllVilli cislf)1"1€1111911.111 

915115t:Frvilifitci9 sItiAifallt6'11911trii3Ell 

alt1I1-1IdetilliniAl (biotechnology) M1111560111 I9leiiilltia)f1"159111t9ifi696WiriVid13.11501111cd 

2.1.6.1 111511.13E11.16611inwalniaAtIm,'fimilsualaloni 

t-ntrAnilisinsaS‘Swvil6d11 

l9;11 f115d691 f11511,0f1 lia,f11511-1t01.41913-iiiNS91411,111011-11.9SflSill'uiroli 

ionit-wifl -mnztio5taltau1966191011115f,t1441.11,a 9;-)C1f115Tfl'ElldflYtnt-NIAoulii'ivolau 

'fi55111f161115fAl'illf1159111 ll'M;f1151I -11,111,11Ailld 	 11 VIOSa-dElt115 

a01.150111-5)/1101111-119SIR;illi'9114rt15011115ltad15NSait114411115DillJei-nvihoonla 

11,15uuiriaall4tal41953111flioiscriqnlibltiluiTo-iin-15146906.111113(fraiu 

n'mnumn-i-m1514tDvIcisifoi'4 visrtityn-ff,inucolnmaiT1141114Tienvii1117,10'n wiclf1V1111'311.4 

0011T-Illt9M 

101-419fiillfliflltcolflt0 	 tldftilf110d1114111-1ttlAhlIfiltlildtclfdalri_11.1 

111-fl,f,Millif1151(111TIPIINtill211J31 
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11010f15611011-115qfillidS4A015Afl'Ulliaf115S01J50117111191)V1Sfliif11111  

011/11,1ViOniwYdnunJolGuolro-n-r,trmAnki (tit) qtumplithat unyinvihniusuolloDoulv 

V1150;fl101J/16301)1,46̀n-ilmS6d51' vofW1116191116119MSV1112,"Ilai'1111-1511D161-19111r(151111 

15130 Oh( 00f1cTsffil 10001,1110liall:1J111f110) 

Ved01 -01L01-110J1..1q119,'1J1i33.11i1,11101101.119S1lA1Nll41-111151J11111511-11111  

6t-rhitv,61h1il'T11141,tofiFy'A.tol6011lcii1Jdrno-c-14 

Ii15611.1 1'301514 ktVill45f.1111V1,`"0011111 ill'llir6111Tttaf16IFie1101t01,11913:1ffial 61.3.1"i19.11955S 

311111,13J111 (109 tc1M4 d0rr15311M 1 1J.c1f1J.) 

0,31-i101514t9sSo1m314alaviritnnymn-iltoulTiio11 tt9i5,Initclia&11161 
0' 

1J11tn.1MI 01 3 lilt.'1115 

(1) fil5i'fllildf1111b551.1151F1111'filiil 

133tutguio 1,1A,.'100`5551.1151g04119MAIllitAitipfluiviiin9qq120f1-311.1r111.115011-10151111-111  

6j11T1,1 11-111111J 6̀1_1611401111)01111561010S91V10flOqnffl 

1.15t4iTli5111111,1f1151111114 

(2) Ic110S9.111W,..fAt1J111611D1t1150,11f15n10 0Atf115 6111.4vilrf15=01001111511At' 

rn5Hanfitu4ci-rurn5wrvffiriGli'd59A 

(3) r(15.d`<t,'W100111150,d'V15NS9liTitriffOlielliliViM*1301illubia01f115  

2.1.6.2 t115t1l10111111.111111117n&11111111iliclin&11111=111511i111111.11.1filiiiMlliigif4A'  

fl151117f10,1111flliiiouli'Levaa'Orm-ATu t11,11115(dv0161Sfl601-1YliEdla'10 

d1-50Z.,'01001111511,16311171-10111ifillil (batch fen-nentor) (11-Wal 2.5 0) 015111TiliiMADVR011010 

115f115 

 

01 
1119 'U111a1Jf15iio19111150"S0111r1,1111141'  f115141.9M&11111,105fAn1111151137ni,fryn., 

14nlificufrniGilmaarMI: 1,1151fAISflS91119nr1111191611641111"1101111d0C1101i9;1flA'flli112,1111-1 

fl Aj1.117; (continuous column reactor) (1111A1 1 2.5 11) '1G1 clltilliii1111,1 A"fl 	fl aJJ111110vGli'M 

1101q61101tf110131adill frif,14s1inf,41JVId11111551111131GUIANIAfl UM:1711111'17111111141116if0il•  

ci'llv,,'rilcolilfillqN1011.41-115MYllaqfl10111111410 laf191f1119)05nY31-1f11511iiil 

0.11119imiloltiliItioUrditiub'frmaltnfin- n 	111111/f1111q3Jn5a;umf1151111111,1914h-- 1 

005n12.,TMVU01015NSV1V115 14d15NSV1fit11411-111.11,L1111ilflliriVla0qf15f,11-M1111 1971'15fl2:',110 

011115ila0911 qtly,:cvlibliailitin_1301a15-ff v150-nu5,11n1G1PliNuilliq unn15;t1-154,milt, 

inlirilifid15i1A1-161191510d0f115111111-11101MS0114110d1WIOA11111M5lnif115111MAill161101 
0) 

V11502..'fl10011115VMDM-Thl `Ì'111"11`411h01111_15:Fililii11111115NSO?f154•IT11 



Stirred-lank reactor 

(n) 

Pocked- be d feacior 

(9) 

5111111 2.5 ISIIA11D16111i1vfl 

(n) = 	 (t)= 

lun5tilitAsnAnlvisa4All1j695npFluin twin13115ninliTtFKAiTioA 

V1011115iclfltiliVnMilitA16115f14011 TI;1711111'52.111119(fl61̀1,INSV1V115NSail'illcI1141,111-i1111514 

11Sfld0=111i1111151MMSV111911f1113J111I11111.11101195dA'dowliini-miliuiviwri5flaitialiii5  

do 
11-11111-11191flflOff5f 

11,15nyunsa&1111:11,1ami5ntlinsa&-)11n6uglailftvai unfrrmun-rtmu 

rindingniivoinloinn4i-lon-1514V115DfMFM111151:40911 41111C1nin-mmto-an9inn15)olrm 

r(15dfflle1011115 ika,'9ion-1514A -rucis'llJufltiputolf11514171-1611_1116111 /1151;f11514V(15011115irlii 

wraullauvwri5111911V115=e116311-111;11°39141112,111,1Nn111:1-11111,11f1712,'"0161101V15af10.011115 

1,1111,11611Wa169151V011 

111f11110 at115iA1111111514t9sa4119Mi9A1f1gr12f16illga 1-1151111f15n10110s1V(15"d2A10011115 

GiS,19;1711111101.11'111d1I11011119saShirriliiniiilTul4thi)5 ,Javinivi ioui-AiluAi-noul9Sle111,1 

mSa192.;1114- ullaAcitPrilt;113nill'r:b1101MS9111 91nn-niinlwarii4outimialitipv1114 

non1141-)d)Iviill 

dq 9h,9 	d tAg 	<, 	A 
(1) 1711f115A51111c1fl1111.119SfldOcp111141r1F,111.11111/40 



)9 

(2) MV11141q1101VISfl4111 cilliiliallarlialJarifillff15dt;d1001111514 1118 

4'114 tkdV,'?iffli,lic611/1)11114 -N4ntutiiciAlli 

Vf15flf,n10011115 

(3) tihlf1'31111,41J411'1101V(15011115 US6117-N:;4015f,"1,113i14111-111141J411q1 

tr151f 9°,,,'11111,M1111111,41111001-1f115011flff15NSlilild1711,taiblirlaidui5frmyAilou 

tfialTliM15ei'100111-15'ilf1T111111.10q1'7114 

(4) Lii1J 6t1111qVAIII,M3111111t9111 	'.,li"-JEJAJ69151f1151TVIII5tAlEJ 1,6d115611 

t',1451,41,D141 -1f,P06"irll'ii111410111ill 

(5) M11131.11f1ADAVIMM11113J1V1IlviD111:1101111111116U0sM151/111V.,' 

ri1a 1arv111.4fm1Jy1yalrlimil1dk1-101115friduldiultuaoa1 

ill5d111111DIJMAI014-)d-innfldiA1141,1i,i1 T,','401tSonlitillmrait-Tullv 

A v 
T1V101f115 

2.1.6.3 1151111t,4111411.114 

ild151,M10951101iidlaJl5f114111111'30&11430011M614 ci;1d150.9iflfAffiOlii 

Wililk11111f,M111,11115011L9f1Mt9lnvillficu 

11,1f115LSonlilrf15111111fAailf115V111L9Mg1,1`311111Mf/Oliftifr)11,1illbt10 

1.15,.'flOilfillf1-311191111141 nr4a1.- w'itAuti4NliTlanAuiliirr-M-nnullotannvi91tviriov-il 

ttliatill1.5&1111 8n1'Jgli1dymitlo-H-T1Jnlni159ui1M1011,9fflSfillr115 

11111f, 5 -311112(11dilii;i9101V-1511111fAMV,01151:1/11k1.1111-ruoSciamolvisaAniiou4ILIIAloni5 

cihflniiii'msD61111clutvim'n561 

V1151/1114191111f115c11.11,90,41SWIlitiLL`LisIDOWAfJ14 2 115f1,1111 	V11531111f, 
A 

i6111,1d1561,11(lititidr1151/111fSrt111,1d150111-11(litl tt9iff15U111114/J1f) go 114113511 11,91-161,1M1fl 

tosuJ Tlvi1cacfl cllir)vainrilv 

f115110fliifl kiW,;10050f1cTifl 

(1) ff15Z111111 

VI 1561-11111Cli11 11111111111VrtAllf115V111VISfl6 9GI6611,900f114klild 3 119:11 

INO&Acistlf1115v1 

	

	 6'11,1TMA GIINI -151lil 2.2 LirlfIllf111.1f115A1117114V115 

14ttfi 111510'171J 1115tfili001911Ailaf,ItItl=i1 f1151,4D111111 

1115h115011 
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c?Aq 
c1111a1 2.2 V11501.1115UTILTIMTIA111V.1111115V1i'lVIM 

11014m1-014 1111614 1+1013.104X11f1JV,14 

6c1011. 	61 flflflfflf.911 riaStaImala 

t0r15/0t- 1i5rf tu161) afrnImiao 

iivnim 6a1j1J1d TIOST5tY11-1 

tflfIclIt1l511 11/111311 ta1/1011r154h1 

filfrit1114 110Sdl1751d 

6art1 1 1I0StOdt9la 

rI9f111/10 110flDI1A1Ah 

11,951,1U1114611 INOSil11fl1400f1194 

110flI211fl660flflJe90fl  

coloSI-nlaflool5 

(1.1) 6a11-10 (alginate) 

6dit1H41111111n1-111flf19111,9fdla5-101=Vn1111 G111711111NV_711 

V111111119161,ann diaii915t11191M1Unt111-CA'tlici6711114LNUtad riu-i16atId9.1LcihdlAIOSIAJOi"  

b551.11f111115111.11fIciVfq 6a61,1031If151e1111111,flii 41115Z;f10114-mndwnifliontTsaluttdm-,  

mi-)utiari (Iiii1ainn9156) iivt',114191uticuloaoinaAimif,u119sciq k9S1.1 Cali , Ba2+, C112+  ddfla  

A13+  (MIAS; 2.6) tivelicu 171-1111:14ffnifiVATIlltVitIFJ51,Mf,g111.0ffl6:IfltiTiialilalvirrfryncilli 

5c, Ut651 	 6rnit1R,:11H -krualtmtilsulfaS9n'hulonal., 

49101E1114I101115V1r115fl2a1ONV11110licliflf1-3131141111.1 1 -2% w/v 	ITIJIcllt116fl;114P1 

f1-311.11,411411 1-7% w/v 	 61,A501i'litIEJMO1V115NVII1114-30r115a,'MEITOlttflalifJ3J- 

flfl015AAVW111.11.431411 0.05-0.5 MlIdarAM3101.9flatill-M15W2A1Utf11,11:A1115ZAJlild 2 ihilA 

1(i'Ail''ri/ialciTalot9aTi -J111Will/1511.1111U4'11 t1151°.;6t110 9 t11.1 110001.19n111911111.111-671i'1f161 01.1loaa1-1 u05 

I9S16'01.160ittin 	fl'11110,11111041VM99Z;if`110cifil1n-a -wvilullUttm,'IffioT011961'01168t1-,10 

605-leT1111011-15fl1,31140511f111,M;f1541f111511fliiNMi0f1111.14605 GUD ,Mfl IM111,1111i19.11511f1 

-111-11.41J111 9','Ir°1.11419ailf111/11,Vitit15q,1 



1117/:r 7." 
	 4.• 	 .00 

Element 
	

Structure 

Configuration 
	

Conformation. 

COO 
	

COOH 
	

COOH 

	0 
	 HO 

	

" OH HO 	
COOH 

G-G-G-G-G-G 

G-M-G-M 

A 	I- 
I-1111112.6 tf151V11111/1111111111016DirLIA 

401JfYI10411-111159111695flam5ai61-lq X113 d2JG160c~V1f9151d~lfc~c~r7v  

ca' 	1"1-3Ddiltiu vlovi6l^10 itmo 

LI= EDTA 1f.11141-111,1115611411111643J41,16110110001101d11llk11.11f1 

4'3011156ll/HIT111t111J J1,19101 Ca2+ 113a14en5cd5t,mouriaStailu (6941 moStoilaugilu muSivnii 

d1(63114) Ud`.','013JAt111151.iMJ1,611310614110.ali61104 TH111159114MalVfkillriltcnS9111i1railli 

11-156flgo1i42U1uoSroii9d6tw1;nuniAlffiw.'NSAIAY11110d1411,11f51ntur1'11t11insaSq511'1l1ipsi11•d 

uviolotqalumtint5fMcmT1/JITiiitniquilNilurri5maltrolodrviolarilu 

ndT1-111J 

(2) 0'110111-D1U 

rfel50171111/11tiill144111/111111.1f115011V1014llfiVf151151.;t101J00flIcliiiii 

3^11111Th551.11S16 1.111 013711,11 	 (zirconia) 113.111V1A410 (magnesia) 431t11 1,1,11-)1,9151ijili" 

111510 flY111111 (titania) 11A10i15611.111111T1 (ferromagnet) ttfl V115 641-41 ilV11,101,4i1LIAD1V1-151111a1 

lai)11111t183016_1611IMM IOOTT'3111VC151A111121,151"till1619T15flY11-1d09.fillTililiql 



, 
171 -1(1`,1tAf,i161111tIR',11141.1917(tY) tkfl,'.tiit-)turntoldi5nimp2‘,13n1dIA5Inii 

loo5oncint6W6 illT,,4civii°161Ji10:11fili(lionci'sflum-vvii4 ono`yo,iiiwUNNirlicliflS611fillf11111011 

iGisidi5Dihmitirilmulvi2.,114fnoi9wo4'1,4ttri t11591Acill tt=f115141tl14E,If6ltM(il 

2.1.6.4 liaitlitri1111111-dfllitS01111YV1151/111 

flflItlficilllittlifl6'6U011S),11(11(1c1f1V1111.11-1M151111,1fUlV4111 

(1) tt.5 16,19W1.15'.15,11-il,IVISF161lAd15141114A111.152,1 

(2) 1115 V11111)41`V,.,10()Ofif15 

9JlA-puolv1511111,f, 

(3) 117111Thtlf11,-)1A111110611d0115,nl'illf19:3,1fili'llOfIcTIDUM,110:9J02,i1I111_11-INIT1 

tclOS61J119:111dcl5Oficio111,41111051,93511.1f4143DV(1511111fthf,tf11/61.4" 

(4) 11159060D 11 	(biospecific adsorption) 1.111 S fl A/ nno31 
/ - 

(immobilized ligand) 1081115 141Jint111101(115i"IJOrilliltlAM (specific receptor site) 111,11111N1 

1-1Of16110,119(flt(1061.11^1111t,'fllAt11,11101A1 

(5) f115dfilihmit-11-uaultlf5,11-il•Ifl11171"-iD1 1-3d011151(1111631.11111,1414(711 

taltc1MS 61,fl,.'fl)..1fitinitalltiM,IGUD1V1151^11114,91i01101.111latilfillaT144AtItl15 197V1159i111 

imam laic09stimm ov1Jiu99s61u nlaiTaWiff4flli11119161.1114ttm,.6ii'imoragiai?  

(6) f15611111.-111101,1-11AIDSMIDif  

Gl101V115011115TOlicliaS ttfl',',15P,ISVIiiilicairwlii1R1111115T11111PUOltclifla 

Iqtryi-)1floco4' 

9SmiltivIninlo9f.31115,1M411101-1OfItt0.11:11VISfl 

itVilli41161,111411t1 lfl 4 115:,'f1150,54-11111Mlific11,t11-1(115(9114A011159,ylili ttlOm- ,f117,0311,,NdS 

01,11/I3(14-38110,al'lfldrAfT';401)SOfIVI'151^1111filiith`.11nfl 	DEAE-sephadex amberlite 

(1) 11qi-atIti1A011C1111611i1a1 

(1.1) Ilirf11461.-1915109i0MffiSUW,'FIll,VMS011 

(1.2) Ilif15:',1111f15:,A01,19i05n11.1111T111JOSch 

(1.3) f1-313J111D1V(151nllit,' (1131J1t1INSflSilltl,f1Alld0V1151^11Vict 1 11514)  

UMf11501•A'"")Elì%Vflim',"1511410SillDi'1004q1a111flfrilfl1501,gi")tlliqqicil 

(1.4) 115011M AU VillYniThOOVII0 (sterile) Tct aOltS0t1V115`NITI/AV11.1 

9iDf11-111i'au14,1 tf,DATIfl9f,4011/111111V11511111f4111Jfl00)40 ct140,1149pifj311,Mf,f111141.11,1 

(1.5) 1115011t9rdh3111t111.11fIfi)5W,',63011141A1111ffii111^1111111-.114119: 

tflvnyA-)0111i'tiramviciairAilulAiiictl 
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(1.6) 41t91cut1ria f115TnSaflr1151AITilf,i1;3151f119,flitW,,'MIJ15i1111f16114̀1-4 

ovaiitdrildltilfilqild13J15i1NSMITIO10f1 611 (gum) kLat,'Vf15thrl Yl  

1/11 40141(li'aqfilM151&11MIAltY6553.19516 r1nT6'6'Ind -rni1431115lfnii1prmlun5tilf115 

61 

2.1.6.5 tyincilf11115911slicliD 

illillIf11501. 1VIDS151414&IttildlIMMIllfIciflfl15011tD111c1f31" 

IIIDAUflf115011I'lld rlv40,119fVlffl A151J1tU1J1fl 441114 

d" tiAllirraim'Rmi'llf115VIllt011ITIlltimd019 -intaulq1MuiumtpiAnfrilt9la6" luni5 

ollosaAf,iitonfififillA'flOti 4 

(I) 11151401.111111101IcIfifl0014E1V115`iiilflda,If41,111a 2 f19:11111V115`ii 

,e1 
1.9f0115,11"i1111fflaRlfill 

(2) f115141,11-M,If11,11dUantillfT1111111:,'611014,1 

(3)1115G19r1f111.114V1151V1142;91011A1 

(4) f11511f1111-1410`1411Vinht3/1111/OSkiJOilli'DIV11.110 11'30 AD1.15011410 

ut-nlczalruiqtjn 	 ifluLDIAnt,'Drilliilt310401fl15i't111114 

2.1.7 fl 	sl 9. dill 5 ft 1-dd 	(utp://61.19.145.71studentiscience40 1 Ibioibio2-2/micro.lum:. 

2 MI-WM 2549). 

f1S011M/15501:16t1ulfi1aliior7-agrt1al7Tni-A11u1 VIAI5iff nS019p155ffili-30111 

iifIlilif15,1ffi'lltIdf,ri'111115,f101111011,90Aft=ii131invitjn1 	f140A1d1155011"udaf,ttuual4 

c`116itriatifTuil5fIrvii,f111113.M6'1UVIA14 

11h11M155fficAllIficlat11110,ILIVIThItIllfiltilfltrellUAU 2 	95110 	yin  

(1) f1S011U1151fIllitlihtV1,1 (Light Microscope) cao L.M. ~9t66~f1~11Je~1t7~U~G1t91U  

6c314ttal ifettt1:110ant31It 2 `11f-M hlf  

(1.1) flh11M/15501-dlOrillitillii0Ifill'Ilt11E1 (Simple Microscope or Magnifying 

Glass) iht110114-30Mlliiipti'l'ell6lAtn 

ITIDiriW,1111151tidn'6EMilliOLUii14111-1111`11149fAcrildfIcritdilau 

viilTinkacurfll'ounirtultmirlfidGualtaurqu 

(1.2) naollM155ffiltil9101,1 (Compound Light Microscope) IlUflA'01 

IM15501171145ItrfAtfAtil5n1116M1ficY111111(1iittitall11 2 	if1511t11011111 2 f151 fTh fll 

ii111155 udt '7; Cb9̀10 	q; 171 	i9 i 4114. 	b I V YI I '4 
	11T-1 111.1 1 .1`1,1GY)17(4 Ioright. 	field 



microscope LliolinliA'lonhvIsfloil%nAftri -i 411171509J 	6"30th ,IT,V611 

(Specimen) 1130S101111111Vialilflillifril 

(2) 040,11n1/15501Alat101014 (Electron Microscope) 1130 E.M.  

fli'ltt5f1112Y115.1TVIME1051Jii 	1A1.14. 2475 10t1rtIf191101Filff 0i?  2 11114 fig talf141-1011 !MT, 

IVIt11 I0M6V14114rilvAltd16l1105011 '''Ili4J1111101Af11111711111T1t9116vutnuquin 61tt1i1 

6At105tYttit'frdlIltli-dfithlihn.11fli 0.025 61aVi501.1 ( 1 6,M05fil1 = 10 4 IljJ1fl5tliA5) $151i141)5T011 

1111140,1W1155fi111Jfi1-5195901T1.4 115,11164 0.0004 thtif15t1105 ttft'VJ416,111010t11 500000 6111 1159 0 

flh,11d115. 5111.-161110501411-IN011ii 2 1f110 fl el  

(2.1) flAtlAVI1151111:101,11(9150111S1ig'Cifllril9d (Transmission 	Electron 

Microscope) Citifiwil TEM '1411,LEi'l-a1911V1111 el1141,f114filltUflI9j0T1 MA. 2475 lifillt11541f1111 

If151V(i'llf11011-19J01t9ifl610041))V11UflA501MziOlFillitcliflA'11309i'latilliiiiimii 

to5ouri71aMlf4101111M;1111AI1Ntil14T1 

(2.2) flh.99p1551911:161Af105D1-19ffiflVI'Ulf171A (Scanning Electron Microscope) 

tltlfltiO'il SEM 161.1 "MU )01-1M1111 rfi11,1 A111%1103_1 VIM. 2481 IM114flinlile,l'TUD11,9f0ACIli'Draildl 

igt,ittrtAbAno5011w,.,.'iraln5iolcducurrruDlioti 

6fllitlarfi1t511iti 3 

0151,1'11 2.3 VIEMJ6101.1A"fllitlIntlirillf14011M/1551111t1111141.1Z1611f1SOWY155f1111, LIJIJ 

FltA fln501-1 

anuitendlocurrim, nNallucvn5wiltniulillgffl nhslam5ficillin1514nolocu 

1. 41.14-o,fiqurrl n5;9nii5al1a1Wql,r1 il1ii1lhAno5au 

2. ttrfli1114 UV= "i1111,rh l'F'1011101t 	LI -AlttV1' ,Ii3AfIcl501.1 fillaltil")fij.11 

la Ohl - OW f11-11101-1411 115Z,11151 0.05 61V15D11 

4,000- 7,000 61115011 

3. 1S110110,1tauir?  tmi1itti-3 taun'tain01n1y1A1 

4. 1-01161GUEllt1 1,000 — 1,50011111 200000-500000 ai1113D1.11t1fl'il 

5. 111-110 6110 ,1ivitittifirroii 0.2 1111f151.11V15 0.0004 11.1if15[11q5 

1 	11 .1D,It11 

6. 01fI1ffitni1flhl 3101f1111 KfilifInflIff 

7. mcvlifiuta flywroDulT-3nAu 9,1a9in frankinquvoTctifilvit3o1 

M1 L 	11 !RN 

. 	.., 
i.J)Vialt-n6'qn-ymi'atarin 8. 5t,111111ffiltt11-1 IliJ1 



atnnumritrugilou n4ollaillIvi9itti131lItger3 nhAlutnlfridAttinanolacti 

9. inqiivipwj 

10. f1151V15 till specimen 

11. 51f11 

12. 11151411V 

13. c1t111VV1 

14. 11111 

alli3olliiiis'IA 

MitIlttliUt5511q1 

51m19inFl IlitrilluirrtIn 

1CilUn-q-Jri 

1,91Mrdilla 	1115111,111Effl 

1,amoln 

11111171N1M111 14,1111NR151119116 

Vii' 	51  Dt1011i 

f1151A 3̀01.1001flual'TifY1511111 

triA113J1f1 

grVoin hAkM-1 ,1'1111.11illi115 

EY11111,1 

l'islucilalt6unXuAltilcuilal 
, 	w 

MillnrY111-11-1 

11111T114111111111111"Niltirillf14 

2.1.8 fillIf111.,'I'dilGlEJalfli-41116ffit111,1111111117^1 (Gas Chromatography) (ttl)/1„.1 

D1J5l"1v1i tt 1 0115 11Alif5d11, 2535: 28-40) 

ittiVfif153.11illf151i1A-dalfillflbl f1Ti30111111114Ft'lliiiIii011V115NMJ 

Sf1)0If1511-1In5n5-61 (LC) olirvitrafIN'ttEMV15i1V1-11115i1LIJA01111111111'91flfilfltth14171; qadliflil 

11111 (111611.4 450°C) tild151069J&I4L11,1iflillfltahrt1111110114141fIlld141 1.1110611,411J19368 

ri14 	 1tA0nAiliVhaLl1^iwa1,11 vtil oo19145'viat-ini5ttonrwuk-m-mi'ou 

(pyrolysis) kci0V11511Vili6014140t111,iiflinflUtidltd-3 113(di5tVidl&riThlt4-11`tiEltlahtAll551 

a'nliflfliflf11171 (stationary phase) ifl0016011151111111101-5flilliiltA0a (mobile phase) 1130 

(carrier gas) VIISHVGJOM1141,19nflOill5tItlf1‘11-1 	kf15111illf151i1 tailDOnlarrht 2 6r1J11 fl111 

(1) if15111ITIfl5fV1tillitifTer-11040411 (Gas-Solid Chromatography 113D GSC) TFti 

hilvinnliitilvtDAttu'lifivramtloiu (absorption) Vi'15CAUtttlAlh,In15iltlillatta113:131 

115641.11AtIlSO110d if2111114A S-)Ti lid 1-191111,6f111 tiA151040,8fM15ilA1itttirfl130V115i1 1.1 

kY111411 G15tlld WO A'1,111ii143:111V.,'115514-1011016t J5 fiJJ171-19i (active 	solids) till 
ce.,4 

(molecular sieves)1130110dUJOST111111111 (porous polymer) iSfiMd (silica gel) 

W,.,'90 i1111 (alumina) 1.1,0,n-11 ill.101-163.1 	(activated carbon) 111121)14 

(2) rfl5c1VillAtfiVIT111 010g1101d15i1;Nr11.16140d Lii0PillalOA'IF1,1"W.,',V111J15f11,11)flOOM111 

11011.'14W) (liquid 	phase) D1110011-161101AA 113011filillfl5I'FfTlif1150.1i1WARJ (partition 

coefficient) 6illtil4 Tbentdalcilai'llf111111103J1461.4061n1-kruliAiniT110.01M15i1LMIUKVPIli% 

d15171d11115fHIJAEllaJ1110111'05V-Ifiltiivalaiiqflalllijfill11191 



Injection 

Port 

2 

Flow 

Controller 

Chromatogram 
Recorder 

Detector 
7 

Thermostats 

Gas 

Bottle Enlarged Cross Section 

fl.ff. 1952 tO.tt.1.11501 !Mt Oli".ttffl.th  .cTfli; til,6145 11511"
a
Th 

 

iltlid 

(nobel prize) -11111151)1.-1111J -4151.11-41t151qttlild15flt' flit) (partition chromatography) 9f5Udil1`VIV1 

3lf1111.15-filt1 f1111.1t1101 tl,fl,'f1113.131E1 1101'-&111ht11411150.011V115 f11591f15-Mllef15 tt1;1115111 

1131.11t111101M55,1;1:11014511f1'1111i301.10t1115 -1111-3 ta`f,i741d111-rgE1`67111140011kla_JUT1111.-allfl 

2.1.8.1 0141.1511011/10,1Eflt0.11/fiCrIflI111171f1i114 

olfili_hn10111.101tfIlalif151J1i111151q ttfft-111311.4 	2.7) 

(1) fillttiViii1155‘IINVIT11 (carrier gas) (140 t,'11110110,14159T-30d11G4111.411`diil 

f10 3J11 14ttfil1/415ff11`e9t&11.1 Trlooliflocu riluku 

(2) viTtlilI fY3111/J1115111flGUOltifiddll 	(flow controller) 1Wlittii Iffiq5M-1 

01111ff 11301141C15tnIt11141,1 

(3) ial4flVf156")411 (injection port) 

(4) flOA'irti (column) illa1/21.4ilinil'illili qqiiislliTHTUtttltirr15 

(5) ' L1r1fltV10i(  (detector) Vfhlfhlail4illlillA5"-AV1151td"M:151aililflttElfl 

DOMJ1T1flf1063.111 

(6) viltri14191tyrulliqualy]ii (temperature controller) 14fillf1061J1f alfltVla 

Ita2;vill.A015 

(7) ill-li,1141.15,11-0ecott=4a1.4m-iil 	1.4uti gliffiLf151,9105 (integrator) tfl501 

ITaltlif15111IY1114151111'10tf1101115nnflNfl (data processor)1430flalli7nt9lOi"  

Mini 2.7 0141J5nIallilY(14i1.1110,1tfli104ttfiffif15/11111115111 

Column 
Carrier 	4 

GliD1f115"Itf151t11 



■./L. T 

SAMPLE 

IN 

SAMPLE 
LOOP 

TO 

COLUMN 

IN 

ARRIER 
AMPLE 

IN 

SAMPLE 
LOOP 

TO 

COLUMN 

CARRIER 

IN 

17 

Imsudolifnuliwn -ndlitluui'orntA '4A10,11d-156'10tils111101,41criviTlJirl'Orf15610d11 ai5 

rrimralf,t-pttunoorAuir -rul 

If15111IYItti1511Ami'alifuilmi3odavintiuldinviai'lloOlAtf15111"Oi?  ilTf1(111114-1f15 

V(11115i1Y151110141152,mactmuldiwi-Jati-Nla 

2.1.8.2 T'..,-111_16110111111dffllalaC11,1 (Sample Inlet Systems) 

f1151:11V115a"MtilAM91111J111tfl .#D11,1,6if151J1-11/1115 	tA0")tfl51`,'11 

ilTsn -15ttondllficulctittA)-)9sfiotolvriwi-Jatill 69111 tttiv TalAl 
__I 	A  

1101t11M1)(54'D'UDA6LIVI-151711-15nVitMlf11130i1E1 flacalmq t9StuliW.: t5 VDU tull packed column 11-30 

capillary column 115oont1nnfij1Aalvvi-nnilDt,qto11oillfilrootil1J1l114111111,11A13J 

iot-1115,dlifuanI1J5Frviiimi Iqui--/lcdirruiriodl5il'IDE11,91,111111 (inlet) 

tfli'D111If1-1111ijOU (heater) 115;f1D1.10da"106110‘vii11I115v1-)at11ltM181,1i111.0 1.131.11i1111D1V115 

a'10t1-11V1144111fM,'&8 

(1) Gas Sample Inlet 

IqUihil`116')Wilsli"11.11„Illf11V197f19 ,,',1'n0/411,1R11"-ltl gas-tight syringes uvrii' 

Chi gas sampling valve 6'1tirffl111-1 (11111C1 2.8) ttflva6'18d11Tft91111_4111_11311,19.11 

(loop) 0'6.101411U sampling valve It1919Vii10611tnlaq14111111,1f10AiJI-ViiiliTAIT'fi1f1111J6101 

(2) Liquid Sample Inlet 

qt ''' 4 mirrnsyringe .. 19111,111.1 

GAS SAMPLING VALVE 

(INJECT POSITION)) 
(FILL POSITION) 

5111191 2.8 fir) 	 IAtlf11514 Gas Samplina. Valve 



4.• 

RETAINER 
SEPTUM 

HEATED INJECTION PORT 

HEATER 

BLOCK. 

IHSULATIO9 

COLUMN 
OR LINER 
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silicone septum 1116,1110101.101f1061J1101145Nflt411111/1 flash vaporizer (f111/Ii1 2.9 itWi; 

2.10) Vf156'10t1119%'..,11111`d01-.114t`ficift0I00f1")111i)011T111 heater block 

f111111 2.9 df1lit1111181 flash vaporizer 
	 11114111 2.10 flash vaporizer i1;1461_1 

injection port 
	 glass column 

9)
9, 

 

flOd111 -M1115
AG

1 1fltf151`4
ci
0 1%111 isothermal 1130 temperature programmed 1'111-12f1T1rf"1t1~11Y1t91t 

 

fonale, ifiDtllit1/11,19TIA (retentin time),','110,1i1Jfilt-111JJtill f.J ,1 (reproducible) uat,Mf115utin3'11t 

(good resolution) 

I001,1'11119,WliTuil6110,11f0,9‘&1 (injection port) fl'35TADlq'TIAIDill 2,'Ir111131) 

dl5flfflOth.1110 IA 146 lfl'ilqatilfliAlfTA (temperature limit) GU01-5V1f161101111fllii1411,1f1063J1.1' 

adf,Ilifv-)5149,aaRicirs11614111 

i9;1 vvi 	Base line Ithllitt'n'tfiq1115Ailifi (drift) 

(3) 0'11610E11,111till-PU01116f1,1 (Solid Sample) 

f1151f151,'1U1DE111VAI,111011.t6filk)0tYlf11,41Itt91'Vfif151.11I111151;11:13111 f15f.111 

Ufial,1411Ellflfl-i1V115S6T'30d11171A-10.69 11.30tfl141101t1Th") t1N 51v~1e111~~f1t11fi11J~11df115t9~~01t 111  

rilvilaqlfyil 61115t1V1111"Titf151114-30t111f113flutidifnulivin5folciftt 11V113J15t11152171114INJ 

lild156'10E'lls1c1t111.1110 la11111,1111M'al011-41'")111W,,'d 10tR01101.1 ttAj'Alli10 11.11111.140 2 1711,9171;T") 



Vacuum-

pump 

Sample loop 

-rat 

Head-
space 

Sample 

Constant tempern -
lure bath 
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111H-nris,S11 (co-elute) t-1-1d151qa15111j,111l 

tt.olii11-111,Piuifiurn56'-)ati1111144-A imilln5tila -Ntikdintifirivramt-irtMuu 

V1151r1t111-1110.9tAllVTIThltall,Ittfid (pyrolysis equipment) Iqutritimtumiill,1i1,9 1000 °C 

til'ArY1416111-Hthttkarifuhtnlolutirrimanivin5TIAIdel‘d 

(4) 411Y Headspace Analysis 

11-1115filirld15V7-3061k11-1°1101A11110%Olkiln iquIllila-nifi52111 latta .,' 

illaasll5W.111viTTV5n,110 16 d111150171114IM14 headspacc technique cA Meltlti 

t1/1f1141 GC lif311105 lilTif115&-IVII591'-dOtill (sample injection) i140 

Vinifill tj5 nil 1741-01011,1,1113011D11,11fllIflA 1 1116416f1tOltaiV1If15 	11 9:1011] 

d 	 .4 di  
n151'05 rnial5MatillY11,111.11101111frd TA4p4 -eit-e401V11110fldlnowiDliht:f1Olik-itliflIVID1191111 

ViDlifL1 

(4.1),.‘,' 1/0101`dill -li1VUD•lrf -156''10t1-11C11;ciViltVil10 (vial) 	is/415119111M 

d 
pl-n-ao.,ri_114 septum 1/laill01191011-finfIldVf15alpti1.1 tT,401ttGlfictid1.11ilill qi1111i01,11f111711 

Manometer 
Carrie: gas 

GC-column 

2.11 f115111 headspace sample liria151`nfiqu191 gas sampling valve 



Vacuum-

pump 

Manometer 
Carrie:-  gas 

GC-column 

Head-
space 

Sample 

Constant tempera -
lure bath 

10 

(4.2) 67,0 lar(Wpa1111106U0s9r1156TOti1111Y15111113111ilitaill 91111 

"If151r111) 30tfli1 0,IttfiVilf1511111/11151ild011i headspace vessel i17fIlliln,41 (1111Alii 2.11) 

Sample loop 

2.11 t115111 headspace sample Ii1911151:',410014 gas sampling valve 

(5) Iflt0111ff1161861.169111-11.1G1 (Automatic Samplers) 

gliii'1111,1f156111rn5hadisAiu -narml 

6-919iatitAL1MM-11,1 t11514tAo4o64113:iii1t111J1ffA0 tri5ln%ii14m-91-)ntlaz',14o-Ifi512,11 

iiiii4NSotnlaltiKrilf151.11IYIt151;1 

0,f151.1VM111,111-15r(15 

61`)Otill1Uhr.11,1,Millf1.1wiiiil syringe umlii'Vf159i10d11111MiTIA syringe 	110f191fl14t11 

V(11.115tILSOflllatirlfaalf1155t1151:',1"fttoifl:'JVC156'10d1A11 V115i-30d11W;:leil -11.1.4t1Th (tray) 11  

1ap41,4 udd1V11561')OtilltMAttfieffITA4All automatic gas-sampling valves 1,6181 114f11591.f15111 

V11OtilltiK1illtli51LLOOLLKdb55111f1i1 I1J1493111 

(6) T.',111.11eiff15610tilldllii'll Capillary Columns 

tliflUlflf1061111951:41111,11,11f11011MaqVfl (capillary tube) 1;111191f1M1 

9i1D(111611fiatilnil'UflOA'Idinifi9M5514X1d15-11111Siiq (packed column) 11(1/11qiigtilil 
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alfifitliti lCUOthilifit)6)415.1.1a1 3 tali( ilt) split injection, splitless vi3P direct injection tidt,' 

"cool" on-column injection ctIAfIlitlinDlAl-ffgHltlilflidflklidliflan'1111111101511i1 2.4 

0151AVI 2.4 A'fIllt1R.,1DIAlln10151-1.1aflVt156"-Mtillilrfillkit111 split, splitless tts1 on-column 

injection 

Split Splitless On-column 

1. 1filf15-1n1D14`115:',i10111-1&1 191-Itn5iv1c1'151J33J -itu 141tfi51:;vivi59f53J1atilat1 9 

(major component analysis) 1.1Dt19 (trace analysis) (trace analysis) 

2. 141111.4141fIllflf1155nIfelM5 1911Tha17f11lflf1155nl1tlV115 14A1-1141fI1.itAqr11514111A1l 

Otill51GW1.'3 at11551t1L1 (cool) I0flr(1511111.,11.1A-110 

3. 111-1/1/1flciflqVfl59T-Ifldll 
d 	d 

lf_111/1/fli311V.11.5411 All.tilflitlqT150C(115',W1l"3 

15T51 

4.1916o1vala 1916olual4 144.1410 ilD (manual) 

5. 1461isinaluAl 191riuliniwiluin lilt-TullinhzAl 

6. 141111E3J1illT111403J 141111.13111t111.4i0EN151 1111l33.11i111,41. M9151 

2.1.8.3 nearl-1 (Columns) 

floA"m1 tiorfluiT')Utalfmttonrn54-mainiitynilatifflq5anlvin5A 

(ViFilliTealillaii1016110,1415iiiltAlf):01,0,1159TCrall rsillififrhillif151711155111.4fitIhillrlicil iff,111 

411:11.11muilyittnnri1149;-1 

113013iVAtikwEjf5119111MOlflOA'IJ11111f1 

2.1.8.4 ifitO1g!I1tliG104 (Detectors) 

rill.11fli1 01ifirfnil5f11.1,111Dn-i-ulen5iiaalf11591f151,11113031V115jatill,V1f1Vill 

11h1flkttcld11100f11M1flflOainflAolli fili1A2,'gilmoio141-1311133.naticrillfl144-m 411fu 

?itTlfltflaillfialtltufiloliti6nlitunprbt V111115f1111Villf1J1ill611ff15Villl 	111d1111^11-Aiv 

liti linenopurrtia461ui-)1frnutiiallrUNVII5C111Twria 

ilolflfif_16finjv 
d 	.., 

GC detectors 111"111(111.1l/M; t615111.4111111LIUtall 1?;(1,fi 

1. Thermal Conductivity Detector (TCD) 
	

2. Flame Ionization Detector (FID) 

3. Electron Capture Detector (ECD) 
	

4. Nitrogen Photometric Detector (NPD) 

5. Flame Photometric Detector (FPD) 
	

6. Electrolytic Conductivity Detector (ELCD, Hall) 

7. Photo ionization Detector (PID) 
	

8. Mass Selective Detector (IvISD) 
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9. Infrared Detector (IRD) 	 10. Atomic Emission Detector (AED) 

11. Helium Ionization Detector (HID) 	12. Redox Chemiluminescence Detector (RCD) 

13. Thermionic Detector (TD) 

(1) 61111=1W111L'iihAf1111101g1TMISIOi'  

61110100if191111f1150511 1V11 11,111
A  

011ffi
d  

ffIfi5L1h115 1A144 

lfn5W.;a0136111JilaLMAILAUf115V011V140AViOrn5ifiLY19101M5itt151flf619ialifi 110  

(1.1) fr-159,T,a01114)VID1111W11 (high sensitivity) Liala 1115V1011d140 1 

(Response) 9101J33J1t1I11I511-1591'1011J1f11110ci1larf13J15f11915")91111i31J1t1111011(151.1001 1t 1130 

MDL (Minimum detectable level) 9111 c1111141/111114111192.,flintitil`dilnitita,W15i1M1.115t1T1-1 

litfiqfYillitill1DliNflutflu 2 1130 3 	1118 	(signal / noise = 2 1130 3) 

(1.2) 0r11J0111-1LP111n10015915-191110-15 (selectivity) 	11114 015d11 

I1ni1Y1t511 fr)5113(f1159101.1V(1,101ilttRfld-116W NILY1fltglOifiq cgf1150011r(110191Dr(151/ f1115n,111/ 

1113101.11 f11-1 ‘611101,910ielftlf%11M-11151f1111k")bill (universal detector) 11M,41;1111/101910iY111,91)1115 

9101_10'11011,DIA110.11 Uld1511111Wr11114;iimitopiiTw1011J11025'1911 1V111,1W1 140ri116114 
Ad AA 

6t101N0.1.1c11,11.1h10.11W1
v  
011115 

(1.3) fl'35T,t;a01371 dynamic range 1111-111 110 .iiillt1111Di'lilif1151111PMf115 

itf151t111:131113111illijihAM111i4111911,1ill fl1111149t;iflIa0d111-1141101 

(1.4)11,111114171 .61,11f160Diefin 9:;9101311,VfillE1511111 (stability) itanrin., 
A AA v 	 v 

1,1/011/191W-30 110f171.1d111-N11.0 4.r.1.1.1110T194141f1a8111,LtAndilficallflaila 

0111141oon1111tnm1atnprm,'910111111019101l1f19111111 11191614 

1(7-311.1;11.6VMs11110-1511i71;  2.5 



01111ii 2.5 A'fiiildnillArn71111111041,Y1f11410iC151.1qd111 

110 illtlirli Will.IMA11211111119111t111 MDL (S/N = 2) Linear 

dynamic 

range 

7 

FID Selective V115i141AfIA'AI,11000111U1'301,11MITI 5 pg. C/s 10 

'10IM1A11/01flft 

AG1  _ 
TCD Universal V11511f19f1-,,,. N111 rlif115111f1')11.1101M1f1d11 400 pg. / ml 106  

"1111,Lfir(1111 

ECD Selective Gas-phase electrophores 0.1 pg. Cl/s 104  

(Can be varied) 

PID Selective V(151_15;f101Jcittflflvi-allI10001.4vIgT1 

uli1 tfi 

2 pg. C/s 107  

Thermi Selective V1151.152.:1101JrnfITIAIV15M.ILL= 0.4 pg. N/s 104  

Onic TIOMAIDi'd 0.2 pg. P 

ELCD Selective V(15115f1011iinflUgialttlIVIVI5LTLI 0.5 pg. Cl/s 106  

um;iarolai 2 pg. P/s 
104 

4 pg. N/s 104  

FPD Selective ?,(1.5115.2Mntirl'IMAIn?,(1^10i'Vfl,!!!fl`Y.iflriAl05 2.0 pg. S/s 10 

FTIR Universal Molecular vibrations 0.9 pg. P/s 104  

1000 pg. of 103  

Strong absorber 

(2) trinlIBOOTAlciAtcliih4 GitiTht9104 (Flame Ionization Detector ; FID) 

FID rfili6131f11,910i'dfliffiWIlltrit11461,10611111.9i1"311111f115915-)91111Anfl 

rn5c1)5t;nou6ouv15t1 



3 4 

 

Lui 

  

r_ 	; 
	 1  — 

  

.,...,Tasa a 

4,a 

    

fai 

(h) 

1-1111T1 2.12 (a), (b) 	(c)rMAA'filitlIV1101 FID 	64 

6fl9litff,1101 FID 	4111Afls911I (g111111 2.12) ttfirilUifl5t91-19tArl 

1011,7141A1Att heater IVIA -6141adid fill flame jet rhuainirriipinallilvinnlicirralatill 

fled iloni5tNilill'1910‘910115LVIALVdnh011111ILLKVIlltr-11111311,1,Aaan111 iLKV111111,We,;r115610tillifi 

0111.1191f1f106111W.,1414111M1r1 ,`1-,1,1111TV1151,11dliftr1010 01.1111t911714W11011-16tjt105 

loaavinn 81,11V15DIAT1,1111J64 flame jet Ioanuulf19nflAnC171111615tiliirl5q 

itiqf 149`f trir3I9Jti5Ot1fli9159Jt9105l  (electrometer) 	ttd`.",971-AflailAntliAttifltOlfillcifIla 

If15111int1151.1 FID "JNS9114111LaVrif15111I1111151;13161111fla'd111 fiu  
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FID 111M1111Al ihil;17111d15d111 I0E11DINI;;Vf1561-11/15E1 1101A61111,f1d 

viola 

He CS, NH, 

Ar COS Co 

Kr 112S CO, 

Ne SO2  H2O 

Xe NO SiCl, 

02  NO SiHC13  

N2  NO2  SiF4  

illli11691511115111M101 	 FID 9Z.,'110f1d1,111111119113J 

1131711FINS911fltDALitldif1511111/1115171 

(2.1) 41jOt1151ih9iF111,1f11114I FID 

=INv 	v A 34 5. 
11M1f111151F1111131114 FID q,`",11101.4 -11fIWU`141,1^101.10,11114f115160f115 

nactniTuaAlojitinq4olgAqtrktfgmaleiirvifuoonVIVIlfl'il 100 C IMP`111t,'OtillF111110V15 

6'-)othAvvilnd15115,mo1ifmalu Ndqlf1f1151,N111111qa,110111168oni5el niaullilt1 afITIAIITI101 

'111f11.00i(U,1FrE1111htlillAf14ld15115,',f10111fUntiliumqalyttiil 11151,N11111111ifiDt1d111J5ill 

TI -11,11tiirinldntr44.1 flame tip V110 jet 1411Nallfclanif,12:16WEIaniffigipillisj,1141,1 

2.1.8.5 n151111I1A1'311131.11111N-Ida Internal Standardization Method 

riNtvialt-Als'iiiiimuvuolvn51,49,naolhq iiilififuodficuni5tSan14 

internal standard 

(1) 11611111513011C111&,1111111-1 Internal Standard 

(1.1) V1159a,iiffIrliFiflAilfliiiIV115`&51f1511;1?  

(1.2) Vf159,11fItt'OD111119111f1Da3411110 
91 9 v<I 

(1.3) 1.15W,'1111^1f1T11161106d1,111111 iqfJ1I-191'a0111.19111430111j01117111611 

ca., 	A 
1111l unt;oylf1M11111f1YIADAfl15111 

v 
(1.4) rf151:114q,40A11.131119Wit111511V11561141 Y111-1E1TUD1 

(2) iYal 1101 Internal Standardization Method 

(2.1) Nflf1151f151t,'TfT.11,1140,163J1f1 

(2.2) Pslflf115'111151,401q111-11aisId1i11.1114161;n41J115t11 

9/1,1 91.,4 
(2.3) FillY11f151t,'11 6 1 ar11140Cjilli 1 IV d ru1qi311Iiil6i9105 
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(2.4) dfillA11-3 61101Fulilf1Mai'0 19T,1-,111 4jUlAtt1M11411flIni111151f15M,4 

(2.5) Ndf115-itf151n113.4110661J 6111-11W1101a1591-AtillkA141111111tfli.4 0,1 

ttfirrifnuiiirlf151q 

(2.6) V1156"10tilli1111.19113AltM491'9101ilflif,t0011111111fil 

(3) 

(3.1) er 15`il 1t11 internal standard T.41)01Nd1.1D1 111111V115 
3) 

f10111111111ellt1 

(3.2) tf15fl11J0 9f 40,931115 calibrate 

ni5`lif1511'114--mtm-n1fIciLlilliffillf1159Li151nlilaalf115Nfl 

1101f1151tf15 -InilM51-)0614-JElillfrIlfl 

villuNdimulImmcdumarrp114619iola: 

(3.2.1) 401915')WOMFtlfiall'ilVflA9f3tfl5Ifilf&V(15 i)5n,f1Y110 

tlfld IMILLOW-1000&Ti'alffiMfilill1011 tOtT1Dif  iiI9111 	ii3arn50-muilmadirmu-) 

u61`15 
9) 

(3.2.2) d'151')Otill'allijVlADO 113041111f11Ji719f,fM101111101el'al 

11,19h1tYilifl f1121156'"30tillt&tt6rriler.-,fl-Ndu 

(3.2.3) L3M1flOallIfil1 9,161114111111L'Vfl.1 

(3.2.4) tSafliialflIADilli'6111MT(111511V1-15i19:,-31f15 It,1111,M,'dflI11,111 

(3.2.5) Illf1061111111FM4111Atfltalitfciffif153J1IVill5TVIlli19. f16-11,11,11-1,1 

(3.2.6) 13101411011ttidif15 3J -111(1115 	 15 liiIMOi'd -141 

111t11111,trill t9f11 6915 -111151.Haimittfidrn ganifj116110140111130f1Daar qatiii-opltol`6'tYlf1W10i(  

injection port U l HN15131918i'v1l1l 176,1411,1f1151.152.,111MQ tf_hAkil 

(3.2.7) /SOfitYlf11149f40114111111115'llf151:4i14 0 tt,'11111f15 lt,111.1.1111 

isothermal 110111 temperature program 1130 multi-stage temperature program CITillii11,10(jfill 

9filq6U01Vf15 0110t111 Ltafili glfcliyirla01551 	9:;010111',14qtinifj311,1n-iliifilmni31.1 

(3.2.8) 1,3041151111511i19f1411.1f115115nJWNd 

(3.2.9) 11.1011,f110,90.fiVfif15111I'llf151iAILM,1115113N1D5V111i 9111Ji1 

9.1 )01t-n5ttA'--Altìliiiin151,f15 - t,41,4 	 tIM1115flil 

tildtlUttlifl110 1,1111(111 



2.2 siriiiajtliltiltnilaA 

Abdel-Naby A. Mohamed t6dvfltUv (2000) Wilf1111f115011V1MA011.111f197160 Bacillus - 

amyloliquefacien1Uttflatikaain-MMONSMO'ulcini cwirillov1953:iffiNSo1411,viiio5symvaiin 

115,1Jelild 70.8 U ml '  (1/1110611131J1illt01419191 1 i'ASSfl5 fidatlaild691511U4T1/111911,6qV115 

NS916514 70.8 I1lif15I3J1' 111011.46-M1 1 IAA V113Ja/11-12.41  

Gutrwualniquflatis'EMI- 
5., 

6a61JOLLWrlfillli1111011,91a6111i1;clid1114f1063A111111511iTMV1137frillthnilill 14 f155 1165v1111 

It•d,'6O1„11c1531 tilf11911,Vil'051111152.11-ill 70 -80 U 	ri—J1J1JO,91115949711111111dOrliall4 

6,911 97111A1111 packed-bed 	in fluidized-bed reactor 1111 1 	packed-bed reactor ,`:,','Ilarsivia91 

(productivity) WTI Villdl 3J1flii4A a11611 23 KU' h &Ad fl"-J13Jt41114111'11011,01-1919flf Wirlii169J 48 

U ml ilAft,' specific productivity 141141611 141.8 U (g wet cells) ' 	in9In51l1t1161Hillati 

111 fluidized-bed reactor W‘',1 913.11ficli qq11,4161.1 30.4 KU1-I 	trillit41141-16U011,01.11951dilyi1611 53.0 U 

ml' 6ta2; specific productivity t11161.1 230.9 U (g wet cells)' h'(Abdel-Naby and et al., 2000: 1-9) 

lersel van M.E.M. tL l itUa (2000) WIlfIlf1f115911,91,91flSilVfAti DEAE-cellulose Iqt,14 

IMZ,439191-maonini5ttloUnicu (reduction) 9101VM1151011661 

(aldehyde) 910,91,90SCIrf61119,11V111 1/1J`i1k1JD 01,9 NO attAiiriVIA.f 	EJ5111`PITD1W1.119f 

uaaflOODaildIMITIV (alcohol dehydrogenase) tgfliclilfladrf (hexokinase) UW,.'1115t19-1 
s  

11011,111Wf (pyruvate 	decarboxylase) Y1111_15n111111119:13J111fl'ilrlrfOcit3illttillJIIIVIVAIlfflS 

utmunificiinvirip.rio16,514g9miu6;15-m-n-Ille-dolnaifirf cd5amocuiTii144frffirsiiiFIKE44-yi 

trW141,1 Dril,915i19113J1115,`Ill'illt1151137nsiltatil,isllitOfflaffOlaL1561.1ff tdi1511111flqd4 tWi 

taul9faln6'inlmihnivannilwt,tivomScit,i,noll ni5AtrwkiliMidelt1511111611D1M1195911.M:', 

iliultUf1151,14MID1fNif1VII ',174-1 -313,163.19414ifillfl -J13Jr111J15fIllif115T1111Pitili6flild1101 
<i 	4 

V1151h.f1DIJ66110kUOltlfadt1VVIY1flfl9154 (Iersel, van M.F.M. and et al., 2000: 602-607) 

Kourkoutas, Y. 6tM1,11i1nJ (2003) lailf1111111591111.91fladil S. cerevisiae ItlITIVUO1Nd131 

vi 9)o 	 v 	A .1 	e 
11111flA11101911113a1341 -3f1 Cydonia oblonga 	 clf10491V116111.41 AxAz-1 

YllIviDf1T13J111
9., 

 9J11
9.,  

1161101tIO"dflOdOSIM1111T11,1611D1G0131filllthn.lill 400 g W.,'"d1E111,1D11115idEll 

a' 	 II g 
LTDOVIVI9J53J1915 500 ml Tlf1`61,M,1FILL9fflalak115calfil 10 g 011,9iNV111611Nfl L3ThrlAID 

1152,1111Th15911,9111d6‘'1"111`iliiVfAltro 5̀9,931fYilinVfi)'051Mffnllidllf15i111,1f115NSOILOY111-10fl 

1113J;1191JIOW.WIAMlii0171-1f115051119,ildlitliJ'All`Wi`31 0-100C (Kourkoutas, Y., and et al., 2003: 

353-360) 
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Najafpour Ghasem ttd,l'flilff, (2004) lailf1111f1151117111i1911di -)0{115011c1M 1 S. cerevisiae 

1,11011911d11115t1N6'MDT11140fl ula °,'1J11.-10 -151.1 1711 61111711171 

11551L'Iffl&1'i5 (immobilized cell reactor, ICR) :.'1Gis'f106/11.31115511,31qtrlfdailfld5941101JiidttkIA 

41outiaristal6dtuvi 1.1illltlitalt011111-1Daf,fil'irill6Alf11437f1 24 	f111111111.141-11101 

L01/11140M71;141flf11511171M,414f)01.16051f115111Dl1115VillfflOhAL 15111151,13\11101D11415  

1114nsaS viat-tear -mi5m7fhtuulliiini5 

iqtla1JG111f115111JfliqullInqit1M9513J411t1,1 50 g/111101`d1811641111E1J1f1H01111-10flf1141711L161J1115 

111ifittlA111101111541.11.1,M,11111-AltilaflDflt115119711011119iDidal 1^11.6111,11115113711111.11.1f151'11111 

110 A?Vf 	fiGt4 1:119-rmi 	99.6%1W ',1,1SVILDT1 -1140alatilEJ1 12.5% v/v 11615141 27 

illtilIZA1-1151117f1LL111_1 ICR 941.131.11iirt-1101daNt1,1 88.2% 11114113111illtD1/111,10Mi1flfl1l111 

16.7% v/v 14 A5qlflil15149IfIt1Nti5 6 9hi1.11 1,10Mlf1116,101AlifllifVerfn11.11.41J4lIell 150 g/1 

1J33,1151LOY11140fl 5% v/v ill  6 4111.11 FWIL`fil,1 %yield ai1fT11 38% IqeJlAillilL61J1J ICR 14 %yield 

frititill:U911 27% 1.t 2.'flq51,'Eln:Ifllf1151137M111 24 flI11111150 7 ihiln 6g1511155N0911111111CR 

14ailfill 10.3, 2.3, 2.8 g/hour tilD14f19.ItlVfin11.143J41-1 25, 35, 58 g/1 49111.11611 in146051f115 

VISOLL111li15iknialt15 0.29 g/hour i1J014111fIrft43.19114 50 g/I IOERVIDtditnlatItrtnriinitt 

LOT1114DailliTiN1)1,11fliiVfq11,1 2 tiarli 111ril ICR illi3111516M111JOA11711.13Jlflfl'iltguell 10 ail 

110:,'Vf11115t1191t1111141.1411110•11f1V11flii1J14191 150 g/1 Ironun1514iintucV1TWOnla (Najafpour 

Ghasem and et al., 2004: 251-260) 

1J 1 Kyowa Hakko Kogyo 114411-1 WliellI51111-INSA101111100. 1w111341_r.(411A11!1701) 

t1f115f1 114.-)udditu d1 151111111 qfiltil‘dfinit-Allio 4000 so5 LI.fl:',NS911,0T1110M13TV1A4 

2600 0O5i40-511 illil6t1i1,14AT.',9111.01611iqtJA5,111,1611.16115t1A11111405141114013101Wli1111JI11J 

ILW,;1451Ml11-111151,9litaltileil 3-4 	I51A11,111gf101taill1145V1111t1011131600i'f111.1q3Ji111110 

5a:1111f1151111111111f1511"11.1f115FISMOT11140fffil,l5111,19iD11110111-11,`3W1 4000 i11111 

6 164 014) 11&151f115NSALOY111-10flOtilltilil (8.5-9% v/v) 	lflill51111101Vflq0T1A14971.1d1,915T1 

113111illf115N0AL0111114004105a114114y1f5f111f1151,4611137ntt1Jutt1Jvri I51.911,1i1A1,1151111A5nT11 

111 illi51111,1U5f11114M411111-152, 1'llqAVIllif1551.1 	 2537: 46) 



Mal 3 

3.1 fi1lilflg160111111116t11101aDA 

(1) tcl'inlrl5a,cf,fl -1001,115tVid"3 ('ALVIltaffin11111111f1N1,11fl 6l) 113111t615 50 tta' 
0) 

100 37roilSo5 lirolVirti -ndqn4111.11A 100 UM 250 rfd`6'S915 q11.1A1611 

ttA'"-AfilalVliflf19,3J111frirfilb'f141.4 t11111iiltilalqatIttil 121°C t1J1.41:M1 15 	111111111Ald 

(2) VS) loop ti-JEJITS0111 S. cerevisiase 9111011115111tb16,9 (iiNi1rnittM1111-1/11f1FITI -311 91)  

3,11 1 loop ttX-31,111111ri11401115Llin'YIEIJN5 50 ilaSSo5 f1toi0111,11114a (1) 

~fld9 ➢ 111J91eh1t9~Ut 1a1 24 9f"-JI1J1 ti101117Jd9ii1111-1D11115`7491181J1-1 

(3) 1110f151J 24 	14111.1It1511.191 (micropipette) Th1191V115fll'fl1t1FIVN1111-1410 (2) IA 

1 1laSSo5 (cidaolc,i-uni5311LifuLd-))1irmlurn5Dloolorn5iitoitalltS-Awila (1) 1l52J1F15 

100 11S1o5 	 Maig6o5ini5ditinaitivrA63tultio- ymiltolta,1-)' 

(4) iflf1151A3Z1JaillIg1110,911Vfilifltifl155Wilf1-)13J6litiAtilf1101 UV-Vis Spectrophotometer ill 

f1211.101'3414 620 1,1111-1(3J915 	11111 1 9i211,11 11I-Jf151J 24 4-311.11 ItA'TtIltilchAJlefil llf1511^1 

f115tA3trairai 5x91 11lf 1a1 (4-0111) 	 (Abs) I0E114V115MAltJD11115iltil 

1111Mam1Actl Blank 

(5) tSon9i-Amiiiilmiell6o5-mi5lA3anlvrfl knlincuni5t rE1111VVir1401711?1ffirlii91'59119fflAl 

IT'341)011 3.2 (11WiTil 16 ihilelV143159151f1151iiin1Q) 

3.2 1111cAslicifDajr(91 

(1) tV11011V(15da;d1aVaiqtallt111101-140 (1) 11.111291O 3.1 iqtatisITJVIATIV115M.,'fl10011115 

rfillt-M1 16 i'311.11 

(2) til0t151J 16 ihi1J11,6'3 	 (VidDqVIOdD.99101 

11G1 11G 	UM.,';,111-1f1151)111hIllif4DUA'))11119J11111-111,61 01ili fnllitq -) 2000 5011/111ii (M.4a01 

15 

(3) L9IV115W,','flitJeiTt,1111 (supernatant) YI1 11X1111V11,1101.1i1;14 (1.9cd666V16') 111Nr(11611V(15a2A -m 
0/ 

3% IA* I951:60116ditlIV1113JJ1915 50 ml (Ifltal5ft,t,'1096101.16d0tla1Gi1lIf1159:11Sfaj")) 

(4)111V115M;altliclatI3J6dt`WV19;INd1Jf1l1ild11101J1001tX")3J1t1/llvillit11'&101f1511Dflit?I'l 

iiP,i114f115cill161014) IflUlAirJOV(15flfflticid,t'lltfilPill-ItC.10Elld1114 0.5 M CaCI, ili k(11.1 (0.5 M 

CACI; 4019,i11:4  0(t4")) i1041,c1CDS011iiiIIA'il`kitlIAVtliqflall'Utilqtfl (bead) 1911551rtiflamio_y: 
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1110111 91xItlrN11114111f1N1,1111 9 (1-111/117; 9.2) I11091fI1L'flIlIcIfflS fl")5f11-1V115wA10 	CaC1, Otj 

VIflOqrlffltitiO?Ds161-111.illiAV111001,16911514 Ltwc:5‘fm,•111.1talcdfl101,6iia trItilJr131101 

Vfl5d,l'fl10 0.5 M CaC1, f1"15141161-1115nfltli 2-3 	111011016141111111111AE1116dilldaill 

tc1S6'ilvf6'atj91-111cuttAnualcdv5ltaltliotAntiJAtivIcd 

(5) tilovik-AnAllam5fY1161Af1V15MILLIJIJVi011151fi rihiifIlilf1156911111114141MAM10119ffld' 

ilil'ilIMI,1111filf1N11-111 1 (f111111 1. 2) 

(6) Il1i1tlffl&1111'n,11 0.5 M CaCl2 Aur311 2 ili1.11 diDlcti'MA"Cli'lf115111tM,,6E151J1f1F41„1 
, 	 9, 

(7) A'1,1tGIM&1114-trill1f161,1 (DI Water) "61 %114143 3 fi5,1 fi01-11111,WSgl9A1111115'11 

3.3 111111ilffitillffilfi 

3.3.1 11111117011111101c1410f11111910441%',' 

(1)691101Jr115WA1dtir14 Ifltii'f1111,i1A0161191D (1) 11111'111D 3.1 

(2) 1310f151J 16 Gi'111.11a) 1411.11f1AVIJA ilt141V115a.tflitirld$1e9J1 2 

f -15W;,'fl10011115i7491i61.115'1E1.11915 200 3.1flSS915 1.1101111115111ItlID1'111.1011 

(3) Ifill9T1D61,1f1f1= 8 iThSSA5 11111 2 ill 911f15:,'I11f115NSV11,8T111,10Milu651Jmii 

IwAcii9i-mdilinlu9J-m'&ir15A"2atill (vial) ILA-31100 10% wlv KMS fl1~1~ 10  

11M113101Arrkr9tmf115695tu, -irrlItIqodittat,14vii5flUlicatirsht -3916t-mflinil 

1-114Aukci4D501115`iifl5Tf i'fitillli111,0111110aa-mtfilalutircimkiliT15f15171 

3.3.2 111511i111111111111111001111,Vel&111 

(1) A111,11flS91114-101.1111611 (1,,i111f1159:11140LIA)1) 	3 f15,1 llkil,T1I9SaS9111111,1 

V115Mi,'fl1r10111151131J1915 200 1lflaS05 LAD1lilitt011111,11)1 411,1V101111/11f1F11,1-1f1 (11111ii 9.1) 

(2) Ifill6'')OeflltilarnfillEilaill (3) 11-111c1110 3.3.1 it91911,161-1915lik115113711111111fllii 

IAtliGncra61111:11-linf1151111a1111Jq 2 501i Iflt111 ,191111,f1111-3atillluitilocv1106110,1501111511 

aDAX1wr1sa6̀91119fmiiii41,1 (pi -mili59116401,1A) 3 flfl 11,41111111119;111 0.5 M CaC1,_ ill,6111111.1 

1 G1f''11111 ililiallIrnA"91111f11A191c3IlM",'LVIiitI5 lthill1J1S1100f14-101,11f1A'Llbl fl 3915,1 WM& 

1.111,9M41i913J11dfl111,1015M,'1€1011115 Alii111151131f1d0111I0Elt111191'10E;11111111 2 

3.4 11151/3711111111dollialiotilillsaAdil 

'1i1115T1MDT17111944iEnti1111'1110 3.3.2 (f1151117fILI1111fll'AIM145'nfflS9111) 119id119151i1 

irlflf15A1IN91f1ISIIN-lati1lIM''') (8 ml) 	 imno5 8 1JaSSVI5 

,49 
al1,111,1111111I11111A111111.11N 1 qt.111111151,1111a-30d1sIllftnF11.101111511f11 2 



A 

3.5 1111)gf111A113111i140111140A41Htilflfifinfiffif1111111101171 —  looerrik 

(Gas Chromatography — headspace, GC - headspace ) 

3.5.1 11110A11111fit91046110,11f1101tffleftf111.11111f111;1 

A 	Qv 	 c 	 9) 
IIJOIf15010,11d If153J1I111f151;111115f,111ild 30 Tan IS1091AMIra'd1,11 11011f1101 Ir1l11-1 

Carrier gas 	: He 

Column temp : 50°C 

Injector temp : 150°C 

Detector temp : 150°C 

Inject 	: 0.5 ml 

111110019 : 14f10 	DB-I 

3.5.2 ffillifilr,9410111140014iii,11131.11111 

(1) 1115r1 11111511"1111A51111 

1.711V115W1,'fl183J1915111,1LOT111-1Dfl'319J1411.1411 0.1, 1, 3, 5 1,I1 7% \TAT 416911011 

14 1f1910 U. 4 11011f1H1.1111 	Tdmilud-illIiii9juvtp.al 78°C iii.ovu-)o 	6 Mil 11f11.1"11191 

1, 613.1019flIWINTI,'1,0'11011.0`11-11.-10flic)11111.4 1131.11915 0.5 1Jn1195 tiA'291,f15 -12.',41131111,11,0111110D 

1ltlif110ltari1f15111IY1115111 11-1C,Ifliri143J1V(i'llf151141.11A5311-15nirillfl'Illlt411414 61101V-15d1E1 

6116915 -111,4111-1i119M1 (area ratio) IflE1511151t`,'Ilf1-313J1,43.J41'11d1' 3 911 0,41111d11-11 143J1ID`j0I110 

111111vi'lln5TrImo52114 

(2) (115211151a11
d
r1561ati15 

(itoitalll'1119v1D 2 11,ifilfINWIll 11.5) 11.1U.,1,11E1IVIOLliiiI4d111-11 

i18i1111ilii 78°C rf_11,,-M1 6 	-1f1111,-11911, 6Uaq019flIDIAM1011D11,01/111.10aviTLIMI 11311105 

0.5 37MSS■15 IlAc611115If151f41.13111t1,0.01/111.10ciTA010,Kffif17,1,11i11P,Slil 

ViAifIcilalllti1101161011611fl51A111A5211-16,101111.131J1i11601/1110a11111111115M7t1 

3.5.3 111511VIC101111111111a01 

(1) 811.1Arr591'30ti1ltIftC115Mf,d1011105111,11,0Y11140A115111f1211Jt911l91lii1kahiD1.4 

lidt,'VII5nt,'ffltIlDIISITI51/111,1Dflii111-1 internal standard Derla,',' 200 IA lifd111-111"-filqrf156j10E111 

111-110 5 flash'915 IIIJ NaC1 0.3 g NVI1111Tta,i111:11111litilVd111.71-litqatliilii 78°C i111-Ma1 6 'Wit 

Tniat141613J1t111WIAM,'1D1101t0c1111.10fli(1111111 1E11101 0.5 11flss915 Iditt,512,Jvfalutf110.1 

tthit151J1I1'1f1511^1 Iq01/1111111.191 3 911 

(2) Th.`110d1WT10F1111,1,M;d15a1010iclii1151111,40dilV_11,1 internal standard Oti1.1d1 

200 j.t.1 1,11q 5 1Jfla1105 	NaC1 0.3 g `I_91derilltt1itI1.7111`1419N 



d -arviqtuviOi 78'C l(1J1WM1 6 14111 UfliT1.4141413:&1E111, 11DIAIT,t,'10'llalt01111,10fl'ehl,1111.1 

Ii51.1105 0.5 il' asq5 1J1If151n2fAtJalfliinUfiVfif153J1ITIf1517,1 I0011qa0141 3 flfl 

(3) TJLIJ91d15att,'fl103J1C15,11,1tOTITWD'dil'V1519Jtll1lJIAAIAUI,ill011 V11511")Ot1l1kt1t,' 

V115W.,'fl1010I'lfilA151111.10fli1V11,1 internal standard at11,11,' 200 .illim111.-1611"14WC115a-JOtill 

111.110 5 i'MSRV15 	NaCI 0.3 g ilqrs11140,111.1 1.111illtillId11111kill111131 78 0C 41.41,-3d1 6 Wrii 

tititil4t6f11119,fliD111,181ifiltD1rillitificiTLIMAIJi3J1V15 0.5 ilflSS915 

alrfif151J1ITIf151cid IOrrifflflO141 3 flfl 

(4) 	 % recovery 

3.5.4 011110C101.11110111M1EJA 

ill1191d151.1105",11,1iD1111-10M1f1-311J1,11116111.1 3% v/v ttaz;o-natAiulaicisivimmtaa 

i1;111.4 internal standard Dri11W.' 200 1A11,Via111,111-)00V(15VT1411 /11410 5 1JaSS915 iti31 NaC1 0.3 g 

1Uflr,11141,6th1 1111411,LiilddilliliiparS1S1 78°C rfictillal 6 111171 t -1111L14141.11019,M.9,111,̀1,10 

61J0 ,91,01111ADflVh1-11JU 1151.11915 0.5 171flaa05 111911f1511)1416418141fliithtfidif159J1IY1f15174 

IflOil'11711113A 10 	ILA)")1116051rill141,1iiibitliiIMutwiwAi',11J1111filtDO (mean) ViTtl 

LIJEJ1L1.1143J1P15211-1 (standard deviation) WO ,`,'f111,110111J1-13J191521`Wit'llihrli.  (%RSD) 013A1411 



Haf115)E1 

4.1 NAt1154111416051f11116f111101affcl S. cerevisiae 

Wint114111167151f1151itirual'em9i IOEJOWIMIAflf115iffn1/11i1,11101t90AVNld'AtiAilA111-31J 

111f1C,10105=6'1fllrAill-119] IflU1iltf1181 UV-vis spectrophotometer 60011.111153i111,61JIMMI 

11M1111f115'50filf1713J6kilalflfilf115V1f1SUIV(TIfIl 1 if')I1J1 VIM -MI 24 iIIJJ1 W41'061110'01 

1140151,1i1 4.1 c7;11(111-il fi1W)1311i1ATO11,91V(6?TniAlliilLiDt1115-10tq-311,r1h1ihillA 1-19 

1IA,n11111ITniatri Iii3J41,111-19;'),IihIIIl1'1 20-24 1.91D191f111151A3411101i41"Aillt-1111 

X111 11 4.1 6051n1StiailiT011.14. S. cerevisiae If oiwilf1154011S1Itt.41 (A620) ring. 1 4-311-11  

rfill1.-M1 24 i2I1J1 

tlAl 

(9Y-31111) 

filfl1590flallitC11(Abs) 
OP 	I .., 	,t 

f15,971 1 
SY 	. 

f11.911 2 19,11 

1 0.0060 0.0050 0.006 

2 0.0089 0.0091 0.009 

3 0.028 0.028 0.028 

4 0.034 0.038 0.036 

5 0.056 0.041 0.049 

6 0.082 0.068 0.075 

7 0.113 0.111 0.112 

8 0.139 0.141 0.140 

9 0.149 0.149 0.149 

10 0.185 0.187 0.186 

11 0.240 0.242 0.241 

12 0.310 0.300 0.310 

13 0.370 0.365 0.368 

14 0.447 0.449 0.448 

15 0.593 0.614 0.604 

16 0.696 0.692 0.694 

17 0.779 0.787 0.783 



1.2 

0 
	

5 
	

10 	15 	20 	25 	30 

nal (tflJ.) 

44 

0111111 4.1 (d0) 

nal 

(i11111) 

filfillVflaldttffl (Abs) 

1?114 1  1 M
aV 

1 11 2 MA U 

18 0.839 0.839 0.839 

19 0.887 0.894 0.891 

20 0.906 0.901 0.904 

21 0.924 0.927 0.926 

22 0.940 0.944 0.942 

23 0.967 0.961 0.964 

24 0.988 0.978 0.983 

-111911511T1;  4.1 1.11f11i1141110f515851141111JihJ111a5V1r1-111,'1fl1 

Ol 	 Zi 

V1131,1tiVfl (Abs) tl.M.1,10414 01111T1 4.1) 

5111111 4.1 1151111115Wit1111017Jr16 S. cerevisiae T1kq91f11115i0filf1159pf151.41.1d411111 

1 41'11111 



0.35 

0.3 
	

y = 0.0424x - 0.0059 

R2  = 0.9992 
0.25 

0.2 

0.15 

0.1 

0.05 

1 	2 	3 
-0.05 

ca nwihnimovnuan (% v/v) 

A  
m

14
.a

ull
u

fil
or

iin
  

4.2 fllifflilAf1J1143.1101#9 11-didT11140d 

Tlf1f115110fl0,16,10dijllf1511A111105,t11.16U01f1151117111,01/111.40Allf111111411111.) 0.1, 1, 3, 5 UM', 

7% v/v 131Nffi11V11511171;  4.2 

ei 
0151.1114.2 f1-31)JVUJAVILOY111.10M1J0051V111,1111.11/1tMlf15111-i11601/11140061110I'lli11516 11,10dY1  

v 
fr)111t11111111 0.1, 1, 3, 5 1,6, 7% v/v 

all1J143.1111rUelffl5MA1E1 

9.1105g11410911940D (%v/v) 

6011d11.4111411i7Mf16U61t61111dOUGle Internal standard 

(area ratio) 

:, A 
f15111 1 

:. 	A 
f11111 2 

A 
MULI 

0.1 0.0025 0.0029 0.0027 

1.0 0.0335 0.0336 0.0336 

3.0 0.1166 0.1183 0.1175 

5.0 0.2018 0.2129 0.2074 

7.0 0.2841 0.3000 0.2921 

lilfillf101511ill  4.2 111c1"
3 
'1lf1511613J1V15211.45,1171569151ir)14ihill,1&1,01/1111061.1f1T111 

43.141.J11011,01,11110fl 	v/v) 1A1511^13J1V1511`a4115'  0111,61 4.2) 

11111I1 4.2 11511,1111A52114/1011.01111-10d 
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4.3 1BillililaillVaacilAlfltIl5411ifltallic1141 

4.3.1 1111119111111.111f1slit100111141046fflt 

111511iiilt0111110IA014110ad5Z,' ttAj'31:11V15,'fl10011115i11141117111119tf151`.',1( 

4101lfliifi GC - headspace1111ilifiklladt01,11110flTIV(000119h1 4.27-4.45% v/v Ifl05,t0n"Thl`Vr1;  

1411,0115111711001,19hl 16-20 514 610.M1,911-1911511i14.3 

0151111 4.3 Nflf115-If151n)flii3J1illL01/11140driV149111n151117111,L1J1ifiliiiqd14V1laAV15,̀1,' 

1',.,'ER,T1a1 

MTh 

(511) 

6011d11-111141ailf1110,11M111,10M10 Internal Standard 

(area ratio) 
1131111:1110111116D 

(% v/v) .,' 	A 
f11.111 1 

L A 
MITI 2 Ic0,11 

2 0.0323 0.0211 0.0267 0.52 

4 0.0595 0.0588 0.0591 1.11 

6 0.0966 0.1056 0.1011 1.87 

8 0.1320 0.1231 0.1276 2.35 

10 0.1759 0.1763 0.1761 3.24 

12 0.1790 0.1870 0.1830 3.36 

14 0.1770 0.1964 0.1867 3.43 

16 0.1829 0.1737 0.1783 4.45 

18 0.1754 0.1707 0.1731 4.32 

20 0.1751 0.1875 0.1813 4.27 

22 0.1614 0.1632 0.1623 3.83 

24 0.1670 0.1490 0.1580 3.73 

26 0.1532 0.1418 0.1475 3.49 



to 

5.00 

4.50 

4.00 

3.50 

3.00 

2.50 

2.00 

1.50 

1.00 

0.50 

0.00 

 

  

0 	 5 	10 	15 	20 	25 	30 

C iu) 

47 

17,11Naii14inni5iiiTniorililolaS6a5nrautioon511\15ni -ilsnEultutavimod 	v/v) 

15115VJ,110111151117f1 	14ria45il (fvicoril 4.3) 

4.3 11151,1JA01Mcd11.131J1t1.0.01111ADDilti11111151117f161111JfiliiIA0141,9SflAM,`,v, 

4.3.2 fIlliii111111.11H1.1thiltlilYNSUAGIll 

nn f11511fifilkirliflAiqr1140M.41i.21 (5,m lc; 1) LtA1.711?115A?".fl1019111-15 17;1411170,11  

lkf151.141'')011,1f111f1 GC-headspace 1AllYilc113111i1ALOY11140flVQ00141h1 3.23-3.97% v/v ltiIU  
wq 	 A 

5:1-,11n."")-CITY1 L91 r111115111iflOy, twral 20-24 "11-1 illUVM111-101511111 4.4 LIAtt,11101411,9MS911111.11197f1 

1115011ii 2 lAillirdimiutacnimarpr10801-11h1 3.87-3.88% v/v IOEM'On"-M1C114111f115113.7f1DEJ: 

114i'l1 22-26 Tu citItkr(0111-101511ill  4.5 



4X 

d 

0111A91 4.4 gdf1159ffl510',IN31.11ilitOTIIIRMT1 6O1ilf115113711krUllf151l Atitiftcilaao51 (50111/1 1) 

fl'Eln1D1 

calf) 

()14) 

6G-111Cha9lilic19Nt16110•1101111leff10 Internal Standard 

(area ratio) 
9r59tlillt09111-dOU 

(Y0 v/v) 
, 

Mal
.4 

 1 
0,, 	.4 

Mal 2 Mil 

2 0.0120 0.0102 0.0111 0.23  

4 0.0269 0.0229 0.0249 0.48 

6 0.0534 0.0460 0.0497 0.94  

8 0.0698 0.0553 0.0625 1.17  

10 0.0804 0.0700 0.0752 1.40  

12 0.1023 0.0835 0.0929 1.72  

14 0.1159 0.0951 0.1055 1.95 

16 0.1179 0.1168 0.1173 2.97 

18 0.1137 0.1247 0.1192 3.01 

20 0.1508 0.1335 0.1421 3.97 

22 0.1654 0.1317 0.1485 3.51 

24 0.448 0.1275 0.1362 3.23 

26 0.1363 0.1203 0.1283 3.05 

28 0.1293 0.1141 0.1219 2.90 
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0111411 4.5 EM1115If151t111133J1illt01/11140fliii,Alflfl15111711kalliflliiifle114M6'011 (5011n 2) 

ItttalD1 

'Val 

(514) 

6051411,011-iii14111116.110111146M16 Internal Standard 

(area ratio) 
1119.1141101111,SOU 

(% v/v) 
,
.111 

 
f11 	1 ,,111 

.4 
f15 	2 lcfl 'I ll 

2 0.0129 0.0136 0.0132 0.37 

4 0.0360 0.0417 0.0389 1.02 

6 0.0532 0.0570 0.0551 1.44 

8 0.0738 0.0746 0.0742 2.07 

10 0.0892 0.0822 0.0857 2.38 

12 0.1012 0.0931 0.0971 2.68 

14 0.1179 0.1208 0.1193 2.95 

16 0.1431 0.1435 0.1433 3.49 

18 0.1493 0.1480 0.1487 3.61 

20 0.1578 0.1558 0.1568 3.79 

22 0.1600 0.1610 0.1605 3.87 

24 0.1603 0.1607 0.1605 3.87 

26 0.1529 0.1691 0.1610 3.88 

28 0.1456 0.1491 0.1474 3.58 

30 0.1367 0.1381 0.1374 3.26 

32 0.1246 0.1272 0.1259 3.00 



4.50 

4.00 

3.50 

a 3.00 

c 2.50 

g 2.00 

A r 1.50 

15 1.00 

0.50 

0.00 

--0— VilTf15 auvi 1 

van5auii 2 

50 

111,,,,,titalf1f1151)11`1110,111181limeiliit'lifi6A1114501Ji1 10A`.'-', 2 111/00011511A15,',Will 

113111illt011Thad 	v/v) 6115 ',,q1t.'1.-Alf115111,7f) 	land4s911 (11111il 4.4) 

40 0 
	

10 	20 	30 

5:4-1Zinn1%1tin ('au) 

41111114.4 f11511a010,1M11131.1f111011111001
.4
/1
1  A 

THIMITIM11,111f111
A
1 

 /
t
- 
O1

y 
 
	

091)1
0
V 
 
W 

501111 1 uM,' 2 

4.3.3 f115111711111.11J60i110110016,11ff&as, 

A 	9 y 
Tlf11115Y10"d011/1 3.6 f1151117111,1111J9101,1101 gOEJ vnt9rdo91-A 	ti101.11V1156")OthIl1 

If151f,114101111f111f1 GC - headspace Wiri1113111f11101111/0flqlq'q0E111/9;11 4.18-4.36% vhi 1.00 

Taffl-Mli71;  1 14511411151137110d1119h1 30-32 ill 4111effl1111911511il 4.611M;Li10171119M4'91i91111111Th 

1115011ii 2 1111i11131J1i1110T11110aTIQ0E11111h1 4.32-4.45% viv IA05,'W,'Iadli(11411,01151117f10E1 

1119h1 20-24 "9111 ctlitrfq111,1V11511i114.7 
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0111411 4.6 ,df11536f151t111)31.1i1110111.0flirl0
v  

1111115113Th1.111V0111 0IW1149idAd51 

(501117.1 1) 

T;;Ett,'11D1 

bill) 

(51,0 

691514T14114141116U011aymmavia Internal Standard 

(area ratio) 
1.13111(1110111110 

(% WO <1; 	.1 
flIT YI I 

.: 
f15191 2 1,41 E1 

2 0.0141 0.0127 0.0134 0.44  

4 0.0280 0.0266 0.0273 0.78  

6 0.0477 0.0485 0.0481 1.29 

8 0.0627 0.0597 0.0612 1.60 

10 0.0685 0.0822 0.0753 1.95 

12 0.0880 0.0909 0.0894 2.29 

14 0.1040 0.1197 0.1119 2.83 

16 0.1178 0.1280 0.1229 3.10 

18 0.1174 0.1079 0.1126 2.85 

20 0.1390 0.0985 0.1187 3.33 

22 0.1454 0.1209 0.1332 3.73 

24 0.1516 0.1259 0.1388 3.88 

26 0.1668 0.1644 0.1656 3.91 

28 0.1704 0.1665 0.1684 3.97 

30 0.1620 0.1628 0.1624 4.18 

32 0.1664 0.1732 0.1698 4.36 

34 0.1648 0.1649 0.1648 4.24 

36 0.1622 0.1630 0.1626 4.18 

38 0.1612 0.1585 0.1598 4.11 

40 0.1590 0.1588 0.1589 4.09 



52. 

Q1111511 4.7 NM1151M51t,'Illiilllilltalr111-1U614 1Ai lflf115113.1fltallid01,11OliK1141, 91i14'6'1  

(501671 2) 

5.,'ER',V3U1 

Mil() 

(514) 

6051dT14111-Iihnift6uallormouvia Internal Standard 

(area ratio) 
cifilfitulavytiaa 

("Aviv) , A 
fl5All 1 

,, 
fliAil 2 vaii 

2 0.0217 0.0212 0.0215 0.67 

4 0.0386 0.0398 0.0387 1.13 

6 0.0591 0.0607 0.0599 1.69 

8 0.0943 0.0903 0.0923 2.35 

10 0.1273 0.1250 0.1261 3.10 

12 0.1351 0.1349 0.1350 3.30 

14 0.1495 0.1653 3.8031 3.80 

16 0.1523 0.1550 0.1537 3.72 

18 0.1647 0.1651 0.1649 3.97 

20 0.1806 0.1924 0.1865 4.45 

22 0.1778 0.1928 0.1853 4.43 

24 0.1831 0.1845 0.1838 4.32 

26 0.1706 0.1719 0.1713 4.04 



min5ai.r0 1 

m5Tn5alr6 2 

0 10 20 30 40 50 

1.711Nflilla1flf11511iJiltt9J9JdOtAa51qU141,9S&11111-1509J1l 1 U 1 2 1111/000f15111 

5f11-1159i51J1WIVV11140fl (% v/v) 61J5l'UnWlf11511171f1 	14Nd4lil (5111141 4.5) 

5.00 

4.50 

4.00 

3.50 

12  3.00 

2.50 

a 2.00 

1.50 or 
1.00 

0.50 

0.00 

(au) 

11111 ii 4.5 f11511.AM-Ittlifllifi3J1i1H0111110W;114111f115111711611J1Jdati4.10110014VISflS9131 

11,1501311 ttaf 2 



S4 

4.4 1111110ffallf1111.161t1A 

-11111151011111"-111011 3.5.4 I001.11f1151J105211.11,01/111,10c1;31M11J14111.141.4 3% v/v 111'itf151t,'11 

1%1l1111q 	10 911 lAllrilladliP&11,1(1161.1 0.1095 if"11,11i1011111-1111M111411(11611 3.0940 x 10-4  tat 

ViTtlIfii011111.-13J1V15211-161Jiirl`gailfill 0.2827% 61U,V1q,INfl11.1q1511i1 4.8 

n111.1114.8 Gld1115.31115 - tqfV1151J1915211.110T1Tuaa 3% v/v 11,-,!"31-A 10 

A 
Mal Area ratio (Xi) (Xi - X) (Xi - X)2  

1 0.1095 8.6 x 10-5  7.396 x 10
9 

2 0.1089 -6.7 x 10 4  4.489 x 10
7 

3 0.1094 -2.2 x 10-5  
10 

 4.84 x 10 

4 0.1118 2.306 x 10' 5.3176 x 10
-6 

5 0.1022 -7.252 x 10 3  5.259 x 105  

6 0.1120 2.558 x 10 ' 6.5434 x 10
-6 

7 0.1116 2.149 x 10 ' 4.6182 x 10
-6 

8 0.1078 -1.645 x 10 3  
6 

2.7060 x 10 

9 0.1097 1.97 x 104  3.8809 x 10-8  

10 0.1118 2.295 x 10 3  5.2670 x 10
-6 

Ex = 0.1095 E(xi-x)2  = 7.7539 x 10-6  

, 	A 
filMflt1 

X =EXi/N 

X = 0.1095 

villAill t1111J1.1111V15211.1 

SD = E(Xi-X)2  

N-1 

= 3.0940 x 104  

9) 

%RSD 	= SD x 100 

X 

= 3.0940 x 10 4  X 100 = 0.2827% 

0.1095 



cc 

4.5 011110d0111(1-)19.1fiflaDA 

TH1015)kf15-1t,l'itiND1/10r1D11t11Thilfleli1111411)441 3.5.3 11161 %Recovery Ilfiltlri1f9111 

103.75% c1S111M1INfl 11015111/1 4.9 

0151111 4.9 Ndf11511,f15T,',4111% Recovery 

:.; A 
f15111 

6G151dnicitithainsllOAI0111140acia Internal Standard 

(area ratio) 

Sample + 10% Isopropanol 3% Ethanol + 10% Isopropanol 
Sample + 3% Ethanol 

+ 10% Isopropanol 

0.1452 0.0989 0.2539 

2 0.1475 0.1023 0.2545 

3 0.1428 0.1187 0.2591 

tAl 0.1452 0.1066 0.2558 

%Recovery = Area Ratio (Sample + 3% Ethanol) — Area Ratio (Sample) 

Area Ratio 3% Ethanol 
	 X 100 

= 0.2558 — 0.1452 

X 100 
1114 

U.1 l/l/t/ 

103.75% 



MITI 5 

Did 	ttanlatemouvf 

v 
9111111511i1111)1f151,411fitillicit1111131J1t11101/11110ffll10911M151,137f1111 2 MTh 10011151117n 

iqt114511'n6V(5,111.11Jiid01 gn1115111intruul9fma4111 (1111f1111.111filifit1dt,1117f1111_111d061101) 

5.1 rfiliPlan151a 

T111111511f11116051111513U1GU01712fil S. cerevisiae Iflt1111550f1-313J9i1A0119rdNIMV1711i111 

1. 
111 --)111,11i16U1-111J011"01FillAlli tfltitlftf15

A  
01 UV-vis spectrophotometer iflt1")11J 6lI1JIM10140 

11Aflill5 -50filf1159qf1S111f111101V(15W<''fllfil1r4V1111 1 17711.11111.41,111 24 470111 91,'1,111-171 

aiantriviTulikmaa;muliaa31-n-artjukiavutj'aul niummlni5kflAiu-runsaSlian- af,airi 

011115 15111T1V1011111rAfilf11”19141.11M1111111111,1,11')I111.11,17.11J41,101114111IWJ1114-11111i1  2-12 

filf1151qi1611,111,rflii6o5ini5Loiljtmardaehiann171f1IMAllitl=f115193i11110171V(viTalA'fllitUIT111  

S (sigmoid curve) 11V(Q11111(4111^1i1;  4.1) IK1111i11115193iliW1A1,1 3 9h1t10 lag phase 

(47i1J1iti 1-7) , log phase(47I111`11 8-16) 11W,',' stationary phase (4711,11ii 17-24) G111.11d11,If115191Jf1 

111ONS9110`V111.10"di0E19%f115d516c1fflaV16?lill 9,11,&11fIrfcclillatillli-311101 log phase (41I1J1i1 8-

16) ti,4;o19 -milni5I13t-igruiolAlfriii--Aul (11n011137101191(1f1"313J 61114-744illflfilf115 

qt1714i1,ril)k1N5v,A-1-ItivAltn5193qpiiiiimi15-A-) ni5r4SoLoviluofl9nihnim4imiutiv 

taiDii'1115flIIIIMArfanIcIfkiuu6aanniut9SaaVfi'IT1111501411,1J111111WUOli cat1116di-

111 ■11',31 ,1;1,,,,,,t,,kilorktinfintiltinTricA:-?, tiflAfillp1155M:161:011( 5011WM10.4(1111^Ifl 1.2 111f1N11'11-1 1) 

11J101.11i1t1lifillifurrnalko194tni6aruotilaIliiitclinAV(6'11M11111(1-111Alil 1.1 511f1F111711 1) 

If111111r411111)1Wnitillt19i6f.105119M4ildviV(11.115f1131111J1141,11wuolicarm6aLvo rr71Pel1mv915915, 

111019intrio9inifiiailimiii'V411d11H11111151117f1r411-11111,11q19fl9f,i41151,191f100111111-119MArrii 

oVhAlvit1V1fl1114 (illieVil;  1.3 - 1. 4 fllf1WW")11 

inuitutuyrrua-ocirilaunni5vaintruudill 9111f115NMI151rWal 1,1JOI.I1V1159"ilOd11111 

91f151f11113111f1,110111110fl4Tlifli101116difmnivin5-171 rudictElniutDvimoflihrtnilliltii1411 

1j001 11A,',11J0611011111113111i1,1101111,10a9t,1,31.Wal I0t111-11115111Tf111111(flliliqt11971c1fflaVf5,̀ ,' 

1119171 16-20 	 O1111-1911 4.23-4.45% v/v f115111711111111 

fllill ifle1141c1fal119;'31 20-24 '711 ilimtutan-rwaflvloodiui-A 3.23-3.97% v/v Vi'T1.111.-0115 

111Jf15e71J11 2 9171 22-26 	 10V11110flVllVf.q001-11h1 3.87-3.88% v/v 11fl:,11151111"fl 

1,11111datiLlig(J1469ifl&11111.1501Jil;  1 Glhl 30-32 i1.-1 '1 )Iii3Jitlitovnuaarolo oc1l1ni71 4.18- 

4.36% v/v vill-111151137115Dilii 2 11-19f75 20-24 714 ifikIlillt0111111Daq14.000119;11 4.32-4.45% 



57 

v/v 	 T5l11tlittlY111-ifidtilNiflf115111)'f1ifl 3 it1111 Td; 

il6frtittn.4141Elfill ?la 	1,0111110dn33Jf11171ttflnillaAn4datil VIMA1611 

5.2 aiii15-mw1finia 

W11111-1511t111169151f115iiii1):110,111Val S. cerevisiae 10E114 tff #01 UV -vis spectrophotometer 

i0filt1159,ff181,111V111101V15flaltlik4riu-iifiln15qffiScuttraffim-inifut1081 njolun 

d'152,1t1i1F1-311J1i1.4111flif1-1 	filf115@palltiVflciamlAintillouidiu 

143JTIUDA115-11Altii04111116051i1153t111;11JIMOlilff6' `Vill'il6frililff'1101f151r1i1;IMLI(ill'all;  4.1) 

" _ id 
9nili100 flail-11/1113)0 4 i'31 (www.maquah.net/media/IR/Yeast_  GROWTH_CURVE.html. [2 

ihtlf19.1 2549] 11111 

lag phase tIO thf1511Altt1811GUI411461JillM101,4900119h111D1 1-7 9flikIlit5t1 Acinnaii 

tt9ilma;n1qvilt, 

filni5vmSumluihAaTlduriirAniloo 

log phase rfil,M,'EKtiii169151111516t114,1V0 c1110d11,11h1rAl 8-16 17211,11 6d1Mflik191111115 
A A 

ttW:,,'iLIV11501111531t1^1011^10fillfil5t3illalliql13111156tlilt91fl 

linmillA-nrrutcisaSDti115-m11-) fl -J13.11i14111376iltt filf115V1f1SMIZA11,1i1441 

ki1141uptill5iot -) luttunAtnfiviiiini5r4SmoviiiroaaDnuirY- inin 

stationary phase 1145:,1g,'11D11115
r
m

9 
 9IV1111A10151.93t11IFYLIIM10111d663JMW1c11A0014149 

17-24 	 DOM1f1f15n.1111f115q104VIM 

1,01/111004a1111A1417A1 rocvnuaaolAviiwi8VISflaVaL01111111010S6V1'4116 

71V1111f1151,ii1A111111111f141,13711,611,3)AlfiqIIITE1MilillviTtliriP118 11.45f,rff1l611511-11511181.11i1611 

1Jl151f115611I1IJLI11Jili c114-Actirrsif11131.1 	fi11115ViflRlittallltial.40d11411 

1D11114D414unnuyaintMAcmNSormaolkifiCiminfl5a,'UTUf11511101Vt1011iffili1111 

f111111A140 11115 IO 61-11811,119fflSiirfil r1 a iit01.11%31 pyruvate 	decarboxylase 

alcohol dehydrogenase IMAIINADH + 1-1±  11111Ifit01.119a1 ilV113J15MAUTT11191-Millitreflil 

vlutoyrrua 	tilailvfillai'cunifIrAvoimi5 cillf15.",11-311f1151j4 1ii1f1101141111G1101ZM1 

ttri01611 (1111161;  5.1) (1111I5(7ti ti9Ttic.',1111.719f, 2539 : 23-24) 
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;0\fli 
R HO til fiAiBUO  

H 

li— C-011 

CH:; 

Ethanol 

 

 

0 	a" 

Pyrovate 	 0 	H , 

Cft; 

Acetoldehydv 

1111111 5.1 115,11"1141115l1ljtJ11V15M'fllrillliflVailltD1(11110WIJNIIVia 
• 

f1151137f1tM1-1110flil ,1 3 Milt 111d11111hAtt5t11133J1t11601(111-1DdV,',11,111 91-1(1081 

VillAcd3Illatt0111111DDt,'1511.1flOfll tflolun1115,Eint5n?mv̀clis'ilioialun -i51A3.4i,athalarri 

11151,̀A111TlaidatiViliill 

nqifirnii400-11115all0d1111111171dail01111511itilolmadowymeialniufiariltilltilA1111141M6?  

tii1.141.111i1s1111f115NaRAT11110flW1111,1k0.1 
A 11-_, A ir  

11.10t 5811tY1011 nitutavnuaflvprroci14111f115111J-1111-A 3 t11111 1■111-ilil3D-itutaynuaaffili 

igtlf1151137.1fltalliflli4liflelli'M'SOVM,'1119;11 16-20 i'11 

IfilrlilltDV111aMI1V1flOy:1141h1 4.27-4.45% v/v ttaf f115111-1flitillldOtiLliff1141lidS9l1.111,1 

5011i1;  1 1f -31 30-32 'J14 ctrilllalLOY111-10flOrilldill 4.18-4.36% v/v 1.1f,114501111; 2 9h1 20-24 211  

lallilliillt0T111,1D06114`i-A 4.32-4.45% v/v ‘,11114.-iitriiiitutocnywoaillirlaTlflf1151111"flil'',1 2 

i''10 06111i-A 4% v/v ir111111511117nuiufiliiimililmaSalal cd3ailat 

1,0T1TtlUngs11'0115nlill 3% v/v 4,9110011-i11115113°J'fl 2 kt11111t5f1tAf11100 	111501 11 1 9i1,1 20-24 

211 L1113111t111.0T11110flOy:11,19h1 3.23-3.97% v/v llW.,5011`ii 2 i21 22-26 ill 113111t18011111Ddatj 

111i-A 3.87-3.88% v/v Vf11114171111Ird31.11illtD1/11110altiljT1f1f111113.7f111111'061J1fltdDA9J11t1  

vntviilvio1a 

EMOY11151111-1FM11/11quiunfindatialimalt414 clluf111159i011,9J1d0111111146Velif10 

1115flflltliill`5:14ilattlAt115111A011fM1tAffiltlictlecirilli1Jillrlf tijocrlirlrf4T1nd-ynniflun15 

lilit-uovnuoatiow611,11toviiinaiii,4311133.ntinloo 

11A11511it'llt0T111-10"digElliitTD 	 T'1137fIttirli Continuous Column Reactor 

iqt11115111^1f1VISflflc?91-951M11.1f10611lillk111011(feed) fra"fl,T,dlt_10111154111J11.4f1061.11,1V115'alt1 
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01111J1Aff11.11506111P1111V111111111011d1,1Wal 119H11niu r6111111aautjniolurisab11114i'li 

onn514silukkanntil' Avu 

n-151137furtiu6Andi-314 1111-11114o.11iiimovnuaolutwydGinitittlrad 4206119110196tla1t119 

?I'15d110D111151'1111111icIffl&11101iiffl11.0,41.1'11ar16-lculdvf3wihniu'q 

111111110,1111511,1^1f15`.',10d1iM'Al001111514141110114 talifl&Asi 

1,4iiim5mun-m-151viliulf11191'at,  

019111q11151N10116UNITIolSv ciriiii6149 1145nfilln5nyrwol5min 
c, 

Ilidl&11111tit1011115i1111118V91111114A0 V9
d
1 1

A
1 t5N

9  
0111154111114i'uomi5frillitviolvodDni5  

t ìi11,11301,11i419Cd6'  

I1101 	 TI-11.411D161.41,9fflS1f1f1155UnTtPUDI 

illtMlit',011/1101.1Dfl (fici1Lt411111,111fi16f1r61050ktnr4S9IlitlicliTitricl 8 11 	t0111140 1 EAM','V115,i1 

.6'111)1u5vvrillni5m1-114V1111111rnul5D1111,904WIA1411-1f11511371f1fli11111.11. 6S11J1Ggifiltlill 

anunif4aal'110,1015A ìliclfaSii4M141,10 0111144uttunnsa -S 

d A 

Wownsteam processing) 001111N1111:1111/7f111A'sH111111.1fliV15 illOU'lilL9Sfl411t4111 41-5111YglIttifi 

9111 	 bflYilV11111509hUTt11,11 activity 11046W1119S113'1111^1111111011 

114'10 

PMT1f1111516f15laliA0INV011f1-311,11Cit14 Llt117110-15111911211-1101111-10flill ik")111691A1 

3% v/v 1111if151t,'41,11.191 10 911 1^11J -illafiltP.FIVVilf1"11 0.1095 villttijEJAVUM.1105211-11`6161.1 

3.0940 x 10 4 11M.; rhIlt`ii r.1111111111A5211.4i111i41`aililIJ 0.2827% 1,1,M`,ADY1fld011f1-313J9.119101 

1,111-i1 %Recovery 6lii1611 103.75% itVfq1111011A-i1NflT111111-6011ilf1111.19,f140,91.1,1:nulittanly-im 

vi-Aado 

5.3 401V11-10t11-,.,' 

trliDATIfl111,1`itiii4unl5iifvuirriinc.-,tolni51137intayrruaniot,141,91a&ill V1191a-m-nii 

'ii'v9140114f-n534j1ii4go 	9illialtymIniAnwirrnaffaiuonn591".16'1,Srrarno 

11-an191114n-niiiintmnuaalli viu liuditlt,1164 600tM4414 Tiliitilat`fillfl15D41111411,11115 

p100 uonTinilwfl'3511f11116''Rkild05 141.17:11.1 	winitfluinq-91111133.11m11010 GnIQvuDA 

ttanAnyAlGis'qllvisa ?  6ift441,1 

uniindynn414411-illAaf11591111.9MAIVVccttS1VISflaffiic 2,1111A11501111AW1101  

I9SC6I ngdirt91 !AVitilDlif151nielJ311151101/111.40MANJ33.ritilitlAnInrin n151n0Y11110a911,111 

1A111111.1t11q1101I9Si'60116ii1.49161till'ili clit6I tai6dituow„illyquild11115014r115 WA10011115  

V11'1111111.1619167110111146'1111,1114111f115i41, 140V111.115D1ctftacurnaflile46oUttigioanin U001)5 



60 

-',1iAllin15111d101.11101V115=1110011115IqE1191 flINi0141t1lifillilif1111011161115 1611111011115 

111AnA11,1111-113101d110liclati1J6fl11-1MIlf141.1 61j0160f115 111AE1119101V115d,fl100-11115 ,1 

115,Wil.1111101(111.10d1111i00113J11111310ITIiit1116flitINI4V115flt.',a101101f19,IfIrfil;141117111,a 
3/ 

t9f11t~1J 1f111 113antlill011,01(111-10fliflatlallflilln111161k11 

Wlon159-illosA'ilm-ia-micist40u6aruonlallikielavitoynuaa 11161 ifilflt1110111110414 
co A, 	e 

191001.1111 4•1001.-11'31 0.23-4.09 % v/v1filiillidOW1hAtil.111`Thr.111111T150511,91flfl kW-R(111150 

NS91/0T111-1Dfllaill 16.7 % v/v ((Najafpour Ghascm and ct al., 2004: 251-260) 6)171.1V1f1-1531f115 

‘6: S. cerevisiase 1711111111137f101a1115fThitl*Ilii11111311115NSVILOYITI-10d14 

110EM1 11/15 -fffiau1111111/M011,1i141711V110141.4iuilyricii ogitrimlflf115d0Vilwainlyd014 

f1150i2,9191flad41.51,11ic1S16E1116flian11i1.1 triavaini5NsmoviluamtA)-)9,,, trkeru1311-113dA 

'ilalicliti1E13J6a11.-1011C1-3iiiIngirearvuoao- iamicammlafirdolIan6-aLiniiivraInnt, 

tijacrno-m-A141117f1111"11M5V,'°41111111J3mtutownloachlaun-ii 

91114114015)1415-Ini1133J1t11101(111.10imilfm6nn-1714w-nui'aucht011111-1D 5:',01E1 

fTh1r.41410 (hcsd space) f10111113J-191f151,T1 I-1105n1106U01101(111.10fl5n11t100f111111-1 

5,11'11lf11511f15ln'filafl1f1111111111511Wd011141-1111i'01,191011,0111110a1.-15n1nla1 6 VIA 41 

o106 11n0117iotolko1'1111 1iI5n1100011TifIdel5;fl100111151711f26fl51f11i1ll1i111111301.0 

5,1110110,1101111110fl6Airf1Jqfl f115i1f115M1a01111rfillTt;c11015=1"Thlillitaynuoa5nlio 

nffltarill.a finulii1T-Ifi5-ffvfolifla iStoltfli'aluNrrit-mnicrin5-174 



1155i1,111p151J 
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MANI-UN fl 

tnlosula qiJnIn1 

11.1 In''0111mtm1dnItiA 

tflt04 
	

Sid 

1) Gas Chromatograph (GC) 	GC 14-B Shimadzu : Japan 

2) Scanning Electron Microscope (SEM) 

3) UV-Vis Spectrophotometer 	UV-1601 	Shimadzu : Japan 

4) Autoclave 	 SS-325 	Tomy : Japan 

5)Centrifuge 	 Universal 32 Hettich Zentrifugen : Germany 

6) Balance Analytical 	 PG-S 	Mattler Toledo : Switzerland 

7) Heating Water Bath 	 WB22 	Memmert : Germany 

n.2 ff-naulltm;Omfiti 

1) Ethanol (C2H5OH : Absolute) 

2) Sodium Alginate 

3) Potassium Dihydrogen Phosphate (KH2PO4) 

4) D (±) Glucose (C6141206) 

5) Sodium Phosphate (Na3PO4  . 12 H20) 

6) Yeast Extract 

7) Calcium Chloride Dihydrate (CaC1, 2H2O) 

8) Sodium Chloride (NaC1) 

9) Isopropanol [(CHACHOH] 

10) Potassium Metabile Sulfide (KMS) 

11)116/  Saccharomyces cerevisiae 	 '15'`YIVIEJT115'tcliiii '0'  

1111191/01A"0519Ainpglf1511J 
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infIM-dif) 11  

fmloluuamanctiddervi 

11. 1 11151,01111a1191541aUA 

(1) 4`"1156"56A51i211 dalld 

Yeast Extract 0.3 

Malt Extract 0.3 	g 

Peptone 0.5 	g 

Glucose 1.0 	g 

Agar 1.5 

Distill Water 100 ml 

c!,1  
(2) Mfd1tiV(151111111N114141tifill ttArnalluviaaommallmElno5 1 iral 4 11D11,1flaq TIO 

A 	4  
(3) illiia0001Vil5nalth119:11641091-106fnalUltlq 	(Autoclave) 	121°C rilm,--Jai 

.4, 	,1',;,„ 
15 1,1111 T111111111111dOMJ11,00161101.1.11.1t115MITIAIMIN'ADAV115dMEJD11115  50TI.J011,115"0.41t111 

(4) ii-rtiapoolviifirailkiitili719,tuviklu ii 45°C ii14061W1011-11106S1181:11110M140,11AVrral 

LLS'AUTflli11111,19:itj1,1 

11. 2 t115W1103.1019115rlial 

(1) GiNIMWil6V151vi'31.-1 

Glucose 	 12 g 

Yeast Extract 	0.1 g 

1(1-12PO4 	 0.3 g 

Na3PO4 	 0.45 g 

Distill Water 	100 ml 

(2) flt,'fl"ltiV115ii,1111.1flt414-RifiellLY1V115'n-dlrY011115illad,111.4111AlstilflIV: 9lfl11191-filaltir71 

LIA21411212iG1flf1q1J1J111611'461141.1111711 1.1111A19:11402MA2l114160 10
d 	 D 

 121°C 

tlunal 15 11111  

frno--Atoc.-,lifinifunfutthill111 



Aa d 

'IL 3 fil5ic11111119f0f.M1 
9, 	9,  

(1) 
 

tWITAEJILVOIJrf6 ioul4 loop vuou (
o
m )1111flOfl  stockild111 1 loop 6tA11113J1 streak d111-1 

1100011111511.1`1711,01011W11 1f1410 1 IMiltlr_JVIA111115T,T1U1k-WMOAD1111511.1 

(2) 1.1111flatlliVf ainthilittlitiltili qt1111f,14 371 37°C Alma) 24 i-)11.11 tila113(viorm(449.4 

V11111c14 1-1111411ThInITIA'tfiu 

(3) tilokollifAilVI'Alfl stock &fit'  f115111f11567MflA'llidkli'Llifliti3Jflfla<1,' 1-2 11'000 Ylflfl w'l 

t1lD0411FM1ID0q1,111i1"71411,1fli'v191D111 

*11111U1 

(1)1911tlilcia;cht-1151.1AMfdl'ildil' fl -351fer.16'1111 70% ItOflflOgOS 

11171gt-115 1.1.M..,1951,crl -monfit1lttOfflOODh rt1 loop 11ttol61Natlun159.1it9fa undinalii)  loop 

1.nat,A)-34111111Vu'ciiirrvi 

	

9) 

9)  
V 

a 	 d 	 ? 
(2)901

9 Ss91aint1151.1d11111flOOM119f1f15111L1JO66M1N1111fIl1fIDA 115051.111111111951ffTpli15 11 

A A 
11f115filn1014191011V(4111f11151ta111.4111.1611111111.4n11-11 t11011D11T1.41115111-It&cla -intlA'adill cal  

11111r1oq1R5all19a4 (aseptic technique) 

(3) Alvii'UNITh'il15eltri5111 70% liDf1D004 aSflitilf1-3111VN,'Dlfli10111f1fli'litt,-dITAt115 

1.1151T,16110d111 1'iatil1t1Joa169lualniqw111friTillilittiqn151icarm11469c4ti1t 
9)  

(4) ill9fUnlflit11130V15Ma101/11`1STIAT1001VIIJFIn'fliltld91 ttoolp111111151-119.111,15DY1Oilillilii 

121°C t11.4t-M1 15 1-111'1 fi0141,1f1f151 

11. 4 fililf13E111C115=a10111G15211-111M,' Internal standard 

(1) Illit13.1d15,'fllEl11105211.114111J111.4 0.1, 1, 3, 5 1.1..‘; 7 %v/v Al1J61611 ioryilrdotocvmaa 

10, 100, 300, 500 tt i 700 ul V111.1611111vid111.111W -5011311N15'U'lliq 10 iMSS915 11411-1 5 

01/141411114'111i111i31.1105410111t11.1t1)Vfl5W,,'D-101.1105211.410T1-1140i111 W111.1141.411  0.1, 1, 3, 

5 ttfl,' 7 % v/v 9111.161&1 

(2) IdiEllfff15,'flitlIDITIVi51^11110fl (isopropanol) cif11111,M4 internal standard 11l f11111 

11111111.1 10 % v/v IflarlJ9110ic1fi1l51111.4Da 1 1Jina605 lim111-1'11Thifl113111V15GUI11A 10 iiaSSo5 

ttS-)cdi'mliamnaluvi'lnkt 
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11.5 frnwelniallmo599 -num.-,a116'-aatllA6111i/11111fili5tfIllA 

(1) 11151,0101H115Dt:fl103J1V15T,11-1 TitliVIV(15W..,'fl10111051114L01111-10MMt,'V115W,'fl101019S -

IVIVIA11110fl 00101.11AlfYITTUDil 4) 1.110E111Wf 200 pi lift111-161YAqr115"M;fl1U '111110 

.3e 	<4,=A 
5 310c1c105Y11.1NaCi 0.3 g -11111'11-ald1611Wiltri:11.1 ti,M,10101.1V115"de°.;a103J1915211.-HOT111.1DaYlf1-311.1 

111114151111flf1-111.1141'1J414 (31 5 M111)4V11,1) 

(2) fl e151.0itaaf156-30till T11,110d156-J0j110M,'Vfl5M;a1010I9SITIVIA11140fl (6401.11411140 

2 11-1VTT110171;  4) 1110t1ll, 200 Ill lfiMil-dillOV1156'10d1111111q 5 1Jd6S05 Y11J NaC1 0.3 g 

Tffniaorlily-dhltaiv 
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J1]11114111 fl 

If153J1Tflnlillaq1nni554151V14 

20 

a 

0 	 2 

-.. Pcok Report .." 

	

PERO TIME 	AREA 	HEIGHT MX 1DN0 	CNC 	NAME 

	

1 L513 	 544 	137 

	

4.662 	185614 	50735 SV 

 

6 mir 

190158 	50975 

  

flTh1 L1 It151:11.111Lf15111101T151M152111i01,111,IfM 0.1% v/v 

m`. 

\ - - 

a 
	 • 

F.rdi,, Report 
E,ENC I:ME 

I 4.494 
2 1.561 

.;hE2. 	HEIGHT MK W10) 	C04. 	 NAME 

	

5055 	1685 

	

112147 	51645 SV 

	

4H522 	52131 

f1.2 1io151.111110.1151111016̀~151.11051111t01/11140fl 1% v/v 
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20 

3 

2 

'4. rear. Rep,:: ... 

	

PKNO 1:ME 	AREA 	HEIGHT MX T040 	CCNC 	NAME 

	

1 4.444 	 17716 	4138 v 
2 	4.654 	149779 	39811 5V 

161495 	44549 

1111111 A. 3 1f153J1ITHLf15111Y01V1151J1915211,1LO1/111-M1 3% v/v 

atV 

natl. 

40 

23 

0 
	

2 
	

6 
rein 

' Pe:a Report '" 

	

'NO TIME 	AREA 	HEIIMT MK :ENO 	1:1,6C 	NAME 

	

1 4.641 	63325 	14127 V 	7 	 0.0120 ethanol 
2 	4.821 	313/11 	73294 SV R 	: 	 Ltoprapono; 

377102 	89221 
	

012:1,  

114 1f151111111,11151111016i1111101111V0111140i1 5% v/v 
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20 

4 

..• Po.11 Report *4* 

	

I'MNO TIME 	AREA 	HEIGHT MX IWO 	CONC 	NAME 

	

I 4A57 	53613 12253 8 1 	 isopropanol 
2 	1.039 	1E8699 	42363 $Y 

242312 	54624 

1111111 R. 5 if15111ITI6L11511TO1r(1511105211-16011111406i 7% v/v 

aLV 

0 
	

2 
	

6 
min 

Foak Report ... 
PKNO TIME 	AREA 	HEI:R7 MX ICNO 	029C 

	

5.035 	47215 	9483  

2 	5.192 	269153 	53465 SV 

316569 	62948 

NAME. 

rnin n. 6 If153,11111166151.111011,01(111MfliilTlflf11511 	i J7110,111Jfil ligrJ191MAV(5`:,.,' 

(11113111 18 5j1.4) 



f111E9i fl. 7 If151.11THILf151.111011,0T111.-101V1141f111151197fl6t1nf11i11145041 1 I0019S6~1MS9111 

(W1111711 20 ill) 

mV 

40 

0 
	

6 
min 

• •Eva k Repo:I 	. • 
H' 	T THE AREA ME1 Gar MK 	1 ONO 	t7ON 	MA31E 

1 4 . C4:1 22104 5,36 
144S A2 3801 SV 

3 818 24 6 

166120 44432 

fl. 8 1f151.11100,1153J.11011,0T1111003~h
9) 

T1flf11511370 	14 0,1111fIli141501.1ill 2 Ifl01419M
9) 
9111 

(:M11137:111 26 ill) 



7 .1 

C 

0 
min 

' 	Peak Report 
RE1GRT 	MX IDNO CONC NAME 

1 	4,334 24980 6136 	V 2 00126 ethanol 
2 	4,913 151660 37768 SV R 1 asopropaaol 

136640 43904 0.0116 

Aral 	9 If151.11IY1I61151111D1t0T11110"d11149111fl151117fILLIJ1JdOL11011115D1ri; 1 IA014t9faS9111 

(l 	34 

40 

20 

0 	 2 

Peak Report 4*• 

	

PICKI TIME 	APEA 	!MIGHT 141( I030 	CONO 	NAME 

	

1 4.691 	22860 	9663 7% 1 	 isopropanol 
2 	4.972 	124689 	31703 SV 

147353 	37321 

10 If151111V01.1151191DAM1111,10flitlAlflf115111711669illviDI1d0111-1501fil 2 I001 111.W&111 

,161 	 aka/ 



8 Tnne 3 33 51 
Scan speed = 10 WO 	nw 	Sonel A 5E1 	Os. 20 Feb 2000 

Mag= 2.12KX 
EHT 5 k0  Photo No.= 1347 1.8. -0401 6 

74 

illf1M-difl A 

ci111Nf11filifD&IlA1lell 1f1F1ND5 SEM 

1. 1 ra1111141111.0f1TOAllIqtAd11 6111:1149111tcnA'  

111'A 11 12 riliz-annarruDltern6Aii6113.nam7f, 



i. 	1 	11 mm 	S. ,d A SE1 	Dale .20 Jul - 

Mag = .00 K x ENT =15 00 /A,' Ph,. = 1448 Time 05099 
Scan Speed = 11 WD 	 &cp.! A 5E1 	D414.20 Jul 'ON- 
meg s  250 K  x Eel •1500  ks, Photo No. = 1451 Tine 05552 

75 

c9 	a, 

SI1IT1 1. 3 M111,11q1111,10111101P1M05111:01f11511371WHI_WITVI 

4. 4 '1)'.191171411111Df111011,c1M&11111A'1111594371111.1111d01,110,9 



i11firT1-11f) 

oa 
11111111f1011101DIJAM1M 

111511/7111101/11140ifltilifilliflS9111 

i111191 t.2 MDE1141.9Sa641 
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01`1191 0. 3V1156flOt11AVoi1li5 111111512;11113111t1HDT111101 

A 	cv 
Mil q.4 1,f150,IttflVf if15111IY1f151141 (Gas Chromatography) 



7R 

1. Tfl- 	 cullrri-rthlflqi 

2. 11D- 1.111Jdfr (t111116111fili) 	Miss Panatda Janneoy 

3. IV111111109_1051.1511f1T11 36407 00381 146 

4. t91166vivilN 1iii 

0-NiStdM111-139Slifill 1111191/01AEJ51154131,0V1f15111 

4. 111:1-30111-1FlgviD14 

V116U1'ilfltf191 	 uvilliqu-atnitliq- 

cRieV1t1513J fl1/21,1`11K7,1ZILLA 	(055)216389 1195t115. (055) 267054 	089-5684671 

E-mail : kek biotech@ hotmail.com  

5. 1l5t,"5igfil5iffllil 

2545: 	intfl154111115t,'A'1_11134t1119.1111161111M15ctitlickffilliii-Mfliittfl2,43ttlii 

tli1M-1110101V94 3,11111W1160641111111 

TI 2547: 

11111911EflAiltitJ111,11i 

5. V1111-39f1f115441-1111'1111.11trliffil : Biotechnology, Food Chemistry, Biochemistry 

6. S1iaa9€Jilil1t~f5~tt~a 

• Lactic acid fermentation by Pediococcus sp. and Lactobacillus sp. 

• Retention volatile compounds in Nham flavor. 

• Volatile compounds in fermented sausage (NHAM) made from pork and 

other materials. 

• Comparison of volatile compound in fermented sausage (NHAM). 

7. 	616,961talIf115 

• Cloning and characterization of gene that involving of bitter flavor in plant. 
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