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Abstract 

521 and 444 ethanolic fermenting yeasts were isolated at 30 and 40°C, respectively from total 169 

samples of sugarcane juices, sugar producing process sludges from 11 sugar factories and soil samples 

collected in Chulalongkorn University. Two highest ethanol producer were S. cerevisiae G5-7(2) and 

Kluyveromyces marxianus G2-3(l). Their ethanol yield were 0.49 and 0.44 gIg glucose respectively, S. 

cerevisiae TISTR 5596 (0.2 g ethanoVg glucose) within 48 hours. The S. cerevisiae G5-7(2) produced 

maximum ethanol at 40°C, pH 5.0 

59 soil samples collected from Chumrung Peat Swamp forest, Klang district, Rayong province 

were isolated for ethanolic fermenting yeast by enrichment culture method using various carbon sources 

at 30°C. The ethanol fermenting yeasts isolated from media containing 10% (w/v) glucose, 24% (w/v) 

glucose, 10 % (w/v) xylose, 10% (w/v) cellulose; were 43, 85, 73, 31 isolates, respectively. No isolate 

produced higher ethanol than S. cerevisiae TISTR 5596 or Pichia stipitis, the control. 

K. marxianus G2-16(3) which was isolated at 40°C was osmotolerantyeast. Its ethanol yield 

fermented from 38% (w/v) glucose at 40°C was 0.12 g ethanoVg glucose. (S.cerevisiae TISTR 5596 (0.015 g 

ethanoVg glucose». 
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9hm" 1m.:lfln i1i' V~I~U fl~'il~ffmJ lW'Vll'U u" ~.:ll~'U'¥H'.:l.:l l'U~1m"~ I ~ 'illflfll'n'llN" Nill'l'Vll.:lf11':i !f1'fJI'l':i II"~ 
~1'l~l'Y1m':ilJf)1':i!f)'fJI'l':illlVUV1,r1~'U1fll'll" (fermentable sugars; glucose) IItl1'Y1 iTmrll'11"fl~1flm~'UW'Vl1'Uu" 

" 1~fJ'ilil'U'Vl~6 (I91U':il fj~~ II"~/'YI~U lI'lJfl~h~v)• 

. " 1I'ltl~'lJ'\JU.:lf11':i'YIiTflW'VllW)"~1111Hl!l'li.:l'fJ'fJm~'U 2 lh~If1'Vl'YI "fll'lllJ"fl'fJru~'lJU.:l1 m .:l~~Vl~'fJ Ull'll" 

II"~ l~~llJ'fJ{'lJU.:lJll'll" 1'l1'U lIil.:l ilfl 1'U ICJf" " h~ 1I"~I~'fJl,rul'l~l'Y1m':ilJf)1':iNill'lw'Vll'Uu"l~n'fJl,rln~
~ . 

N"m~'Vl'lJ!;.:l"'lJ~U'fJI'l~l'Y1 m':ilJUl'YIl ':i 11 'il'il1l'U flni1i'vII"~~WJ'U lf11':i N~I'lIU'Vll'UU1:1~.:l 1~~.:lIU'U hJ~1I'ltl~'lJ
q q q q 

lh~If1'Vlilfl 1'UICJf1:1~ 11:1~ ilfl 1 'U ICJf1:1~ 11:1m~'U u.:lrllh~fl'fJ'lJ'YI"fl'IJ'fJ.:lICJf1:1 ~.y;'lf1~v~1hJ 1~'U1I'lq~'lJm-l'U!1v'U~~ 
I I I ,.. 

lJ lflYi~~1'U 11:1m!1:1~':i lm~flYi"l~ 111 mr1J':i1lJ'lJU.:l!l1~UYl.:l'Vll.:lf11':i!f)'fJ I'l':i !!1:1~ ~I'l ~1'YI m ':i lJ fl n !f1'fJI'l':i (Agricultural 

and Agro-industrial wastes) 

'" ') ') _I'll"'.I ... '" ') '" 
1:1fl !'UICJf1:1~ !1:1~lJ':i~fltl1J~1VU.:lfllJ':i~flU1J111:1flflU ICJf1:1~ !"~ (cellulose) ':iU.:l1:1.:l111fltl (hemicellulose) 1I1:1~ 

~flU'U (lignin) 1I~'-;hflnVUV~fl 1'UICJf1:1~ 11:1~~1VflH1'il~Yhl,rI~JlI'l11:1fl~ 1fl~I'U1l1111rulllfl !!~n~'Ii'tl!iYv~u 
I ~1~ ':i ll1:1ICJf~ (hydrolysate) ~ I~~N"~ 1:1UV I~ (byproducts) ~.:liJ'lJg.:l f11':i'YI iTmU'Vll'Uu 1:1'IJU.:l ~il'U'Vl~ 61'U ~'Ul'ltl'U 
5~ 1111'U1l1111ru lllfl~1V II 1:1~ iJ.:l n 'fJ 1,rlnflJl IiYV~.:l~fl11lJI~'U m fI ~.:l 111 111 ru 111 fl l'U 'IJ ru~~f)l':it;uvil fl 1 'U 

'" ,.. iI I rI 

ICJf1:11:1 11:1~~1tJW'U ICJf,rICJf1:1m1:1~tr'U 'il~ 1~'ffn1:1 ~mVU11'l11:1fl1:11 fl'ffYi~U'U'Ii'1.:l'lJ1~'Vl~ 1~~1Irumf11':itl~fl~u'U5.:l cu CIJ CIJ q t.I 

I 'j), ,.. 

'YIiTmiJ' 'fJ.:l 'illflmllJl~ 'W m f1'ff.:l1! 1:1~11 wmu lliYV~f1l'lllJlll 1!~1iJ' 'fJ.:l 'illfl"fl'fJru~1m.:l'fffl.:l'IJU.:l ~fl1'UICJf1:11:111:1 ~tJ'U 
'" u '" 

" ICJf1:1~ l1:1~~fltitl~lJ~1V!~iiICJf1:1~ 11:1'ff1l1:1~ ~flU'U yh 1,rICJf1:1~I1:1~V'fJv!CJf1:1~1"~I~Vlfl ~.:ltJ'U~.:l~ll~'U~U.:lY\lf)l':i 

11 ~'lJ~m~~fl1 'UlCJf1:11:1 11:1 ~~1Vmfl'YI~'fJ~H 1~'fJfh1i'~wiiICJf1:11:111:1'ff!!,,~ilm1'W ~uv1f1v':i tl'lJICJf1:11:1 11:1~'fJ'fJflnu'U 
<u cu cu cu 

, " ,
i~f11':i1l~'lJ~m~~fl1'U1CJf1:11:1h'ffYiu VlJ 1~fltl i~fln l~m~I~U'ill.:l I~':i l~ ltin'fJ l,rlnfl1lwmu lliYvYi~mllJ!~'U 

'" U 

m~~.:l 1!1:1~~NilI'lN1:1~1:1'fJVI~~.:liiq'VliiJ'lJg.:lfll':imrf)W'Vl1'U'fJ1:1~1lllf) 
I~U.:l'illflWiiICJf" 1:111:1~1:1~mvl 'W mfll~~ i~f)l':ill~1J'ffm~~f) 1 'UICJf1:11:1 11:1'ff~1Vm~I~U'ill.:l ~.:lY\11,r

'" '" 
I~ 1~':i I "ICJf~'illf)~'WI'lU'U ~iiJll'll1:1ICJf 11:1~~ \l f)V'fJV'ffmVlll 'illf) ICJfIl1:1'U (xylan) ~.:ll~'Wu.:lrllh ~f)U'lJ'YI"f)'IJ'fJ.:l 
l~ii1:1ICJf1:1~ 11:1~1l1111rulJlf) 

" ~~'U'Vl~ 6'Y11:11V'lfUfI'ffllll':i tl'YIiTflUll'll1:1ICJf 11:1~I,rI~'Uw'Vll'UU1:1I~ Rhizopus oryzae (Takerzadeh el. at., 

2003), Mucor indicus (Karimi el. at., 2006), Rhizomucor (Millati el. at., 2005), Pichia Slipitis, Pachysoten 
... ... dl " 

tannophilus, Ktuyveromyces marxianus, Candida shehalae, Candida lropicalis (Sanxhez el. at., 2002) f1.:l'U'U'il.:l 
iJ iI 'j) I , 

m':iU lUll'll" ICJf 11:1 ~'illf)~'WI'lU'U f11':i 1l~1J'fff11~1'YI riliilJl'YI iTm~'UW'Vl1'Utl1:1~1V I~tl!YllJll ':i~iY'Vl ~H1:1f11':i H~I'lW'Vll 

'U'fJ1:1'illf)~f) l'UICJf1:1~ 11:1~ 
9r cI ",,d '" 0 ... -: ') ~I .d 'I 'lI 

Saccharomyces cerevisiae IIJ'WV 'ffl'l 'Vl 'U VlJ'U 1lll'YIlJfl'U 11'111:1 f)~ !flmlJ'U W'Vll 'U U1:1111f)'Vl"l~ I~ ':i l~ !'YI N1:1 

" .
N~I'l!'fJ'Vl1'Wtl1:1 (ethanol yield) 'illf)Ull'111:1f)~ lfl'ff~.:lf)11~~'U'Vl~6'lfU~B'WII1:1~'Vl'W~UN~\9IN1:1~1:1'fJVI~ (byproduct) 

'illflflnll~'lJ~m~~f) 1'U1CJf1:1~ 11:1'ff1~~1!~ S. cerevisiae ii'li'tl!iYv~UI~'Vl'WmllJfu'U 1~'Vl'UW'Vll'UU1:1I11:1~mllJ 
iJ'jJ 0 Q./'j} " " 

I'lJlJ'IJ'U'lJU.:l'Ull'll1:1I'l.:lI'l'U ij.:l 



-: lIJ 1 I ~ .c:stl ~ ~ I d3l.ct ~ ~I 91 lIJl 
'UWl1Cl ~C)f ~ClIl''i!-:Jf111~Cl'U'YI 'HJ'lfmH)'U !!~ Pichia stipitis lJ'Uotll'mu) ~lJ'YI'Ufi,,)llJ'H)'U ~lJ'YI'UW'YI1m)Cl!!Cl~m1lJ 

'j/ 'j/ 0 cv ~ Q.I QI'iI cS Q.Ji31 
!'UlJ'U'U'UEl-:J'UWllClIVI-:JIVI'U'i!-:J !lJot'YltI'Utl'U Saccharomyces cerevisiae (Lebeau et. ai., 1995) 'UEltl1l1tl'U'UV-:J 'lHEl'Yl1 
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'UElCl'YlrlClIVl'U'U!'Vltltll'Hll'jty(Skoog et. ai., 1992) 
.. .J .. .. 

~-:J lJ'U t11 'j fl~ f1'j El-:J 'YI1V Il'I'lC)f -:J 1l'1lJ1Hl'l,nJtl W 'Yl1'U ElCl1l1tlthlVl1Cl tl \)1 flll'!! Cl ~ 111 mh\9l1 ClIC)f 1Clll' 1~ vi l1' 
~ I ~ cs I cv 0 Q.I cSQ.I 

rlClrlClIVIW'Yll'UElCl'i!-:Jf111'Y1'jot'YlV'U!'Yl1tl'U Saccharomyces cevevisiae !!Cl~ Pichia stipitis ~llJCl1~'U !!Cl~lJCltlfjtl.!~ 

Il'lJll'~mlJ1~ll'lJ~lI~'d11tJHi'U !:jf-:J'Vmu'lfVlJ1tltl11 !'If'U llill'llJn t:l i <tl'W'Yl1'UElCl!~ tJ!~Elt11 'j! 11 ~ ty 'YltJ ~EltJ~lJ1tl.!W 
.. .. 

'Yl1'UElCl'i!-:J 'Yl'Um1lJ~EltJ 'Yl'U ~Elll'l'jtJtJ!lIv'U'lfi1 \VI~1-:J"l i tJ Ig1m1Cl!C)f1l'1l1tl'li'U~El'U t11 'jtJ r'Ull'nl'w~tl It.HC)fCl\)1 Clll' 

I '" 11] 31 .. 
!!Cl~'YltJ~Vrl{lrlCl\9lrl{lVV ~~1l1tlt11'j'YIlJt1IEl'Yl1'UElCl'UV-:J glucose fermenting organisms 

.,j ~I _ I '1 .. I 

V'U ll~!'UtJ'U'j~ ~V'lf'UIVIEl 
.. 

~lVIm'YIf1'j'j lJt11'j rl~\9IW'Yl1'UtlCl!9fot'W~-:J'UV-:JtJ'j~!'Yl f1 

, .. 
fl~ mtl-:Jmvll'l'l,yHjtJ'j ~i1'Ylnm'Wll'-:Ji 'U t11'j mJ'tlm'Yll'UVCl1l1tl'd l\911{ltlClI fill' !!Cl~n~tlfjtl.!~ Il'lJll'~mlJ1~ll'lJ 

~ ~ 



1. 

'" o'.J '" '" 1 ">'" tIWf)mn'lCJl"HYllJl'Hl'l1lJf1ItJ'Vll't.rmHllf) glucose, cellobiose 'I1'jtJ xylose !~HJ11i selective culture 'U 

m'\1l'jli(J\H4tJ~~ glucose, cellulose 'I1~tJ xylose 1~'U!!'\1ri\lm{utJ'U I~Ufj~~~l(J~'Uiuj~'Vli~!!(Jf)1~1~w1~ 

Iyophylization ~\ll!MI\It'Um'YI~ 1 

Enrichment medium 

Glucose/cellulose/xylose 2% 

Sample (~l g) 

! 
Polypeptone 0,3% 

Yeast extract 0.3% 

Et-OH 3% 
Enrichment medium ~ 

Chloramphenicol 0.01% 

pH 5.6 

Isolation medium Incubate at 30/40°C for 7 days (02 limit condition) 
Glucose/cellulose/xylose 10% ! 

Polypeptone 0,3% 

¢=::J Streak on Isolation medium
Yeast extract 0,3% 


Chloramphenicol 0,0 I % 
 ! 

pH 5.6 Incubate at 30/40°C for 7 days (02 limit condition) 

! 

Restreak (purify) 

! 

Single colony 

! 

YM medium slant Colony morphological record 

! 
Glucose 1% 

Polypeptone 0.5% 

Streak on YM medium slant c:=::> Yeast extract 0,3% 

Malt extract 0,3%
(for lyophylization) 

Agar 2% 

pH 5.6 

.,; 
.f)Wf't1 1 Isolation for glucose/xylose fermenting yeast yeast 



Single colony (grown on isolation medium) 

! Fermentation medium 

Glucose/xylose 7.Sg(IS%)Inoculate into Fermentation 

10% (v/v) inoculum 

medium 
Polypeptone 0.38 g

30/40°C , 24 h, shaking I> Yeast extract 0.23 g! DW 42.5 ml 

Fermentation medium pH 5.6 

Total SO ml 

Incubate at 30/40°C for 48 hrs (02 limit or aerobic condition) 

Centrifugation 

! 
Supernatant 


Ethanol analysis (OC) 


ct 

5ll'YfYl 2 



.c:::s tI.c9 IlJ 'jJ 'jJ -: <) Qd 

HVf)V'ffIPl9f'HY1111'Jfll11JfHtJ'Vl1'WtJrl'il1f) glucose fll11Jt'lJ1J'lJ'W'W1l'llrl~'1 ~\PIVl1i enrichment culture 

" ",
''WtJ1111'Jt~V-:jt~tJnn glucose 24% (w/v) 

Sample (~lg) 

Isolation medium 

Glucose 

Enrichment medium 

0
(Incubated at 30/40 C for 7 days, 0 , limit condition) 

24 % 

Enrichment medium 

Glucose 24 % 

Polypeptone 0.3% 

Yeast extract 0,3% 

Et-OH 3% 

Chloramphenicol 0.01% 

pH 5.6 

Polypeptone 0.3% 
Streak on Isolation medium 

Yeast extract 0.3% 
o

Chloramphenicol 0,01% (Incubated at 30/40 C for 7 days, 0 , limit condition) 

pH 5.6 

Restreak (purify) 

! 

Fermentation medium 

Glucose/xylose 12 g (24%) 

Polypeptone 0.38 g 

Yeast extract 0.23 g 

OW 42,5 ml 

pH 5.6 

.d 
ilWfY13 

Single colony 

Screening for high growth in YPD medium q 
(glucose 24% (w/v» 

! 
¢=:J! Ethanol fermentation in fermentation medium 

24 % glucose 

Ethanol analysis (OC) 

QQ del 0 'j)91 " 
11i f)1 'J IWf)V'ff1'l 'ff11J1 ':ifl 'Vl'W 'W 11'l1 rlm11Jt'lJ1J'lJ 'W ~ 'I 

YPD medium 

Glucose 24 % 

Polypeptone 2 % 

Yeast extract 1% 

pH 5~ 
~--------------~ 
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lhti'ftl'll1rl~UtJf1"'lf1Yll'fJ~l-:J'iJlf1'iJWl "I U?l~'iJlf1h -:JHt.n.1Wl1?l 8 lni-:J l1ii~?lm"j<\'nJf1!!fJ'Yl1'Wtl?l '~'ft,ml1. ~ 

, >I 

S.cerevisiae lJ1Yhm"jrl~m fJ-:JV'ftI'l'Yl'WU "j -:Jf1'W fJfJ'ft !1J~l1'ftll.m tI'I1JJf1!fJ'Vll'W tl?l'iJlmlwl1'flf1?l!fl'ftf1111Jl<tr1J<tr'W 'ft-:J 
~ ~ 

Single colony 

Pre-screening : Growth in YPD medium 
(glucose 24% (w/v), 24h, 200 rpm) 

YPD medium ! 

Glucose 24,30,32,34,36,38,40 % 

Ethanol fermentation in fermentation medium 
Polypeptone 2% 

(24% glucose) Yeast extract 1 % 


pH 5.0 


Ethanol analysis (GC) 

! 

High ethanol producing yeast 

! Fermentation medium 

Glucose 12 g (24%) Screening: Growth in YPD medium 
Polypeptone 0.38 g 

! Yeast extract 0.23 g 

(glucose 30,32,34,36,38,40 % (w/v)) 

DW 42.5 ml 

pH 5.6High osmotolerant 

Ethanol fermentation in fermentation medium 

(24,30,32, 34,36,38,40% w/v, glucose) 

Ethanol analysis (GC) 



· 
5. fll1't'ilfff)11~lin1lJl~fflJ'Ufl-:)fll1'tnrnm'YInHH11Vltl S. cerevisiae (G 5-7 (2» 

S. cerevisiae (G 5-7 (2» 

(WJf)1~~ 40°C) 

Isolation medium 

Glucose 10% 

Polypeptone 0.3% Grow on isolation medium 
Yeast extract 0.3% 

Agar 2% 

1 
Incubate 40°C (48 h) 

Single colony 


(YPD broth 40°C (24 h) 


1% (v/v) YPD broth, 40°C, 8 h 

(Mid log phase) 

1 

10% Fennentation medium 

(vary pH) 

Vary temperature 
24 h 

Fermentation medium 

Glucose 15% 

Polypeptone 2% 

Yeast extract 1% 

1 

Ethanol analysis by GC 

l'll~ 5 f)1J'Y'Il'fffl1d~~m')Jl~'i1')J'U"o-:jfl1J'Y'Il1f)It),Yl1'l...!tHl hHJ S. cerevisiae (G 5-7 (2)) 



. 

... q ... 0

6. f)l';j'YI~Hn)1Jfl11lJ~nIl'HlI~'Hy'tJ'e'l Kluyveromyces marxianus 'YI~Wl1.fJlJ 48 91 

Kluyveromyces marxianus 

1 Isolation medium 

Glucose 10% 
Grow on isolation medium 

Bacto peptone 0.3% 

1 Yeast extract 0.3% 

Agar 2.0 

pH 5.6 

1 
Observed for growth 

. . 
.... Iet ~ ~ a. 0 

~1J'YI6 f)1'j'Y1~bH)iJml1HnlJl'HlI"'jt1l'\JeJ.:j Kluyveromyces marxianus 'Y1~W'\1iJlJ 48 91 



.c::::...ct 0 ~ ct ff
7. l1)fl1'HnU'h!f)'U'h!~'lJ~,:jtl~~ (Molecular characterization) 

,~~ ~ru 11 JJ lJ 30°C]f II {l ~ 40 0C]f ~~~ 'I.J 'J ~ ff'Yl ~ fIl'V'l ~~, 'W fll 'J 1111fln:J'Vl1'W eHnl1 fl glucose I'I.J~ rJ'lJ IVi rJ1Jil'lJ 

S. cerevisiae TISTR 5596 (control) mrJvr'W£~-:JJ:-lil~ra'Yl1'WeHI~-:J 11if11'J~111'Wfl~~1l~~-:J'l'Win,;~~ 7. ~ 

One loop of yeast cells 

! 
1 00 ~llysis buffer 

in 1.S ml Eppendorf tube 

! 
Boil (10 min) 

! 
Add 1 00 ~l of 2.S M potassium acetate pH 7. S 

! 
On ice (1 h) 

! 
Centrifuge at 4°C, 14,000 rpm (S min) 

! 
Supernatant 

! 
Phenol extraction (2 times) 

! 
DNA solution 

! 
Ethanol precipitation 

! 
Dried at SO°C 

! 
Dissolve in 30 ~l sterile milli Q water 

.d 4d QI a'-=s II .. 
ilWfYl7 d1if11'JbYfl~1 DNA 'illf1lC]fInWbY~ (Mamtts et ai, 1982) 



DNA ~'fft1~ '~lJl.yh PCR i~ ABI Prism TM Big Dye TM Tenninator Cycle Sequence Ready Reaction 

Kit (Applied Biosystems, Stafford, USA) A~~lAml:::li'~11iUAU'ff'IJ~,:jDlID2 'IJ~,:j 26S rRNA gene rl1lJl~'IJ~,:j 

Kurtzman U~::: Robnett, 1998 

~l1iUAU'ff'IJ~,:j primer ~'l~fi~ 

NL-1 (S'-GCA TAT CAA TAA GCC GAG, GAA AAG-3') 

NL-4 ( 5' -GGT CCG TGT TIC AAG ACG G-3') 

'\.hU'~lqJ~~l1iUAU'ff~I~lJl'l'll BLASTn Homology Search (http://www.ncbi.nlm.nih.govlblast) U~::: 

AmVUA'Yivu'Il'~lqJ~~wi'Unj'(1't1'U related species l~v CLUSTALX version 8 

http://www.ncbi.nlm.nih.govlblast


1. 

" 1.2 h-:J-:Jl'UUWl1~ II h-:J-:Jl'U 

I V 'j/ I 

'l1iJ~'UtJ-:J~TtHh-:J ~l'UJ'UEj'ft~YiWJf1'~ i~tl11i enrichment culture l'UtJ1'\1l'H~tI-:J!9itJYi~ glucose, cellulose 

"l ?I'" 1 ,,d 0 0 '1
mtJ xylose IlJ'Ul!'\1~-:Jfll'l1JtJ'U !~tlf11'l1Jl.l'Yl 30 C IW::::40 C ll'ft~-:J !'U~1'l1-:J 

... . . 
v , '" 
VI1eJ[JNYI 

o ~.c::t ltI v.o::t 
~1'\.!1'\.!I'tIeJYlll[Jf) IVlYl 30°C 

'J11J 

Glucose Cellulose Glucose Cellulose 

2 

3 

4 6 4 12 

5 5 3 9 

6 

7 

8 

9 
I' ~ ':JJ &!l 

'l1l.lr;j!'Ul (1J'lnru'\1'Wl~f1 5 8 

10 Molass (1l1f1iH-:Jl'W) 3 

11 Molass (im-:Jf11'l EM) 2 

'VllJ 18 7 3 6 34 

'.i1}J Glucose 21 '.i1}J Cellulose 13 



~ ~ 

2.2.1 h,:j,:jnnh(ilUl'HlI'U~ l1':)'I11Jfl 281'i'1flVl.:)• 

v , d 

mtHJH'Yl 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

'" v , 
'lIl!~mtl[Jvl 

3J.d~ ~.Q 
fll f1tltl tlYl '11 " .:J 'il 1flI'Il 1" f)'I1 U 

" 

: '" 
'UlU 'H1Ul filter cake 

.. ? 

lhYi.:J'illm:::UU 

-: " 'WlrHltI 

-: " UlfJfJ{J'l1~II'.i11 

-: 
Ul'illl1 filter cake 

-: ~ ,~, d 
'WlY1.:)'illI1UfJulJ UtlYl 1 

: QI.d V d 
flll1 + 'Wl 'I1".:)'I1UfJfJtlYl high 

"fll 11 fJ fJ tI 

"'" '" t11 11 fJ fJ tI U'.i nUl" 1111 U 
" 

"fll I1fJfJ tI 

filter cake 

91 ::: l1fJU filter cake 

:, " .1t1111'ill l1'\JU91fJU t11'.i ftl.:JulJ'Il 11 
" 

,,~ d 

Iftll fll I1tlfJ tll1 M 'ill 1101111 U 
" 

. " ~ 'Wlft1.:JO.:J molass 

-: ~ .cI 

U1U'.i nUl "11l1U 
" 

Glucose Cellulose 

3 2 

2 

2 

2 

2 

2 3 

3 3 

2 2 

2 

2 2 

2 

2 2 

2 

2 2 

2 

37 37 

Glucose Cellulose 

3 2 10 

2 5 

2 6 

2 5 

4 

4 

3 5 

3 

3 

3 2 8 

3 5 

3 

3 9 

3 3 8 

3 2 11 

6 

2 5 

2 3 

2 3 9 

4 

2 6 

4 

2 7 

4 

3 

37 34 145 



... " 
2.2.2 h'Hl'l!'lhVll~''t1m~'J.JlJ'l!~\fIill'Hfl'j'J'J.J 'tl-:J11:IJfI 16 vl'JflVl-:J 

... . 

"j.., , 

\111 tl £Jl-:J 'VI '" ... , 
'lfll~mtl£Jl-3 

o .r!t q ~ 3!q
m1l111I'lftl'VIlI£Jfl ~'VI 30°C ~l'l!Tu!~tl~lI£Jfl'~~ 40°C 

11lJ 

Glucose Cellulose Glucose Cellulose 

1 
; 31 

'UltltltJ 3 - 2 - 5 

2 
: 'jJ q • a.J 

'UltltltJiJ'H'JtuiJtl'Wtl 2 2 1 5 4 12 

3 
-: 'jJ oCI 1 Q.I 

'UltltltJiJ 'H1tuiJtl'Wtl GJifl 5 
q 

2 1 4 1 8 

4 
-: 'j) Q .r;:j 

'UltltltJiJ 'H1tuntl11iJ GJifl 1 
<u q 

4 1 2 2 9 

5 
-: tjI Q I cv 

'WltltltJiJ 'H'JtuiJfl'Wtl GJifl 4 
q 

2 1 1 2 6 

6 
: <d . 

'Wll'fftJiJtlmtl 1 1 1 2 5 

7 
-: 'J} t::S 

'UltltltJ 'Yl 70°C 1 2 1 1 5 

8 Jl1fln'U~:IJ1~ltl1im~tli'ff 4 2 - 2 8 

9 
; 31 

'UltltltJGJifl!!':itl 
q 

1 2 2 2 7 

10 
: 31 . 

'UlO1-:JiJfl 1 1 3 3 8 

11 C-massecuite 1 - - - 1 

12 
31 

III tl tl tl tJ 2 3 3 4 12 

13 
I .d 

'ff1'U\9l~tltl'U'Yl 70°C 2 2 - 2 6 

14 
I Q,J .:1 ~ 

molass 'illtliJtl'Wtl (~rlL\9ltl\9l) - - - 1 1 

15 molass 1 1 1 - 3 

16 filter cake 3 3 3 3 12 

11lJ 30 21 28 29 108 

'i1'J.J Glucose 58 'J1'J.J Cellulose 50 



.. " 
2.2.3 h~~lt!''YIt1~I'Iil'mfl'j'ilJllwl1~ 11-:J'\11J~ 17 ~'H)Vl-:J• 

'i1t1 

Glucose Cellulose Glucose Cellulose 

2 2 2 7 

2 
-:.a. .c::i 

'U1U'H1UHlf1'\1U'lf~ 1'" . 5 2 3 2 12 

3 2 3 7 

4 first juice 2 3 4 10 

5 2 4 8 

6 5 2 2 10 

7 
: ~ 

'UleHW 4 5 

8 C-massecuite 2 4 

9 4 2 2 2 10 

10 filter cake 2 3 2 5 12 

11 2 2 5 

12 3 4 9 

13 
-: ~ I Q.I 

'Ul'Yl-:J ~lf1U'fJ'Ylf1 6 5 3 15 

14 2 

2 

4 

4 

2 

3 

2 

3 

3 

12 

5 

10 

15 

16 

17 3 3 3 4 13 

'i1t1 47 30 34 43 154 

'illJ Glucose 81 'ill! Cellulose 73 



.. ., 
2.2.4 h'N1U'l.h(J)Hm~U'n~ 'Vi-:J'l11Jfl 7 1Pi1tJV1-:J• 

. 
v , ... 
fI1tl£JN'n 

Glucose Cellulose Glucose Cellulose 

-: ~ . 
'Wl'Yl-:J tJtJ I 2 2 2 7 

2 
-: ~ ~ -=t 

'Wl'Yl-:JtJ'H1tlHlf)'I1 tJ.. 2 5 

3 3 6 

4 
')l 

f11 f) tJ tJ tI 2 2 2 7 

5 filter cake 2 3 7 

6 
-: '" 

'WltJ'H1lU filter cake 2 2 2 7 

7 filter cake 2 2 2 2 8 

'i111 11 13 10 13 47 

'i11J Glucose 21 'i1U Cellulose 26 

.. " 
2.2.5 h 'Nm'llwIHHlfl"tTl'YIfl'i'iU1ft'il'lf 'Vi-:J'I11Jfl 9 1Pi1tJV1-:J• 

'i111 

Cellulose Glucose CelluloseGlucose 

-; ')l 

2 5'WltJtJtI'lIfi I • 

3 

3 

2 

3 

: I :.c:S l.::i 
44 'WltJtJ'WlHW tJtJ'Yl 1 

525 

: ,: ~ ')l 

6 

7 

22'Wl1l1f)'YltJ'Wl'Yl-:J ('JtJ'W)6 

42 

3 

9 

8 

7 

'i111 

2 3 

1213105 40 

2218 11U Cellulose11U Glucose 



" " 
2.2.6 h.:j'll'U'lhVlltlfl'j'U~ r1..:j'\1:lJ~ 13 vl';WV1..:j• 

Glucose Cellulose Glucose Cellulose 

2 5 

2 
: 11 I 

'IHD 0 I'J 'ill f) 1Hl 3 6 

3 
-: ~ '" 'U l'V]..:j'j)1 f) [l f)'\1 'lJ 

'U 
2 5 

4 
-: ~ 
'IHtN'illm~'lJ'lJ 3 3 8 

5 
-: 'j) '" 

'WlOO l'J'ill f) [l f)'\1 'lJ 
'U 

2 5 

6 
-: 'j) 1 'j) 'j)

'U100I'J ( 'U'\1:lJO\9l:lJ) 2 5 

7 
: ~ Q .::! 

'Ul'YNmTJtlWf)'\1'lJ'lf~ 4 
'U q 

2 2 2 7 

8 3 2 7 

9 3 

10 
: 6 j} d 

'U l'tN 'illf)'\1:lJ'D!~l'Jl 2 2 6 

11 filter cake 3 6 

12 Bagassilo 2 2 2 7 

13 3 3 8 

22 17 24 15 78 

'J1lJ Glucose 46 'J1lJ Cellulose 32 

" " 
2.2.7 h'l'll'U'l.!Wl1tl~hn'W r1..:j'\1:lJ~ 6 I'll 0 Vl..:j 

v , '" 
VI1tlI'JH'Yl 

CelluloseGlucoseCelluloseGlucose 

4 

-: 'j) 

622'U100I'J2 

-: ~ , 
52'Ul!L1'I'J'UO 13 

524 

45 
'j) 

5f11 f)O 0 I'J 26 

767 299 

1.11'" 



.. " 
2.2.8 h:J-:Jl'l.nhvml'lJ~rlJri 11\l'l111~ 9 ~1tJ~1\l 

q 

. 
 ... 


.. 

v I .,j 
mutlN'YI '" v , 

'lfu~mutll.:l 

" , 
o ~.a:t. ~ V~
'illU1UI'IHlYllltifl ~'YI 30°C 

, 
o ~ ~ ~ ve::t
'ill'W1"H'lHl'YIlltifl ~'YI 40°C 

'jTI.J 

Glucose Cellulose Glucose Cellulose 

1 
:~ , : 

'U TYl\l111f)'j tl\l'U1 1 2 1 2 6 

2 
-: 'j/ 

'Ul + f)1fltltltl (filter cake) 1 2 1 1 5 

3 
: .6 I 

'Ul'l'Nll1fl'Yltl 1 2 2 1 6 

4 
:~ Q 31 1

'Ul'Yl\l (mmU'I1'l..ri '.i\l\l1l.J) 4 2 1 2 9 

5 
-: 'j/ 

'Ulmw 1 1 1 1 4 

6 
'j/ 

f)1 fl tJ tJ tI 1 1 1 1 4 

7 'j/ "" '"f)1fltltltl (m!1\,)Jftfl'l1tJ) .. 3 1 1 1 6 

8 
: I : ~ 

'Ulll1fltJtl'Ulm 4 1 2 1 2 6 

9 f)1 fl ~~ltI (tJ~n \,)J,j m'lfl i TI') 1 3 1 1 6 

'j1lJ 14 J6 10 12 52 

'J1lJ Glucose 24 'J1lJ Cellulose 28 

.. " 
2.2.9 h.:l-:Jl'Ullwll't'I'Jl'llilm 11\l'l111~ 1 0 ~1tJ~1\l 

.. 
, 

v , 
'" mutll'l'YI '" v , 

'IIU~mutJN 

, , 
o ~ 4:::t: ~ v.ct
'illU1UI'lfu'YIlltifl ~'YI 30°C 

, , 
o ~ t::t ~ v.ct

{JlU1"U'lItl'YIlltifl ~'YI 40°C 
'j1lJ 

Glucose Cellulose Glucose Cellulose 

1 
-: ~ '" 

'Ulmll1flftfl'l1tJ 'lI~ 1 
'U • 1 1 1 1 4 

2 
-: 'j/ 

l.J ltJtJtI'lI~ 1• 1 2 1 1 5 

3 
:~ 
l.Jl'Yl\l111m~tJtJ 1 1 1 1 4 

4 
: 'j/ 

'UltJtJtI 1 2 1 1 5 

5 
-: ~ '" 
'Ulmll1fl~fl'l1tJ 'l!~ 1 H:J 2 2 1 1 1 5 

6 
'j/ 

f)1 fl tJ tJ tI 1 1 1 3 6 

7 
'j/ 'j/ 

f)1 fltJtJ tlll1 fl'l111 tJ f)'j tJ\l 2 2 1 2 7 

8 'j/ '" f)1fltJtJtlll1flftfl'l1tJ 'lI~ 1 
'U • 

2 2 1 2 7 

9 
'j/ 'j/ ... i

f)1fltJtJtlll1fl'l111tJ'V'lfl TI' 1 1 1 2 5 

10 
Q ClJ: 3J 

'Yl'jltlm!1\,)J()\ll.JltJtJtI 'l!~ 1 1 1 3 1 6 

'j1lJ 13 14 12 15 54 

'J1lJ Glucose 25 'J1lJ Cellulose 29 



.. .. 

2.2.10 h'Hl'U"h~ul'n!'5'U 11-:J'I11111 21 ~lmh-:J 

v , ... 
1>11 V[J l-3'YI 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

.: v 'I ' 
'tI1'flfl !'1111 

~ v v 
'UltlUtJlIl'U'tHHl (refine) 

-: ~ Q.I 

'Ul'illml-:J'lJ'JnUl()-:J remelt 

V d 

fl1 fl tltlV «(j fI '11 'lJ 'li11 1).. . 

: C\ Q.I 

'Ul'illml-:J'lJ'JI1Ul()-:J remelt 

: ~ 
'U11'litllJ (remelt sugar tank) 

'ill..! 

'i1lJ Glucose 

.. , , 
G ~ q lIJ Vq 

m'Ul'UI'IIVYlU[Jf) II'IYI 30°C 

Glucose Cellulose 

2 2 

3 2 

2 2 

2 2 

3 

4 

2 4 

2 

2 

2 

2 2 

3 

4 2 

3 

38 27 

66 

Glucose Cellulose 

2 

6 

3 9 

3 2 9 

4 

2 

3 2 9 

5 

3 2 11 

2 6 

3 

5 

2 5 

6 

3 2 9 

4 2 12 

3 2 9 

28 21 114 

'l1lJ Cellulose 48 



~ ~ 

2.2.11 h~~lUlhvmH;T'a~'lJ~ l1.:J'l1lJ~ 22 ~':ltlcil.:J 

.... , '" fI1mnrn 

Glucose Cellulose Glucose Cellulose 

-: ~ I -: 

'Wl'VI.:J'illfl'H).:J'Wl 3 
 5 


2 
 2 
 2 
 6 


3 
 first molass 2 
 6
3 


4 
 2 
 3 


2 
 2 
 9 


6 


5 
 4 


final molass 2 
 6 


7 


3 


4
final molass 

-: '1 
2 
 9 


9 


8 
 'W11'W ~'W':i:::'IJ'IJ 3 
 3 


2 
 2 
 6 


2 
 10
2
10 
 3 
 3 


: 6 :I 


2 
 2 
 5
'Wl'VI.:J'illflH).:J'Wl11 


: 'J1 
2 
 4
12 
 'Wlmw 

I : 'J1 i1 
2
'Vltl':i::: 'IJl tI'W 1 'ill fl 'l1lJ eJlJ'W13 


-: 'J1 
2 
 8
2 
 2
2
14 
 'WleJeJtI 

, : wi! 
4
2
'VI m::: 'IJl tI'W 1 'ill fl'l1lJ eJlJ'W15 


6
2
final molass (real) 3
16 


-: 'J1 '" 6
3
17 
 'W 1eJeJ tI 'ill fl~ fl 'l1 'IJ 

-: "" I -: 'J1 
'Wl'1J':inU!'leJ.:J'Wl (':ieJ'W)18 


-: 'J1 '" 2 
 5
'WleJeJtI'illfl~fl'l1'IJ 2
19 

'II 

12 


21 


2 
 3
2
5
20 


7
2
3 


-: '1 I -: 'J1 7 


23 


3
2
'Wl ~'W':ieJ.:J'Wl':ieJ'W22 


4 


134
33
36 27
38 


69
6S 'l1lJ CelluloseYJiJ Glucose 



'j/ 

2.3 ~';WclN~hA'un'i~'t1'U)"1l11" fl. UfHH 'il. '.i~£J6" l1~'1nJfl 59 ~1t!cil~ 

1 b tit! 11. 4 

2 

3 

4 

titJ 11. 5 

titJ 11. 6 

'1 -: 
!'W'I1'WtJ~'Wl 

~1JtitJ 11.1 

titJ 11. 3 

titJ 11. 2 

titJ 11.7 

titJ 11.8 

, "" 
'UtJli':i':i1J'JfWl 

I -: ~ 
'UtJ'W 1'!i ':i ':i1J'JfWl 

I : 4 

'UtJ'W lli ':i ':i 1J'JfWl 

titJ 11.9 

"" ,
fl'W'UtJ'U'UtJ 

titJ 11.1 0 

tit) 11.12 

Glucose Cellulose Xylose 

2 2 

2 2 

3 

2 

2 3 

2 

2 

2 

2 

2 

2 

2 

2 2 

3 

2 

2 

'HI.! 

24% Glucose 

6 

5 

2 6 

4 6 

5 

4 

2 5 

2 5 

3 

6 

2 5 

2 3 

2 3 

3 

3 7 

3 7 

5 

4 

2 5 

4 

2 6 

6 

4 

3 5 

4 

4 

3 3 

4 



~. 
. 'rUJ 43 ihiHl-Il~t)~II[Jfl'a'~ 300 q 85 232

'" ~",~"",p:, • "'".M U 'v~ • n 

Glucose Cellulose Xylose 24% Glucose 

4 1~, fj '" I91'VOJ! 'll-J - 1 1 2 4, 

1I'i'm)'~ 1 4 1 2 8 

1~~ , ~ 191191'U :IJ - 2 - 1 3 

1 ~~ '" '" 191191'U'U'W'Yl'W - 2 - 2 4 

1~~ fj'"191191'U! 'l'W 2 2 - 2 6 

1~~ , ~ 191191'U :IJ - - - 2 2 

"" '" '" fl 'W'l :IJ 'Yllml'U - 2 - 2 4 

, 
5 1m 11.13 1 1 1 2 5 

U'eJ 11.14 - 3 - 1 4 

U'eJ 11.15 1 1 1 1 4 

" '"n.;J - 1 1 1 3 
, 

'" 'IJ'eJ'Ii'l'l:IJ911191 - 2 - - 2 

~ , 
f)'W'IJ'eJ - 1 - 2 3 

,;
n.;J 1 - - 1 2 

"" ~ fl'U !!~~ !fYlJ 11 ty 1 - 1 - 1 2 

<V 

'il~1!!1~~f) 1 1 - 2 4, 
~ , 

1 1f)'W'IJ'eJ 1 - 3 

, : d 
1 1 2'IJ'eJ'Ul!f"1:IJ - -

"" cl 
1fl'U!f"1:IJ - 1 - -

'" d 
3 2 5fl'U!f"1:IJ - -

, 
"" 1 1 2 4'IJ'eJ'Ii'l'l:IJ911191 -

~"" : 
1 1 2 4f)'eJl1ty1'l:IJ'Wl -

U'eJ 11.16 - 1 - 1 2 

"" d 
1 1fl'W!f"1:IJ - - -

"" cl 
1 1 1 3fl'U!f"1:IJ -

, 
"" 3 1 1 5'IJ'eJ'Ii'l'l:IJ911191 -

"" & 
1 2 36 'l:IJm - -

7 U'eJ 11.17 - 1 - 1 2 

'" 1~~fl'W 191191'U~V'eJ:IJ 1 3 - 1 5 

8 1'Ulh - - 1 2 3 



"" " 
1'11tlth:J'illfl 13 Imri-:J ':i1:lJ 228 1'11tlth-:J ftl:lJ1':itlIWfl!;tl'~'l1n1:lJ~ 1,175 I;tl ftl:lJ1':im'il~tyu'W 

y 
cv 

~ 
~ Q 

~ y 
Q.I.et. Q 

glucose medium ':i1:lJ'Vl-:J'I1:lJ~ 681 l'lftl I'ilHyU'W cellulose medium ':i1:lJ'Vl-:J'I1:lJ~ 494 l'lftl !!'fl~I'il':ityU'W xylose 
to' to',.. :IV 

medium ':i1:lJ'l1-:J'I1:lJ~ 31 1;'fJ m:lJ1':itlIWfl!;'fJ 1~m1:lJ'illfl!I~'fl~I!'\1ri-:J i~~-:Ji1 

I 

l!'tHl'l Glucose Cellulose Xylose 

21 

58 

56 

87 

33 

28 

45 

13 

64 

36 

55 

26 

22 

29 

'I : '" !':i -:J-:Jl'W'W11P11MftTU 14 13 

24 

33 

26 

26 

62 44 

75 65 

128 73 31 

681 494 31 

" , ' 
1~'fJYii~'illfl!!~'fl~!!'\1ri-:J ut'JfllPll:lJfl1':i!'il~UJU'W'fJ1'111':ifl'fllf1ft ICJ1'fl'fll'fl"" !!'fl~iCJ1b""Yi'fJtU'\1flij 30°C l!'fl~u <u <u q cu 

'ilWl"1: C• " , 
b-:JHUU11P11'flb-:JYi1: 1 

'ilWl"1: C C. 
" , 

b 'Nl'WU1\P11'fl b-:JYi1 : 

... I '" 

1PI1'fJtll-:J'Vll : 

" , ,
.ct Q 1iI 9Jev Q 

1'lf'fJ'Vl!Wfl !~1PI1'Vl1: CG1(l) 
" , ,

.et.c::1o liI 31 Q.I d 

1'lf'fJ'VlWJfl !~\PI1'Vl1: G1-1(l) 

" , ,
~ ct VijlQJQ

1'lf'fJ'VlIWfl !~1PI1'Vll: CCl(O 
" . ,

&9cs lJ19JQld
1'lf'fJ'Vl!!tlfl !~\PI1'Vl1: CH(l) 

" , ,.etd lIlj,lCI.J1d

1'lf'fJ'VlIWfl !~1PI1'Vl1: 1 KG1-1(l) 

" , ,
.t!td lI19JQJd

1'lf'fJ'VlIWfl !~m'Vll : 1 KC1-1(l) 

" , , 
Q,I I .Clt, ~ QJ 1 .:::s c:l .d .et d lI] 9JQ,I Q 

1 = Z 1-1-11PI1'fJtI1-:JmmlHflUIPI1'fJ!'Jl-:J'Vl 1: Z 1 'il~lflU'Vl 1: 1'lf'fJ'VlIWfl !~1PI1'Vl 1:
• 

" , ,
Ci.c::1. 1Il3lQ,ld

'" '" 1'lf'fJ'VlIWfl !~m'Vl1: (l) Nl-1(J)mnru'Vl1 : 1 



. 
1. 191TflVlrvhJl1l1flllW1"1• 

. " 
2. 1'11tlci1.:J~lJl1l1fl1N.:J1lJth~H' 8 h.:JHU 

lllflflfl'Jtl.:J11lVTI'I'1'Vl'l..lII 'j .:Jfl'WtltlTI' 1lJ~ flTI' .:J~.:JTI'llJn tll1lJflltll'lTU tlft 1 f1t1l~tl~flfl!Wfl 'i) 1fl 9 !!l1~.:J'WtJi1 
'U 

Q .% d lrJ 'jJ & Q.I lrJ 31Q d ~I 

lJl'lftll1lWfl ~f1'lJt..I glucose medium 9f.:JTI'llJntll1lJflltll1lt..ltlft ~f1f1fl11 S. cerevisiae l1tlrul1f1lJ 30°C t..I1t..l48 h. .. 
i' iI , I ~ 

~lt..l1t..1 2219ftl Ilft~~I~tl~TI'llJl'jtll1lJflltll1lt..ltlftif1'~fll1 S. cerevisiae ~tlrul1f1iJ 40°C t..I1t..l 48 h ~lt..l1t..1 42 !~tl. .. 

, 
U'l1"~ Glucose 

30°C 40°C 

" "" <V 

llW1mfl'JWlJ11l111tJlM• - 2 

1'j.:J.:J1t..l~ 1 1'j.:J.:J1t..lJ1~1{1'j1'lf1J1• 7 10 

d : 1 ~ 
b.:J.:J1t..l1121'j.:J.:J1t..lt..lWll{1 l1t1l'WlJ'Wt..Itl(PlTI'll1fl'J'jlJ.. . 7 8 

h.:J.:J1t..l~ 31'j.:J.:J1t..lil1(Jtl(PlTI'l11fl'J'jlJJ1(Pl1ft• 1 5 

1N.:J1lJ~ 4 h.:J.:J1lJJ1~1{1TI'~t..Il1{• 
- 1 

b.:J.:J1t..l~ 51'j.:J.:J1'WJ1(Plltl(PlTI'111fl'J'jlJ 1m1'lf• 
- 2 

b.:J.:J1t..l~ 61'j.:J.:J1t..lJ1mMn1J1• 4 10 

b.:J.:J1lJ~ 7 b.:J.:J1t..lJ1m{1~TI'lt..l 1 -

h.:J.:J1t..l~ 8 b.:J.:J1t..lJ1(Pl1ft1J11lJV • 2 4 

'l1lJ 22 42 
.. 
<V 

'l1lJ't1~'l1lJVI 64 

~W1"1: C 
" . 

h:mmJ1~lfth.:J~I : 

" . .~..::S lfI 'jIQ.I d 

!'lftll1IWfl IfI(Pl1111: CGl(I) 
" . .~.::::S ~31Q.1d

!'lftll1!Wfl IfI(Pl1111: Gl-l(I) 



" ,
~.Q \I1'i1 d ~ IV 

2.1 A'lHl't1!!tlfl !vHnfl~'Vlltt,:jfl·mUJ't'il1't1miltl
q 

CG4(l) 

CG4(2) 

CG4(3) 

CG4(4) fHUJ \1'U iY'lJl1'~Vm'\1~V'l<'] 'Utl'IJi1UU if] iniMl'u 

CG4(5) fHUJ 'U'U iYfI~lJ 'Utl'IJI~U'IJ if]hl'uir'U.. 
CG4(6) 


CG5(l) 


CG5(2) 


CG5(3) 


CG5(4) 


CG5(5) 


CG9(l) 


CG9(2) 


CG9(3) 


CG9(4) 


CG9(5) 


CGlO(l) 
 '" '" fHllJ 'U'U ~'lJl1 'Utl'IJI~U'IJ.. 
CGll(I) 

JI 
I'lltl 

(tltl.!'t'iillJ 40°C)
q 'U 

CG4(l) 

CG5(1) 

CG9(l) 



Jt 
1'lH'1 

(tlW't'iillJ 30°C)
• 'U 

CC4(1) 

CC5(l) 

cO CI 'i'icOd
CC5(2) mnJ 'W'W 'ff'U11 'IHlUl'WU Ifllil'Ulftn 

'U 

CC5(3) 

CC9(1) 

CCIO(l) 


CCII(l) 


Jt 
I'lifl 

(tlW't'iillJ 40°C)
• 'U 

CC4(l) 

CC4(2) 

CC4(3) 

CC4(4) 

CC9(1) 

cO '" 'j'jc03i
n(jlJ llD'U 'ff'U11 'UUDI'HJD IfI ! (j'Wfll'W 

cO '" 
n(jlJ 'W'W 'ff'U11 'UUDI'HJD 

'U 

CCIO(l) 



~ I ~ Y 

2.2.1 l~e)'ril![.Jfl'~1l1flh-:J-:J1'W'llwmnl'll'U1 r1~'\1lJ~ 28 ~1tJth~ 
q 

Jt 
l'IIe> 

~flllWdftIt1U 
(~Wl'l{]iJ 30°C) 

G1-l(1) 

G 1-1(2) 

Gl-1(3) 

d d 31 11"'31 d~ 31 31 1 1 1 dflftlJ 'W'W n'm:lHllJ'(UJ fI 'fl'W~1'W 'IHl1JlJ'flfl'lHll:::flmm'ff'W (JUl'lmHlfl 'Hl1J fI 'fl'W.. 
"'''' d 11"'31fl'fllJ 'W'W 'ffmlJ 'IHl1JI:i(J1J fI 'fl'W~1'W.. 

fH'1lJ 'W'W fffl~lJ '1Hl1Jl~(J1J 1f1 hiMl'W 
'" 

GI-2 fWllJ 'W'W.. "'''' ... d~ 31 31 1 11'"bYmlJtJlJl'\1mJ~ '1Hl1JlJ'flfl'l:lru:::flmm'ff'W (JUl'lfl1HlflHJ1J fI 'fl'W 

GI-3(1) 

G 1-3(2) 

fH'1lJ 'W'W fffl~lJ '1Hl1J'l1Vfl 1f1 i-nii:lJ''W 
'" 

" 
fH'1lJ 'W'W fffl~lJfH'11~ lfll'fl'w'W'Wl'tJ'WffU1I'11[l 'UtJ1Jl~(J1J 1f1 1'flii:lJ''W .. '" 

GI-4 f)[llJ 'W'U fffl~lJ 1f1 1'flii:lJ''W 'Utl1J~'1lfl'l:lru:::fI"'1(J1'~'W1(Jlll'lfltJtJfl:itJ1J 1f1 1'flii 
'" 

Gl-S 

GI-6 

f)[llJ 'U'W fffl~lJ 'UtJ1Jl~(J1J 1f1 i-nii:lJ''W 
'" 

dd ... "'~ 31 31 1 11df)[llJ 'U'W bYmlJtJlJl'\1[ltJ~ 'UtJ1JlJb'1flllru:::fI'f1lm'ff'W (Jlll'lfltJtJfl:itl1J fI 'fl'W 
'" 

GI-7 f)[llJ 'W'W fffl~lJ 'UtJ1Jl~(J1J 1f1 i-nii:lJ''W 
'" 

GI-8 

GI-9 

G 1-10(1) 

f)[llJ 'U'W fffl~lJ 'UtJ1Jl~(J1J 1f1 i-niilll'W.. 
d'" d 11 dd d~ 31 31 1 11'"f)[llJ 'U'U m'\1[ltJ~mlJ fI 'fl'Wl'flfl 'UtJ1JlJb'1flllru:::fI'f1lm'ff'W (Jlll'lfltJtJfllJl:itJ1J fI 'fl'W 

'" 
"'''' 31 "'~ " 31 1 11'"f)[llJ 'W'U bYmlJtJlJbYlJ 'UtJ1JlJ'flflllru:::fI'f1lm'ff'W (Jlll'lfltJtJfllJl:itJ1J fI b'1'W 

'" 
GI-I0(2) 

Gl-12(1) 

f)[llJ 'U'U fffl~lJ 'UtJ1Jl~(J1J 1f1 1'fliilll'W 
'" 

"'31 d~ 31 31 1 11df)[llJ 'W'U bYbYlJ 'UtJ1JlJ'flflllru:::fI'f1lm'ff'W (Jlll'lfltltJfllJl:itJ1J fI 'fl'W 
'" 

GI-13(1) f)[llJ 'U'W fffl~lJ 'UtJ1Jl~(J1J 1f1 1'fliilll'W 
'" 

G 1-14(1) '" '" 1 1 d31 d~ ,,31 iii df)[llJ 'U'U bYmlJ fI 'fl'W~1'W 'UtJ1JlJb'1flllru:::flmm'ff'W (Jlll'lfltJtJfllJl:itJ1J fI 'fl'W 
'" 

GI-14(3) f)[llJ 'W'W fffl~lJ 'UtJ1Jl~(J1J 1f1i-nii:lJ''W 
'" 

Gl-IS f)[llJ 'W'U fffl~lJ 'UtJ1Jl~(J1J 1f1 i-niilll'W 
'" 

G 1-16(1) 

G 1-16(2) 

G 1-16(3) 

d 11 d " "'~ 31 "'l 11 d 
f)[llJ 'W'W bY'U11 fI b'1'W~1'W 'UtJ1JlJb'1flllru:::fI'f1lm'ff'W (Jlll'lfltJtJfllJl:itltl fI 'fl'W 

'" 
f)[l1J 'U'U fffl~lJ 'UtJ1Jl~(J1J 1f1 1'flii:lJ''W.. 

'" '" 1 1 "''' "'~ "" , 1 1 '"f)[llJ 'W'W bYmlJ fI 'fl'W~1'W 'UtJ1JlJ'flflllru:::flmm'ff'W (Jlll'lfltJtJfllJl:itltl fI b'1'W 
'" 

GI-17(1) 

G 1-17(2) 

f)[llJ !I'lJ'W fffl~lJ 'UtJ1Jl~(J1J 1f1 hiilll'W 

d '" 1 1 d31 d.. ,,31 'l 1 1 df)[llJ 'W'U bYmlJ fI 'fl'W~1'W 'UtJ1JlJ'flflllru:::fI'f1lm'ff'W (Jlll'lfltJtJfllJl:itJtl fI 'fl'W 
'" 

G 1-18(1) 

GI-18(2) 

f)[llJ U'lJ'U fffl~lJtJlJtfW'll[l 'UtJ1Jl~(J1J 1f1 hiilll'W 

QQ Q l1QCV
f)[llJ U'lJ'W bYmlJ 'UtJ1Jl:i(J1J fI 'fl'U~1'W 

GI-20(l) d 1 1 d31 d~ 31" 'l 11"f)[llJ 'U'U bY'U11 fI b'1'W~1'W 'UtJ1JlJb'1flllru:::flmm'ff'W (Jlll'lfltJtJfllJl:itJ1J fI 'fl'W.. 
GI-20(2) f)[llJ 'U'W fffl~lJ 1f1 1'fliilll'W 'UtJ1Jliftflllru:::fI"'lml¥'Uimll'lfltJtJfllJl:itJ1J 1f1 hii 

'" 
d ... d 1 1 d31 d.. ,,31 , 1 1 d

f)[llJ 'W'U bYl'\1[ltJ~mlJ fI 'fl'W~1'W 'UtJ1JlJ'f1flllru:::flmm'ff'W (Jlll'lfltJtJfllJl:itJ1J fI 'fl'WGI-21 
'" 



.1t 
&'In> 

(ijWfI.fllJ 30°C)
q 'IJ 

01-220 


01-22(2) 


01-24(1) 

01-24(2) 

01-25(1) 

01-25(2) 

01-27 


01-28 


mnJ ~hl iYf1~)'] 'UtlUI1[J'lJ 1f1 hil~lhl YiU!!bY~ 


ml)'] ~hl iYf1~)'] 'UtlUI~[J'lJ 1f11ftil~l'W hJi~!!L1'~ 


ml)'] ~'W iYf1~)'] 'IHluttOfl 1f1 hil~lll 


flLl).] ~hl iYf1~)'] 'Utl'IJI~[J'lJ 1f11ftil~l'W 


q 

""I 
!'lIij 

(ijWfI.fllJ 40°C)
'IJ 

KfllJw~lfllijil 

Gl-I(I) d '" ~ ~ 11 d~flmJ 'W'W 'ffIl1fttl.:ltllJfI'lJ 'UtlUl1lJfl f1 ft'W~l'W 
" 

01-1(2) flftlJ \j'W rY'Ul1 'UtlUI~IJU 1f1 hihr'W 

01-1(3) d d 11 "'~ "'~ ~ ~ i 11 dflLl)'] hlhl bYm).] f1 mml'W 'UtlUlJftfl1Jru:::f1ft1lJlfI''W IJII~fltltlfllJ17tlU f1 ft'W 
'" 

01-2(2) d '" "'~ ~ ~ i 11 '" flLl).] hlhl bYm).] 'UtlUlJftfl1Jru:::f1ft1/J1ff'W fJU~fltltlfllJ17tlU f1 ft'W... 

01-3(1) flL11J ~'W iYf1~m)).]~).] 'Utl'IJI~IJU 1f1 hil~l'W 

01-4(1) 

01-4(2) 

d 11 "'~ "'~ ~ ~ '1 11 '" flLl)'] hl'W bY'lJl1 f1 ft'W~l'W 'UtlUlJftfl1Jru:::f1ft1fJlfI''W IJII~fltltlf)lJl7 tlU f1 ft'W 
'IJ 

dd "I 11"'~ "'~ ~ ~i 11'"flLl)'] 'W'W bYm).]tl).]!t1LltJ~ f1 ft'W~l'W 'UtlUlJftf)1Jru:::f1ft1/J1ff'W 1J1I~f)tltlfllJl7tlU f1 ft'W ... 

01-5 d d '" 11 "'~ d~ ~ ~ i 11 '" flLl)'] hl'W bYm).] 'UtlUI7IJU f1 ft'W~l'W 'UtlUlJftfl1Jru:::f1ft1/J1f1''W fJlI~fltltlfllJl7tlU f1 ft'W ... 

01-6 d 11 "'~ "'~ ~ ~ i 11 dflLl)'] !!U'W bY'lJlJ f1 ft'W~l'W 'UtlUlJftf)1Jru:::f1ft1fJlff'W IJU~f)tltlf)lJ17tlU fl ft'W 

01-8 flLllJ hl'W iY~lJ 'Utl'IJI~IJ'IJ 1f1 hil,j'W... 

01-9 d'" 11"'lJ'" d~ ~ ~'1 11'"flLllJ hl'W Ll'mlJ f1 ft'Wl 'W'il'IJ 'Utl'IJlJftf)1Jru:::f1ft1/J1f1''W fJlI~f)tltlmtl'IJ f1 ft'W ... 

01-10(1) d '" 11 d~ d~ ~ ~ i 11 dflLl).] hl'W bYmlJ f1 ft'W~l'W 'Utlu)']ftf)1Jru:::f1ft1fJlfI''W fJlI~fltltlmtlU f1 ft'W ... 

01-10(2) flLllJ 'W'W iY'lJl1 'UtlUI~IJU 1f1 hild1f) iJ'W ... 

01-10(3) flLl).] hl'W iY!t1~tJ~f1~iJ 'UtlUI~fJU 1f11ftil~1'W 
'" 

01-12(1) fl'llJ 'W'W iYf1~)'] 1f1 hiliJ'W 'UtlUlhlfl1Jru:::mll/J1-ff'WifJlI~fltltlf)lJ17tlU1f1 hil ... 

01-12(2) fl'llJ 'W'W iY'Ul1tJtJflf1~lJ 'IJtJUI~tlU 1f1 hil,j'W... 

01-12(3) fl'l)'] hl'W iYf1~),]tJ).]!t1~tJ~ 'lJtlU!~tlU 1f11ftiliJ'W ... 



.. 
'" !'11~ 

(~W'YIilij 40°C). .. 
G 1-14(1) 

GI-14(2) 

GI-14(3) 

GI-15(1) 

G 1-15(2) 

GI-15(3) 

GI-16(1) 

GI-16(2) 

G 1-16(3) 

GI-17 

d "" 1 1 cO,! 'v d ~ V V '1 1 1 cOmnJ 'U'U m'lHltl'l fl (11.1 '\1UJ ~1'U '1HJ1JlHlfl1oJru::mnmff'U tlUlllfl'VtlfllJl'jtl'lJ fl 'fl'U 
'" u 

G 1-19 

G 1-20(1) 

GI-20(3) 

GI-21 

GI-24 

GI-25(l) 

GI-25(2) d d i i dVmnJ H'lJ'U 'i.1'Ull 'U tl'lJ!'.i[J'lJ fI fl'U~l'U 

GI-27 

GI-28 



.. 
"I 

t'lHl 
~fllIwdfllilil 

(elW'YI.fIlJ 30°C)
q .. 

Q 11 QV QV V v i 11 QflmJ U'IJ'U fY'Ul1 fl (l'U~1'U 'UtJ'UlJ(lfl1:lru:::flmVlfY'U [JUflfltJtJfllJl'Hl'U fl (l'UC1-1(1) 

.Q, Q C:I .c::S 1 1 .c:S ~ 
mnJ ~'U fYmlJtJlJll1(ltJ~ 'UtJ'UI'W'U fl (l'U~1'UC 1-1(2) 

Cl-2 mnJ tl'U'U 'U~nrumn~ Ifll{lihJ'Uu'I1{llJ iYfI~mJlJm~v~ 'UtJ'U11[J'IJ
'" 

d Q 1 1 vdCl-3(1) f){llJ 'U'U fY'Ul1 'UtJ'UI'W'U fl 'fl'U~1'U 
'" 

C 1-4(1) f){llJ 'U'U iY'Ul1tJtJf)fI~lJ 'UtJ'U11[J'U 1fl huJj'U
'" 

C 1-4(2) f){llJ U'U'U iY'Ul1 'UtJ'U11[J'U 1fl1(luJj'U 

d '" dVv 11Cl-5 f){llJ 'U'U fYfl':ilJtJlJfYlJ fl (l'U~1'U
'" 

Cl-6 f){llJ 1l'U'U iY'Ul11fl1'fluJj'U 'UtJ'Un"fl1:lru:::fl~l[JHr''Ul[Jll~fltJtJfllJl':itJ'U1fl1(lu 

Cl-7 f){llJ U'U'U iYfI~lJ 'UtJ'U11[J'U 1fl hU~l'U 

Cl-9 f)'fllJ 1l'U'U iY'Ul1 'UtJ'U11[J'U 1fl1'flilJj'U 

Cl-12 f){llJ 'U'U iYl'I1~tJ~fI~lJ 'UtJ'U11[J'U 1fl1'flu~1'U 
'" 

f){llJ 'U'U iY'Ul1 'UtJ'U11[J'U 1f1 huJj'UC 1-13 
'" 

'" 11"'v v vi 11'"dvC 1-14(1) f){llJ 'U'U fY'Ul1 fl 'fl'U~1'U 'UtJ'UlJ'flfl1:lru:::flmVlfY'U [JU~fltJtJfllJl':itJ'IJ fI 'fl'U 
'" 

Cl-14(2) f){llJ 'U'U iYfI~lJ 'UtJ'U11[J'U 1f11(luJj'U
'" 

Cl-14(3) f)ftlJ 1l'U'U iY'Ul1 'UtJ'U11[J'U .lfl1'flilJj'U 

C 1-15 f)ftlJ 'U'U iYfI~lJ 'UtJ'U11tJ'U IfilftU~l'U 
'" 

C 1-16(1) f)ftlJ 'U'U 'UtJtll~tJ'U ftfl~lJ IfilftU~l'U 
'" 

'" '" Cl-16(2) f)ftlJ 1l'U'U fY'Ul1 'UtJ'UI'W'U 

'" '" I I '" dCl-16(3) f)ftlJ 'U'U fY'Ul1 'UtJ1m tJ'U fI ft'Ul{lf)
" 

'" II'H v 1 11 d",v vf)ftlJ 1l'U'U fY'Ul1 fI ft'U~l'U 'UtJ'UlJ(lfl1:lru:::fl(llVlfY'U [Jll~fltJtJfllJl':itJ'U fI 'fl'UCl-17(1) 
.. 

f)ftlJ 1l'U'Uf)m~ Ifll{lU'U'U iYfl1lJtJlJt1lJ Ifl hU1VlJCl-17(2) 
'" 

f){llJ 'U'U ftt1lJ 'UtJ'Ul~tJ'U Ifll{luiJ'UCl-18 
'" 

.c:::i.d .c:::S <j/11.c:Sd
f)ftlJ 'U'U fYfl':ilJ 'UtJ'Ul':itJ'U fI (l'Ul{lf) m'UC 1-20(1) 

" 
.etd jJ 11.c:::i'JJ.c:S

f){llJ 'U'U fYfl':ilJtJlJfYlJ 'UtJ'Ul':itJ'U fI ft'Um'UCl-20(2) 
'" 

f)ftlJ 'U'U ftfl1lJtJlJl'I1~tJ~ 'UtJ'Ut1tJ'U Ifl hU~l'UCl-21(1) 
'" 

'" II"'v ",v v vi 11'"f)ftlJ tl'U'U fY'Ul1 fI ft'Um'U 'lHl1JlJ'flfl1:lru:::mllVlfY'U tJll~fltJtJfllJl':itJ'IJ fI (l'UCl-21(2) 

Cl-22(1) f)ftlJ 'U'U ftfl1lJ 'UtJ'U11tJ'U Ifl hU~l'U 
" .. 

f)ftlJ 1l'U'Uf)m~ Ifl hU'U'Uftihmft 'UtJ'Ul~tJ'U IfilftU~l'UCl-22(2) 
'" 

d ~ do<j} 11.c::S3I
f)ftlJ 'U'U mmltJ~tJlJfYlJ 'UtJ'Ul':itJ'U fI ft'U~l'UCI-25(1) 

'" 
f)ftlJ 'U'U ftfl1lJtJlJt1lJ 'UtJ'U11 tJ'U I fI hU~l'UCl-25(2) 

'" 
'" '" I I '" d vf)ftlJ 'U'U fY'Ul1 'UtJ'Ul':itJ'U fI ft'\.,U{lf) m'UCl-27(I) 

'" .. 
f)ftlJ ll'U'Uflm~ lf1lnU'U'UiYfl1lJtJlJtJl\91lft 'UtJ'U11tJ1J IfilftU~l'UCl-27(2) 

'" 



.. 
~ 

II1Hl 
i1f1lJW~Ifllllu 

(tlWilii 40°C)
• 'U 

Cl-l(l) '" d 1 1 "''' fUm \J'U ~'Il11 'Iltl1Jl~ tJ1J fl i1'U~1'U 

Cl-l(2) flillJ 'U'U fYfl~lJ 'lJtl1Jl~tJ1J lflli11:ilT'U 
'" 

CI-2(I) mnJ mJ'!.J iY'Il11 'IltJ'll11Ufl 1fl hij~l'U 

CI-2(2) d d 11"'''nmJ 1I'll'U (;1''1111 'UtJ'lll~ V'll fl "'U~1'U 

CI-3(1) mnJ 'U'U iY'U11 'lJtJ'llI~V'll 1fl1rlijl1'U
'" 

CI-3(3) d '" 11 "''' "'~ "" 1 11 '" flmJ ~'U (;1'mlJ fl rl'U~l'U 'Ilfl1JlJilmHll:;flmtJ1~'U tJUl'lfltlflfllJl~tl1J fl i1'U 

C 1-4(1) flrllJ 'U'U iY'U11 'IltJ'llI~V'll 1fl hij~l'U
'" 

C 1-4(2) fl"lJ ~'U iYfl~lJ 'UtJ'll11Ufl 1fl1rlijl1'U 

CI-5 flrllJ 'U'U iY'Il11 'UtJ'll!~V'll 1fl1"ij~1'U
'" 

CI-6 '" '" "'~ "" 1 11 '" fl"lJ 'U'U (;1''1111 'UtJ'll!~ V'll 'Ilfl1JlJilflllru:;flmVl~'U Vl!l'IflflflfllJUtl1J fl i1'U 
'" 

CI-7(l) '" '" ~ "'... "" 1 11 '" fl"lJ !I'll'U (;1'mlJ 'Ufl'll11Vfl 'Utl1JlJilflll\ll:;flmVl~'U Vl!l'IflfltlfllJl~fl1J fl i1'U 

CI-7(2) flrllJ 'U'U iY'U11 'UtJ'll!~V'll 1fl1rlijl1'U
'" 

CI-7(3) flrllJ 111J'U iY'U11 'UtJ'll11 Ufl 1 fl1 rlij ~1'U 

CI-8 fl"lJ 'U'U iYfl~lJtJlJ.fflJ 'IltJ'll!~V1J 1fl1rlijl1'U
'" 

Cl-lO(1) '" "'... "" 1 1 1 '" flrllJ U'll'U (;1''U11 'Ilfl1JlJilflll\ll:;flmtJ1~'U tJl!l'If1tltlfllJUtl1J fl i1'U 

Cl-1O(2) '" '" "'~ "" 1 1 1 '" flrllJ 111J'U (;1''U11tJtJflmlJ 'Ilfl1JlJilflllru:;flmVl~'U Vlll'lfltltlf)lJl~tl1J f1 i1'U 

CI-14 flrllJ 'U'U iYfl~lJ 'UtJ'll!~V1J 1fl1rlijl1'U
'" 

CI-15(I) 

CI-15(2) 

CI-15(3) 

flrllJ 'U'U iYfl~lJ 1f11"ijl1'U 'Utl1Jli~flllru~fl~ltJrff''U1tJlll'lf)tltlfllJl~tl1J lfllrru 
'" 

"'''' "' ... ""1 11'"flrllJ 1I'll'U (;1'mlJ '\Jtl1JlJilflllru~flmtJ1~'U (JUl'lflflflfllJUfl1J fl i1'U 

fl"lJ 'U'U fY'\J11 'UtJ1J!~V1J lfl1rlij~1'U
'" 

C 1-16(1) flrllJ 'U'U iY'\J11 'UtJ'll!~ tJ1J 1fl hijl1'U
'" 

C 1-16(2) '" '" 1 1 "'''flrllJ 'U'U (;1''\J11 '\JtJ1Jt~V'll fl m.J~l'U 
'" 

CI-17 fl"lJ 'U'U iYfl~lJtJlJ.fflJ 'UtJ1J!~V1J 1fllrlijl1'U
'" 

C 1-18(1) 

CI-18(2) 

flrllJ 111JtI iYfl~lJtJlJ!11~tJ'l '\JtJ'll!~V1J 1f11rlij~1'U 
" 

flrllJ U1JtI iYfl~lJtJtJfl'WWl1rl 'UtJ'lJ!~V1J 1fl1rlij~1'U 

C 1-19(1) fl"lJ 'Uti fYfl~lJtJlJ.fflJ '\JtJ1J!~V1J 1f11"ijl1'U
'" 

CI-19(2) fl"lJ 'Uti iYfl~lJ 'UtJ1J!~V'll 1fl hijl1'U
" 

CI-20(I ) 

CI-20(2) 

CI-20(3) 

fl"lJ 'Uti iY'U11 'UtJ1J!~V1J 1flhijJ)lt1
'" 

fl"lJ tItI iYfl~lJ '\JtJ'll!~V1J 1f1 hUimu ~1'U 
" u 

fl"lJ tItI iY'\J11tJtJflfl~lJ 1fl1rlij~1'U
" 



.. 
"I 
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(~Wl'i~ll40°C) 

Cl-22(2) 

Cl-22(3) 

Cl-24 

Cl-25 
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l'lf~ 

KfllIW~Ifll~il 
(~W't'i.fliJ 30°C). ... 

fHUJ trw fffljlJ '\JCllJ!jVlJ Ifl blh~fll1'WG2-1(I) 
" 

mUJ'lq!'W fffljlJ '\JCllJ!j[JlJ Ifl hU~l'WG2-1(2) 

G2-1(3) mUJ 'W'WiY!'Jli~tJ-!ltJmllJ 'UtJU1~VU if] i(1ihJ'W
<u 

d~ d l1dvG2-2 fl(1lJ 'W'W """"lJ 'UtJ1H'WU fl (1'W~1'W
<u 

G2-3(I) fl(1lJ 'W'W iYfl~lJt)lJ~lJ 'UCJU1~VU ifl i(1il~l'W
<u 

G2-3(2) fl(1lJ \d'W iYf]~lJ 'UtJU!~VU ifl hill1'W 

'" ~ '" i i '" ~G2-4(I) fl(1lJ \d'W """"lJ 'UtJU1';iVU fl (1'W~1'W 

G2-4(2) fl(1lJ 'W'W iYfl~lJ 'UtJU1~VU ifli(1ill1'W
<u 

'" '" ii "'~ "'~ ~ ~ '1 I I '"G2-4(3) fl(1lJ 'W'W ""mlJ fl (1'Wm'W '\JCllJlJftflllru~fHn[J!'ff'W V!!91flClClfllJl'JClU 1'1 ft'W 
<u 

G2-5(I) fl(1lJ \d'W iYfl~lJ 'UtJU1~VU ifl hill1'W 

G2-5(2) fl(1lJ 'W'W iYfI~lJtJlJ!'Jli~tJ-!I 'UtJU1~VU ifl hil~l'W 
<u 

G2-6 fl(1lJ 'W'W iYfl~lJ 'UtJU1~VU ifli(1ill1'W
<u 

G2-7 fl(1lJ \d'W iY!'Jli~tJ-!I 'UtJU1~VU ifl hill1'W 

G2-8(l) fl(1lJ 'W'W iYfl~lJ 'UtJU!~VU ifl i(1il~l'W
<u 

G2-8(2) fl(1lJ 'W'Wflm-!l ifl hill~'Wl1Vfl fffl~lJ 'UtJU!~VU ifl hil~l'W 
<u 

G2-8(3) fl(1lJ 'W'W fffl~lJ 'UtJU1~VU ifl i(1ill1'W
<u 

G2-8(4) fl(1lJ 'W'W iYfl~lJtJlJ!'Jli~tJ-!I 'UtJU1~VU ifl hill1'W 
<u 

G2-9 fl(1lJ 'W'W fffl~lJtJlJ!'Jli~tJ-!I if! hil~l'W '\JClU~'f1flllru~f!~lt1lff'Wivl!\I1flClClfllJ1'JClU IfllftU 
<u 

c1~ d lldllG2-10 fl(1lJ 'W'W """"lJ 'UClU!';i [JU fl (1'W~1'W
<u 

G2-11 fl(1lJ 'W'W iY'Ul1 'UtJU1~VU if! i(1ill1'W
<u 

G2-12(l) fl(1lJ 'W'W fff!~lJ 'UtJU1~VU ifl hil~l'W 
<u 

'" '" i i "'~ <h ~ ~ ill '" fl(1lJ 'W'W ""mlJ f! (1'W~1'W '\JClUlJftflllru~f1m[J!'ff'W VU91flClClfllJl';iClU 1'1 ft'WG2-12(2) 
<u 

c1c1 ~ c1 lld~
G2-13(l) fl(1lJ 'W'W ""mlJtJlJ""lJ 'UtJU!';iVU f! (1'W~1'W

<u 

fl(1lJ 'W'W fff!~lJ 'UtJU1~VU if! hul1'WG2-13(2) 
<u 

fl(1lJ 'W'W iY~lJ 'UtJU1~VU if! i(1ill1'WG2-15 
<u 

c1c1 ~ c1 l1d~
fl(1lJ 'W'W ""mlJ'em""lJ 'UtJU1';iVU f! (1'W~1'WG2-16(l) 

<u 

fl(1lJ 'W'W ffl'\-1~tJ-!lCllJ~lJ 'UtJUi1VU if!i(1ul1'W G2-16(2) 
<u 

fl(1lJ 'W'W fff!~lJ ~JtJU!1viJ if!hil~l'WG2-16(3) 
<u 



.; 
&'lie) 

(e)u'!'YIfl1J40°C)
• 'U 

G2-1(l) 

G2-1(2) 

G2-2(I) 

KfnHl.!~lf11~i! 

'" d "11 d" dv "" 1 11 '" fHllJ trw 'ffmlJ'5lJ'fflJ fl ~lJ~TW 'lJtl'IJlJ~flllru::;f!ftlUl'fflJ 1J!!~fltltlfllJl'Jtl'IJ fI ~lJ 
'U 

fl~lJ lJlJ ftfl~lJ 'lJtl'IJi11J'IJ If!l~iiirlJ 
'U 

omJ lJlJ iY'UlJ 'UB'lJl~fJ'IJ lfllflihl'lJ 
'U 

G2-2(2) "'''' ... 11"''' ",v ""1 11'"mnJ ~lJ {l'mlJBlJl'H~B.:J fl ~lJ~llJ 'lJtl'IJlJ~flllru::;flftlUl'fflJ 1J!!~fltltlfllJl'Jtl'IJ fl ~'U 

G2-2(3) O~lJ ~lJ iYl'I1~eJ.:Jf!~lJ 'UeJ'lJl~fJ'IJ lfl htj~l'U 

G2-2(4) d 11"''' "'v ""i 11'"m'llJ lJ'U {l''UlJ fl ~lJ~llJ 'lJtl'IJlJ"flllru::;flftlUl'fflJ IJU~fltltlfllJl'Jtl'IJ fI "'U 
'U 

G2-2(5) O~lJ lJlJ iYf!~lJ 'UeJ'lJi~fJ'IJ If! htjl1''U
'U 

G2-3(l) O~lJ 'UlJ iYfl~lJeJlJl'H~eJ.:J 'UeJ'lJl~fJ'IJ If!l~tjl1''U
'U 

G2-3(2) O~lJ lJlJ iYfl~lJeJlJl'l1~eJ.:J 'lJeJ'lJl~fJ'IJ lfll~tj~llJ
'U 

G2-3(3) O~lJ lJ'U iYf!~lJ 'UeJ'lJl~V'IJ If!l~tj~l'U
'U 

G2-3(4) O~lJ lJ'U iYl'I1~B.:Jfl~lJ 'lJeJ'lJl~fJ'IJ lfl htj~llJ
'U 

G2-4(l) d '" 11 d" "'v "" i 11 '" O~lJ lJ'U {l''lJl1eJeJomlJ fl ~lJ~llJ 'lJtl'IJlJMlJru::;mnlJl'fflJ 1J!!~fltltlfllJl'Jtl'IJ fl "lJ 
'U 

G2-4(2) O~lJ lJ'U iYf!~m)lJl'I1~eJ.:J If!l~tj~llJ 'lJtl'IJihlflllru::;f!~llJ!-fflJ'lIJl!~fltltlfllJl'Jtl'IJ If! hil 
'U 

G2-5 
d d <jI d 1 1 .c::! d gJ

O~lJ lJlJ {l'f'l',ilJeJlJfflJ 'UeJ1Jl'JfJ'IJ fl ~'Uwo m'U 
'U 

G2-6 

G2-7 

O(llJ lJ'U iYA'lJ 'lJeJ'lJI~V'IJ lfll(ltjl1''U
'U 

O(llJ 'UlJ iYA'lJ 'lJeJ'lJl~fJ'IJ lfll~tjiJlJ
'U 

G2-8(1) O(llJ lJlJ iYfl~lJ 'UB'lJl~ fJ'IJ 1 fll(ltj~l'U
'U 

G2-8(2) O(llJ lJ'U iYl'I1~B.:Jfl~lJ 'lJeJ'lJl~fJ'IJ lfll(ltjl1''U
'U 

G2-9(l) O~lJ 'UlJ iY'lJlJ 'lJeJ'lJl~fJ'IJ lfll~tjl1''U
'U 

G2-9(2) "'d ... l1 d 
" dv ""i 11'"O~lJ 'U'U {l'flnJeJlJl'I1~B.:J f! ~'U~llJ 'lJtl'IJlJ"fllJru::;mnlJl'fflJ IJU91fltltlfllJl'Jtl'IJ f! "'U 

'U 

G2-10(l) O~lJ 'U'U iYl'H~eJ.:J'VW.:J 'lJtl1Jl11J'IJ lfll"il~llJ 
'U 

" G2-1O(2) O~lJ 'UlJ iYA'm)lJtJl\Pl1~ 'lJtl'IJ1~1J'IJ If!l,,il~l'U
'U 

G2-] 0(3) O~lJ 'UlJ iYl'I1~eJ.:Jfl1lJ 'lJeJ'IJ!~fJ'IJ If!l(ltjl1'lJ
'U 

G2-12(l) O~lJ 'UlJ iY'UlJ 'IJ'tl'lJI11J'IJ If!l,,uiJ'U
'U 

G2-12(2) O~lJ lJ'U iY'IJl1BBOfl~lJ 'lJtl'IJ!11J'IJ lfl huiJlJ 
'U 

G2-12(3) d ... '" 11 d" dv "'jJ i 11 '" O~lJ lJ'U {l'l'I1~B.:JmlJ f! "lJ~l'U 'lJtl'IJlJ"fllJru::;f!ftllJl'fflJ IJU91fltltlfllJl'Jtl'IJ fl "lJ 
'U 

G2-15 O~lJ 'U'U iYA'lJ 'lJtl'IJ!~IJ'IJ If!l,,uiJlJ
'U 

G2-16(l) O~lJ !!'IJ'U iY'lJl1 'lJtl'IJ!~IJ'IJ If! ht1il1i1i iJlJ 

G2-16(2) O~lJ 'U'U iYfl~lJeJlJl'l1~eJ.:J 'lJeJ'lJl~fJ'IJ lfll~ih~o l1'lJ 
'U 

G2-16(3) O~lJ 'UlJ iYfl1lJ 'UeJ'lJl~fJ'IJ If! hill1''U 
'U 



d" 
"tH) 

(BW'HillJ 30°C). '" 
C2-2 

C2-3 

C2-4 
d d '1 '1 d VmnJ 'U'U ff'Uld 'lJUUI'HJ'IJ Ifllfl'U~l'U 

'" 

C2-5 

C2-6 

C2-7(l) 

C2-7(2) 

C2-8(l) 

C2-8(2) 

C2-9(l) 

C2-9(2) 

mnJ H'lJ'U il'Ul1 'lJU '!.H~[J'IJ 1flhiMl'U 

mnJ 'U'U ilfl~ll 'UU'lJI~[J'IJ 1flhill1'U 
'" 

C2-10 

CI-12(1) 

C 1-12(2) 

Cl-12(3) 

CI-13(l) 

Cl-13(2) 

mm ~'U ilfl~ll '\JU'IJ!~[J'lJ 1flhill1'U 

f)flll 'U'U il'Ul1tlfJflfl~1l 'lJU'lJI~[J'IJ lf11"ihJ'U 
'" 

C2-15 

C2-16(l) 

C2-16(2) mIll H'lJ'U ilfl~llUlJ\r1\9n" 'Utl'lJ!~ tJ'lJ 1 fI hlil!~fl lJ''U 

C2-16(3) mIll 'U'U ilfl~ll 'Utl'lJ!~tJ'lJ lf11f1ih~f) lJ''U 
'" 



.; 
I'llel 

(elW't'iilaJ 40°C). ... 

C2-2(l) 

C2-2(2) 

C2-3 

ilflllW:::lfll~il 

'" 11 "''' "'... "" 1 11 '"fHllJ IIlJ'U {I''ll11 fl ft'U~l'U 'lltllJlJftmHU::flftlU1{1''U (J1I<nfltltlfllJ1'itllJ fl ft'U 

flftlJ \!'U fffl~lJ 'lltllJl~{JlJ !fl!ftU~l'U 

flftlJ 'U'U fffl~lJtllJfflJ 'lltllJl~{JlJ lfllftuJj'U.. 
C2-4 "'''' '" 11"''' "' ... ""1 11'"f1ftlJ 'U'U {l'fl'ilJ 'lltllJl'i{JlJ fl ft'U~l'U 'lltllJlJftf1llru::flftlVlff'U {J1I<nfltltlf1lJ1'itllJ fl ft'U.. 
C2-5 d 4 d Q 11.:::1l1

f1ftlJ IIlJ'U {I'I'I1fttl'lfl'ilJ 'lltllJl'i (JlJ fl ft'U~l'U 

C2-6(l) 

C2-6(2) 

mUJ 'U'U fffl~lJ 'tIfllJl~r.JlJ Ifllr'lul1'U 
'" 

fl~lJ \!'U fffl~lJflmYlJ 'lltllJl~{JlJ lfllftiH:jJj'U 

C2-7 flmJ 'U'U fffl~lJt)lJl'I1i1fl.:j 'lltllJl~{JlJ lflhul~f1 Jj'U
'" 

C2-8(2) 

C2-9( 1) 

flmJ UlJ'U ff'\l11 'tIfllJ'I1Vfl Ifllr'lU~l'U 

'" '" I I "'''fl~lJ IIlJ'U 'ff9Jl1 9JtJlJl'HJlJ fl r'I'Um'U 

C2-9(2) fl~lJ 'U'U fffl~lJ 'tIfllJl~r.JlJ Ifllr'lUl1'U 
'" 

C2-lO(2) 

C2-1O(3) 

fl'1lJ IIlJ'U ff9Jl1 'IltllJl~{JlJ !flhiill1tY ~1'U 

flr'llJ 'U'U ff'tll1 9JfllJl~r.JlJ Ifll~Ul1'U 
'" 

C2-12(l) 

C2-12(2) 

fl~lJ 'U'U fffl~lJfllJl'I1i1fl.:j 'lltllJl~{JlJ lfllI'lU~l'U 
'" 

flr'llJ 'U'U ffl'l1i1fl.:jtJlJ~lJ 'lltllJl~{JlJ lfl!ftuJj'U
'" 

C2-13(l ) 

C2-13(2) 

flr'llJ 'U'U fffl~lJ 'IltllJl~{JlJ lfllftiiJj'U
'" 

'" '" "'... "" , 1! '" flr'llJ IIlJ'U 'ff'tll1 'tItJlJl~j{JlJ 'IltllJlJl'lf1llru::mn{JI{I''U OIlIPlf1tltlfllJl'itllJ fl ft'U 

C2-16 fl~lJ 'U'U fffl~lJ 9JfllJl~r.JlJ Ifllr'lUl1'U 
'" 



~ , . ~ 'J/ 

2.2.3 !~tlnHl'JfI'~'illflh..:j,n'U1'fll'JtlYlil'1'Mfl':i·nJ'\hvmll1~'H1l~ 17 ~':l'[)cil~
q 

G3-1(1) 

G3-1(2) mnJ ,!;!'Ummlflinih1i1fl fffl~lJ 'Utl1Jl~mJ lfllftil~l'U 

G3- 1(3) mill 'U'U i1'U11 'Utl1JI~(J1J lfl inil,j'U
'" 

G3-1(4) 

G3-2(I) "'''' '" 11"'''fUlll 'U'U tl'mll 'Utl1Jl'W1J fl ft'U~l'U 
'" 

G3-2(2) 

G3-2(3) 

G3-2(4) 

G3-2(5) 

G3-3(I) 

G3-3(2) 

G3-4(l) 

G3-4(2) 

G3-5 

G3-6(I) 

G3-6(2) 

G3-6(3) 

G3-6(4) '" '" 1 1 "''' flftll 'U'U 'f1''U11 'U'il1JI'W1J fl ft'U~l'U 
'" 

G3-6(5) '" "'I '" 1 1 "''' flftll 'U'U tl'l'Hfttl~ 'Utl1Jl'W1J fI ft'U~l'U 
'" 

G3-6(6) .c:t.c:t ~ .c:t 11"'dflftll 'U 'U 'il'fn lltJlllmH)~ 'Utltll'W1J fl ft'Ulftfl 
'" 

G3-6(7) '" '" '" 1 1 "''' flftll 'U'U 'il'f1')lJ 'Utl1JI'W1J fl ft'U~l'U 
'" 

G3-7(I) flftll 'U'U i1fl~ll 'UtJ'lJl~tJ'lJ lfllftlhJ'U 
'" 

" 
G3-7(2) mm 'U'U i1fl~lltJllt1l\9l1ft 'UtJ'lJl~tJ'lJ lfll(,liJiJ'U

'" 
G3-7(3) 

G3-7(4) 

G3-8 

G3-9(I) 

G3-9(3) 

G3-9(4) 



JI 
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Km:lw:::lfIhlij 
(elW'YIfllJ 30°C)

q .. 

"" "" II "'31 "" ~ 31 31 1 IIfI nU ""G3-10(I) mnJ 'U'U '(1mlJ fI n'U~l'U 'UfJ'UlJnfl'lH)j~f1nlUl'ff'U Ul191flfJfJf1':ifJ'U.. 
flnlJ 'U'U iYl'I1~fJ':)f11lJ 'UfJ'UL1U'U 'UfJ'U~~mlru::;mi1Ulff'U1uu91f)tJfJmfJ'U Ifllni1G3-10(2) 

" 

G3-JO(3) f1?1lJ 'U'U iYfI~lJ 'UfJ'UL1U'U Ifllni1iJU.. 
G3-11(I) f1?1lJ 'U'U iY'U11 'IltJ <l.H~tJU ifl hU~l'U.. 

31'" 11""31 "'~ 31 1 II""G3-11(2) f1?1lJ 'U'U '(1'1111 fI n'U~l'U 'UfJ'UlJnflllru::;f1nlUL'ff'U UU91flfJfJf1':ifJ'U fI n'U.. 
G3-l2 f1?1lJ ~'U iYfI~lJ 'IltJU ifl i?1tihJ~':)\9lHf1m.:)-vilJU'(1.:) 

"" i i "'31 ""~ 31 31, II "" G3-l3(1) f1?1lJ 'U'U '(1'1111 fI ?1'U\9l1'U 'UfJ'UlJnflllru::;f1nlm'ff'U UU91flfJfJf1':ifJ'U fI n'U.. 
" G3-13(2) f1?1lJ 'U'U iYfI~lJtJtJf1'1l1\9l1?1 'UfJ'U~~flllru::;m\J1Ulff'U1mL91flfJfJf1':ifJ'lJ Ifllni1.. 

G3-l3(3) f1?1lJ ~'U iYfI~lJ 'UtJU!~VU ifl i?1ul1''U 


G3-13(4) 
 f1nlJ 'U'U iYfI~lJ 'Utl'Ulfllni1hJ~':)91'l':)flnl':)Yi'UU'(1.:) Ifllni1~l'U.. 
G3-l3(S) f1?1lJ !!U'U iY!'I1~tJ~fI~lJ 'UfJ'U!1U'U Ifllni1~l'U 


G3-l3(6) 
 f)?1lJ 'U'U iYfI~lJtJlJm~~N 'UfJ'U11U'U Ifllni1iJ'U.. 
G3-14(I) f)nlJ 'U'U iY'Ul1 'Utl'U11 tJ'U I fll ni1~l'U.. 
G3-14(2) f)nlJ 'U'U iYfI~lJ 'IltJlJ!5VlJ ifl hul1''U.. 
G3-IS(I) f)?1lJ 'U'U iYfI~lJtJlJ~lJ 'UtJ1J!~VlJ ifli?1til1''U.. 
G3-IS(2) f)?1lJ 'U'U iYm~tJ~fI~lJ 'IltJlJ!~VlJ ifli?1tiiJ'U.. 
G3-16(1) f)nlJ 'U'U fffl~lJ 'UtJlJ!~ VU i fI huhmi ~1'U 

.. u 

G3-16(2) f)?1lJ 'U'U iYfI~lJ 'IltJlJ!~VlJ ifl hij!~f1 11''U.. 
G3-16(3) f)nlJ 'U'U iYfI~lJ 'UfJ'U11tJ'U Ifllni11l1W iJ'U 

.. u 

f)?1lJ 'U'U iYfI~lJtJlJm~tJ':) '\JfJlJL1tJ'U Ifllni1!ftfl ~1'UG3-16(4) .. 
"" 11"'31n'U~l'U 'UfJ'UlJnflllru::;f1nlm'ff'U""v 31 31 1UU91flfJfJf1':ifJ'U II'"fI n'Uf)?1lJ 'U'U '(1'1111 fIG3-l7(1) .. 

f)(llJ 'U'U iYfI~lJ 'UfJ'U11U'lJ Ifllni1iJ'UG3-17(2) .. 
'" "" I I '" df)(llJ 'U'U '(1'Ul1 'UfJ'Ul'l U'U fI n'UlnflG3-l7(3) .. 



,;
A'lH) 

(~tl.!'1tfliJ 40°C). .. 
G3-l 

G3-2(I) 

G3-2(2) 

G3-2(3) 

'" '1"''' "'., ""'1 ,,'"m'l:lJ ~'W 'ff'll11 !fI ~'W~1'W 'lJtJU1J~tlflu!~flmtJI'ff'W~tJlI~tltJtJmtJU!fI !~'W 

tl~1J 'W'W iYfI~JJIl1~tJ,:j 1f1 hih11'W 'lJtJu~~tlflu!~flJ:i'ltJl~'W1tJl!~tltJtJmtJu If1 hil 
'" 

G3-3 

G3-4(I ) 

G3-4(2) 

G3-4(3) 

G3-4(4) 

tl~1J IlU'W iY'lJl1If11~il~1'W 'lJtJU~"tlflu!~flJ:i'ltJlrl''W1tJll~tltJtJmtJu If1I~il 

tl~JJ ~'W iY'lJl1 'lJtJU1~ tJu 1fli ~ill1''W 

tl~1J IlU'W iY'lJl1tJtJtlfl~1J 1fI hil~l'W 

G3-5(2) 

G3-6(I) 

G3-6(2) 

tl~1J UU'W iYl'11~U,:jfl~1J 'lJUU1~tJU If11~i1~1'W 

tl~1J 'W'W iY'lJl1 'lJUUI~tJU If11~i111''W 
'" 

G3-7 

G3-8 

G3-9(1) 

G3-9(2) 

tl~1J ~'W iY'lJl1 'lJUUI~tJU If1I~ill~tll1''W 

tl~1J 'W'W iY'lJl1tJUtlfl~JJ 'lJtJUI~tJU If1 hi11mu 11''W 
'" u 

G3-10(I) 

G3-1O(2) 

G3-1O(3) 

G3-l2(I) 

G3-12(2) 

tlmJ ~'W iY'lJl1 'lJtJUI~tJU Ifll~ill1''W 

tl~1J 'W'W iYll1~U,:jfl~1J Ifl1~il~1'W 'lJtJU~~tlflu!~flJ:i'ltJlrl''W'ltJlI~tlUtJtl'j'()u Iflhil.. 

G3-130) 

G3-I3(2) 

G3-13(3) 

G3-13(4) 

G3-l3(5) 

G3-14(I ) 

G3-14(2) 

G3-16(I) 

G3-l6(2) 

G3-16(3) 

G3-17(l) tl~1J IIU'W iYll1 ~U,:jfl~JJ 1fli ~il~l'W 'lJUU~~tlflu!~flJ:i'l tJl'ff'W 'ltJll~tltJtJ muu 1fli ~i1 

G3-17(2) tlmJ 'W'W iY'lJl1 'lJUU1~ tJU 1fli ~ill1''W 
'" 

G3-17(3) 



.. 
<!\ 

!'lffJ 
KmH>lA~1fl1tJil 

(~W'YIiJiJ 30°C) 

fH'llJ !!'UU ft'U11 'UV'UI~ t1'U 1fll 'fli'1:iJUC3-IO) 

'" '" 1 1 "''' 'flU~lUnmJ !!'UU 'CYfl 'HJ 'UV'UI'J'" t1'U flC3-! (2) 

C3-2(I) f)mJ U'W ffm~tJ-!lf!1lJ 'UtJ'UI~t1'U lfll'flu~lu 
" 

C3-2(2) "'''' <!\ fl 'flU~lU 'U'fJ'Ull'flnElru:::flftltll'CYU"'., 11'"flf)(llJ II'U'W tYmlJtJlJm(ltJ-!l 11"''' ""1 t1119'1n'fJ'fJmv'U 'flU 

C3-3(I) f)(llJ U U ff'U11 'U V'U 11 t1'U 1fll 'flU~lU 
" 

C3-3(2) f)(llJ II'UU fff!~lJtJlJ-fflJ 'U'fJ'Ul1vn Ifll'flu~lu 

C3-4 '" '" 11fl "''' "" t1l1l?ln'fJ'fJn1Jl'J'fJ'U 11'flUf)(llJ uu tYmlJ "'., 1 fl'flU~lU 'UV'Ull'flnElru:::flftltll'CYU '" 
" 

C3-5 f)(llJ UU fff!~lJ 'UV'UI~t1'U lfll'flu~lu 
" 

C3-6 '" '" 1f! 1 "'., "" 1t11191n'fJ'fJm'fJ1J 11'flUf)(llJ U'W tYmlJ (lU~l'W"''' 'IJ'fJ'Ull'flnElru:::fl'flltll'CYU fl '" 
" 

.::1.::::S -: d 11.::1j1C3-8(I) f)(llJ II'UU tYmlJtJlJUWll(l '\JtJ'UI'JtJ'U f! (l'W~lU 

C3-8(2) f)(llJ II'UU fff!~lJ '\JtJw~ tJ'U if! hi'hJ'W 

C3-9(l) "'''' 11"'''fl 'flU~l'W 'lJV'UlJ'MElru:::flftltll'CYU"'., ""1 t11191n'fJVm'fJ'U 11'"'flUf)(llJ 'W'W tYmlJ fl 
" 

C3-9(2) f)(llJ U'W fff!~lJ '\JtJ'lJl~ tJ'U if! hl'ulJU 
" 

C3-lO(l) 1 (l'W~1'W 'UV'Ull'flnElru:::mlltll'CYU"" 1t1l1l?lnvvmv'lJf)(llJ uu tYmlJ'" '" f! 1 "''' "'., 11fl (I'U'" 
" 

C3-!O(2) f)(llJ 'U'U fff!~lJtJlJm~tJ-!l 'U'fJ'UI~t11J Ifll'fluiJ'U 
<u 

'" 11"'''f! (l'U~1'W 'IJ'fJ'Ull(lnElru:::fl(lltll'CYU"'., ""1t1l1l?lnvvm'fJ'U 11'"'fl'Uf)(llJ 'U'U tY'\J11 flC3-!O(3) 
'" 

C3-I!(I) f)(llJ 'U1.J fff!~lJ 'IJ'fJ'Ui1t1'U lfll'flU~l'U 
<u 

C3-!!(2) f)(llJ 'U'U ff'\JlJ '\JtJ'lJl~tJ'U if! 1(lii~l'U
<u 

f)(llJ 1I'lJ'U ffm~'fJ-!ltJlJ-fflJ 'lJV'UI~t1'U lfll'fluiJ'UC3-!2 

f)(llJ 'U'U ff'\J11 '\JtJ'lJl~tJ'U if! 1(lii~l'UC3-!3 
" 

f)(llJ II'U'U ffm~tJ-!ltJlJJWll(l '\JtJ'UI~tJ'lJ 1f!i(lulJ'WC3-!4(I) 

C3-!4(2) f)mJ 1I'lJ'W ffm~tJ-!l '\JtJw1tJ'lJ 1f! hUlJ'U 

f)(llJ 1I'lJ'U ff'\J11 '\JtJ'lJl~tJ'U 1f!1(lii~1'WC3-I4(3) 

f)(llJ 'U'U 1tY hH-!lutY-!l '\JtJ'lJl~tJ'U if!1(lulJ'WC !-!4(4) 
<u 

" f)(llJ 'W'U fff!1lJ '\J'fJ'UI~t1'U Ifll(1U11J1lC!-I5(I) 
" 

f)(llJ 'U'U ff'\JlJ 'UV'Ul~t1'U 1f! hU~l'UC!-!5(2) 
'" 

f)(llJ 1I'lJ'W ff'\JlJ 'IJ'fJ'U11t1'U lfll'fliMl'UC3-I6 

deS V d l1d.jI
f)(llJ 'U'W tYmlJtJlJtYlJ 'UtJ'lJI'JtJ'lJ f! (l'W~1'UC3-I7(l) 

<u 

f)(llJ 'U'U ff'\J11 '\JtJ'UI~tJ'U 1f! hiilJ'WC3-17(2) 
'" 

"'''' "'., ""1 11'"f)(llJ U'U tYmlJ 'UV'Ull(lnfJru:::flftltll'CY'U t1l1l?ln'fJ'fJfl1Jl'J'fJ'U fl (lUC3-!7(3) 
'" 



" '" !'lHI 

(~W'Yi.fJiJ 40°C) 

C3-1(1) 

C3- 1(2) 

C3-2(l) 

C3-2(2) 

C3-3(l) 

C3-3(2) 

C3-3(3) 

C3-4(l) 

C3-4(2) 

C3-4(3) 

C3-4(4) 

C3-4(S) 

C3-s(l) 

C3-S(2) 

C3-s(3) 

C3-S(4) 

C3-6(l) 

C3-6(2) 

C3-9(1) 

C3-9(2) 

C3-1O(I) 

C3-IO(2) 

C3-IO(3) 

C3-1O(4) 

C3-1O(S) 

C3- 11 

ilfl'llwdflhru 

fHllJ 'U'U ~f1~lJillJff'lJ 'UillJ!~1.JlJ 1f11"ihJ'U 
'" 

fl'fllJ UlJU fl'fl1~ 1f11'flu'U'U ~f1~lJ 1f11'flUJJ'U 
'" 

mIl! UlJU ~'tIl'd 'UillJ!~1.JlJ 1f11'flU~1'U 

", 11",31 ",~ 31 31 1 11'"n~l! 'U'U ff'lJld fI 'fl'U~1'U 'UillJlJ'flfllHIl::f1'fl1mff'U 1.J1l\9'lflililmillJ fI rt'U 
OJ 

mIl! 'U'U iYfljl! 'lJfllJtjV1J Ifll~U!~nl1'U 
OJ 

n~l! 'U'U iYm~fl'lfljl! 'lJfl1JljV1J Ifl huhml ~lU 
OJ U 

nell! 'Uunm'llfl hU'l1vn ~'lJl'd Ifl hul1u 
OJ 

n~l! U'U iYfljl!fll!~l! 'lJfl1JljV1J lfllelul1u 
" 

", 11"'31 ",~ 31 31 1 11'"n~l! !!1J'U ff'lJll fl ~'U~1'U 'UillJlJ'flfllHIl::f1'fl1mff'U IJU\9'lflililfl'HllJ fI 'fl'U 

nell! 'Uunm.:J IflI elU-Ul! iYfljl!fll!~l! 'UillJ'l1Vfl 1f11'fluJJ'U•" 
nell! 'U'U iY'lJll 'UUlJ!~lJlJ 1f1 hruJJ'U 

OJ 

n~l! !!1JU iYfl~l! 'UUlJI~lJlJ 1f1hu~TU 

nell! ~'Unm'llfllelU~l! iYfljl!fll!~l! Ifllelulmy ~1'U 

nell! !!1J'U iYfl~l!ul!miifl.:J 'UillJ!~UlJ 1f1huhTqj ~1'U 

nell! l!1J'Unm'llflleluu'U iY'lJll 'UillJI~UlJ 1f1hu~1'U 
OJ 

nell! 'U'U iYfljl!fll!~l! 'lJfl1JljV1J Ifll~ul1'U 
OJ 

d ~ d 1 1 c19J
nell! !!1JU m'l1elfl'lml! fl 'fl'U~1'U 

n~l! 'U'U iY'lJld 'UUlJI~lJlJ 1f1hu~~fllJru::!'lJuiimTeJfl'l 
OJ 

n~l! 'UU ~m~u'l 'UillJ!~UlJ 1f11'flUJJ'U 
OJ 

nell! 'U'Unm.:J Ifllelu-ul! iYfl~l! 'UUlJ!~1.JlJ 1f1hUJJ'U•" 
nell! U'U iYfljl!Ul!~l! 'lJfl1JI~V1J Ifl hUlJU 

OJ 

", ", I 1 ", d
nell! U'U ff'lJll 'lJU1JI'HJ1J fl ~U!Cln 

OJ 

nell! u'U iY'lJll 'UillJ!~ UlJ 1f1hu~1'U 
OJ 

n~l! U'U iYfl~l! 'UillJI~ IJlJ 1f1huJJ'U 
OJ 

n~lJ UlJ'U iYff'l! 'UillJ!~lJlJ 1f11'fli11'11qj 

n'fllJ 'U'U iYm~u~ 'UUlJl~1.JlJ 1f1hul~fl JJ'U 
OJ 

n~lJ U'U iYfljlJ 1f11'flulftfl JJ'U 'UVlJll~fllJUl::f1ftlmff''U1uu\9'lflvvmulJ1f1huC3-12(l) 
" 

31", ... ", 11"'d ~ ",~ 31 1 11'"n~l! uu m'l1~u.:JmlJ fI 'fl'UI'flfl lJ'U 'UUlJlJ'flfllJUl::f1'fl1mff'U 1.JU\9'lflVUmUlJ fI rt'UC3-12(2) 
OJ 

'" "'~ "31 1 11 ",n~lJ 'U'U ff'IJ11 'UUlJlJrtfllJUl::f1'fl1m'(YU IJU\9'lflVUfllJl'iillJ fI 'fl'UC3-12(3) 
OJ 

.t::1 ~.c:i .:::I Q~11
nell! 'U'U m'l1~u.:JmlJ 'UillJ!'iUlJ fI rt'U~l'UC3-12(4) 

OJ 



.; 
I'llfl 

(flW't'liliJ 40°C) . ... 

C3-13(1 ) 

C3-13(2) 

C3-13(3) 

'" "''' " "'!II "'''' !II !II iii '" fH'IlJ U'UlJ 11'IJ11 'IJ'V'Urw'U !fl !~lJ~llJ 'lHl'UlH'In'I:Jru:::f1f1lUHYlJ UI!'flntltlmtl'IJ f1 I'IlJ 

n~lJ U'UlJ iYfl~lJ lfll~ii~llJ 1Hl'IJliri'n'I:Jru:::f1~ltJl~lJ1ulI'flntltlmtl'IJ lf111'1il 

f1~lJ lI'UlJ iY'lJl1 'IJ'V'UI~U'U lfll~ii~llJ 

C3-14(1) 

C3-14(2) f1~lJ lI'UlJ iYfl~lJ lfll~iil1lJ '\J'V'lJliftn'I:Jru:::f1~lmfflJ1u!l'flntltlmtl'IJ lf11l'1il 

C3-14(3) f1~lJ lJlJ iYfl~lJ '\J'V'UI~U'U lfll~iil1lJ 
'" 

C3-15 

C3-16(1) 

C3-16(2) f1~lJ U'UlJ iY'\J111fll~ii~llJ '\Jtl'IJliri'n'I:Jru:::f1~lm~lJ1t1l1'flntltJmtl'IJ if) il'lil 

C3-16(3) f1~lJ lJlJ iY'\Jl1'V'Vf1f)~lJ 'IJ'V'UI~U'U lfl hiil1lJ 
'" 

C3-17(1) 

C3-17(2) 

C3-17(3) 

C3-17(4) 



~ r ~ 'j/ 

2.2.4 !1fflilu£.Ifl1~mflh-3-31~'lhYl1tHI~'W'rd ~~YllJ~ 7I9id'e:Jrh~ 

.. 
"I 

A'lffl 
ilfl1:lW~lf11't1i1 

(f1W'Hflil30°C). '" 


G4-1(1) 
 fH)lJ 'U'U ffl11ft'U~fl1lJ 'IJ'U'U11rJ'jJ 1fl1ftihJ'U 
'II 

f1ftlJ 'U'U fffl1lJ 'IJ()'lJl1 U'lJ 1 fl1nihJ'U G4-1 (2) 
'II 

G4-2(1) fH'IlJ 'U'Umn~1fl1rl'u'I1ufl fffl~lJ 'U()'U11u'U 1fl1nli~1'U.. 
G4-2(2) mnJ 'U'U iY 'U()'U11u'U 1fl1ftliu'U.. 
G4-2(3) fHUJ 'U'U iYm~tl~fl~lJ '\Jtl'lJl~tJ'lJ 1fl1rl'ul1'U.. 
G4-3(l) flftlJ 'U'Uflft1~ 1fl lftl1Y1Ufl iYfl~lJtllJ~lJ 'U()'U11u'U 1fl1nli~1'U.. 
G4-3(2) flftlJ 'U'U iYfl~lJ 'U'U'U11u'U 1fl1nlil1'U 

'" 
G4-3(3) flftlJ 'U'U iYn1~tl~ 'U()'lJI~U'\.J 1fl lft-iJl1'U 

'" 
G4-4(1) flftlJ ~'U iYfl~lJ 'U()'U11u'U 1fl1nliu'U 

G4-4(2) flftlJ 'U'U iY'\Jldtltlflfl~lJ 'U()'U11u'U 1fl1nli~1'U 
'" 

G4-4(3) flftlJ 'U'U iYfl~lJtllJm~tl~ 'UD'U11v'U 1fl1ftlil1'U 
<u 

G4-5(l) f)ftlJ 'U'Uflft1~1fl1ft-iJ'I1ufl iYfl~lJ 'UD'U11u'U 1f11nli~1'U.. 
oI::Sd 'jJ 11..::131dG4-5(2) flftlJ 'U'U {YmlJtllJ{ylJ '\J()'lJ!'W'lJ fl {1'Um'U

'" 
G4-5(3) f)ftlJ 'U'U iYfl~lJ '\Jtl'lJl~ tJ'lJ 1fl lft-iJl1'U 

'" 
G4-6(1) flftlJ 'U'U iY'\Jldtltlflfl~lJ 'UD'U11u'lJ 1fl1nliu'U.. 

" G4-6(2) flftlJ 'U'U iYlY!~tl~tllJtJl\9l1ft 'lJtl'lJl~tJ'lJ 1fl lftl1l1'U .. 
G4-7(1) f)ftlJ 'U'U iYl'I1~tl~tllJ~lJ 'UD'U11U'lJ 1fl1ftlil~f1U'U 

'" 
f)ftlJ 'U'U iYm{itl'l 'UD'lJ!~U'U 1fl1nliu'UG4-7(2) 

'" 



"I" 
!'1H) 

Kf)\Jw~1f111ll! 
(tlW1'IillJ 40°C)

q 'U 

G4-1(l) f1"lJ 'l,!uf1m.:J if!i"ihtOf1 ftf!~lJ 'Im1Jl~(J1J if! hil~lU 

G4-1(2) mnJ 'U'Uf1m.:J if! hil'l1of1 iY!'I1~tl~fl~lJ 'UtllJ!~VlJ 1flhi1~l'U 
'" 

G4-2 mllJ 'U'U iYfl~lJ 'UtJ1JI~(J1J if!i"il~lU 
" 

G4-3(l) O"lJ 'U'Uf1m\lif! hilMOf1 iYm~tl~fl~lJ 'UtJ1JI~(J1J if! hil~lU 
" 

G4-3(2) O"lJ ~'U iYfl~lJ 'Utl1JI~(J1J if!hiliru 

G4-4(1) O"lJ 'U'Uf1m\lif! hilMOf1 iYm~tl~fl~lJ 'UtJtJl~(J1J if! hil~lU 
" 

G4-4(2) O"lJ 'U'Uf1m\lif!i"ilMOf1 ftfl~lJ 'UtltJl~(J1J if! hil~lU 
<u 

G4-4(3) O"lJ 'U'U iY'Ul1 'U'V1JI~(J1J if! hiliru 
" 

G4-5(I) O"lJ 'U'U iYm~tl~ 'UtltJl~(J1J if!i"iliru 
<u 

G4-5(2) O"lJ 'U'U iYfl~lJtllJm~tl\l 'Utl1JI~(J1J ifli"illi'lu 
<u 

.c:t.c:t iJ .c;S 11,d1l
G4-5(3) O"lJ 'U'U ~mlJtllJ~lJ 'UtllJl';iVlJ fl "'Uf11'U 

<u 

G4-6(1) Of:'llJ 'U'U iY'Ul1tltlOfl~lJ if!i"iliru 'Utl1Jihrm:jru:::ml'l(JI~u1(J!I~f1'V'Vmtl1J if! hil 
<u 

G4-6(2) Of:'llJ 'U'U iY'Ul1 'Utl1JI~(J1J If!i,,ill~f1 iru 
<u 

G4-7(I) f1f:'llJ 'U'U iYm~tl~fl~lJ 'Utllll~(J1J if! l"illi'lu 
<u 

G4-7(2) f1f:'llJ 'U'U iYfl~lJ 'UtJtJl~(J1J if! hiliru 
<u 

G4-7(3) f1f:'llJ 'U'U iY'Ul1tltlf1fl~lJ 'Utl1JI~(JtJ if! hill~f1 lJU 
<u 

d 

"'cI "'" '" "'1 ll"UG4-7(4) f1"lJ 'U'U ~mlJ 'Utl1JlJ"f1lJru:::f!m(JUYu (J!I~f1tJtlmtl1J f! 
<u 



.; 
I'IH) 


(~W'l'i{!1J 30°C) 


C4-1(I ) 


C4-1(2) 


C4-2(1) 


C4-2(2) 


C4-3 


C4-4(1) 


C4-4(2) 


C4-5(1) 


C4-5(2) 


C4-6(J) 


C4-6(2) 


C4-7(1) 


C4-7(2) 


i\'f)'llWdAl~il 

mnJ llll ih~t.rmj'lJ 'UtJ'lJl~[J'IJ Ifll"iilJll 
'U 

fmlJ U'lJll iYfl~lJ 'UtJ'lJll[J'IJ Ifll"i1lJll 

fl~lJ U'IJ'W ffl'l1~tJ'lA~lJ 'UtJ'lJl~[J'IJ Ifll"i1~lll 

fl~lJ 'Wll ff'Ul1 'UtJ'lJl~[J'IJ Ifll"ii~lll 
" 

fl~lJ II'IJ'W ffA~m)lJl'I1~'eN 'UtJ'lJl~[J'IJ Ifll"i1I~fl ~lll 

fl~lJ 'W'W iYA~mJlJl'I1~'e)'l 'UeJ'lJl~tJ'IJ Ifl hi1~lll 
" 

~ .<:9.c::S .c:! 1 1 .c::S d <J}
fl~lJ 'W'W mtl~'e)'lmlJ 'U'e)'lJI':i[J'IJ fI ~'Wmfl ~lll 

" 
fl~lJ 'Wll ffltl~'e)'lfl~lJ 'UtJ'lJl~tJ'IJ Ifll"ii~lll 

" 
fl~lJ ~ll ffl'l1~'e)'lfl~lJ 'UtJ'lJl~[J'IJ Ifl hiilJll 

fl~lJ 'Wll fffl~lJ 'UtJ'lJI~[J'IJ lf11~ii:u'U 
" 

fl~lJ 'W'W iYl'I1~tJ'lfl~lJ 'UtJ'lJl~[J'IJ lf11~il:u'W 
<u 

fl~lJ 'U'U fffl~lJ 'UtJ'lJl~[J'IJ Ifll"i1~l'U 
" 

fl~lJ 'U'W ff'Ul1 'Utl'IJI~[J'IJ lf11~il:u'W 
<u 

.; 
l'in) 

(ijW'l'iil1J 40°C). .. 
i\'f)'llWdAl~il 

C4-J (1) 

C4-J (2) 

fl~lJ II'IJ'W ffl'l1~tl'lfl~lJ 'Utl'IJ1~[J'IJ lflhil:u'U 

fl~lJ 'W'U fffl~lJ 'Utl'IJI~[J'IJ lf11~ii:u'W 
" 

C4-2 fl(llJ U'IJ'W ff'Ul1tltlflfl~lJ 'Utl'IJI~[J'IJ lf11(lil~1'W 

C4-3 fl(llJ U'IJ'W ffl'l1~tl'lfl~lJ 'Utl'IJ1~V'IJ lf1 hil~l'U 

C4-4(l) 

C4-4(2) 

C4-5(l) 

C4-5(2) 

C4-5(3) 

fl(llJ U'IJ'W fffl~lJ 'Utl'IJ1~V'IJ lf11(lil~1'W 

fl(llJ lI1J'U ffl'l1~tl'lfl~lJ 'Utl'IJI~V'IJ lf1 hil~l'W 

'" d 11"'d'Jlfl(llJ II'IJ'W {f'U11 'Utl'IJI':iV'IJ fI ~'Wmfl ~1'U 

fl(llJ 1l'IJ'U ffl'l1~tl'lfl~lJ 'Utl'IJ1~V'IJ lf11(lil:u'W 

fl~lJ 1l'IJ'W ffl'l1~tl'lfl~lJ 'U'e)'lJI~V'IJ lf1 hil~l'W 

C4-6(1) fl(llJ 'U'U iYfI~lJtllJl'I1~tl'l 'Utl'IJI~V'IJ lf1 hil~l'W 
" 

C4-6(2) 

C4-7(l) 

('.:1-7(')) 

fl(llJ 'U'U ff'Ul1tltlflfl~lJ 'Utl'IJI~V'IJ lf11~il:u'U 
<u 

d d 11.c::Sd~ 
fl~lJ ll'U mJ11 'Utl'IJI':i[J'IJ fI (l'WI~fl 1'l1'U 

<u 

'" '" '" "'V'IJ 1f1 hiil~l'UflC111 lLll'U 1'1'l'H(lfJ'lfl':ilJ 



0;1 I ~ " 

2.2.5 !~t)'nm.Ifl'vlmflh:J.:Jnnhmt'lf)(lJUll'ifl'j'jljlrrn'lf l1-.:J'I1ll~ 91'l1mh-.:J• 

.li
nfe> 

(~W'Yi{JiJ 30°C) 
Kmlw:::lfllt'lu 

G5-1(1) noll 'W'W iYfl~ll 'IItllJi1(J1J lf11oihJ'W 
'" 

G5-1(2) .noll 'W'W iY'lJl1 'IItlUI1(J1J lf1I'l'tMl'W 
'" 

G5-1(3) noll IIU'W iYm~tJ-.:Jfl~ll 'lJtJ'lJl~V'lJ lflloillJ''W 

G5-4(1) 

G5-4(2) 

noll 'W'W iYm ~tJ-.:J 'IItlU1~ VU I f1loih~f1 11'W 
'" 

noll U'lJ'W iYfl~ll 'lJtlU'I1Uf1 lf11,ruI'i'1'W 

G5-5( 1) nolJ 'W'WnOl-.:J lflloil'l1vn iYfl~lltJllm~tJ-.:J 'IItlUl~tlU Iflloul1'W 
'" 

G5-5(2) noll 'W'W ~fl~lJ 'lH)Ul~VU lf1loul'i'l'W 
'" 

G5-5(3) noll 'W'W ~fl~lltJlJ!'I1~tJ-.:J 'IItlUl~VU lf11oul1'W 
'I) 

G5-6(1) dd d Ild~ d", ~ ~'l II'"noll 'W'W ft'mll 'lJtlUl'WU fI (l'W~1'W 'lJtlUlJ(lf1~UI::;f1mtlril'W tllIWlf1fltlf1'JtlU fI (l'W
'" 

G5-6(2) noll 'W'W ~fl~lltJlllY'll 'lJtJ'lJl~tI'lJ IflloillJ''W 
'" 

G5-7(1) noll 'W'W ~fl~lltJlJ!'I1~tJ-.:J 'lJtlUl~VU lf1loul1u 
'" 

G5-7(2) noll 'W'W ~!'I1~tJ-.:J 'IItlUI~tlU Ifll(liHhlf1~UI::;!l'l'W~U'I1Uf1"l
'" 

G5-9(l) noll 'W'W ~fl~lJ 'IItlUl~VU Iflloul1'W 
'" 

G5-9(2) nolJ U'lJ'W ~fl~lJ 'lJtlUl~VU lf1loul'i'l'W 

G5-9(3) ", d I I d ~ noll 'W'W ft''lJ11 'IItlUI'WU fI (lU~l'W
'" 

G5-9(4) noll 'W'W ~fl~lltJll!'l1~tJ-.:J 'lJtlUl~tlU Iflloill1'W 
'" 

.
<'Il'llf) 

(~W'Yi{JiJ 40°C) 

G5-1 


G5-5(1) 


d d 1 'I' d ~ noll U'lJ'W ft''lJl1 'IItlUl'WU fI !(l'W~lUG5-5(2) 

G5-6(l) 

G5-6(2) 

G5-7(l) 

G5-7(2) 

G5-7(3) 

G5-9(l) 

G5-9(2) 

G5-9(3) 



""I 
&'1H) 

(DW'YiiliJ 30°C)
q 'U 

C5-} 

C5-4 

C5-5 

C5-6(1 ) 

C5-6(2) 

'" '" fHllJ 1l'lJ'W Lt''IJ11 'IJ'el'lJI'HJ1J 

fHllJ 111JlJ iYll1~'el'lfl~lJ 'IJ'el1Jl~U1J lf11'1'i'h~f) UlJ 

C5-7 

C5-8 

C5-9 

.1i 
&'lIel 

(DW'YiiliJ 40°C)
q 'U 

~fl1JW~lflhl'n . 

C5-1(l) fHllJ 'WlJ if'IJ11 'IJtJ'lJi1U'lJ ifl huhnu ;illJ
<u <J 

C5-4 

C5-5 

tl~lJ 'W'W iffl1lJ 'IJtJ'lJ!1 rJ'lJ i fl hUll'W 
<u 

.c:! ~.c:! cI i '1 .c1V 
tl~lJ 1l'lJ'W Lt'm~tJ'ImlJ ~tJ'lJ!'W'lJ fl r'llJ~l'W 

C5-6 tlr'llJ 'W'W if'IJ11 'IJtJ'lJ!1rJ'lJ ifl hU!~tlll'W 
<u 

C5-7(l) tl~lJ 1l'lJ'W ifm~tJ'Ifl1lJ 'IJtJ'lJ!1rJ'lJ ifl hUf11'W 

C5-7(2) tl~lJ 'W'W iffl1lJ 'IItJ'lJ!1 rJ'lJ i fl hUll'W 
<u 

C5-8 tl~lJ 'W'W ifm~tJ'Ifl1lJ 'IItJ'lJ!1 rJ'lJ i fl hUll'W 
<u 

C5-9(l) tl~lJ 1l'lJ'W iffl1lJ 'IJtJ'lJ!1rJ'lJ ifl i~Uf11lJ 

C5-9(2) tl'UlJ 'W'W if'IJ11 'IJtJ'lJ11U'lJ ifl hUf11'W 
<u 

C5-9(3) tl~lJ 'W'W ifm~tJ'Ifl1lJ 'IJtJ'lJ11rJ'lJ ifl hUlJ'W 
<u 



~ I W v 

2.2.6 l.ut)'nl!tlfl'~mflh-!l-!llt!UWm'm'U~ r1'l'l111~ 13 ~'HHjl'l
q 

.; 
l'Iff) 

ilfllltl.!::1f11 ~il 
(t'ltl.!'t'Iflii 30°C)

q qJ 

fH'llJ trw fffl~lI '\It'lUI~UU lf1 hl'thJ'UG6-1 
'II 

G6-2 n"lI 'U'U fffl~lI 'lJVlII~V1l1fll"thJ'U 
'" 

flflll 'tJ'U ff'\l11 '\It'lUI~UlIlf11fliliJ'UG6-3(1) 

G6-3(2) n"lI 'U'U fffl~lIl'11~V'l '\It'lUI~(JU lf11flil~1'U 
'" 

G6-4(1) n(1l1 'U 'U ff'\l11 '\It'lUI~ UU 1fllfliliJ'U 
'" 

d '" d 11 d31 d~ 91 91 '1 11 QG6-4(2) n(1l1 \1'U m'l1"V'lmll fI fl'U~l'U '\It'lUlIflfl'lHU~flmm'ff'U (JU~fWt'lmt'lU fI fl'U 

G6-4(3) nmJ 'U'U fffl~lIVlIl'I1~V'l '\It'lUI~UU lf11fliliJ'U 
'" 

G6-5( I) n(1l1 'U'U fffl~lIVlIl'I1~V'l '\It'lUI~UU lf1lfliMl'U 
'" 

G6-5(2) n(1l1 'U'U ff'\l11 '\It'lUI~UU lf11fliliJ'U 
'" 

G6-6 n(1l1 'U'U fffl~lI 'lJt'lUI~(JU lf1lfliliJ'U 
'" 

G6-7(1) n(1l1 'U'U ff'IJ11 '\IvuI1(Ju lf1lflill~fl iJ'U 
'" 

G6-7(2) n(1l1 'U'U ffl'l1~V'l '\It'luI1uu lf1lflil~l'U 
'" 

flflll UU'U ff'IJ11 'lJt'luI1uu lf1lfliliJ'UG6-8(1) 

d. ~ d. d 1 1 d9J
flflll 'U'U mmrv'lmll 'lJt'lUI'WU fI fl'U~l'UG6-8(2) 

'II 

G6-9(1) n(1l1 \1'U ff'IJnVVfi!'I1~v'l"1 '\It'lUI1fJU lf11flu~1'U 

G6-9(2) n(1l1 'U'U ff'IJ11 '\It'lUI1fJU lf11fluiJ'U 
'" 

n(1l1 'U'U fffl~lIl'11~V'l 'lJvlII~fJlIlf11(1il~1'UG6-IO 
'" 

G6-11 (I) n(1l1 ~'U fffl~lIVlIl'I1~V'l '\It'lUI1fJU lf11flill~fl 

G6-11 (2) n(1l1 'U'U ff'IJ11 '\IVU11uu lf1lfliliJ'U 
'" 

G6-11(3) n(1l1 'U'U fffl~lIVlIl'I1~V'l '\IVUI1(JU lfilfruiJ'U 
'" 

d d d'"G6-12(1) n(1l1 'U'U 'ffmlll'l1(1V'l '\It'lUI'WU 
'" 

G6-12(2) n(1l1 'U'U ff'\lnfl~lI '\It'lU!~fJU lf1lflil~l'U 
'" 

n(1l1 'U'Unm'llfll(1il'l1vn fffl~lIVlIl'I1~V'l '\It'l1J!~UU lf11flil~1'UG6- 13(1) 
'" 

G6-13(2) n(1l1 'U'U ffl'l1~V'l 'UtJu!1uu lf1lfll1iJ'U 
'" 

G6-13(3) n(1l1 'U'U ff'IJ11 'lJtJu!1fJU lf11fliliJ'U 
'" 



""I 
I'lifl 

(flW'Hflil40°C). ... 

~fllJ w::lrlhl'u 

G6-2(I) 

G6-2(2) 

G6-2(3) 

G6-3 

f1illJ 'lqIU ff'U11 'UtlUl~ [JU i ft hri'h~f1 ~'U 

f)illJ 'W'W fff!~lJ 'UmJi1(Ju if! hihJ'W 
'" 

f)illJ 'W'W ff!l1~tl'lf!~lJ '\JtlU!~(Ju 1f! hlihJ'W 
'" 

f)illJ ~'W ff!l1~tl'ltllJlfwn~ 'UflUl~[JU if! hU~lU 
G6-4(l) f)~lJ 'W'W ff'U11 'UtlU!~[Ju 1f!i~ijlJ''W

'" 
G6-4(2) f)~lJ 'W'Wf1il1.:j if) lilU'\1Uf1 -ff!l1~~Nf!~:JJ ift i-nu~l'W 

'" 
G6-4(3) 

G6-5 

f)~lJ 'W'W -ff!l1~tl'ltllJ-fflJ 'UflUl~UU ifl1'liilJ''W 
'" 

'" '" '" i 1 '" ~ f)~lJ 'W'W 11'mlJ 'UtJU!'WU fI ~'W~lh! 
'" 

G6-6(l) 

G6-6(2) 

f)~lJ !!U'W fff!~lJ 'UtlUl~UU if!iilU~l'U 

f)~lJ 'W'W ff!l1~tl'lfl~lJ 'UtlUl~ UU ifl ii:lil~'W 
'" 

G6-7 f)~lJ 'W'W -fff!~lJtllJJ1~1~ 'Utl1J!~(JU if) hillJ''W 
'" 

G6-8( 1) f)~lJ !lu'Wf)m'lif!1~il'iJ'iJ -fff!~lJtllJl'\1~tl'l 'UtlUI~UU if! hU~lU 
'" 

G6-8(2) 

G6-9(1) 

G6-lO(l) 

G6-10(2) 

f)~lJ 'W'iJf)m'l1f!1~ij'l1vf) ff'U11 'UflUl~tlU if) i-ni1!~f1 ~lU 
'" 

f)~lJ 'iJ'W -ff!l1~tl'lfl~lJ 'UflUl~UU ift ii:lil~lu 
'" 

'" "I '" 1 1 '" Yf)~lJ !lU'iJ LI'!'I1&ltJ'l '\JtJUI'WU fI ~'WVll'W 

.d ~ d .c::t 1 1 d d IV 

f)~lJ !!U'iJ LI'!'I1~tJ'If!':ilJ 'UflUl'WU f! 'lUlilf1lJU 

G6-11 

G6-12 

G6-13(l) 

f)~lJ 'iJ'iJ ff!l1~tJ'l tllJlfWll~ 'UtJlJ!~ tllJ 1 f!1 ~iiJJ'W 
'" 

f)(llJ 'W'W ff!l1~tl'lfl~lJ '\JtlUI~(JU 1f!1(lil~lU
'" 

f)~lJ 'W'Wf)~N 1f!1~il'l1vf) -fft'l1~tJ'IfI'11J 'Utl1J!~(Ju 1f!1(lil~1'W
'" 

G6-13(2) f)mJ 'W'iJ -fffl~lJ 'UflU!~(JU if! i-nulJ''iJ 
'" 



.. 
'" !'1H) 


(f1W't'lJlij 30°C)

• 'U 

ilmH)'!~lfll~il 


do 9J C'Pld3Jd.
mllJ 'U'U ffmlJtJlJfflJ 'Utl'lH'HJU If] ll'U~l'UC6-1 

'U 

C6-2 mUJ 'U'U -ff'\Jl1 'UtJUI~tJU if] hihJ'U 
'U 

C6-3(I) mUJ 'U'U -ffm~v~fI~lJ 'UVUI~tJU if] hi1~l'U 
'U .. .. 


C6-3(2) fl~lJ 'U'U 'ff'\J11 '\JVU!':i tJD 
'U 

C6-4 fl~lJ 'U'U -ffm~v~ 'UtJUI~tJU if] hi1iJ'U 
'U 

.c:S .c:t d ..::::S d d 9J1 1 C6-5 mllJ IIU'U ffI'I111tJ~mlJ 'UtJUI~tJU fI ~'Umfl m'U 

C6-6 fl~lJ 'U'U -fffl~lJ 'UtlUl~tJU if] hi1iJ'U 
'U 

C6-7 fl~lJ 'U'U -fffl~lJ 'UtJUI~tJU If] hi1iJ'U 
'U 

C6-8(I) 

C6-8(2) 

C6-8(3) 

fl~lJ 'Ii'U -fffl~lJt)lJm~v-:j 'UtJUI~tJU if]I11i1iJ'U 

.. .. 1 1 .. ~ 
fl~lJ UD'U 'ff'\J11 '\JtJD!':itJD fI ~'W~1'U 

.. .. 1 1 .. col ~ 
fl~lJ 'U'U 'ff'\J11 '\JtJDI':itJD fI ~W~fl ~1'U 

'U 

C6-9 fl~lJ UD'U i1f1~lJ '\JtJD!~tJD lf11~iM'l'U 

C6-10(I) fl~lJ 'U'W i1f1~lJtJlJ!'I1~tJ-:j 'UtlUI~tJU if] illi1~l'U 
'U 

C6-10(2) fl~lJ 'U'Uflm~ lf11~ij'l1(Jfl i1m~tJ-:j '\JtJDI~tJD lf11~ij~1'U
'U 

C6-11 .. .. 1 1 .. ~ 
fl~lJ UD'U 'ff'\Jl1 '\JtJDI':itJD fI ~'W~1'U 

C6-12(I) fl~lJ UD'U -ff'\Jl1 '\JtJD!~tJD 1fll ~ijl~fl u'W 

C6-12(2) fl~lJ UD'U i11'11~tJ~ '\JtJDI~tJD lf11~ij~1'U 

C6-13 
d. ~.c:l .c:::S 11 d.~ 

fl~lJ UD'U 'ffm~tJ~mlJ '\JtJ1J!':itJD fI ~'U~1'U 



.; 
l'lfel 

~mHl.!~Ifllt1u 
(~W't'iiJiJ 40°C) 

C6-](J) od.d ~ 4d 11..:::!d
fHllJ 'U 'U ""fl'J lJ tllJ1'\1 l,Hl'l 'IJ tl til 'W 'U fl fl 'Ulfl j)

'" 
C6-] (2) Cl ~ .d 11.d~

j)fllJ u'U'U 'CY!'l1fltl'l 'IJtl'Ul'W'U fl fl'U~l'U 

C6-2 j)fllJ 'U'U iYfl~lJ 'IJtl'Ul~ V'll I fll fli1~l'U 
'" 

C6-3 '" '" I I '" ~j)fllJ 'U'U ""'IJ11 'IJtl'Urw'U fl fl'U~l'U 
'" 

C6-4 j)fllJ 'U'U iYl'\1~tl'l 'IJtl'Ul~ V'll Ifl hi11mu 11'U 
'" u 

C6-5 j)fllJ 'U'U iYfl~lJtllJ~lJ 'IJtl'lll~V'U Ifllfli1l1'U 
'" 

C6-6 j)fllJ ~'U iYl'\1~tl'lfl~lJ 'IJtl'Ul~V'U Ifl hi1l1'U 

C6-7(J) j)fllJ 'U'U iYl'\1~tl'lfl~lJ 'IJtl'UI~V'U Ifllfli1l1'U 
'" 

C6-7(2) 
.d ~..:::! ..:::1 11.djJ

j)fllJ 'U'U 'CY!'l1fltl'lfl'JlJ 'IJtl'Ul,)V'U fl fl'U~l'U 
'" 

C6-8 j)fllJ ~'U iYfl~lJ 'IJtl'Ul~V'U Ifl hi1l1'U 

C6-9 .r::S ~ .d 11.::tvj)fllJ u'U'U 'CY!'l1fltl'l 'IJtlW')V'll fl fl'U~l'U 

C6-JO j)fllJ 'U'U iYfl~lJ 'IJtl'Ul~V'll I fl hi1l~j) 11'U 
'" 

C6-JJ j)fllJ 'U'U iY'lJl1 'IJtl'Ul~ V'll Ifl hi1l1'U.., 

C6-J2 j)fllJ U 'U'U iYfl~lJ 'IJtl'Ul~ V'll I fll fli1~l'U 

C6-J3 j)fllJ U'U'U iYfl~lJ 'IJtl'lll~V'U Ifllfli1~l'U 



w • w Y 

2.2.7 &.uflnu[.Ifl'~mf)h.:j.:jl'U'lh~l't1ihYl'U l1-!l'l1lJ~ 6 1'l1t1V l-:J 

G7 -1 

G7-2(l) 

G7-2(2) 

G7-3(l) 

G7-3(2) 

G7-4(l) 

G7-4(2) 

G7-4(3) 

G7-6(l) 

G7-6(2) 

Jt 
&'lIfl 

(flW'l1i1lJ 40°C)
• OJ 

G7-1 
d ~ d d 1 l' dog)

fHUJ tru 'ffl11ft'V.:Jf) 'HJ 'U'V1JI'HJ1J If) IftlJ~llJ 
" 

G7-2 

G7-3(l) 

G7-3(2) 

G7-6 



.; 
!'IIf) 

(~W't'iJJil30°C) 
~f)'l:IW~1ft"til 

C7-1 

C7-2(l) 

C7-2(2) 

od ~..:.t ..::s 110djl
fHl1J uuu ffilHnl'lm1J ~'VU1J {JU fl flU~lU 

mUJ uu iY~11 'U'tl'UilVU if! hl'wiTu.. 
mnJ U'U iYl'I1~tl'lf!~lJ 'UtlUI~ VU i f! hU~l'U 

'" 

C7-3 

C7-4 

C7-5 

C7-6 

fl'illJ 'U'U iY'Ul1tltlf1l'\1~tl-:J"1 ~tJUI1t1U lfllflil~lu.. 
fl'illJ 'U'U iY'Ul1 ~tJU11t1U lfl hilllu 

<u 

fl'illJ 'U'U iY'Ul1 ~tJU11 tlU 1fl hil~l'U 
<u 

fl'illJ 'U'U iYf!~lJ ~tJU11t1U lfll(1il~lu
<u 

.;
1'lIf) 

(f)w't'iilil40°C). .. 
C7-1 

C7-2 

~f)'l:IW~1ft"til 

fl'illJ 1l'lJ'U iYf!~lJ 'U'fJU!~V'lJ if! i'ilu~l'U 

fl'illJ 'U'U iY'Ul1 'U'fJ'lJl~tI'lJ if!i'ilu~l'U 
<u 

C7-3(1) 

C7-3(2) 

C7-4 

fl'illJ 'U'U iYf!~lJ 'U'fJU!~tlU if! i'ilu~l'U 
<u 

fl'illJ 'U'U iYl'I1~'fJ-:Jf!~lJ 'U'VU!~V'lJ if! i'ilil~l'U 
<u 

flmJ 'U'U iYf!~lJ 'U'fJU!~£J'lJ if! i'ililiT'U.. 
C7-5 

C7-6 

fl'illJ 'U'U iYl'I1~'fJ-:J 'U'fJ'lJl~ £JU if! hiliT'U 
<u 

fl'illJ 'U'U iYf!~lJtllJl'I1~'fJ-:J 'UtlUl~fJU if! i'iluiT'U 
<u 



" , q,I j) 

2.2.8 !.ut:lflur.lf)1~mf)h'Nl'Wlh~1't1tJ~~lJ[1 r1\1lUm 9 ~1mh\l 
~ 

""I 
!'lft:l 

(t:IW'YiiliJ 30°C)
~ .. 

KmJwdfll't1l1 

G8-1 flmJ 'W'W fffl1lJ 'U'V 'lJI1UlJ lfll'fliilJ'W 
" 

G8-2 fl'fllJ 'W'W fffl1lJ 'U'VlJI1UlJ lfll'fliilJ'W 
" 

G8-3 mnJ 'W'W ff'Ul1 'U'VlJI1UlJ lfll'flil~l'W 
'" 

G8-4(1) 

G8-4(3) 

G8-4(4) 

mnJ 'W'W ff1'l1~tl\lfl5lJ 'U'VlJI1UlJ lfl1nil~l'W 
'" 

fHllJ 'W'W ff'Ul1 'U'VlJI~UlJ 1 fl1nillJ''W 
'" 

fHllJ 'W'W ff1'l1~tl\l 'U'VlJI1UlJ lfll'flil$ll'W 
'" 

G8-5 mllJ 'W lJfHl 1\1 ifl inilmJfl ffl'Yi~tl\l 'UtltJl1UlJ lfl1nil~l'W 
'" 

G8-6 flnlJ 'W'W ff1'l1~tl\l 'UtllJl1UlJ lfl1nil~l'W 
'" 

G8-7(1) 

G8-7(2) 

'" '" : 
flnlJ 'W'W LYfl1'l1ntl\ltllJ'Wl<flln 'UtllJ 

'" 
flnlJ 'W'W ff1'l1~tl\l 'UtllJl~UlJ lfl1nil$ll'W 

'" 
G8-8 flnlJ 'W'Wfln1\1 ifl inill1Vfl ff1'l1~tl\lfl5lJ 'UtllJI~UlJ lfl1nil~l'W 

'" 
G8-9 flnlJ 'W'W fffl5lJ 'UtllJl1UlJ lfl1nillJ''W 

'" 

Ji 
!'lHl 

(t:IW'YiiliJ 40°C)
~ .. 

KmJw~lfll't1l1 

G8-1 11'" d~ : lld~fl'fllJ !llJ'Wf1'fll\l fl 'fl'W'W'W LYLYlJ'VlJ'W11l11'fl fl 'fl'W~1'W 
" 

G8-2 

G8-3(1) 

G8-3(2) 

G8-4 

fl'fllJ 'W'W ff'U11 'U'VlJI1UlJ lf11'flillJ''W 
" 

flnlJ 'W'W ff1'l1~tl\ltllJ~lJ 'Utltl15VtJ ifl iniliJ'W 
'" 

flnlJ 'W'W ff1'l1~tl\lft5lJ 'Utl'lJ!5V'1J ifl iniliJ'W 
'" 

flnlJ 'W'W ff1'l1~tl\lfl5lJ 'Utl'lJ15V'lJ ift iniliJ'W 
'" 

G8-5( 1) 

G8-5(2) 

flnlJ 'W'W ff1'l1~tl\ltllJ~lJ 'Utl'lJ15V'lJ ift iniliJ'W 
'" 

flnlJ 'W'W fffl5lJ 'Utl'lJ!5V'lJ ifl iniliJ'W 
'" 

G8-6 flnlJ 'W'WflnN ifl inill1Vfl fffl5lJ 'UtllJl5VlJ ifl inil~l'W 
'" 

G8-7 flnlJ 'W'W fffl5lJ 'UtllJl5tJlJ ifl iniliJ'W 
'" 

G8-8 

G8-9(1) 

G8-9(2) 

flnlJ 'W 'W fffl5lJ 'U tllJ 15 VlJ i fl iniliJ'W 
'" 

flnll 'W'W ff1'l1~tl\lfl5lJ 'UtllJI5t'J'lJ ifl inil~l'W 
OJ 

flnll 'W'W fffl5lJ 'Utl'lJ15V'lJ ifl iniliJ'W 
'" 



__ 

"I" 
1'116 

(6Wl'lSJiJ 30°C)
• 'U 

C8-1(l) 

d ~ d d i i d~
mUJ 'W'W 'ffl'lHHl\lfl 'HJ 'Iltl1JIHJ'lJ fl fl'W~l'WC8-1(2) 

" 
C8-2(l) 


C8-2(2) 


C8-3(l) flmJ ~'W ff'U11VVflIl1~V\l"l 'Iltl1H~[J'U ifl hii~l'W 

C8-3(2) fl~lJ 'W'U ffll1~V\l 'UmJ!~V'lJ lfll~i1imu 1i'1'W 
" u 

C8-4(I) 

C8-4(2) 

C8-5 

C8-6 


C8-7 


C8-8(l) 


C8-8(2) 


C8-9(l) 

C8-9(2) 

C8-9(3) 

""I 
1'116 

(~Wl'l{JiJ 40°C) 

C8-1(I) 

C8-1 (2) 

C8-2 

ilfl'llWdflh.,.il 

.d ~ d d 1 1 d)l
f)fllJ U1J'W 'ff!l1fltl\lfl':ilJ 'Iltl1JI'HJ1J fl fl'W~l'W 

mnJ 'W'W ff'U11 'UV1Jl~fJ1J lfll~iJlJ'W 
" 

flf1lJ 'W'U ffll1~V\lfl~lJ 'UV1JI~fJ1J ifl ifliiJJ''W 
" 

C8-3 flf1lJ ~'W ff'U11VVflIl1~eJ\l"l 'Iltl'U!1U'U ifl iflii~l'W 

C8-4(l) fl~lJ 'W'W fffl~lJVlJll1~V\l 'Iltl'UI~[J'U ifl hiiJJ''W 
" 

C8-4(2) 

C8-5 

d d d 

fl~lJ 'U'U 'ff'U11 'Iltl'Ul'HJ'U 'Iltl'UI'J U'U 
" 

d ~ d do 11.<::1j1
f)fllJ ll'U'W 'ffl11fltl\lfl':ilJ 'Iltl'UIHJU f1 fl'Wm'W 

C8-6 fl~lJ 'W'U ffll1~eJ\lf1~lJ 'Iltl'Ul~U'U ifl ifliiJJ''W 
" 

C8-7 fl~lJ 'W'U fffl~lJ 'UeJ'UI~V'lJ lfllfliJl~fl lJ'W 
" 

C8-8(I) 

C8-8(2) 

-  -

flfllJ 'U'U ffll1~V\lf1~lJ 'UV'UI~fJ'U lfl hliJlJ'U" . 

fl~lJ 'U'U ff'U11 'Uv'U11fJ'IJ lfl hliJlJ'W 
" 

. .. . -::t. ~.~ .~~ ..d d)! 



~ , ., v 

2.2.9 l~t)'nU£.Ifl, ~'ill flh ,H 1lAllwntl"HII ihn l'l.:j 'YI lJ ~ 10 ~'J't) V1.:j 

Ji 
1'1f6 

Kfll.lW~if1itlU 
(tJW'Yii.}ii 30°C) 

G9-1 mnJ tJtJ ff'\J1TtHlf1f11lJ '\J'OU1~UU lf1lrl'WJJtJ 
'U 

G9-2(l) fWllJ 'U'U fif1~mJ:lJA'lJ '\J'OU1~UU lf1lniiJJtJ 
'" 

G9-2(2) fH'llJ 'U'U fifl1lJ '\J'OU11UU 
<u 

lf1 hliiJJtJ 

G9-3(l) c! ""fWllJ 'U'U {Y'Ul1 '\J'OUl'WU 
<u 

11""" "" ... ""1 11""f1 ~tJ~ltJ '\J'OUlJ~fl'l:lW~f1mmfftJ UUlfIfl'O'Of1'j'OU f1 ~tJ 

G9-3(2) fHllJ tJ'U fifl~lJ '\JVU1~UU lf11~iiJJtJ 
<u 

G9-4 fHllJ 'U'U fi!'Yi~~.:jfl1lJ '\J'OUi1UU 
<u 

lf11~iiJJtJ 

G9-5(l) fl!'llJ 'U'Ufl!'ll.:j Ifl hrU'YIVfl fifl1lJ~lJ!'Yi~~.:j '\J'OU1~UU lf11~ii~ltJ 
<u 

G9-5(2) fl!'llJ ~'U fifl1lJ '\J'OU11UU lf11~ii~1'U 

G9-5(3) O!'llJ ~'UO!'ll.:j Ifl hU~lJ fifl1lJ '\JVU11UU lfll~ii~ltJ 

G9-5(4) fl!'llJ 'U'U fifl1:JJ~lJ!'Yi~~.:j '\J'OU11UU 
<u 

lf1lniil~f1 

G9-6(1) fl!'llJ 'U'UO!'l1.:j Ifl hu'YIvo fifl1lJ~lJ!'Yi~~.:j '\J'OU1~UU lfll~ii~ltJ 
<u 

G9-6(2) fl!'llJ 'U'U fifl1lJ '\JVU1~UU lfll~iiJJtJ 
<u 

G9-7(I) O!'llJ 'U'U fifl1lJ~lJ1'l1i'i~.:j '\J'0111~U11 lf1lnii~l'w 
<u 

G9-7(2) fl!'llJ ~'Ufl!'l1.:j Ifl hU'YIvfl fifl1lJ '\JV1111U11 lf1lnii~ltJ 

G9-8(I) fl!'llJ 'U'UO!'l1.:j Ifll!'lU'YIVO fi!'Yi~V.:jfl1lJ '\J'0111~U11 lf11!'lii~ltJ 
<u 

G9-8(2) fl!'llJ 'U'UO!'ll.:j Ifl hU'YIvfl fifl1lJ '\JV1111U11 
<u 

lf11~ii~ltJ 

G9-9 f)!'llJ 'U'Uf)!'l1.:j Ifllr;'lU'YIVf) fi!'Yi~~.:jfl1lJ '\J'0111~U11 lf1lniiJJtJ 
<u 

G9-10 Or;'llJ 'U'U fi'U1J '\J'OtI11U11 
<u 

lf11~iiJJtJ 



J\ 
!'tIel 

(elW'Hfl1J 40°C)
• 'U 

ilfl'llW::1fl1~u 

G9-J '" '" '" i i "''' "'~ "" 1 i i '"fHUJ 'tq!'W 'ffIlH'ltl-:Jf1'jlJ fl 'f1'W~1'W 'lltl'lJlJ'f1f)llru::fl'f11V1ff'W V!l~f)tltlf)'Jtl'lJ ft 'f1'W 

G9-2 
dI d.c:t dI 1 1 r-:t)/

f)'f1lJ 'tq!'W 'ffIl1'f1tl-:Jfl ':ilJ 'lltl'lJl':iV'lJ fl 'f1'W~1'W 

G9-3 flulJ ,\!'W il'fl~lJ 'lltl'lJlj{J'lJ ifl i'f1ihJ''W 

G9-4 nulJ ,\!'W il''U11 'lltl'lJljV'lJ ifl i'f1u:U'W 

G9-5(l) nUlJ 'W'W il'fl~lJ 'Utl'lJljV'lJ ifl i'f1u~l'W 
" 

G9-5(2) nulJ 'W'W il'1l1~e:J'H)lJb¥lJ 'lltl'lJljV'lJ ifl i'f1u:u'W 
" 

G9-6 

G9-7(J) 

G9-7(2) 

nulJ ,\!'W il'1l1~e:J-:JtllJb¥lJ 'lJtl'lJl~V'lJ ifl i'f1u:u'W 

nulJ ,\!'W il'fl~lJ 'lltl'lJljV'lJ ifl i'f1u:u'W 

nulJ ,\!'W il''U11 'lltl'lJljV'lJ ifl i'f1UI~f):U'W 

G9-8 cS ~.c:S dI 1 i dliJ
nulJ 'W'W ffll1,W-:Jfl:ilJ 'lJtl'lJIJ{J'lJ fl 'f1'W~1'W 

" 
G9-9(J) 

G9-9(2) 

flulJ ,\!'W il'1l1~e:J"fl~lJ 'lJtl'lJljV'lJ ifl i'f1u~l'W 

nulJ ,\!'W il'1l1 ~e:J'l 'lJtl'lJlj (J'lJ ifl i'f1u:u'W 

G9-10(J) cScS .c:t iidlll
nulJ ,\!'W fffl:ilJ 'lJtl'lJI'W'lJ ft 'f1'W~1'W 

G9- 10(2) nulJ 'U'U il'1l1~e:J'lfl~lJ 'lJtl'lJljV'lJ ifl i'f1u:u'W 
'" 

G9- 10(3) nulJ 'U'U il''Ull 'lJtl'lJljV'lJ ift i'f1UI~f):U'W
" 

.. 
'" !'tIel 

ilfl'llW::1fl1~u 
(elW'Hfl1J 30°C). ... 

C9-1 '" '" i i "'''f)'f1lJ 'W'W ff'll11 'lJtl'lJIJ'V'lJ fl 'f1'W~1'W 
" 

C9-2(J) nf1lJ 'W'W il'1l1~e:J'lfl~lJ 'lltl'lJI~V'lJ ifl i'f1u:u'W 
" 

" C9-2(2) nf1lJ 'W'W il'b¥mllJ'WlIPl1f1 'lltl'lJljV'lJ ifl i'f1-w.:u'W 
" 

C9-3 nulJ 'W'W il''U1Ttle:Jf1ll1~e:J'l''l 'lltl'lJljV'lJ ifl i'f1U~l'W 
" 

C9-4(1) nulJ 'W'W il'fl~lJe:JlJl'H~e:J'l 'lltl'lJljV'lJ ifl i'f1U:U'W 
" 

C9-4(2) nf1lJ 1l'lJ'W il''Ul1 'lltl'lJljV'lJ ifl i'f1U:U'W 

C9-5 nf1lJ !!'lJ'W il''Ul1 'lltl'lJljV'lJ ifl i'f1U~l'W 

C9-6 '" '"nf1lJ U'lJ'W ff'Ull 'lJtl'lJ1J'V'lJ i i "''' "'~ "" 1 i i '"fl 'f1'W~1'W 'lltl'lJlJ'f1f111UI::fI'ftlVlff'W Vllllf)tltlf)'Jtl'lJ fl 'f1'W 

C9-7(l) flf1lJ 1I'lJ'W il''Ul1e:Je:Jflfl~lJ 'lltl'lJI~{J'lJ ifl i'f1U~l'W 

C9-7(2) nf1lJ 'W'W il''U11 'IH)'lJl~V'lJ ifl i'f1U~l'W 
" 

C9-8(I) nf1lJ 'W'W iY'Ul1 'lJtl'lJl~ V'lJ i fl i'f1u~l'W 
" 

C9-8(2) nf1lJ 'W'W iYl'I1~e:J'l 'lJtl'lJl~V'lJ ifl i'f1u:U'W 
" 

C9-9 nulJ !!'lJ'W iYl'I1~e:J'lfl~lJ 'Utl'lJI~V'lJ ifl hlU~l'W 



Ji 
!'lffl 

(~W'HiJi'l40°C) 
~flllW~lflhl'u 

C9-1 ft'" "'ii"'~"mIll 1I'lJ'U IlHH)'I WHJ fl '11'UI'11f) 1l1'U 

C9-2 

C9-3 

C9-4 

C9-5 

fHllJ 'U'U ftfl1lJ '\H)'lJI~V'lJ ifl i'11U~l'U 
'" 

f)'llJ 'U'U *'U11tH)ilI'I1~V.:jG""j 'UV'lJI~mJ ifl i'11U~l'U 
'" 

mm 'U'U *fl1lJ 'UtJ'lJI~V'lJ ifl i'OUlJ'U 
'" 

f)'llJ 'U'U *m~v.:jfl1lJ 'UU'lJI~V'lJ ifl i'11ulJ'U 
'" 

C9-6(l) 

C9-6(2) 

C9-6(3) 

f)'llJ IIU'U *'U11 'UU1J1~ V'lJ i fl i'OU~l'U 

f)'llJ 'U'U *m~v.:jfl1lJ 'UU'lJI~V'lJ ifl i'11ulJ'U 
'" 

f)'l:U 'U'U *'U11 'UtJ'lJi5U'lJ ifl i'OUlJ'U 
'" 

C9-7(l) 

C9-7(2) 

f)'llJ 'U'U *m~v.:jfl1lJ 'Utl'lJI~U'lJ ifll'11ul~f) lJ'U 
'" 

f)'fIlJ IIU'U iffl1lJ 'UU'lJI~U'lJ lfll'11u~l'U 

C9-8(l) 

C9-8(2) 

C9-9(l) 

C9-9(2) 

C9-10 

'" '" 1 1 "''' f)'11ll IIlJ'U 'ff'U11 'UU'lJI'W'lJ fl '11'U1l1'U 

f)'fIlJ 'U'U *'Ul1vvf)fl1lJ 'UU'lJI~U'lJ lfll'11uJi1'U 
'" 

f)'fIlJ 'U'U if'Ul1'Uu'lJI~U'lJ lfll'11ulJ'U 
'" 

f)'fIlJ IIU'U *'U11 'UUlJl~U'lJ lfllftu~l'U 

f)'fIlJ 'U'U *'U11 'UU'lJI~ V'lJ i fl i'OU~l'U 
'" 



~ , ~" 

2.2.10 !~el.yj!!tlf)'~'il1f)h~~nnhvm'1'fiA6'U ~,ntlJ~ 21 1'l1mh-:J 

.;
l'I1el 

(e>W'Hflij 30°C). .. 
KmIW~lfllt1U 

GIO-2(1) 

G 10-2(2) 

fUm llll if'IJ HiH! fl fl1lJ 'IJ tJ'lJl1 tlU i ft hl'l'h~ fl iJ II 
" .dq .d 11.dd v

flC'llJ !lUll 'ffmlJ 'lJtJ1Jl'WU ft C'llllC'lfl1l1ll 

GIO-3(I) 

GIO-3(2) 

G 10-3(3) 

nmJ 'U'U ft'U11flflflfl~lJ 'UVUI1t1U ift iC'liliJll 
" 

flftlJ ll'U ftfl~lJ 'lJvuljtlU hI iC'lil~lll 
<u 

flCllJ lIiJ'U ft'U11 'UtJUljtlU ifl i"il~lll 

flCllJ 'U'U ftfl~lJfllJ!l1~fl-:J 'UtJU1~tlU ifl iC'lil~lll 
<u

GIO-4(I) 

G 10-4(2) mw 'U'U ft'U11 'UtJU11 tlU i fl i "iliJll 
<u 

GIO-5(1) flCllJ ~'U ftI'H~fl-:JfI~lJ 'lJtJUi1t1U ifli"iliJll 

G I 0-5(2) flftlJ 'U'U ft'U11 'lJvuljtlU ifl i"iliJll 
<u 

GIO-5(3) '" '" '" i i .os 31fl CllJ 'U II 'ff fI'j lJ 'IJ tJ Ut'W U ft" II mll 
<u 

GI-6 flftlJ 'U'U ftfl~lJ 'lJtJUI1t1U ifl iC'liliJll 
<u 

G 10-8(1) .d .et d .d 1 1 .d d v
flCllJ 'U'U 'ffI'HClfl-:Jfl'jlJ 'lJVU!~tlU ft "1lIC'lfl1l1ll 

" 
G 10-8(2) flftlJ ~'U ft'U11 'lJtJU!1t1U ift i"iliJll 

GIO-8(3) flCllJ 'U'UflC11-:J 1f11Clih1(Jfl ft'U11flflflfl~lJ 'lJtJUljtlU ifl iC'lil~lll 
<u 

GIO-9(l) flCllJ 'U'U ftfl~lJfllJ!l1~fl-:J 'lJVU!1t1U ifl iC'lil~llll~fl iJll 
OJ 

G 10-9(2) flCllJ 'U'U ft'U11 'lJtJU!j tlU i fl iC'liliJll 
<u 

G 10-9(3) flCllJ 'U'U ftfl~lJt)lJI'H~fl-:J 'lJtJU!jtlu ifl iC'lil~lll 
" 

G 10-9(4) 

G I O-IO(I) 

flCllJ 'U'U ftI'H~fl-:JfI~lJ 'lJtJU!jtlu ift i"il~lll 
" 

flCllJ 'U'U ftfl~lJfllJ!'\1~fl-:J 'lJtJU!jtlu ift i"il~lll 
<u 

GI0-IO(2) 

G I 0-11 

flCllJ 'U'U ft'U11flflflfl~lJ 'lJtJU!jtlu ifl iC'liliJll 
<u 

flCllJ 'U'U ft'U11fl'iJflfl~lJ 'lJtJUljtlU ifl iC'liiiJll 
<u 

GlO-12 

G I 0-13 

flCllJ 'U'U ft'U11 'lJtJuljtlU 'lJtJU!jtlu ifl iC'liliJll 
" 

flCllJ 'U'U ft'IJ11'iJflflfl~lJ 'lJtJUljtlU ift i"iliJll 
" 

GIO-15(l) flCllJ 'U'U ft'U11 'lJVtlljtlU ifl iC'liiiJll 
<u 

GI0-15(2) flftlJ 'U'U ftfl~lJ'iJlJ!l1~'iJ-:J 'lJVU'ljtlU ifl iC'lii!~f) ~1'U 
" 

GIO-17(l) flCllJ 'U'U iffl~lJ'iJlJI'H~'iJ-:J 'UtJU1~tlU ift iC'lill~f) iJll 
<u 

G I 0-17(2) flCllJ ll'U ft'IJ11tJflflfl~lJ 'lJVU!~tlU ift iC'liiiJll 
" 

GIO-180) '" ii"'31 "'''' 31 31i ii'"flftlJ 'Ull 'ff'U11 ft "ll1l1ll 'lJVUlJ"flfJru::::ftC'lltll'ffll tll!~flVVflH)U fl C'lll 
" 

GI0-18(2) nftlJ 'U'U ilfl~lJfllJ!l1~fl-:J 'lJVUI~tlU ift iC'lii~lll 
<u 

GI0-18(3) nCllJ l,;.!'U ftfl~lJ'iJlJ!l1~'iJ-:J 'lJVU!~tlU ifl i"ii!~f) iJll 



.; 
!'tHl 

(6W'YiillJ 30°C). .. 
G 10-19(1) 

GI0-19(2) 

GlO-19(3) 

G 10-19(4) 

GI0-20(1) 

GI0-20(2) 

GI0-20(3) 

f)~lJ l;l'Wf)m.:J Ifll~ihHJf) 1Yfl~m)lJ!l1~tl.:J 'lJtl'lJl~tJ'lJ Ifll~iM1'W 

f)~'lJ 'W'W 1Y'lJ11 'lJtl'lJl~tJ'lJ Ifl hihJ'W 
'" 

.; 
!'l16 

(~W'YiJJiJ 40°C) 
~f1'llW~lf11,,1l 

GI0-2 f)~'lJ ~'W 1Y'lJ11tltlf)fl~'lJ 'lJt:lUijuu iftl"ul~n,ju 

GI0-3 f)~lJ ~'W 1Y'lJ11tltlf)fl~'lJ 'lJt:lUi1UU lfllC'lul~n,ju 

GI0-4(1) '" '" Ii"'''f)~'lJ U'W 1Y'lJ11 'lJt:lUl':i UU fl "U~lU 
'" 

G 10-4(2) f)~'lJ 'WU 1Y!l1~tl.:J 'lJVU1~UU 1ft iC'lu,ju 
'" 

GI0-4(3) f)~'lJ 'W'W 1Y'lJ11tltlf)fl~'lJ 'lJt:lUl~U'U 1ft huIl1U 
'" 

GIO-8(1) f)~'lJ 1l'lJ'W 1Ylli~tl.:Jfl~'lJ 'lJt:l'Ul~U'U lftlC'lu,ju 

G 10-8(2) f)~'lJ ~'W 1Y'lJ11tltlf)fl~'lJ 'lJt:l'Ul~U'U lfl iC'lUlftn iT'W 

GlO-lO(1) 

GI0-I0(2) 

GI0-I0(3) 

f)~'lJ U'W 1Y'lJ11 'Ut:l'Ui1U'U lfl i"Ul~n,jU
'" 

f)~'lJ 'W'W 1Y!'''l~tl.:Jfl~'lJ 'lJV'Ul~U'U ift hUl~n,jU
'" 

f)~'lJ 'W'W 1Y'lJ11 ift iC'lu,ju 'lJv'U~ftn1JUj:;ftft1UlffU1ull~nVVmt:l'U ift iC'lU 
'" 

f)~'lJ U'W 1Y'lJl1tltlf)fl~'lJ 'IJ-eJ'Ul~U'U iftlC'lul~n,juGI0-12 
'" 

GI0-13(1) 


GI0-13(2) 


f)~'lJ 'W'W 1Y'lJ11 'IJ-eJ'Ul~U'U iftlC'lul~n,ju
'" 

f)~'lJ 'W'W 1Y'lJ11tltlf)fl~'lJ iftlC'lu,ju 'lJmJ~ftn1Jru:;ftftlUlffU1ull~n-eJ-eJnlJl':i-eJ'U iftlC'lU 
'" 

'" '" GI0-lS f)~ 'lJ 'W 'W IY'IJ 11 'IJ tl tl'lJ n tJ'lJ 
'" 

G 10-16(1) 

GI0-16(2) 

GI0-16(3) 

f)~'lJ 'W'W 1Y'lJ11 'lJtl'lJl~ tJ'lJ 1fl 'hI'Wl~f) iT'W 
'" 

f)~'lJ U'W 1Y'lJ11tl-eJf)fl~'lJ 'IJ-eJ 'U 11 U'U i ftl C'lih~n iT'W 
'" 

..::.1 ~,:::f d 1 1 ..::.1 jJ
nC'llJ uu 'CYl'l1 C'l-eJ.:]ft':i lJ 'IJ-eJ'UI':i U'U ft "U~lU 

" 

nC'llJ uu ffl'l1ft-eJ.:]ft~lJ 'IJ-eJ'Ul~U'U ift i C'lii1mu ,juGlO-17 
" u 

f)~'lJ 'W'W 1Y!l1~tl.:J 'lJV'UI~U'U ift hu,juG 10-18(1) 
" 



""I 
A'In) 

(~w't'iJJlJ 40°C) 

G 10-19(1) 

GlO-19(2) 

GlO-19(3) 

G 1 0-19(4) 

mnJ 1l'lJ'U iY'Ul1tH)f)ft~lJ 'IHl1Jl~V1J ifl if1t1~l'U 

f)[llJ 'W'U iYft~lJ 'U'V1Jl~V1J if! if1ill~f) l1'U 
'II 

GI0-20(2) 

GI0-20(3) 

Jt 
!'lftl 

(tlW'tUllJ 30°C). '" 
CI0-2(1) 

CI0-2(2) 

CIO-3(1) 

ClO-3(2) 

CI0-4(1) 

CIO-4(2) 

ClO-5(1) 

ClO-5(2) 

~flllW~IfililU 

f)f1lJ 'W'W fYll1~'V-:Jfl~lJ 'IHl1Jl~V1J ifl hillJ'W 
" 

f)f1lJ 111J'W fYll1~'V-:Jfl~lJ 'IJ'V1Jl~V1J ifl if1t11~f) lJ'U 

f)[llJ 'U'U iY'Ul1tltlf)ft1lJ 'IJ'V1Jl~V1J ifl hiMl'U 
'II 

f)[llJ 1l'lJ'W iY!'I1~tJ-:Jft1lJ 'IJ'V1Jl~V1J ifl hillJ'U 

f)[llJ 'U'W iY'Ul1tltJf)ft1lJ 'IJ'V1J11V1J ifl if1t1~l'U 
'II 

.d. ~ d d 11..:::tvmm 1I'lJ'U ff!'l1f1tl-:JmlJ 'IJ'V1J!~V1J fl f1'U~1l'U 

f)[llJ 'U'W iY'Ul1tltJf)ft~lJ 'IJ'V1J11u1J if! if1t1~l'U 
OJ 

d ~ d 11 dV
f)[llJ 11'lJ'U ff!'l1"tl-:J 'lJ'V1JI1V1J f! f1'U~1'W 

CIO-6 f)"lJ 'W'U iYft~lJ 'lJtJ1Jl~V1J if! hillJ'U 
'II 

CI0-8 f)~lJ 'U'U iY!'I1~tl-:Jft1lJ 'lJtJ1Jl~U1J if! hil~l'W 
'II 

CIO-9 

C 1 0-10(1) 

f)~lJ 'U'U iY!'I1~tl-:J 'IJ'V1J11v1J if! hill~f) lJ'W 
'II 

f)~lJ 'U'W iY!l1~tl-:J 'IJ'V1Jl~U1J if! if1ill1'U 
'II 

C 1 0-1 0(2) '" '" i i d!llf)~lJ 'U'W ff'Ul1 'lJtJ1J11 U1J fl fl'U~l'U 
'II 

CIO-IO(3) fWlJ 'W'U iY!l1~tJ-:J 'lJtJ1J11U1J ifl iflil~l'U 
OJ 

CI0-10(4) 

ClO-12(1) 

f)i:llJ 'W'U iYft1lJtJlJ!'I1~tJ-:J 'Utl'lJl~tJ'lJ 1ft hih~f) lJ'U 
'II 

f)~lJ 'U'W iYft~lJtJlJ!'I1~tl-:J 'lJtJ1Jl~U1J lfl iflillJ'W 
'II 

CI0-12(2) f)~lJ 'U'W iYft~lJtllJ!'I1~tl-:J 'lJtl'lJ11tJ'lJ 1ft hih~f) l1'U 
OJ 

CIO-13 

CIO-I5 

f)~lJ 'U'U iY'Ul1tJtlf)ft~lJ 'lJtl'lJ!~tJ'IJ ifl iflil!~f) lJ'U 
'II 

dod .d 11.dd ~ 
f)~lJ 1l'lJ'U ffm lJ 'U tJ'lJl'W'lJ fl fl'W!i:l f) ~1'U 

CIO-16(I) '" "I d i t d"
f)~lJ 'U'W ffll1i:ltJ-:J 'IJ'V1J!~U1J fl fl'U~l'U 

'II 

ClO-16{2) f)i:llJ 'W'U iY!'I1~tJ-:J 'lJtJ1J!~U1J if! ht1lJ'U 
'II 



""I 
I'lHI 

C I 0-17( I) 

CIO-17(2) 

C 1 0-18 

C I 0-19(1) 

CIO-19(2) 

'" '" 1 1 '" ~ fl'fllJ 'W'W ff'Ul1 'UtllJI'HJlJ Ifl 1'fl'W~1'W.. 

CIO-20 

"I" 
l'lltl 


(flWilil 40°C) 

• 'U 

A'mHU:t:lfll'i1ii 

mn} ~'W fffl1lJ 'lJtlDI1U'1J 1f1 hih~fl iJ'WCIO-I 

CIO-2 flmJ '!;A'W iYfI~lJ 'lJtlDI1{JD 1f1lf1iil~fl iJu 

CIO-3(1) 


C I 0-3(2) 


CIO-3(3) 


CIO-4(1) 


CIO-4(2) 


C I 0-8(1) 


CIO-8(2) 


C IO-l 0(1) 


CIO-I0(2) 


CIO-12 fl'fllJ 'W'W iYl'I1~tl\lfl~lJ 'lJtlDI1IJD 1f11"iliJ'W.. 
CIO-15 fl"lJ 'W'W iYfI~lJ 'lJtlDI1IJD 1ft hiiiJu.. 
CIO-16 

CIO-17 

fl'fllJ 'W'W iYfI~lJ 'lJtlDl~IJD 1f1 hiiiJu.. 
.t::S cs. .cS 1 1 ..:::t.cS d CI.I

flmJ uu ff'U11tltlflfl 'HJ 'UtlDI'WD fI "UlJI"fllJU.. 
CIO-18(I) 

CI0-18(2) 

flmJ uu iY"J11tltlflfl~lJ 'lJtlDl~IJD 1f1 hiiih1u.. 
.cS ~ d .d. 11 d~

fl'fllJ U'W ffi'Yi'fltl'lmlJ 'lJtlDI'JIJD fI "U~lU.. 
CIO-19(1) 


CIO-19(2) 


CIO-20(l) 


CIO-20(2) 


fl'fllJ '!;A'W iY'Ul1tltlflfl~lJ 'lJtlDI1{JD 1f11"iliJu 

fl'fllJ 'W'W iYl'I1~tl'lfl~lJ 'lJtlDI1{JD 1f11"iliJ'W.. 
fHllJ 'W'W iYfI~lJ 'lJtlDI1{JD 1f11"iiiJu.. 
fl'fllJ IIlJ'W iY'Ul1tltlflfl~lJ 'lJtlDI1{JD 1f11"il;{1'W 

fl'fllJ 'W'W iYl'I1~tl'lfl~lJ'lJtlDI1{JD 1f11"il!~fl 11'W.. 
fl'fllJ 'W'W iYl'I1~tl\lfl~lJ 'lJtlDI1IJD 1f11"iilJ'u.. 
fl'fllJ 'W'W ff'Ul1tltlflfl~lJ 'lJtlDI1IJD 1f11"ii;{lU .. 
fl'fllJ 'W'W iY'Ul1tltlflfl~lJ 'lJtlDI1IJD 1f11"illJ'u .. 
fl'fllJ 'W'W iYl'I1~{)\lfl~lJ 'lJtlDI~IJD 1f11"iliJu.. 

fl'fllJ UU iY'Ul1tltlflfl~lJ 'lJtlDI1IJD 1f11"iliiiJu.. 
.c:i .at.c1 .d dY11

fl'fllJ 'U'U ffl'l1'fltl\lmlJ 'lJtlDI'JIJD fI ,,'Um'U.. 
fl'fllJ 'W'W iY'Ul1tltlflfl~lJ 'lJtlDI1IJD 1f11"iiiiiJ'U 

'" 
d .at.c:t d dV11

fl'fllJ 'W'W ffl'l1'fltl'lmlJ 'lJtlDI'WD- fI "U~lU.. 
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""I 
!'IHl 

(tlflA'Hilii 30°C). '" 

~fl't:ltl.!dfll"i'1 

G 11-1 fl~1J ~'W ff'U11tHlflfl~lJ 'UVU!~U'lJ lf11~ihJ'W 

GII-2(I) 

GII-2(2) 

fl~lJ !IU'W fffl~1JVlJl'l1ftV-1 'UtlU!~UU lf11~ihJ'W 

f){llJ 'W'W ff'U11tJtJf)f1~lJ 'Utl'l.Jl~UU lf11~U!~fl ~1'W 
'U 

GII-3(I) f){llJ ~'W iY'U11tJtJf)m~tJ.:j"l 'UtlU!~UU lf11~uJJ''W 

GII-3(2) f)mJ 'W'W fffl~lJtJlJm~tJ.:j 'UtlUl~UU lf11nU~1'W 
'" 

GI1-3(3) f){llJ l!lJ'W fffl~lJ 'UtlUl~UlJ lf11nU~1'W 

GII-4(I) 

GII-4(2) 

GI1-5(l) 

fl{llJ 'W'W iY'U11tJtJflfl~lJ 'UtlUl~UU lf1lnU1J'W 
'U 

fl{llJ ~'W fffl~lJtJlJm~tJ-3 'UtlUI1UU lf11nU~1'W 

d d 11 dV d~ V viII dfl(jlJ ~'W ffmlJ fI n'W~l'W 'UtlU1J~fl't:ltlJ~f1mU!ff'W U!l~fltlVmVU fI n'W 

G 11-5(2) flnlJ 'W'W fffl~lJtJlJm~tJ.:j 'UtJlJl~UlJ 1f11nil~1'W 
'" 

GI1-5(3) fl(jlJ 'W'W fffl~lJ 'UtJlJl~UlJ 1f11nil~1'W 
'U 

GI1-6(I) fl{llJ lJlJ ff'U11 'UtlUl~UU lf1lnU~l'W 
'U 

GI1-6(2) d d d 11 dVfl{llJ lJ'W ff'U11tJtJflmlJ 'UtlUl'WU fI n'W~l'W 
'U 

G11-7 dd d lldvfl{llJ lJ'W ffmlJ 'UtlU11UU fI n'W~l'W 
'" 

G 11-8 flnlJ 'WlJflm-11f1lnil'l1Vfl fffl1lJ 'UtlUI1UU lf11nu~1'W 
'U 

Gll-9 d d 11 dVfl{llJ lJ'W ~'U11 'UtlU11 UlJ fI n'W~l'W 
'U 

G 11-1 0(1) fl{llJ lJlJ ffl'l1~tJ.:j 'UtlUl~UU lf11~U1J'W 
'U 

GI1-10(2) flnlJ 'W'W ffm~tJ-3f1~lJ 'liVUI~UU lf11~U1J'W 
'" 

GI1-10(3) fl{llJ ~'W fffl~lJtJlJm ~tJ.:j 'UtlUI~ U'lJ 1fIlnU~l'W 

GIl-II 

G 11-12(1) 

flnlJ H1J'W ff'U11 'UtJ1Jl~VlJ 1f1hii~l'W 

fl{llJ 'WlJ ffl'H~tJ.:jfl1lJ lfll~iMl'U 'Utluli'tlmltlJ~flftlu!ff'W1ull91fltltlmvulfilnu 
'" 

Gll-12(2) 

Gll-13 

fl{llJ 'W'W ff'Ul1 'UtlUI1VU lf11nUJJ''W 
'" 

flnlJ lJlJ ff'Ul1tJtJflfl1lJ 'UtlU!~UU lf11niMl'W 
'" 

G11-14(1) fl{llJ 'W'W ff'Ul1 tJtJflfl1lJ 'UtllJl~V1J lfilniMl'W 
'" 

G 11-14(2) 

GI1-15(1) 

fl(jlJ 'W'W ff!'H~tJ.:jfl~1J 'UtlUljuu lf11~U1J'W 
'" 

d d d 11 dVfl{llJ 'W'W ffmlJ 'UtlUI1UU fI ~'Wm'W 
'" 

Gll-15(2) fl{llJ lJlJ iYm~tJ.:jfl1lJ 'UtlUl~IJU lf11~ii1J'W 
'" 

G 11-16(1) fl(jlJ 'WlJ ffl'l1~tJ-3f11lJ 'UtJ1J!~VlJ 1f11f1ii~llJ 
'" 

G 11-16(2) fl{llJ 'W'W fffl1lJtJlJl'l1~tJ.:j'UtJlJ!jV1J 1f11(jil~llJ
'" 

_ ... 4 / /""'''\ ............. "' ~ Q d do>, , 



JI 
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(ClW'I1.fliJ 30°C)
~ 'U 

GII-l7(1) 

~f)'llW~lfll'tlu 

mllJ 'W 'W iY ft~ :lH:nJ!'I1 ~tJ~ 'U mH~VlJ i ft i cl'ih! 'U 
'" 

GII-17(2) £:i 4 .:::j 1 1 £:1 ~ 
mn.J 'U'W 'iY'U11tJClflft'HJ 'UCllJrWlJ ft Cl'U m'U 

'" 
GII-l7(3) 

GII-19 

GII-20(1) 

flC1JJ 'W'U iYft~lJCllJ!'I1~Cl~'UCllJ!~VlJ ift hihJ'W 
'" 

flCllJ lllJ'Wflm~ ift icl'w'W'W iY'U11 'UCllJ!~VlJ ift iClU~l'W 
'" 

flCllJ 'W'W iY'U11ClClflft~lJ 'UCl'U!~[J'jJ if! hihJ'U 
'" 

G 11-20(2) '" '" '" i i '" vflCllJ lllJ'W bYmlJ 'Utl'UI'W'U f! (l'U~1'U 

GII-20(3) flCllJ 'W'W iYft~lJCllJ!'I1~Cl~ 'Um.J1~[J'U if! i(lU~l'U
'" 

GII-20(4) 

GII-21(1) 

GII-21(2) 

GII-21(3) 

flfllJ 'U'W iY!'I1~Cl~ft~lJ 'UCllJ!~VlJ ift hU~l'W 
'" 

.c.:l do ~ .c1 i 1 QY
flfllJ 'W'W 'iYmlJCllJ!'I1flCl~ 'UCllJ!'WlJ ft Cl'W~l'W 

'" 
i i '" ~ '" '" '" '" i i "'~fl(llJ 'U'Uflcn~ f! (l'Ul1[Jfl 'iY!11(ltl~mlJ 'Utl'UI':J[J'U f! (l'U'Pll'U

'" 
.c.:l .:::t d i 1 djl

flftlJ II'U'U 'iY'U11tltlflmlJ 'Utl'UI':J(J'U f! ft'U'Pl1'U 

GII-22(l) flCllJ 'W'U iY'U11ClClflft~lJ 'Utl'UI~V'U if! iftil~l'W 
'" 

GII-22(2) 

Gll-23 

f)C1lJ 'W'W iYft~lJCllJ!'I1~Cl~ 'UCllJ!~VlJ if! iflull'W 
'" 

.c::I ~..::j .d. 11.cJ9J
flCllJ 'W'W 'iY!'I1ClCl~mlJ 'UCl1Jt'WlJ f! Cl'W~l'W 

'" 

" '"&'lH) 

(elW'I1.fliJ 40°C)
~ 'U 

ilfl'llwdfll'tlu 

GII-2 flCllJ 'W'W iYf!~lJ 'Utl'UI~(J'U if! hill~fl 11'U 
'" 

Gll-5 flCllJ 'U'W iY!'I1~Cl~f!~lJ 'Utl'UI~[J'U if! iftill1'U 
'" 

GII-6 flfllJ 'W'W iYf!~lJ 'Utl'U!~[J'U if!i(lill~fl
'" 

G 11-6 flCllJ 'W'U -ff!'l1~Cl~f!~lJ 'Utl'U!~[J'U lfl iftil111ui 11'U 
'" u 

G 11-7 flCllJ 'W'W iY!'I1~Cl-:jf!~lJ 'U'V1I1~[J'U if! i(lill~fl 11'U 
'" 

G 11-8(1) flCllJ 'W'W iY'U11ClClflf!~lJ 'Utl'UI~[J'U if! hill1'U 
'" 

G 11-8(2) flfllJ 'W'W iY'U11ClClflfl~ lJ 
'" 

'Utl'Ul~ (J'U i f! hih~fl 11'U 

G 11-8(3) flCllJ 'W'W iY'U11 'UtllJ!~VlJ ifl iClih1'W 
'" 

GII-9(1) flCllJ 'W'W iY'U11tltlfl!'l1~tl-:j 'U'V'UI~[J'U if! iftil~l'U 
'" 

G 11-9(2) '" '" i i '" vflCllJ 'W'U 'iY'U11 'U5'U1':J[J'U f! ft'U'Pl1'U 
'" 

Gil-I 0(1) flCllJ 'W'W iY'U11tltlflfl~lJ '\m'U!~[J'U if! hill~fl 11'U 
'" 

GII-IO(2) flCllJ 'W'W iY'U11 'U5'U1~[J'U if! hill~fl 11'U 
'" 

Gll-II(1) 
.c::I .:::::S .do 11.c.:ld cv

flfllJ 'W'W 'iY'U11tltlflmlJ 'U5'U1':J[J'U f! (l'UWfl lJ'U 
'" 

G11-11(2) flCllJ 'W'W -ff'U11tltlflfljlJ if! hill1'U 'U5'U~clfl'hlru::;flC1'1(JnY'U'l[JII\9lfl55fllll':Jtlll if! iftil 
'" 



.. 
"I 

!'IH) 

(flW'H.fllJ 40°C). .. 
~nlJW~Ifll(;l'w 

GII-12 mllJ hIhI iY'Ul1m)tlfl~lJ 'lJtl'IJl~tJ'IJ if) hlh~f) JJhI 
" 

G 11-14(1) mnJ hi hi iY'Ul1 'Utl'IJl~ tJ'IJ if) hUJJhI 
" 

G 11-14(2) 

GII-15(I) 

mnJ hIhI iYfl~mJlJ!'l1~tl'l 'Utl'IJ11tJ'IJ if) hUJJhI 
" 

fWllJ hIhI iY'Ul1 'Utl'IJ11 tJ'IJ if! i"uJJ'U 
" 

GII-15(2) il(llJ hIhI iY!'l1~tl'l 'Utl'IJ11tJ'\J if! hUJJ'U 
" 

GII-15(3) ilmJ hIhI iY'Ul1 'Utl'IJI~tJ'\J if)hUI~f) lJ'U 
" 

GII-16(I) 

GII-16(2) 

il(llJ hIhI iY'Ul1 'Utl'IJl~tJ'IJ if) i"ulJ'U 
" 

il (llJ hi hi iY!'l1 ~ tl 'I 'IH),lH~ [J 'IJ. if! i "UJJ'U., 

GII-17 

GII-19(I) 

il(llJ hIhI iYfl~lJ 'Utl'IJl~tJ'IJ if! i"uJJ'U 
" 

f)(llJ hIhI iYfl~lJ 'Utl'IJ1~tJ'IJ if) hU~l'U 
" 

Gl1-19(2) 

GII-20(1) 

il(llJ hIhI iY'Ul1 'lJtJ'lJI~[J'IJ if) i"uJJ'U 
" 

f)(llJ hI'U iY!'l1~tl'lfl~lJ 'UtJ'lJI~tJ'\J if) hUJJ'U 
" 

Gll-20(2) il(llJ hIhI iY!'l1~tl'lfl~lJ 'lJtJ'lJl~V'IJ if! i"ul~f) JJ'U 
" 

GII-21(I) il(llJ hIhI iY'Ul1tltlilfl~lJ 'lJtJ'lJI~[J'IJ if! i"ul~f) JJ'U 
" 

GII-21(2) f)(llJ hIhI iYfl~lJ 'lJtJ'lJI~[J'IJ if) hUJJ'U 
" 

GII-21(3) 

GII-22 

il(llJ hIhI iYfl~lJ 'lJtJ'lJI~[J'IJ if! i"u~lh1 
" 

il(llJ hIhI iYfl~lJ 'Utl'IJI~[J'IJ if) i"uJJ'U 
" 

GI-23(1) f)(llJ hIhI iY'Ul1tltlilfl~lJ 'lJtJ'lJl~tJ'IJ if) i"ul~f) JJ'U 
" 

GI-23(2) il(llJ hIhI iYfl~lJ 'lJtJ'lJl~tJ'IJ if) hUJJ'U 
" 



"I" 
!'IH) 

Cll-l(I) 

Cll-l(2) 

CII-I(3) 

CII-2(1) 

CII-2(2) 

Cll-3(1) fnUJ U'IJ'U iY'lJl1 'lJV'IJ!~tI'IJ Ifl hriM'Tw 

CII-3(2) flmJ U'IJ'U iY'fI~lJ'lJV'IJ!~tI'IJ VlJ111~V~ If! hlu'fi',-w 

CII-4 

CII-5(1) flmJ U'IJ'U iY111~V~ 'lJV'lJI~tI'IJ Iflll1UlTIlJ 1TI' 

CII-5(2) fll1lJ U'\J'U iY'lJl1 'lJV'lJI~tI'IJ Ifl hlu~l'w 

CII-6(1) 

CII-6(2) 

CII-7 

C 11-8(1) 

C 11-8(2) 

Cll-9(1) 

C 11-9(2) 

C II-I 0(1) 

C 11-1 0(2) 

CII-IO(3) 

Cll-ll(1) 

CII-II(2) 

C 11-12 

d..tt d Q " 
fll1lJ !!'\J'U m"'H'lV~ 'lJV'IJ!'W'IJ WlJ 

flmJ 'U'U iY'lJl1 'lJV'lJI~tI'IJ Iflll1il~l'w 
'" 

C 11-13 

CII-14(l) 

'" '" '1'1"'''CII-14(2) fll1lJ 'U'U fI''lJll 'lJtJ1JI'HJ1J Iflll1'W~l'W 
'" 

CII-15 

CII-16 

CII-17 

CII-19 

CII-200) 

_~Q' '1'0' QI ':" -=-- Q l,,=,l"="~:!!"'Qt~~~ I '~"''''' 



Cl-2l(l) 

Cl-2l(2) 

Cl-22 

Cl-23 

.; 
!'!If) 

ilmJ W~1fl!r;l'U 
(f)Wilil 40°C)

• <u 

Cl1-2 mnJ 'U'U iifl1lJ 'lJU'U!1t1'U If! hrtit~tl :U'U.. 
C 11-3 fHllJ 'U'U ii!11~U.:jfl1lJ 'lJU'U!1t1'U If! hrW~l'U.. 

Cll-5(l) 

Cll-5(2) 

Cll-6(1) 

C 11-6(2) 

C 11-6(3) 

Cll-7 fl"'lJ 'U'U iifl1lJ 'lJU'U!1t1'U lf11"il!~tll1u.. 
C 11-8(1) fl"'lJ tI'U'U iifl1lJ 'lJU'U!1 tI'U I f11 "il~l'W 

Cll-8(2) fl"'lJ 'U'U iifl1lJ 'lJU'U!1t1'U 1f11"ill~tll1u.. 
Cll-8(3) fl~lJ 'Uu ii!'Vi~U.:jfl1lJ 'lJU'U!1t1'U 1f1I"ill1u.. 

Cll-9 fl~lJ tI'U'U iifl1lJ 'lJU'U!1t1'U 1f11"ill1u 

C 11-10(1) 

Cll-lO(2) 

Cll-ll(l) 

Cll-ll(2) 

Cll-12(l) 

Cll-12(2) 

Cll-14(l) 

Cll-14(2) 

Cll -15 

Cll-17 

fl"'lJ tI'U'U iifl1lJUlJ!11~U'I 'lJU'U!1t1'U If!l,,ihJ'U 

fl~lJ 'U'U ii!11~u.:j 'lJU'U!1t1'U If!l,,ill1u.. 
fl"'lJ 'U'U ii'IJ11 'lJU'U!1t1'U If!hill1u.. 
fl"'lJ 'U'U ~fl1lJ 'lJU'U!1t1'U If!l,,il~lu.. 
fl~lJ U'U ii'IJld 'lJU'U!1t1'U If!1Ilil~lu.. 

fl"'lJ 'U'U ~!11~U.:j 'lJU'U!1t1'U 1f!I"ill1u.. 
fl"'lJ 'U'U ii'IJ11 'lJU'U!1t1'U If!l,,il~lu.. 
fl"'lJ 'U'U ii'IJld 'lJU'U!1t1'U lf1l"ill~tll1u 

'U 

fl"'lJ 'U'U ii!'Vi~U.:jfl1lJ 'lJU'U!1t1'U 1f11Ilill~tll1u.. 
fl"'lJ 'U'U ii'lJ11 'lJU'U!1t1'U lf1l~ill1u 

'U 

fl"'lJ 'U'U ii!'Vi~u.:j 'lJU'U!1t1'U lf11Ilil~lu.. 

flmJ 'U'U ii!'Vi~U'Ifl1lJ 'lJU'U!1t1'U 1f1 hill1u.. 
fl"'lJ 'W'U iifl1lJ 'lJU'U!1t1'U lf11"il!~tll1'W.. 
fl~lJ 'U'U ~!'I1~U.:jfl1lJ 'lJU'U!1t1'U lfl i",ii!~fl · .. 
flC1lJ 'U'U iifl1lJUlJm~u.:j 'lJU'U!1t1'U lfll~il:u'W 

'U 

fl"'lJ 'U'U iifl1lJ 'lJU'U!1t1'U lf1l~ill1uCll-13 .. 



"a 
l'ti~ 

(~W'HfliJ 40°C). .. 
Cll-19 

Cll-20(1) 

Cll-20(2) 

Cll-20(3) 

fljJlJ li'U if'Ul1 'UtJ1J!~V1J If! ht:iiJ'U 

fljJlJ 'U'U if'Ul1 'UtJ1J!~V1J If! hiJ¢i'l'U.. 
Cll-21 

Cll-22(1) 

Cl1-22(2) 

Cll-22(3) 

C 11-23 



JI~"" 'i 'i
2.3.1 !'Ut)'YI!'il~ty'lJUtl1'Hl1fl~!flmnl~!9n;I~nm (10% w/v) 

2.3.1.1 19f'l..!'n 1 

.. 
'-'I 

!'lIt1 

(~WluJii 30 
D

C) 
Kf)lIW~lflluiA 

KGI-I(l) flmJ 'U'U ~'1J11fl1lJ lfl h\JlJ'U 
" 

KGI-I(2) flfllJ lJ'U ~fl1JJ lfll~\JlJ'U 
'" 

KGI-2(l) flfllJ UlJW iYm~rJ\I 'lJB1Ji1tJ1J lfll"iJ~'U 

KGI-2(2) fl"lJ 'U'U ~'U111flh\JlJ'U 
" 

KGI-3(I) f1"lJ 'U'U ~'U11f11lJ 'lJrJlIi1tJ1Jlbt' 
" 

lf11~\JlJ'U 

KGI-5(1) fl~lJ 'W'U iYf1~lJrJlJllli;fl\l 'lJ01H~tJ111flh\J~TU 
'U 

KG 1-6(1) .<:::1 d d do 

fl" JJ tJ'\-! {,( flJ lJ 'U rJ lJl 'J tJlJ(,( 'lJ 1J 
'U 

1 1 t::S ~ IV 

f1 ~ lH" fl lJ1l 

KGI-7(I) fHlJJ 'W1J ~'1J11fJ1Jm '~fl\l 'UrJ1H~tllI1fl h\J~~fllJtJ 
'U 

KG 1-8(1) flj,'JlJ tn~ flm~i'J\I 'lJi'l1H~mJ 1f11t'1\JlJ'W 
'U 

KGl-9(I) 
d d .et ~ 1 C1~ 

m'11J tn.! {'('Ul'JflJlJ 'Ui'JiJ!'JlJiJ Ifl ~mn'U 
'U 

KG 1-1O(I) flj,'JlJ tJlJ fl~rn 'UrJiJihrfl'l:j u!::;fl~lm -IT'W lml\?) flrJrJfllJl'.i 8iJ 1fl hl'w 
'U 

KG 1-10(2) m;UJ 'W'W rfl'H~tl\llfllfi'~hJ,.j
'" 

TI'~l\l)\lfll\?ltlrf!~ln, 

KGl-ll(l) . flfm !tlJ i1m~\N 'UtliJ!~tJiJ 1flln\J:U''W 

KGl-12(1) fl"1J lJ'U ~nt~rJ\lfl11J lfl hul1'U 
" 



~ " 
l'lff) 


(flWl'LfliJ 30°C)
. " 

Kf)'lIru~1ftl~il 


KCl-l(l) 
.:::::1 d c:1 "" "" d d Q.J 

mnJ 'W'\.J f1''U11'flJlJ ~J81J!'HJ1J l'flli;j'W!(1fllJt!
'U 

KC1-1(2) fHllJ '\.rw i1'U11f1~~J 11'1t fliJl'11'\.J 
'" 

KCI-2(l) flfllJ trw i1:lhwfi':IJ ,\HllJ!~tJ1J l1'11f1iJiT'W 
'U 

KC 1-2(2) fli;j:IJ 'W'\.J ~'tIl1'fl~lJ 'U81J!jenJ !'fl1f1nI'11'\.J 
'U 

KCI-3(l) fH'l:IJ 'W'\.J ~~~en l1'1lrruiT'\.! 
'U 

KCI-3(2) fl?1:IJ '\.J'W ~fl~lJ IfllflnlJtJ 
'" 

KCI-3(3) fHllJ tJ'W ~fl~:IJ 'UfJ'lJ'11fJfllfltnnI'11'\.1 
'" 

KCI-4(l) flfllJ 'W'W ~~'I1~8'1 l'fllflniT'W 
'U 

KCI-5(l) flfllJ 'W'W ~'U11 'U1')'lJHfJfl \9I'J.:JflmnhH~'\.!i'W'll'flhiJl'1l'U 
'U q 

KCI-5(l) mn..! 'Ul'! {h~V1TI~1?ltn!llf1'.:J If) 1f1iJ¢ll'U 
'lJ 

KCI-6(l) flrllJ tJ'W ~'Ull1'11'lJ Ifl1f1iJiJ'W 
'" 

KCI-7(J) flrllJ tJ'U ~f)~lJ l'fllfll4iJ'W 
'U 

KCI-8(l) fln:IJ !!'lJ'U ~f)1jJ 'UmH~ V'lJ ! 1'11f1i1iJ'\.J 

KCI-9(l) flfllJ tJ'U i'lJJ1~ "1J8'Ui'l'l1111 fI hihJ'U 
'U 

KCI-10(l) flf1lJ l!'lJtJ i'lfl~lJ (fl !rll4iJ'\.J 

KCI-IO(2) fl[1lJ 'UtA i11~fn i1'1 hiJiTlJ 
'U 

KCI-IO(3) 

KCI-II(J) 

KCI-ll(2) 

flfllJ tJ'U ff'IJ111f1' !fllG1i1iTtJ 
'U 

flfllJ 'U'W iffl~ll ~h'11lrll, fJtJ~tJ'l 11'11 fli1iJtJ 
'U 

" 
f1[1lJ ~BlJ 1:1l'11~f.J'l 'UfllJ!~V111fll~rwiTtJ 

KCI-13(l) 

KCI-14(J) 

KCI-14(2) 

fl fllJ 'l.Jl'! i1JJ ') '1 1fl 1i;yrllJtJ 
<u 

fl fllJ l!tJ i11'11lJO:IJl'11 ~f)" If) 1;:114:1J'\.1
'U 

fHm 'W'\.! ~\~eJTcimJ lfllfl,uI'11'\.! 
'" 



2.3.].2 iqj'W~ 2 

v 
"I 

l'lff) 

KfllJ ru::!flhl'l1 
(~tul1iJiJ 30°C) 

KG2-1(I) flJ:llJ l,fU ~'Ull1fll,,~hJ'W
<u 

KG2-2(l) mllJ lJ'W iY'U111fl hilJJl-! 
<u 

KG2-3(l) fH1lJ '\.J'W ~'lJ11fl~lJmH11~tl~ lfl hUJJ'W 
<u 

KG2-4(l) 
d do ct.q 9J d, " ..... d9J 

fli.'lm 'W'W 'fl''Ul'JmlJ Nll1'W 11'HJ1J 1fll j,'j'\.!.~l'W
'\J 

.=:t.ct ..... ~ ci d IV 

KG2-5(l ) fli,lJJ '\.!'W 'fl'mlJ lfllmHj,'jfllJ'W 
'U 

r-1 J:::i ~ ('-. d cl IV 

KG2-6(l) flL'l'JJ llli mrnmJJ lf1Ij,'j'WmfllJ'W
'" 

KG2-7(l) fHw1 'W'W iYfl1lJ lf11j,'jiMl'W ., 

KG2-8(1) fli:'llJ 'W'W ff'lJ11 't1tl1J l'f1tj,'jei'Y!1Jfl ~l'l1lrl~l'WU'jtll'J11erfl
<u 

KG2-8(2) mnJ 'WlJ iY'Ullfl~lJ 'UtJ1J11 erfl 1fl hU~l'W 
QJ 

~ 

"I 
l'lft) 

(tlWl1illJ 30°C)
• 'U 

KfllJtu~if»Itll! 

KC2-1(J) flj,'jlJ ~'W fffl~lJtJlJm~t).:J 'Ut) ·tJI~I'J1J m.:Jrlj,'jVl1!lJ lflli:'li1JJ'W 

KC2-2(l) flj,'jlJ 'W'W fffl~lJt)lJm~tJ~ 'UtJ1J!~I'J1J lfl hi'hJ'W 
1) 

KC2-2(2) .:1'<'< 11£<31 ' dj'j)J:llJ li'i! ?1'mlJ .fl j,'jljtp)llJ orHl'l-J'fI 
'U <u " 

KC2-3(l) 
.:1 1 ~ .:1 31

j)j,'jlJ 'U'W 'ri'tlll Jllj,'j'\.!.tfll'l-J
<u 

KC2-4(J) 
t::i d 1 ('r .ct;v

flJ:llJ lJ'\..! ?1'mlJ fllm!tfll'W., 

KC2-5(l) 
c1, cJ. <'"' <" .d.. ~ IV 

flJ:lJJ 'l-J'W ?1'mlJ lfllmJlJ:lfllJ'W 
<u 

KC2-6(l ) j)L'lJJ 'l-J'W iY'tl'lJ Ifllj,'jf) JJ'W 
'" 

KC2-6(2) flj,'jlJ m! iYfl~JJ lfl hl1~l'W 
<u 

KC2-7(l) "'.:1 '" 11.:113 3im1 lJ m! 'fl'mJJtUJnnrt).:J fl mlnlfl tp)'J'\.j., 

KC2-8(l) fli.'l1l1J'W itf11lJ lfl hl1 JJ'l-J 
'U 



2.3.1.3 19m~ 3 

KG3-2(l) 

KG3-3(1) 

KG3-4(l ) 

2.3.1.3 hlln 3 

KC3-2(1) 

KC3-3( I) 

KC3-3(2) 

KC3-4(l) 

KC3-5( I) 

, 

2.3.1.4 Iqmn 4 

""I 
!'IHl 

KG4-3(I) 

KG4-6(l) 

KG4-6(2) 

d "" <'"' ~!lJ + 
fWllJ fl"1rn lfllmJ~TU Y)'HfH'lHl..j:1J 

mnJ R'Ul1fl~1J 1JtnJl~mJ lfl1fli1~l'W 



"t" 

!'lHl 


i1f)iJW~lfll(;li! 
(~tlft1.fl}J 30°C)

q 'U 

KC4-1(l) fl()lJ '!.rw ~f1~lJ 'lHJ1H~lI'lJ if! hrwiJ'U 
OJ 

KC4-1(2) fl~lJ hi'!.! fh~wJ "llt'J'Uhr if! ht1iJ'!.l 
OJ 

KC4-2(l) fl~lJ hi'!.! ~!~lIl "lltl'lJhr if! ht1iJ'U 
OJ 

KC4-3(l) 

KC4-3(2) 

KC4-3(3) 

KC4-3(4) 

flfllJ hIhI ~hh:j 'lJtl'lJ~hJ11i f! ltrwiJ'W 
OJ 

fl()lJ hIhI ~f!~lJ "llo'lJ'lJ111'P1 ht1iJ1~ 
'U 

fl~lJ hI'U iY'PI~lJmJ!~rn If! hijiJ'W
OJ 

fl~lJ 'UhI ~'Ul1 ~Hflm,rU1J Nl'1'i,rl'U)'U1~ lfll ~rw~l'U
OJ q q 

KC4-4(l) fl()lJ ~hI iYfl1m)lJ!~lIl1f\ l~t1iJhI 

KC4-4(2) fl~lJ U'lJhI ~f!~ lJOlJ!11tio.:j if! i~ijiJhI 

KC4-5(l) fl~lJ hIhI ~f!~ m)lJA'lJ 'UOUhIhI ifl hiJ~lh1 
OJ OJ 

KC4-5(2) fl~lJ \~'W ilfl~lJtllJ!~lIl 'UmJ~11J if! i~iJiJhI 

KC4-6(1) fl'tllJ U'lJhI ilJl<fll'tltllJ~lJ lfll~iJiJhI 'Utl1HihliJtJ ~'J.:jflm ·njlJ
'U • 

KC4-6(2) fl~lJ hI'U iY'lJl1'P1~lJ 1'PI hth~fl iJhI 
OJ 

KC4-8(1) fl'tllJ hIhI ri'PI~lJ 'UtllJ1J1';)!~lI1J if! hiJiJ\J 
OJ 

KC4-8(2) fl'tllJ UlnJ i1t~fncitl\J li'llt1'wiJ'\.l 



2.3.1.5 lC)fl,\~ 5 

Ji ,mel 
~flllW~lVllfliA 

(flW'YiiJii 30°C). " 
KG5-1(l) mUJ~ fYl'Hfifl':] 'Utl1H~tJ'lJ 1fl1r,l'u:UtJ 

ci Cl Cl ...11KG5-3(1) fHUJ ~'\.j bl''lJ11flJJJ fI DtJJJl.J 

KG5-7(J ) flflJJ1 '\.1'\.1 fY1J11fl~1J lfl1rti1~l1-J 
" 

KG5-9(1) flflJJ tJ'\..J fY9mfl~lJ 1fl h{l~l'\.l
'" 

KG5-10(l) flflJJ tJ'\..J fY'lJ11 lfl hi13J'\.J 
'" 

d. .c:I, ('<. -- C-:t c:: Q.I

KG5-11(1) flflJJ '\..J'W bl''lJ11flJlJ lfllmHflfllJtJ 
" 

d Co $I d'" KG5-14(1) flfllJ '\..JtJ LI''U11f11lJ ~lJVI'\..Jl!'H''lJ 
" 

d '" ... <OJ1 1 ~ KG5-15(l) flfllJ '\..J'W bl''lJ11f11JJ 'Ufl'lJ'l1t1fl .fl \'1'\..J~1'W 
" 

KG5-18(J ) mw fi'U11 1flhl1~':i.:jflm.:]1JJJ 

KG5- L9(l) flmJ '\..J'lJ fYfI~JJflJJ!'l1~D.:j lf11rI'Uill'lJ 
" 

KG5-19(2) flflJJ 'l1'\..J fl'Ul11'fl ht1~l'lj
'IJ 

KG5-19(3) fli:lJJ '\..J'l1 rt9J11 9Jf.l'tJ'l1~fll'fl1\'1t1~1'l1 
" 



dl 
j'lJ'e 

(t:l~'t'iilii 30°C). '" 

~f)'i:I~dfll~il 

KC5-1(l) mUJ 1111 il1Jl1tJlJj~fJl If! hi'hJhl 
'" 

KC5-2(I) 

KC5-2(2) 

KC5-2(3) 

d "" d 91mnJ hl11 ffIlHH)\J 1JtJ1H'HnJ~l'U 
'1J 

d "'" 91 
f)~lJ 'U'W tr'IJ11 'IJm.H'HJlJ~lhl 

'" 
mw hl 11 il~J11fl1lJ ~T111!llilJ 1flhl'w 111J 

<u , 

KC5-3 (I) mw hl11 il~l,;j lfl htlJJ11 
'1J 

KC5-4(l) mw hl11 il~1,;j 'UtJ'lJil'Ul1tJlJn1J 'lflll.'l'wJJ'l-1 
'U 

KCS-5(l) 

KC5-5(2) 

mw hl1l iYf1~1JtJ1JI~rn lflt ~UJJ11 
'U 

f)j,')lJ hl'U ff'IJ11fl~1J lfll~uJJhl 
'U 

KC5-6(J) 

KC5-8(i) 

KC5-9( 1) 

f)(llJ 1lhl ff~1~ If!l(,'lu 3Jhl 
'U 

f)'fllJ 'Whl ff'IJ11 'lJD'lJ't'icJf) 11'1 h{l<fi'l'U
'U 

f)fl1J 'Whl iY'lJl1 lfll~{lJJ'J
'U 

KC5-10(1) 

KC5-12(i) 

KC5-13(l) 

KC5-13(2) 

KC5-13(3) 

f)~lJ hlhl fffl~lJtJlJl~en 'UtJ'lJ11eJ'lJ lfll1:'l'UJJhl 
'U 

mllJ hl'U ff'IJ11fl~11 lfll(luiThl
'U 

f)'fl11 1rw ff~1\J lfll~rrhJhl 
'U 

f) 1:'111 hl1J iYf!~1J fllJ I~ tn 'U fl'lJ!~ tJ1J <fi'1 hl 11'1 h {l JJ1),
'U 

fHl1J 1A'U il'IJl1fl~1J lf11'flu<fi'lhl 
'" 

KC5-14(1) f)'fllJ 1Ahl il'lJl1f!~lJ Y'l'j\Jf)m,;j lfllcl'W<fi'l'W l ,fll(llhl11.
'U 

KC5-15(l) 

KC5-16(l) 

f)'flJ,J hl1J ff'IJ11fl~lJ 'Um.Ji1tJ1J<fi'lhllflhl'WJJ'W 
'U 

d d ~ 91 11""'"'f)'flJ,J 1H! trm:JJ 'Utl1JI 'HJ'lJ \?1'j\Jf)m\J1Ihl~111 , 'i'l "m!m! 
" 'U 

KC5 -17(i ) f)'flJ,J hl1! ilJ'wl1(,'l 'U01J),tr lf1I'fl{l1111
" 

KC5-18(i ) f)~lJ hllJ iY'Ul1f!~lJ 'Utl1J!1V1J<f~ll! If! hd:1JJ'lJ 
'1J 

KC5-19(1) fHl1J hlll ff'l111fl~1J 'lJtJW~V'lJ<fi'11J lfl hl'U~l11 
'U 

, 

2.3.1.6 lctl'Un6 

J; 
l'lft) 

KC6-1(1) 



2.3.1.7 19J'W~ 7 

"i" 
A'lHI 

KG7-2(1) 

""'I 
A'lff) 

KC7-1(l) 

KC7-2(l) 

KC7-2(2) 

KC7-2(3) 

'" """" 'V 9J '1 '1 d9J
mUJ 'W'W ri''U11 'UeJ1J'l1Vf1 N1'l1l,mnW lfl l~lJ~TW 

<u 



.. , 
r.!\ <:\ "" )'

2.3.2 !'lID'YI!'il'J"tyUlHllYil'J"Og!fl'tf (24% w/v) 

"I" 
!'lte) 

ZI-IO) 

Zl-3(l) 

Zl-3(2) 

Zl-4(l) 

Z 1-4(2) 

Z 1-4(3) 

Z 1-4(4) 

Zl -5(l) 

ZI-6(l) 

Zl-7(l) 

ZI-7(2) 

ZI-8(l) 

Z 1-8(2) 

ZI-9(l) 

Z 1-10(1) 

ZI-ll(1) 

ZI-ll(2) 

ZI-12(J) 

Zl-12(2) 

. ZI-13(l) 

Zl-13(2) 

Zl-14(1) 

Q.I t::lt. ')J I ~ ct ~ 

fWl JJ 'U 0 'IJ '\1 tJf1 r-nrnmJ'w tl' fl 'HHllJ rH [l B..:J 

fum 'UOiJHfJf1 Nl'\1-Wlthj!~tJlJ ~fl~JJ8lJm~tN 
d d '" mm 'IJ n'IJ! 'HJ'IJ mmaN 



., 
'" A'l1~ 

(~tu'Yi{]il30°C) 
c\ d ,

Z2-1(1) fUUJ 'U'W 'UB1Jt'JtJ1J rf'Ul1'U'W 
'U • 

Z2-1 (2) 

Z2-1(3) 

Z2-2(1) 

Z2-2(2) 

Z2-2(3) 

Z2-3(1) 

Z2-4(1) 

Z2-5(1) 

Z2-5(2) 

Z2-7(1 ) 

Z2-7(2) 

Z2-8(1 ) 

Z3- I(l) 

Z3-2(1) 

Z3-2(2) 

"" "'Z3-2(3) mnJ 'W'W 'lJB1H'HJU rf'Ul1 
'" 

Z3-4(1) 

d d ~ ..:::j

Z3-6(1 ) mUJ 'U 'U1 ~H{t n 'lJ fl 'lJ mJ'lJ ft fl 'nJ 

Z3-6(2) mnJ mn~ ITl 1{t-w'W'Wmn 'lJtJ'lJA~tJ'lJ ~A'I1~B..:J.. 
Z3-6(3) 

Z4-l(!) 

Z4-2(1) 

Z4-2(2) 



II 
!'IH) 

24-3(1) 

24-3(2) 

24-4(1) 

24-5(1) 

24-5(2) 

24-6(1) 

24-6(2) 

~ 9Jd a &:1 d 

24-7(1) fWUJ NTI11.J1!'HJ'}J 'UCl,H':i V1J ~'IJ11mlJ 

24-7(2) fHllJ 'U'W1~i'Y'iW 'UtJ'U\~('.I'U N1'}n!llJ'W iim~B~ 
~ 

24-8( 1) 

24-8(2) 

25-1(1) 

'" 
25-1 (2) 

., ~ 
mllJ 'UCl'U'Y'i ('.If) ~mlJ 

25-2(1) 

25-3(1) 

25-4(1) 

25-6( 1) 

25-6(2) 

25-7(1) 

25-8( 1) 

25-9( 1) 

25-9(2) 

25-10(1) 

25-11 (I) 



.. 
"I 

l'llel 

25-13(1) 

25-13(2) 

25-14(1) 

25-14(2) 

25-15(1) 

25-15(2) 

25-16(1) 

25-18(1) 

25-19(1) 
Q !iI I ~ , 

fHUJ trw Nl11'W1VlJ 'ft'U11'lJlJ 
~ q 

26-1(1) 

26-1 (2) 

27-1 (I) 

27-2(1) 

28-1(1) 

d 

28-1 (2) fHUJ hl'l-J 'ft'IJ11 
'V 



JI ..i '" liJ 'i2.3.3 !'IHl't1H)'HlIUlHll'l111 !9U~t;T (10% w/v)
u 

"a 
!'lH) 

NI-I 

NI-2 

N\-4 

NJ-5 

NI-6 

NI-7 

NI-8 

N2-J 

fWllJ \fU ff'U11 ~'DU'I1Vn lflllrw:UlJ ViUllff-:J 

n1:1lJ lJlJ ff'lJ11 'tltlU'I1Vn lfl hii~llJ iiUllff'l 
" 

nfllJ ffl'l1~tl-:J 'UtlUllVU lfllnii:UlJ 'lmu lfll1:1iihJ~ -:J!lff-:J nm.:J lfll1:1iiViU!lff.:J 

nfllJ UlJ ffl'l1~tl-:J 'lJDU'I1Un l'fll1:1i1:UlJ ViU!!ff;J
<I 

N2-1(3) 

N2-2 

N2-3(1) 

N2-4(2) 

N2-5 '" '" 1 l' .c:t lJ "':I. $J ~ 
nIllJ \p.1 ff'U11 'UtllJ1HJn fl "ml~ll! r'l11'llJl~q'lJ'j::; Yl'lJHff-:J 

N2-6 llIllJ 1.1 '1.1 ffl.l1tlthl ·lH)U'I1vfllfll(Jii~\\.! Y1UUff.:J 
" 

N2-7 nIllJ ffllj~D.:J 'IHJU'I1Vll Ifllf1ii:UlJ 'UtlU lfl !rl'whJi.:Jum tlfl1;J IfllIliirhJllm 

N2-7(3) nm] lJlJ ff!ll~El;JtlDtj 'UtlU'I1vn i~llC1'Ml'\.j Hl'11Ul'lJ1'U'.i::; -vlUI!'ff;J
'U • 

N2-8( I) nIllJ \It.! ff'U11 'UtllJ'I11Jn l1'1lfrU~llJ ~h'l1Ul'U~'UJ~ VitHJ.ff-:J 

N2-8(5) nm] lit.! ff'IJ11 'Uflllll un 1fll"ihlTU -vllJ!\ff;J
" 

N3-1 n1:1lJ ff'U11 'UDu!~VU 11'1 hlii:Ull ViUllff;J 

N3-l(I) mIll llll ff!ll~D;J 'UtlU!~(Ju l'fliIlii:UlJ YiUllff;j 
" 

N3-1(2) nm] ffl.l1tl tN 'UtJ'lJl~mJ l1'1l1:1ii~'lll Yil1Uff.:J 

N3-3 nmJ 11'1'11 tl t}:l 'II 1:)11'11 Vn 1fl h ii :UlJ 111l! Iff ;j 

N3-4 

N4-2 

N5-1 

N5-3 

N5-4 

N6-\ 

N6-2 flIllJ iYl'I1~tl.:J 'UtJUi1VU ifllftii:Ull YlUllff;J 


N6-3 fWllJ ff'U11 'lJtlu'I1vfll1'11Ilii~11l l1'lJUff;j 




,1\
!'11~ 

(f>tlAl'I.fliJ 40°C)
• <U 

~fllltlAdf)lt1iA 

CG4(1) 

CG5(1) 

GI-1(3) 

G 1-4( I) 

G1-4(2) 

G1-6(1) fH'llJ UlJ'W iY~111flli'l'Wlll'W '1JtJlJihlf)llru~f)~lm-ff''WitJ!!~mH)f)iJ1'j()lJlfl1ni1 

G1-9(1) mUJ 'Wtl rifl11J tfllni1I'U'WUlJ '1J()lJn~f)lJru::;f)~lV!~'WltJ!l\P1f)t)tJflH)lJ If! ifli1 
'U 

GI-12(3) 

GI-14(2) 

GI-15(l) 

GI-17(I) 

G1-27(1) 

G2-1(J) 

G2-3(I) 

G2-3(4) 

G2-lO(l) 

G2-10(3) 

G2-15(l) 

G2-16(l) f1~1J !!1J'W ri'Ul'J '1.if)lJi1U1J 1f1lnmrwjl1'W 

G2-16(3) f1fj1J 'W'U rifl11J 'UfJlJ!1rJ1J Ifll~~iTlJ. 
" 

G3-3(J) 

G3-9(J) 

G3-1O(L) 

G3-13(2) 

G3-13(5) 



"~ 
l'U~ 

(~W'Yiflii 40°C)
• <U 

G4-S(2) 

GS-7(l) 

GS-7(2) 

G6-2(1) 

G6-2(2) 

G6-2(3) 

G6-2(S) 
d r.::t r-::t

mnJ '!itl ftmlJ 'UDiJl'HI'U 

G6-3(2) mnJ trw ~'fl~lJm~tN 1JtllJl~tJ1J if! hJ'U~TU 
'V 

G6-S(I) 

G6-6(2) 

" G6-ll(l) mllJ 'U'U ~!l'iiif.J':]fJ:lJllwnfl '\Jf.J1H1t11J lf11i:1ihJ'U 
" 

G6-12(I) 

G6-13(l) 

G8-3(l) 

G8-S(l) 

G8-S(2) 

G8-8(I) 



iI , iI iI I 

tJ1I~tJliurJf) '~\1.:Jl'IlJ~lJ1'Vl~ fftJ'UfI11lJffllJ1'J\ll'l:iJflleJ'Vll'U tH'1 ~lntJ Wll~ fH'11 flff Yi tJ\lAl'I fllJ 30°C !I~::: 
.. q .. 

, >I 

40°C ~llJQtul'lfllJYimlfll~tJ'~ l~ltIll1~tllIIYitl1J1.h:::iY"{lTImtlf)1'Jl'I:iJmtJ'Vll'UtJ~tl'lJ Saccharomyces cerevisiae 

&~ <vo'<v <V 

TISTR 5596 C)j'.:JIU'Uffltltl'U ~l'IlJmtJ'Vll'U tJ~'J:::~'UQ~ffll'lm'JlJ 

l~fi~I~~qJ1JlHnl'lnf)'ghUJ 

1 

100 

80 

-:::::: 60.£l 
"0
c: 
('(I 40:5 w 

20 

0 
........ ........ ........ ........ ........ 


Ii) cry:s s: fi ~ ~ ..- s: ~ @: :s s: fi ~ @:
'-' '-' '-' 

'¢ '¢ '¢ '¢ '¢ '¢ Ii) Ii) Ii) Ii) Ii) (j) (J) (j) (j) (j) 

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Sample 

;~"j
' ' .... , 
:~' 
I ' 

VI 
0 
N 

l~ 
.n ,., 

;Z 
~ 

t{ 

:'i 

........ ........ 

:s :s 
0 ....- ..

8 8 


Q) 
(\)
. iii 

'¢ Ii) (J).s; 
@ 
Q) 888 
() 

(fj 

fennent at 30°C El fennent at 40°C 

>I , >I 

~lnrl~tl'lJll!'~tJYi!!tln '~~lml1tJV1.:Ji'U~Wl"l 'JJ~I~tJ~1i~l'I:iJn '~~nl1l'l ~tJ 'lmiJI~tI.:J s. cerevisiae• 
I ~ , iI 

TISTR 5596 (control) YitJtul'lfllJ 30°C !I~:::ij 2 !~tJlil'l:iJn'~~nl1 s. cerevisiae (control) (34.21 gil) !I~:dJ 1 !~tJ. .. 
.d Q,llI]'JJ'l Vt::I d ~ 
'Vll'llJn ~~ nmfltl.:J s. cerevisiae 'Vl 40°C fltJ 

1. CG4 (1) EtOH 41.02 gil 

2. CO 9(1) 36.32 gil 

d, w 
1__ 1In.m.ll'l1~ : EtOH 'Vl ~~ln (control)

q 

EtOH ~'~ff.:Jnl1 (control)0 d, wi 
.. 

W'"
0 EtOH 'Vl ~ nmfltl.:J (control) 
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" , " tI , 

t9h)'¥iutlfll~111fl h .:J.:J1l.JlJ Wml'.i1'lf1J~ 'W'l.J'hnt~t:)'¥itr1JJ1<Hl'l1iTfln.J'YlllHH'lI~~ fl11 S. cerevisiae 

QI ~ QI.c1 " "" 
(control) (69.17 gil) 'iJ1'iJ 48 h 'YI.:J'I1lJfl 8 t'lf~ fl.:J'iJ 

I. G 1-5 EtOH 73.77 gil 

2. G 1-8 75.99 gil 

3. G I-IO 75.47 gil 

4. G 1-13 (1) 99.35 gil" 

5. G 1-14 (2) 73.17 gil 

6. G 1-16 (I) 70.44 gil 

7. G 1-18 (2) 73.29 gil 

8. G 1-22 (2) 73.06 gil 

" , ,
~ .c1 QI tq 3}d I d .c::. 
t'lf~'YItr1lJ1:i(l'l1lJflW'YI1'iJ~~ !flflfl'J1 S. cerevisiae (control) (32.84 gil) 'YItJW'I1JJlJ 40°C 'iJ1'iJ 48 h 

<V <V d " " " '" 'YI.:J'I1lJfl IO t'lf~ fl.:J'iJ 

I. GI-I(3) EtOH 35.23 gil 

2. G 1-4 (I) 44.96 gil 

3. G 1-4 (2) 39.43 gil 

4. G 1-6 (I) 35.83 gil 

5. G 1-9 (I) 36.71 gil 

6. G 1-12 (3) " 45.54 gil 

7. GI-14(2) 37.25 gil 

8. GI-15(1) 33 .03 gil 

9. GI-17(1) 39.21 gil 

10. G 1-27(1) 38 .80 gil 
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I "iI i.I 

S. cerevisiae (control) (73.26 gil) fi~rul1.fJD 30°C 'Ul'U 48 h -.1'll1lJ~ 7 !~tl ~'llj 

1. G 2-3 (2) EtOH 74.73 gil 

2. G 2-4 (1) " 81.69 gil 

3. G 2-4 (2) 76.16 gil 

4. G 2-5 (2) 76.54 gil 

5. G 2-7 (l) " 75.18 gil 

6. G2-10(l) " 74.58 gil 

7. G2-15(I) 73.69 gil 

i.I , r" 
l~tlfimlJl'j\ll1l1flltl'Yll'Utl'i;l1~~fl11 S. cerevisiae (control) (34.44 gil) fi~rul1.fJD 40°C 'U1'U 48 h i'll1lJ~ 

'" "'" ., '" 8 I'IHl ~'l'U 

1. G2-1 (I) EtOH 35.46 g/1 

2. G 2-3 (1) 65.88 gil" 

3. G2-3 (4) 53.36 gil 

4. G2-IO(l) 46.07 gil 

5. G2-10(3) 59.89 gil 

6. G2-15(l) 52.72 gil 

7. G2-16(l) 62.27 gil 

8. G2-16(3) 58.76 gil 
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S cerevisiae (control) (72.85 gil) Yi'Qwl'If,Jii 30°C 'Ul'U 48 h ~ 1 t~tl ~,rw 

1. G 3-3 (1) EtOH 80.65 gn 

~ , , 

t~tlYi[;1'1:JJ1~f:l1'I11mtl'Yll'Utmi~~f111 S cerevisiae (control) (34.05 gil) Yi'Qwl'If,Jii 40°C 'Ul'U 48 h 

L G 3-3 (1) EtOH 49.42 gil 

2. G 3-9 (1) " 57.10 gil 

3. G 3-10 (1) 37.05 gil 

4. G3-13(2) 46 .34 gil 

5. G 3-13 (5) " 41.28 gil 
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!~vYimJfl i¢i''illflh .:j.:jl'UlAlIP11C'l ff~'U'YI { ilin!~v,,"J lflYiffllJl'Hll1l1mV'Yll'UVC'l i¢i'~fl'.h s. cerevisiae• 

(control) (72.77 gil) YiQt'U'l1iJD 30°C 'Ul'U 48 h 
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UC'l~!'lfV'YImlJl'H)'l1lJmV'Yll'UVC'l !flflfl"Jl S. cerevisiae (control) (31.95 gil) 'YIf:.!U!.l1iJlJ 40°C 'Ul'U 48 h lJ 

1. G 4-5 (2) EtOH 33.46 gil 
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U'Vi 

. 
b( llJ 1 'j tl '11 iff)!U'Yl1lJ t) (I I~~ f) 11 

S. cerevisiae (control) (71.31 gil) 'Vi~ru'l1JJiJ 30°C lJTU 48 h tOt! 

" . . 
l!(I~!~u'Vib(11J1'j1miff)lU'Yl1lJ U(I 1~~f)11 S. cerevisiae (control) (30.61 gil) 'Vi~ru'l1JJiJ 40°C lJ1lJ 48 h 

1. G 5-7(1) EtOH 46.91 gil 

2. G 5-7 (2) " 72.83 gil 
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~ I ~ ~ I 

!~tlYi!!Vf)U"llf) h ~ ~ l'U t'h1l1C\mU~ 'WU11ih~tlYiC\'llJl'HI'llljf11tl'Yll'U tlC\ 1~~ f)'h S. cerevisiae• 
I ~ 'iI ~ 

(control) (70.52 gIl) Yi~W'\1 iJiJ 30°C 'Ul'U 48 h l'1~'\1lJ~ 4 !~tl fl~ij 

1. G 6-3 (1) EtOH 78.63 gIl 

2. G 6-11 (2) 76.57 gIl 

3. G 6-11 (3) 75.59 gil 

4. G 6-12 (2) " 7l.l8 gil 

" , . 
~ l:! Q"I 'WI Vl:! , .d ~ 

!'lftl'YlC\'llJl'H)'I1lJfl!tl'Yll'UtlC\ I~~ml S. cerevisiae (control) (33.98 gil) 'Yl~W'\1iJlJ 40°C 'Ul'U 48 h 

Q"I ~ QJ.d " " " 
'Yl~'\1lJ~ 9 !'lftl ~~'U 

1. G 6-2 (1) EtOH 50.84 gIl 

2. G 6-2 (2) 64.77 gil" 

3. G 6-2 (3) " 44.69 gil 

4. G 6-3 52.70 gil 

5. G 6-5 39.11 gIl 

6. G 6-6 (2) 49.05 gil 

7. G 6-11 51.81 gil 

8. G 6-12 38.59 gIl 

9. G 6-13 (1) 42.17 gil 
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Y I Y Y , 

!~~)'vhw fl i ¢l'~1fl 11 'N 1'WUWl1'~~hnw 'Yfl.J11ih~t)'Vi ff1111 'j fJ '1111fl It),Vll 'W tl ~ i ¢l'~ fll1 S. cerevisiae 

" " 
(control) (70.52 gil) fi~umfJiJ 30°C 'W1'W 48 h 1 !~tl fl~ii 

1. G 7-2 (2) EtOH 74.02 gil 

" . . 
!L~::;iliij!~tlfiffl111'jfJ'\111fl!tl'Vl1'Wtl~i¢l'~fll1 S. cerevisiae (control) (33.98 gil) fi~ru'l1fJiJ 40°C 'Wl'W 

48 h 
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V V V ,I 

!~e)'Vi WJf)1~111 f) h 'l 'll'\..!l'hm (1 'W tr:h ~ !~u-vi ff1:1Jl 'j tl 'YIlJf1! el'Yl Tl-H)(1 i ~~f)11 S. cerevisiae 

I 'JJ 'JJ V 

(control) (53.37 gil) -vi~ru'YIiJil30°C 'Ul'W 48 h l'i''l'YIlJ~ 2 !~el ~'li1 

1. G 8-1 EtOH 54.15 gil 

2. G 8-2 " 62.59 gil 

v , ,v 

!~U-viff1:1Jl'jtl'YIlJf)m'Yll'Uel(1 i~~f)"h S. cerevisiae (control) (28.27 g/l) -vi~ru'YIiJlJ 40°C 'U1'U 48 h ~'l'YIlJ~ 

"I .., d " " 4 !'jfel ~'l'U 

1. G 8-3 (1) EtOH 47.92 gil 

2. G 8-5 (1) II 42.22 gIl 

3. G 8-5 (2) " 57.64 gil 

4. G 8-8 32.30 gil 
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(control) (59.197 gil) -vlfJrnlHJlJ 30°C lJTW 48 h l1~l11Jf) 2 t9ffl fl~ii 

1. G 9-3 (1) EtOH 67.57 gl1 

2. G 9-5 (4) " 60.l4 gil 

" , I ~ 

t9ffl-vl""l1Jl'HmiTfHV'Yll'Wflrl'~~fY,h S. cerevisiae (control) (25.02 gil) -vlfJrnl1iJlJ 40°C 'Wl'W 48 h l1~l11Jf) 

a " ... '"" 5 t'b'f1 f)~'W 

l. G 9-5 (2) EtOH 29.995 gil 

2. G 9-7 (2) II 59.73 gil 

3. G 9-8 41.17 gil 

4. G 9-9 (1) " 26.20 g/1 

5. G 9-9 (2) 38.18 gil 

6. G9-10(3) 40.67 gil 
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iJ I " iJ I 

l:Jftl'Yi WJf) i ~~1fl h 'l 'l1'U lh\9llr:'!'YiI~'U 'W 'U 11 ~ I:Jftl'Yi LY1lJl 'Hl '11 iTflI tl'Yll'U tlr:'! i ~~ fl11 S. cerevisiae 

I "iJ " 

(control) (68.44 gil) 'Yit.!W'I1iJlJ 30 0 e 'U1'U 48 h 11'l'l1:lJ~ 2 l:Jftlll'lU 

1. G 10-9 (2) EtOH 70.41 gil 

2. G 10-12 72.899 gil " 

Y I I" 

l:Jftl'YiLYl:lJl'J\l'I1iTflItl'Yl1'Ui)r:'li~~fl11 S. cerevisiae (control) (31.11 gil) 'Yit.!W'I1iJlJ 400 e 'U1'U 48 h 11'l'l1:lJ~ 

y y 

<!I ... '" 
8 l'lftl ~'l'U 

1. G 10-4 (3) EtOH 37.96 gil 

2. G 10-8 (1) 58.31 gil 

3. G 10-10(2) 40.13 gil 

4. G 10-13 (I) 39.83 gil 

5. G 10-13(2) 60.49 gil" 

6. G 10-18 (1) 53.46 gil 

7. G 10-19 (4) 35.31 gil 

8. G 10-20 (3) 52.73 gil 
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'JI I 'JI 'JI I . 

!~tl.yhWf) hi~1f) h .:!.:! 1 '\.nl Wl1mn ~'I.J~ Yl'lJ';h ih~tl Yi 'ft'111 l'Hl'l'UJ f)! tl 'Yll 'W tl'l 1~~f)';h s. cerevisiae 

'JI 'JI 'JI 

(control) (59.38 gil) YifJUl'HtJJJ 300 e 'Wl'W 48 h l1~'Hll~ 7 !~tl ~~i1 

1. G 11-1 EtOH 67.94 gil 

2. Gll-3 (1) " 72.33 gil 

3. G 11-4 (2) 60.08 gil 

4. Gll-12(2) 67.24 gil 

5. G11-16 (1) 62.96 gil 

6. Gll-16 (2) 61.78 gil 

7. Gll-20 (1) " 67.35 gil 

"I " d 
, i"d . d' 

... ~ 
!'lftl'Ylmm'H'l'Hlltl!tl'Yll'Utl'l f1~ml S. cerevisiae (control) (28.05 gil) 'YlfJUl'HtJll 400 e 'Wl'W 48 h 

Q.I ~ Q.I d " " " 
'Yl~'Hllfl 7 !'l1tl ~~'U 

1. GI1-15(1) EtOH 44.92 gil 

2. Gil-IS (2) 36.11 gil 

3. G 11-15 (3) " 62.96 gil 

4. GII-16(1) 49.41 gil 

5. GII-19(2) 49.93 gil 

6. GII-21(2) 53.34 gil 

7. G 11-23 (2) 57.19 gil 
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3.2 !'lierJ!'l1'.if.1J'U'W 24% nt}!fHf 

80 
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60 


::7 50
b:o 
0 	 40 
c: 
to 

..c::... 
LU 	 30 

20 

10 

0 

S.cerevisiae Zl/11(2) Z 2/1(1) Z 5/10(1) Z6/1{2) 

SampJe 

'" ,
~~u':h 'l:JTII95t:J'VimJf) M1Jlf)lhlWtrW8;J~11;J bI'1JJ1JTll'UJfHtl 'Vll'W f)" IM~fd 'l S. cerevisiae (control). . 



" I j/ I 
dd~ ,. qdQ QI It)3I I 

YHH1WY1~HH)UI'lHl'YlI'il'HUUtHJll1l'Hl~ !f1bY lJl'l1U'YlbYllJl'HmlJmU'YlltHl~ !'fImfH111 s. cerevisiae 
u 'U 

, ~ ~ 

(control) YitlWl1illJ 30°C U~~ 40°C '\Ilf) 131111ci.:J hU1'U 94 191u~.:Jil 
• 'U 

, 
Il'tHl-.1 e>nnmglml 

" .. 
o "'"'ill'U1tH'I1e> (30°C) o "'" 'ill'U1'U1'l1e> (40°C) 

0' "" <V 

~Wl~.:JmWlJ1111'YltJ1mJ - CG4 (I), CG 9(1) 

G 1-5, G 1-8, G 1-10(2), G I-I (3), G 1-40), G 1-4 (2), 

~ 

h.:J.:Jl'Ut'h~lml'11U~• 

G 1-130), G H4 (2), G 1-16(1), 

G 1-18(2), G 1-22 (2) 

G 1-6 (1), G 1-9 (I), G 1-12 (3), 

G 1-14 (2), G 1-150), G 1-17 0), 

G 1-27 (1) 

1'j .:J.:Jl'UJ1~1~''Ylm~lJ~'U 
'U 

G 2-3 (2), G 2-4 (1), G 2-4 (2), G 2-1 (1), G 2-3 (1), G2-3 (4), 

U~bY111m'jlJ• G 2-5 (2), G 2-7 (1), G 2-10 (1), G 2-10 (1), G 2-10 (3), G 2-15 (1), 

G 2-15 (1) G 2-16 (1), G 2-16 (3) 

1'j .:J.:Jl'U ''YlfJU~bY111 m 'jlJJ1~ 1~. G 3-3 (1) G 3-3 (1), G 3-9 (1), G 3-10 (I), 

G 3-13 (2), G 3-13 (5) 

1 : "" 0''j .:J.:Jl 'U'Ul~ 1~ bY'j 'U 'YJ'j. - G 4-5 (2) 

lH.:Jl'UJ1~ltl~bYl11m'jlJ lml'b'• 
- G 5-7(1), G 5-7 (2) 

1 : '" H.:Jl'U'Ul~l~mm• G 6-3 (1), G 6-11 (2), G 6-11 (3), G 6-2 (I), G 6-2 (I), G 6-2 (1), 

G6-12(2) G 6-3 (2), G 6-5, G 6-6 (2), 

G 6-11, G 6-12, G 6-13(1) 

1'j .:J.:Jl'UJ1~1~VbY1'U G 7-2 (2) -

lH.:Jl'UJlm~u~flJ6• G 8-1, G 8-2 G8-3(1), G8-5(1), G8-5(2), G8-8 

1 : '" 'j .:J.:Jl'U'U l~lm l'b'bYm G 9-3 (1), G 9-5 (4) G 9-5 (2), G 9-7 (2), G 9-8, 

G 9-9 (1), G 9-9 (2), G 9-10 (3) 

1'j.:J.:Jl'UJ1~1~~lg'U G 10-9 (2), G 10-12 G 10-4 (3), G 10-8 (I), G 10-10(2), 

G 10-13 (1), G 10-13(2), G 10-18 

(I), G 10-19 (4), G 10-20 (3) 

h.:J.:Jl'UtJl~l~bY'j~U~• 
G11-I, GII-3 (I), G11-4 (2), G 11-15 (I),G 11-15(2), Gll-l5 

Gll-12 (2), G11-16 (1), (3), G11-16(l), GIH9(2), 

Gll-16 (2), GII-20 (I) G 11-21(2), G 11-23(2) 

lh~n1'Utl.:J~1'j.:J u. Uf)M '\I. 'j~fJtl.:J. . - -

'a1lJ 34 60 



A~fl~mJfl'~lJ'JHn'Hl'W1HlghHJ (Selective cultivation) 
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Ferment at 30°C 

QI 
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U U U U U U U 
U u 

Sample 

Ferment at 40°C 

-~ ~
T" T" T"~ 
'<t '<t '<t '<t Cl T" 
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U U U U U 

Sample 

.!!! 
> 
QI... 
QI 
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QI 
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·iii.; 
QI... 
QI 
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V I V I I 

~ d If) Y I "1 ,.-d, ~ III "1 y-=s 1 dd 

!'lHl'Yl!Wfl I~Hl1fl~Wl"1 ~'lJ11 IlJlJ!'lftl'YlffllJl'Hl'l1lJf1!tl'Yll1HHl Irlrlf111 S. cerevisiae (control) (59.81 gIl) 'Yl 

. " . 

tlW'l1.fllJ 30D e lJl'U 48 h !!~:dltlW'l1.fllJ 40D e lJl'U 48 h lh:JftJ'nffllJ1'.itl'\1iTf1!tl'YlllJtl~i?{~flil s. cerevisiae 

q 'U q <u 

" "" 
(control) (32.49 gil) Yl~'l1lJrI 4 !:Jftl ~~ij 

1. ee 4 (2) EtOH 37.97 gil 

2. ee 4 (3) 34.07 gil 

3. CC 9 (1) " 69.26 gil 

4. ee 11 (1) 32.96 gil 
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!'IHl'YUWfl !~'j)lfl H~l'\.J'\.Jl\9l1Ml':i'IJ':i ii! ~ e)'¥i {1' llJl ':i iJ lUJfl! tJ i'11 '\.J tJ Cl i ~~w:i1 s. cerevisiae• 
I "", v 

(control) (59.81 gil) '¥iQtl!l11Jll 30D e '\.J1'\.J 48 h '¥i'~11'lJ~ 2 !~tJ ~~ij 

1. e 1-1 (2) EtOH 67.46 gil 

2. e 1-13 (1) " 76.47 gil 

" . . 
!~tJ'¥i{1'1'lJl':iiJl1iJflWi'11'\.JtJCl i~~fll1 S. cerevisiae (control) (32.49 gil) '¥iQtl!l11Jll 40D e '\.Jl'U 48 h ii 1· 

'" " '" d " !'Im ~~'\.J 

1. e 1-5 EtOH 49.83 gil 
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!~t)'Vi WHl Hi''ill fI i H 'l1 \.!ih m ~ 1'Yl tIIYllJ'WtJ tl ~ 'Cl'1 'H fI'J 'jlJ ih~ij.yj'Cl'l m Hl'H l1f1H)'Yl1 'U tl ~ 1~~ f)':i1'" . 
, "" JI 

S. cerevisiae (65.60 gIl) .yj~ru'H1JiJ 30 D C 'U1'U 48 h 'Vl'l'HlJ~ 2 !~tl ~'lU 

1. C2-7(l) EtOH 68.95 gIl 

2. C 2-9 (1) 75.50 gil 

" , ,iI )I 
<!I '" <V 1i/4 , 4.<::::!. 4 ~ a,.,..:::S

!'lftl'Yl'Cl'lm'jtl'HlJf1W'Yll'Uij~ ~~f111 S. cerevisiae (26.69 gil) 'Yl~ru'H1JlJ 40 DC tJ1tJ 48 h lJ 2 !'lftl ~'l'U 

1. C2-7 EtOH 31.28 gil 

2. C2-13(1) " 31.09 gil 
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'11 I '11 '11 I 

!~-e)'VillVf)I$I'illf) h \I-HU I'VI VQ~{1'l'l1 f)'j 'j:JJ 'l-h ~l ~ ih~t)'Vi{1'l:JJl 'j t:l'I1 iTmfl'VIl't.H:m l${~f)il S. cerevisiae 

1. C 3-3 (1) EtOH 70.38 gil 

2. C3-14(4) 74.12 gil 

)I I 1)1 '11 

!~flVim:JJ1'jt:l'I1 iTmfl 'VI 1'lHm l${~f)il S. cerevisiae (26.42 gil) Vi~ru'l1.fJiJ 40°C 'UTU 48 h ii 8 !~fl f1\1tj 

I. C3-1(J) EtOH 29.84 gil 

2. C3-3(3) 60.07 gil 

3. C3-4(1) 31.44 gil 

4. C3-10(3) 28.24 gil 

5. C3-14(1) 26.68 gil 

6. C3-14(2) 27.21 gil 

7. C3-17(2) 46.69 gil 

8. C3-17(3) 26.86 gil 





I " I " )J I 	 • 
~ d tq ~ 1 0 Q rI.c:S.:9.c::! Q,f IfI 1I.d I 	 .c:! 

l'IHJ'VlIWf) !~'illf) 	 j'l'll'U'Ul\PIlf1~'H!'Vlj lJ!'IHJ'VlTIllJljt1l1lJf)lfl'Vll'Uflf1 !~~ml s. cerevisiae (62.06 gil) 'Vl 
v v V 

<t::lt. 	 Cl.I.:9 Q.I.c:1 

~rnl1iJlJ 30°C 'Ul'U 48 h 'Vl'll1lJ~ 1 l'lffl ~'1'U 

I. G 4-2 (2) 	 EtOH 75.30 gil 

tI t 	 iI1" 
l~fl~'ffllJljt111:Uf)lfl'Vll'Uflf11~~f)11 S. cerevisiae (21.89 gl1) ~flWl1f)ii 40°C 'Ul'U 48 h n5 !~fl ~'1ij. " 

1. C4-I(l ) 	 EtOH 35.30 g/1 

2. C4-1(2) 	 21.95 g/1 

3. C4-5(2) 	 34.21 g/1 

4. C4-6(l) 	 " 27.75 g/1 

5. C4-7(1) 	 24.21 gil ' 
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" I 'JI 'JI • 
#9.c:t 11131 i 0 i d~d Q.I lqil.c:t'

I'lfB'YlIWf) !~lllfl 1':i'I.:Jl'W'Wl\P11ut'J\P1L1'1'11mnJ Ifl'Jl'lf lJI'lftJ'YlL1'l'lJ1':itl'l1lJflttJ'Yll'Wt'Ju !~~fl11 S. cerevisiae 
q 

I ")I " t::i ~ Q.I..:9 Q.I d 

(62.06 gil) 'Yl~W'l1lJlJ 30°C 'Wl'W 48 h 'Yl~'I1lJ~ 2 l'lftJ ~.:J'W 

1. C5-1 EtOH 73 .36 gil 

2. C5-7 73.50 gil 

" I I 'JI " 

!91tJYiL1'l'lJ1':itl'l1~mtJ'Yll'WtJu 1~~fl11 S. cerevisiae (21.89 gil) Yi~W'I1lJjJ 40°C 'Wl'W 48 h n3 !G)ftJ ~~U 

1. C5-2 EtOH 31.42 gil 

2. C5-3 24.95 gil 

3. C5-7 39.11 gil 
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~ I ~ ~ I , 

l'lfe)'Yil!fJni~'illn h\l\ll'\.nJWmlfl'l'l.J~ ih'lfu'VimlJl'Hl'l1iJnm'YI1'Wt)'~i~~n11 s. cerevisiae (54.43 gIl) 'Vi 
., "., 

~ru'l1fJiJ 30°C 'Wl'W 48 h li'\I'I1lJ~ 2 !'lfU ~\lij 

1. C6-5 EtOH 57.25 gIl 

2. C6-8(3) 54 .81 gil 

~ I ,~ ~ 

l'lfu'VimlJ1,)fI'I1lJmU'Yll'Wm'li~~n11 s. cerevisiae (23.90 gil) 'Vi~ru'l1fJiJ 40°C 'Wl'W 48 h ii I l'lfU ~\lij 

1. C6-11 EtOH 47.90 gIl 
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!II !II" 

tltl!'I1niJ 30°C 'Wl'W 48 h '¥1~'I111f1 3 I~tl ~~ij. .. 
l. Cll-8(l) EtOH 59.79 gil 

2. Cll-14(1) 6l.29 gil 

3. Cll-20(1) 66.00 gil 

" I ,iI j}
t!id IV lIJV.c11 .c:! ~ .c:s ,dQ,lQ 

l'lftl'Vlfjl'lJlHl'\111f)1tl'Vll'Wtl~ Iflflf111 S. cerevisiae (24.35 gil) 'VlQtI!'I1fJ1I 40°C 'Wl'W 48 h 11 91'lftl f1~'W 

l. Cll-5(2) EtOH 25.25 gil 

2. Cll-6 (1) 29.79 gil 

3. C 11-10 (2) 32.29 gil 

4. Cll-14(1) 27.55 gil 

5. Cll-17 32.76 gil 

6. Cll-20(2) 28.34 gil 

7. C 11-21 27.65 gil 

8. Cll-22 (1) 29.42 gil 

9. Cll-22 (2) 24.83 gil 
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yo , " , 

r'H'lfll';i'YI~HH)tJl~ClYiI'il~ tutJ'Umm';iICJf"" 1('l(;Y iil~ClYimlJ1';itllnJfm)'Vll'UCl" 1~lJ1f1f111 S. cerevisiae 
u " 

, " " 
(control) YimU'l1f1lJ 30°C II"~ 40°C 'illf1 13 Il'l1rl'l ~1'U1'U 54 I~Cl~'l{j 

q " 

CC4(2), CC4(3), CC9(1), CCl1(2) 

C 1-1(2), C 1-13 (1) C 1-5 

C 2-7 (1), C 2-9 (1) C 2-7 (1), C 2-13 (1) 

C 3-3 (1), C 3-14 (4) C 3-1 (1), C 3-3 (3), C 3-4 (1), 

C 3-10 (3), C 3-14 (1), C 3-14 (2), 

C 3-17 (2), C 3-17 (3) 

C 4-2 (2) C 4-1 (1), C 4-1 (2), C 4-5 (2), 

C 4-6 (1), C 4-7 (1) 

C5-1,C5-7 C 5-2, C 5-3, C 5-7 

C 6-5, C 6-8 (3) C 6-11 

C 7-2 (I) C 7-4 

C 8-1, C 8-4 (1) 

C 9-1 C 9-6 (1) 

C 10-10 (2) 

C 11-8 (1), C 11-14 (I), C 11-20 (3) C 11-5 (2), C 11-6 (1), C 11-10(2), 

C 11-14(1),CI1-17, C 11-20(2), 

C 11-21,Cl1-22(1), C 11 -22(2) 

16 38 

I " I yo

liJCl'Vl~(;yCltJU ';i ~ iY'Vlllm'Yl f1nmJf1I Cl'Vll'UCl('l'illf11~ClYi IWf1 1~tJ'Um'l11,) ICJfm, 1('l ml'l'l1lJ~II~1 ~'l'Vl~(;yCltJ
" 

" , ' 
fll') 'l11J'f1ICl'Vll'UCl"'illf11~ClYilltlf1 l~tJ 'U m'l1 n 1CJf 1 ('l(;Y'illf1iJl'Yl,) 'l1 'U Cl'l~l,) 'l Cl.Ilf1" 'l 'il. ') ~tltl'l Yimu'l1 nlJ 30°C 

~ q q cu 



v , v ~ 

lhl~V.v; IltJ n1~'U lHJ1'11 1 'j Ll C)j 1('l '(('Vi''l '1111 ~ :JJl 'VI ~ '((V'U'fl 1TIJ '(( 1m l' tlm!ntl 11'11 ('l 'l9l lTI m~ 'W 

15 

-J-OJ-


N,.. 
cri 

20 ~~~~-------------------------------------------------------------------, 

o 10 +-I---------------------------------.~--------------------~ 
C 
IU 
~-w 5 +_'-'._______ 

III-Q. 
tl 
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't'il.,m.ll'tWI: D• 
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CD 
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,.. 
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~N ~~ ~o 
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z z 
Sample 

,.. 
I 

N 
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I/) mN 
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N 
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N 
Z 

M-M 
I 

N 
Z 

CD 
I 

r-.. 
I it) I/') 

I 

N 
Z 

N 
Z -'9 

N 

N 
Z 
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,...., 
_ _________________________oi__.___ 

• I ~ , 

0(control) 11 ~\lnl iJ1J 30 C IIf1~ !lJV'Vl ~ ,((V'U'lh :dl'Vl TI fI1'Y'~ m d '11 11m8'Yl1l-! V('l 'il1n1~'C) 11 Ilvn !~'U'W O1'11 1,),!C)j1('l 'ff 



" 
Osmotolorant Yeast 1~m~V1bfeJ'JJf1l1!'iI~ruihlbHlll~mllJl~lJ~hI '\Jtl'l'l-1l'>'ll~bf'l (YPD medium f1(,l lflbf 24%)

U 'U qJ 

"" 1.0 .c:1 QJ i !.:; I .q d 
, 

r-::t. 0 0 Q.I 

, 
)

!1J'JtJ1JrYltIUf1U S. cerevisiae !'fHJ1V1f11f1l'J!'iI'JiJ.j11iJUH'IJ,:JlJ 30 C !m~ 40 C shaker 200 rpm hill! 24 'l$l ~lN Illf1 

'filrrnmi'\.j (OD660) 

3.3.1 m'fll'H'iJ~ty(OD66o) 'U~N!~f.)~H)~ty~~W't'l{!~ 30°C 

~ 
!1H) OD660 

(~W't'l{!~ 30°C) 

Gl-5(I) 1.270 

G 1-8(1) 1.516 

Gl-l0(2) 0 

GI-!3(1) 0.397 

G1-14 (2) 0 

GI-16 (1) 0.370 

GI-18 (2) 0 

G1-22 (2) 0 

G2-3 (2) 1.266 

G2-4 (l) 1.988 

G2-4 (2) 0 

G2-5 (2) 2.333 

G2-7 (1) 0.542 

G2-10 (I) 2.169 

G2-15(l) 2.475 

G3-3 (1) 1.332 

G6-3 (1) 0.579 

G6-11 (2) 1.413 

G6-11 (3) 1.708 

G6-12(2) 2.447 

G7-2 (2) 0 

G8-1(1) 2.457 

G8-2(1) 0 



J) 

'I'~'lJ11t1l'H'\)~ruhrrffrn::;mllJ!~lJ.,j'W'lJtFnlwm'l(l'\I (YPD medium till lf1{1' 24%)!'iJ~tllI!.y]eJ'l.mU
U 'U 'lJ 

• • >' 

S. cerevisiae hHJ'V1~tH)'lJfl1'jI'\)~'tY-YiQru'l1iJjJ 30°C, 200 rpm 'WT\.J 24 i11u:J i1!~Bi1fJtu{1'1JD~!~~J Osmotolerant 
• ')1)1 ,... 

Yeast Vi!'\)~'tYll~~tll1 S. cerevisiae (1.294) ll~'YI1JfI 10 \~() ~\lU 

1. OJ-8(1) 1.516OD660 

2. 02-4 (J) J.988 

3. 02-5 (2) 2.333" 

4. 02-10 (1) 2.169 

5. 02-15(1) 2.475 

6. 03-3(1) 1.332 

7. 06- J 1(2) J.413 

8. 06-11(3) 1.708 

9. 06-12(2) 2.447 

10. 08-[ 2.475 

http:24%)!'iJ~tllI!.y]eJ'l.mU


""I 
A'IH) 

(tHl!'t'lfllJ 40°C)
q OJ 

OD660 

CG4(1) 0.894 

CG5(l) 0.767 

GI-I(3) 0.668 

G 1-4 (I) 0.739 

GI-4 (2) 0.653 

G1-6 (l) 0.992 

G 1-9 (1) 0.796 

Gl-12 (3) 0.755 

GI-14 (2) 0.755 

GI-15 (1) 0.905 

GI-17 (1) 0 .672 

Gl-27 (1) 0.682 

G2-1 (1) 0.983 

G2-3 (1) 0.769 

G2-3 (4) 0.808 

G2-10(1) 0.091 

G2-10(3) 0.129 

G2-15 (1) 0.115 

G2-16 (1) 0.935 

G2-16(3) 1.061 

Control: Saccharomyces cerevisiae = 0.875OD660 



"4 
!'lH) 

(~Wl'liJiJ 40°C) 

OD660 

G3-3 (I) 0.335 

G3-9 (1) 0.806 

G3-10(1) 0.979 

G3-13 (2) 0.114 

G3-13 (5) 0.645 

G4-5 (2) 0.877 

G5-7 (1) 0.001 

G5-7 (2) 0.587 

G6-2 (1) 0.842 

G6-2 (2) 0.692 

G6-2 (3) 0.363 

G6-2 (5) 0.681 

G6-3 (2) 0.011 

G6-5(J) 0.005 

G6-6 (2) 0.553 

G6-ll(1) 0.886 

G6-12( J) 1.165 

G6-13 (1) 0.784 

G8-3 (1) 0.897 

G8-5 (1) 0.935 

G8-5 (2) 0.514 

G8-8(l) 0.740 

Control: Saccharomyces cerevisiae OD660 = 0.667 



" 1'l'Ul1fl1<H'il1rul'Wft.flll~fll1'jJl.v"lJ~'t.j'l.JtJ 'nll\9ntlbl',:j (YPD medium f)fl1f1b1' 24%) IUJt'J'lJlYiU'lJtl'lJ s. 
" 'U 'U 

, , , 
') ~.ct.o. 0 w ~ do d . Q, 4'J ~d I 

cerevisiae !CfIU'YIl'lbl'tJ'lJfl1'iI'il <H1!11~rulYiJlJ 40 C, 200 rpm 'Wlt! 24911 l:JJ,:j 11 Osmotolerant Yeast 'Vll'il'ity !CfICf1n11 

Q/ r.S. " " S. cerevisiae ,)1lJ 'Vl,:j'l1:JJ1'l 18 191El 

"... I d ~ 3l.c:j I ~ J v ~ 
11'lV!llJ':llU'WI'il'iltJl'flCflflJl S. cerevisiae (OD 0.875) 'YImlJ'fl 6 l'lHl CfI~'W660 = 

I. CG 4(1) 0.894 

2. G 1-6(1) 0.922 

3. GI-15(1) " 0.905 

4. G2-1(1) 0.983 

5. G2-16(1) 0.935 

6. G2-16(3) 1.061 

jI , W "'jJ 
-=t ttl d c.-. hI 91Jt;:j I <lJ ~ <lJ d 

lW~:JJl'lltl1'l!'illty~Wlf)'Jl Saccharomyces cerevisiae (OD660 = 0.667) vNll:IJ1'l 121'lltl 'fI ·rw 

I. G3-9(l) 0.806 

2. G3-IO(l) 0.979 

3. G4-5(2) 0.877 

4. G6-2(l) 0.842 

5. G6-2(2) 0.692 

6. G6-2(5) 0.681 

7. G6-11 (1) 0.886 

8. G6-12(1) 1.165 

9. G6-13(l) 0.784 

10. G8 -3(l) 0.897 

II. G8-5(1) 0.935 

12. G8-8(1) 0.740 



'jI 'JI iJ, II , 

'Illm.'j'tnh'liD Osmotolerant Yeast tl-:J'I11J(p)'~ijtll'H'il~tyl~~tll1 S. cerevisiae 1~1'J~1l11fJ!l'll1tl!'lit)'~ij~1 
" OD660 lJltltll1 S. cerevisiae lJlrO~tl~1J(?111Ji1mJru~ If! h!i1 !!~1~-:J!ile)tl~1U'Vl'U'UtJ~!~m!~{l~tl~1JlJl'Vl~'tH)'lJtl1'j 

lnJtlIt1'VlllH){l (24% (w/v) glucose) liJ~I'J'lJIYitl'lJn'lJ s. cerevisiae l~I'J'Vl~HHJlJtl1'j'l1l.JtlIt1'Vll'UtJr:l~mU'l1J)iJ 30°C. " 

, 

~Hl fI11''t'i iJfIA el'YIllHHl 'fi el t\I't'i iIiJ 30
0 

C 
q 'to 

100 


80 


~ 
"0 
c 
r;) 

60 
.c... 
UJ 

40 


20 


0 

Q) 

:'" ~ 
>
Q) 

t 
u 
vi 

Sample 

;::;- .-< .-<::!. ~ 
0 If) .-< ~"r 

~ 

.-< .-<
N ':' 000 

\.!) N N lO \.!) 
\.!) \.!) \.!) 

~ • I • 

'lJlflr-lr:l'YI1J111.9StrVimJtlItJ'Vll'UtJ'ClYirJtll'YlJllJ 30°C 'UltA 48 i'111J-.1 lM~tll1 S. cerevisiae (78.76 gIl) ill 
• <u 

II jI , :lI , 

!~t1 ~f) G2-15(1) EtOH 79.43 gIl U'Cl~ill A.jftJYlr!lJf)'l~lf)~),flfJ.:jnlJ s. cerevisiae U{j:;,n 1 !~o'vhnJf) ll~ 

<j.I ct '"'l,f)'ClIfltI'I S. cerevisiae f!fJ G8-l (1) EtOH 77.44 gil 

dll ~ 
'IUJll'J!'YlVl : 1- _I EtOH '1-1 ,~'Illtl S. cerevisiae 

q 

""'1 <JJ ' EtOH 'Vl,~((.:jf)Jl S. cerevisiae0 '" 

";'1 <JJl <j.I cjEtOH 'Vl , ~ f)'ClIfltl~ S. cerevisiae 0 



I 

0~ 't1 fll 'a't'i:J1mt)'YJ1'l-HH1li f)
q 
ru't'i il 

'U 
11 40 C 

30 


25 


20
-...... 
tlI) 

"0 15 c 

.c 
~ 


.... 
w 

10 


5 


0 

...... N ...... ...... ~ .:::!. c 
LI) lO LI) N M LI) 

...... ...... 0 
...... ..,;. ...... ......, , 00I I 

...... N M \.9 W lO \.9 
\.9 \.9 \.9 \.9 \.9 

u 


vi 


<lI 
~ 

' (1; 

> 
~ 
<lI 

Sample 

.. , , ...' oCt Q QJ .c:S.::::to 

'illtlfi(l'YfU111')HJ'Yl11lJtll B'Yll'U B(l'YlCJU! 11 fllJ 40°C 'U l'U 48 i1 ilJ-!l!~~tl11 S. cerevisiae (9.840 gil) lJ 
• <u 

.. ...., .., ..." "" m11lJ'fI 6 I'lfB 'fI-!l'U 

1. G 1-15(1) EtOH 18.904 gi l 

2. G2- 16(3) 17.091 gil 

3. G3-10(l) " 10.234 gil 

4. G4-5(2) 21.30 I gi l 

5. G6-12 (1) " 26.885 gil 

6. G6-13 (1) 15 .887 gi l 

do ~ 
" 

.c:S
, 

QJ q Yd QI ~ 
.. 

~ 

1I(l~lJl'lfB'Yl~llJl'HlYilJtlW'Yll'UB(l ~fl(llflV-!lfl1J S. cerevisiae I'lfB flB G8-5 (1) EtOH 9.276 gil 

" " ,'illflir'U'l.hl~B Osmotolerant yeast Vim:rtllB'Yll'UB(l!~~-!ltl1111(l~tmrl~V-!ltl1J S. cerevisiae Vi~um1Jll 
" ".. 

40°C ~1'U 1l-.1 7 I~B lJ1'Yl'fl~B1Jtl1:iI'il~ru 'l 'U ~ fl11~fl11lJ'Ii'lJ'\j''U'\JB-!lt.'h~1(l~-!l (mh H'Ufl11lJl'Ii'lJ'Ii''U 'lJB-!l111~1(lu <u 

fl~ ifl~~ 30,32,34 , 36, 38 1I(l~ 40%(w/v) ImtJ1JIVitJ1Jtl1J s. cerevisiae i'fltJ'Yl'fl~B1Jtl1:iI'il~ty~~u!111J1l40°C 



.. a
!'1H) 

,aa
fIlfll'j~~fl"l!fll;llHli:T~ (OD660 ) 

l' QJ a 
l!IIVlI;l~'j~~1Jfll'j!'iHHIN 

~1hN~ 0 ~11~~~ 12 ~11~~~ 24 ~11~~~ 48 ~11~~~ 72 

GI-15(I) - - - - -

G2-16(3) 0.050 2.023 2.179 2.196 2.203 

3-10(1 ) 0.051 1.956 2.167 2.303 2.329 

G4-5(2) - - - - -

G6-12(l) 0.051 2.239 2.367 2.375 2.394 

G6-13(l) - - - - -

G8-5(I) 0.051 1.909 2.137 2.140 2.160 

S. cerevisiae - - - - -

" , "" 
'illflvHl'Yl1J1119lt)Vi I'il~ru M~llJtI1l11 ':iml:J.mJlJ'Ii'lJ'Ut) rlJ ll'll~ fl~1rHYYi 30% (w/v) Vi e:Jtu'11.f1JJ 

40°C lJ 4 !'lft) fit) G2-16(3), GJ-IO(I), G6-12(1) 11ft::: G8-5(1) u~~m'lft)'Yl blJ'ffllJ1':if."H'il':it1j b~ 4 l'lft) fit) S. cerevisiae, 

·
U qJ q q,J 

.:::I " ~ ~ .:::I " ~ I.:::lit) I ~ 1fI 3J 'j)~ ~ 

G 1-15(I), G4-5(2) l!~~ G6-13(I) 

'" " If) , '" If) v 
't'i~UH't'i~ : - l'lft) blJ'ffllJ1HH'il':it1j b~ 

.. 
"" "I "". 'i'3.5 ~"fl1'j!'il'jW !l!61't'il'jfl'Jl~!'\l~'\ll!'\l6~l!1y\1I;lfl"! fli:T 32 % (w/v)

u • 

I a~
fllfll'j~~fl"l!fll;ll!IIi:T~ (OD660 ) 

l' QJ ~ 
l!1Iy\1;l~'j~~1Jfll'j!'ilfHn~ 

.. a 
!'II6 ~11~~~ 0 ~'Jl~~~ 12 ~11~~~ 24 ~11~~~ 48 ~11~~~ 72 

G2-16(3) 0.052 1.044 1.995 2.063 2.076 

G3-10(l) 0.050 1.689 2.125 2.224 2.224 

G6-12(I) 0.051 1.973 2.300 2.307 2.309 

G8-5(I) 0.050 1.532 1.907 1.902 2.003 

- --- -S. cerevisiae 

'j) • 'j) I • 

'illflr-l~'Yl1J1119lt)Vi! 'il~t\j l~~llJtI1't'i nm llJl'li':IJ'Ij\.l'Ut) ·nJl\9l1~fl~1fI'ffYi 32% (w/v) Vi~tumJJJ 
.:::I 

'j) 
~ 

-
~ .:::I 

'j) 
~ 

I.:::IlfI I ~ 1fI" " a ~ 
40°C lJ 41'lft) fit) G2-16(3), GJ-IO(I), G6-12(1) 11ft::: G8-5(1) 11~~lJl'lft)'Yl !lJ'ffllJ1':ifll'il':it\j!~ Il'lft) fit) S. cerevisiae 



.. 
'" 9 Y Y 0 'i3.5 ~HIfl1'JI~'Jty !lHnm'Jfl11'll1'IJ'll'IJW\lf)-3'}.&lVll~flQ Ifltl' 34 % (w/v) 

.. 
"I

1'IIf) 

,~~ " IV ~ fllfl1'J~Vlfl~'}.&fl~'}.&IItl''1 (OD660 ) '}.&IIVI~:::'J:::~Ufl1'JI'\lf)'\IH 

~1hN~ 0 
, 

~11'll-3n 12 
' 

~11'll'l~ 24 ~11'll'l~ 48 ~11'll'l~ 72 

G 1-16(3) 0.051 i.l33 1.904 1.954 2.012 

G3-10(I) 0.052 1.579 2.054 2.106 2.111 

G6-12(I) 0.050 1.797 2.236 2.259 2.261 

G8-5(I) 0.050 1.459 1.897 1.934 1.935 

S. cerevisiae - - - - -

'j/ , 11, I 

\)lflN(1'W1J111'J5UYiI\)jtyifi~"WtJllfl'jmllJl.,rlJ.,rlJ'lJu ,nh\911(1mJ ljirNYi 34% (w/v) Yi'Qu!11.QlJ 
11 iI I 11 


,::::i 4 .:9 ,::::i 4 4"1 ' .o::::t. lIJ Y .:9 .:9


40°C lJ 41'l1U jilU G2-16(3), 03-10(1), G6-12(I) UCl~ G8-5(1) !I(1:::lJl'l1UYl !lJ'Nllll'j()!\)'jUJ 1\91 II'l1U flU S. cerevisiae 
<J 

.. 
'" 9 Y Y 0 'i3.6 N~fl1'Jm'Jty mf)l't'il'Jml'llI'IJ'll'IJ'}.&'lJf)'1'}.&lVll~flQ Ifltl' 36 % (w/v) 

Code 

, oI!S ~ 
fllfll'J~Vlfl~'}.&fl~'}.&Altl''1 (OD660 ) 

1 ' v ~ 
'}.&AlVI~:::'J:::VlUfl1'JI~f)~H 

~11'll'l~ 0 ~11'll'l~ 12 ~11'll'1~ 24 ~11'll'l~ 48 ':'1 .,j
'In 'll'l'YI 72 

GI-16(3) 0.050 1.351 1.675 1.860 1.861 

G3-10(I ) 0.051 1.494 1.833 2.027 2.037 

G6-12(I) 0.051 1.864 2.123 2.194 2.196 

G8-5(I) 0.051 1.300 1.584 1.766 1.791 

S. cerevisiae - - - - -



. 
,~~

fl1fll'.i~VlfHl'Wfltl'\.!U"'1 (OD660 ) 
l' OJ .t!t 

'\.!I!Vltl::'.i::VI'Ufll'.il-lHhlN 

Code ~1hJ'l~ 0 ~11m~ 12 
. . 

oH11lJ'In 24 ~1 .:i'1l'1 lJ'I 'fI 48 ~11lJ'I~ 72 

G 1-16(3) 0.051 1.341 1.610 1.8 82 1.882 

03-10(1) 0.050 1.392 1.819 2.011 2.013 

G6-12 0.051 1.718 2.028 2.103 2. 106 

G8-5( I) 0.050 1.228 1.572 1.723 1.724 

S. cerevisiae - - - - -

, ~ a 
fllfn'.i~Vlf)tll!fltll!lm'l (OD660 ) 

1 I Q..I ~ 
l!IIVltl::'.i::Vl'Ufll'.iI'iH)ii)N 

Code ~11lJ'I~ 0 ~11lJ'I~ 12 ~11lJ'I~ 24 ~11lJ'I~ 48 ~11lJ'I~ 72 

G 1-16(3) 0.051 1.173 1.561 1.791 1.794 

G3-IO(l) 0.051 1.281 1.675 1.891 1.897 

G6-12 0.051 1.575 1.971 2.052 2.075 

G8-5( 1) - - - - -

S. cerevisiae - - - - -

j1 I "1 I 

~1f)N{l'\'l'\J1119ft)'YiI~1UJ'~~hJtll'\1l'jmllJl~lJ~'tJ·IH)'1t.'lWl1mm lmrYi 38% (w/v) YitlUJ'I1fliJ 40°C ij 4 
CJ qj q '\J 

j1 So' I 'V 

~ ~ ,:::S.c::!:I ,::jllJ I ~ 1IJ 91 ~ ~ 


I'IH) fltl G2-16(3), G3-1O(1), G6-12(1) u,,~ G8-5(1) l!{l::lJI'lftll1 !lJmlJ1'jfl!~'jty!~ 2 l'lftl fltl S. cerevisiae 

1m:: G8-5(1) 

II v. jI 
Q.I 0 ~ ,:::1 d ~ l!J~.::::J I 9 v v 0 

~lf)'W'W'Wll'lftJ Osmotolerant l1lJfi1'jI~'jUJ !~~ml S.cerevisiae !'W~fl11::f1'J1mJlJ'lJ'W'lJtl.:j'Wl~1{l~.:j 

", 
u 

" 
~ 

.1 '" 'lI 'lI 0 1 '" 0 '"!lum'WmllJl'lJlJ'I.I'W'I.ItJ.:j'Wl~l"f)" !fI~l1 30,32,34,36, 38 !I"~ 40%(w/v) ~l'Wl'W 4 l'lftJ G2-16(3), G3-10(l), 
~ 



60 

50 

40 

_30 
-I-no 

620 .... 
UJ 

10 

0 

...; ,.... 
VI 0 

r.. 

~ 30% Glucose 

.32% Glucose 

11134% Glucose 

• 36% Glucose 

:= 38% Glucose 

~ 40% Glucose 

S.cerevisiae G2-l6(3) G3-l0(1) G6-l2(1) G8-5(1) 

Sample 

jlgJ't I~ d (V 

ulf1~"i 'Wfl11~ml]'H'lJlJ'lJ'W'W1\9l1o 30% (w/v) Y11J11!'lItl Osmotolerant yeast 'Y}ITllJl'HI'l1lJf1!tl'Yll 
I I j,I iI 

'WVo.y]Vtu'l1fllJ 40°C 'Wl'W 48 i'11lJ.:ji~~f1 'h S.cerevisiae (3 .27 gil) ~l'l.:j'l1lJ~ 4 ~.:jij. '" 
1. G2-16(3) EtOH 32.12 gil 

2. G3-IOO) EtOH 26.82 gil 

3. G6-12(I) EtOH 37.74 gil 

4. G8-5( I) EtOH 38.28 gil 

')I V I I 

V9Ja l.t!:t ~ QI doi 'Wfl11~mllJ!'lJlJ'lJ'W'Wl~1" 32% (w/v) Y11J11!'lItl Osmotolerant yeast 'VlITllJl'Hl'l1lJf1!V'Yll'Wvm'l 

, "" 
Vtu'l1fllJ 40°C 'Wl'W 48 i'11lJ.:jtM~f111 S.cerevisiae (4.76 gil) ~l'l.:j'l1lJ~ 4 ~.:jij. '" 

1. G2-16(3) EtOH 34 .82 gi l 

2. G3-10(I) EtOH 30.45 gi l 

3. G6-12(1) EtOH 35.04 gil 

4. G8-5( I) EtOH 28.71 gil 

iJ j,I • • 
91 V 0 I .t:!:t .::::i QI d.

i 'Wfl11~mllJ!'lJlJ'Il'W'Wl~1" 34% (w/v) Y11J11!'lIV Osmotolerant yeast 'Vl"(T1lJl'Hl'I1lJf1!tl'Yll'WVo'Vl 
I 11 iJ' 

Vtu'l1fllJ 40°C 'Ul'W 48 i'11lJ.:ji~~f111 S.cerevisiae (6.24gl!) ~l'l.:j'l1lJ~ 4 ~.:jij. '" 
1. G2-16(3) EtOH 51.24 gil 

2. G3-10(I) EtOH 31.65 gil 



3. G6-12(l) EtOH 35.50 gil 

4. G8-5(l) EtOH 24.12 gil 

11 " • I 

i'Ufl11~mllJl.ulJ.u'Ut.'JlIPn" 36% (w/v) 'YiiJ'h~tJ Osmotolerant yeast iimm'Jtl'VIlJrll'el'YI1'UtJtlii 

.. 0 .,, 1 "I V.c:S I .c! Q,I "" QI Q 

~ru'VIfJlJ 40 C 'Ul'U 48 '111 lJ.:llrlrlf111 S.cerevisiae (4.03 gil) lJ'YI'I'VIlJrl 4 rl'l'U 

I. G2-16(3) EtOH 39.71 gil 

2. G3-10(l) EtOH 34.74 gil 

3. G6-12(l) EtOH 31.08 gil 

4. G8-5(l) EtOH 21.38 gil 

" " I I

i 'Ufl11~mllJl.ulJ.u'W t.'J lIPlltl 38% (w/v) 'YiiJ'h~tJ Osmotolerant yeast iifflm'J tl'VIlJf1ItJ'YI1'W tJtlfi 

.. 0 .,, 1 \fJ 'J}.c:S I .c:1 Q.I "" Q.J .c:1 

~ru'VIfJlJ 40 C 'Wl'U 48 '111 m Irlrlf111 S.cerevisiae (5.79 gil) lJ'YI'I'VIlJrl 4 rl'l'U 

I. G2-16(3) EtOH 47.07 gil 

2. G3-10(l) EtOH 31.43 gil 

3. G6-12(l) EtOH 35.56 gil 

4. G8-5(l) EtOH 40 .78 gil 

tI " • •9 f)J 9J 0 I CI ..::::1 Q,I .c:S 

!'Ufl11~mllJ!'lJlJ'IJ'W'U1\911tl 40% (w/v) 'YiUl1!~tJ Osmotolerant yeast 'YIffllJl'Jtl'VIlJf1ItJ'YI1'UtJtl'YI 

, "" 
tJrul1fllJ 40 °c 'Wl'U 48 il1lJ'I'~~f)11 S.cerevisiae (6.19g/1) iil1'1'V1lJrl4 ~'1U 

• 'U 

1. G2-16(3) EtOH 31.87 gil 

2. G3-IOO) EtOH 33.18 gil 

3. G6-12(l) EtOH 34.22 gil 

4. G8-5(I) EtOH 23.44 gil 



• • 

. , 

0<9 '" "" OJ3. ~Hlm'm f)'1Jliln~'YImlJl~!ylJ'YI~~VleJml't'llJfl!eJ'YIn-HH1'UeJ'l S. cerevisiae G 5-7(2) 

d if d~ "" Q Ii d I Q.:::9
ImJ.:J S. cerevisiae G 5-7(2) 'Utll'\1l'H(lV.:JI')Hl YPD 'Yl 40 ~Nf1'119HH9Wff 200 'H)U~H)'Ul'Yl ll'Utl.:J'j~V~ Mid 

. " " v 
log phase cilI'Htiitl~l'U'J'U 10% (v/v) ~.:J't'Utll'\11'jI~V.:JI~tl'l1ijm~lJ 42.5 iJ~~~I'l'j 1'U'Vhnfff-l'U'UWl 50 iJ~~~(9l'j 

iJ~Ylmfff)~'JV'ilfl!:Yl~ iJ~'t1U'ilfl!:Yl~~'J£JU~'UYJ~lJ 'Jl.:JH~ 40 tl.:Jf1'll9f~I9fmY 24 i'J ilJ.:J ~'Um~£J.:J~ 13,000 'jtlU 

" ~tllJ1Vi 4 tl.:Jf1'll9fm9f£J{l' 2 'U1Vi Inuri'J'UtJl HhJllf1'jl~"fm'Yl1'Utl~ i ~vl1i Gas chromatography U'lh~'U~l 

"" ~IfJtll '\1 iJ lJU ~~mllJ IlJ 'U m ~ -IU{l' 

45 .00 l 39.97I
40.00 1 
35.00 

30.00 26.68
::7 
........ 


tl.O 25.00 -i 

I
:I: i
0 20.00 ~ 

..... 
UI 

15.00 ~ 

10.00 i
5.00 

0.260.67 
0.00 

Temperature35' C 40·C 42"C 

j)m~ I: m1l'll1ri~m"'H tI~lJl()jI!l'Yll'U!lft~Mmul1"~mnllj'fll~u S. cerevisiae 11ft:; S. cerevisiae G 5-7(2) ~ ~()jl1~iJ~W-lltJ'UI1't)l 24i,1lJ~ fil 
fI11l.lltJ'Um~-~H Iyilnu 5 ((.)lllnuih S. cerevisiae (D)l1lJluo~ S. cerevisiae G 5-7(2)) 

45.00  39.97 

40.00 1. 35.00 
35.00 1 31.18 

29.17 
30.00 j' ::7 


"0:0 25 .00 


6 20.00 ... 
UI 15.00 

10.00 

5.00 

0.00 
pH

4.5 5 5.5 6 

il1Vi~ 2: n :iTvhl'ri.:J!lTI'~.:JmllJ-fflJ-w'\.J'fi'IJB.:nJ~lJlruW'V11'\..1enl~1fi'mv'\1ft.:Jfll 'J '\1iJm4B s. cereciviae !Ill::: S. cerevisiae G 5- 7(2) ~ 

pH fil.:J'lltJ'\..I!".l1l124i".l ilJ.:J (.)'\1lJlV~.:J S. cerevisiae (D)'\1lJlV~.:J S. cerevisiae G 5-7(2) 

http:0.260.67


, 
~ q .::r.. 0

4. j:.Hlfll1'Y1Yl~m1Jfll1H)1ty'U~-:) Kluyveromyces marxianlls'YIfJW't1.QlI 48 C 

Isolation No. 

A

m'mnqj 

(72 'lflJ.) 

Saccharomyces cerevisiae TISTR5596 -

Kluy veromyces marx ianus (G2-3(1)) + 

Kluyveromyces marxianus (G2-16(1)) + 

Kluyveromyces marxianus (G2-16(3)) + 



, ",
~1 1l1.J fl '1n1)i'J11 hf~hf1tlitJ 11ill ~ 1J 'j::: rr'Yl~ fll'YI hf ~1l.l f11 'jlnJf1l tl Vl1l.l tlf.1 ~)1flih~ 11;'1 flf.11 f) hfYi 30°91." " 

• 'P 11 I :&I 

l! f.1::: 40°tji 91-!l !Wfl'l ~ 'ill fl h -!l.:J 1m.J1 I'l HI 'j 1'l11J1 h -!l-!l1l.l tJ Hll1;'1 \1 VI tJ!Yi m~ l.l tll'l'ffTI1 f1'j 'j lJ 1 'j;j.:J 1 l.l t.l1\?11f.1. '" . 
v ~ • 

~l9Im'l1f1J'jlJ lm1'l111f.1::: h'l'l1'Ut.llI911mfi~:JJfJ 'J1lJ 15 llCll91!f.1191 ~.:J 15 ttl191IMl !lh.J known species (~'lfl1'j1.:JYi 

1-4) 

Q~':::::' Q.oI d ~ d 
Saccharomyces cerevisiae l.nh:::hfVl'Iifll 'Wf11'j'l1lJmtl'l'l1l.ltlf.1~'lVl~fl f1tl 'il1fl glucose J50 gil nlWtlVl1l.lfHl 72.83 

gil ~<fl!lJt! 0.49% Theoretical yield ml-!lf11'jl1iJfl 72 'l1lJ . (s. cerevisiae TISTR 5596111'mVl11-18f1 30.61 gil) 

, 'JJ. • 

2 ~l!!l.lfl'JjiJ<fll1hf~Vlfl tClI9lkfl l'lrihf1lJl1I:llflJmOVl1l.ltl'fl1l1ml1 lfl1'Clflf.11f1hfri 30°91 I,b'n::: 40°91 Yi. '" 



1'j ~ ~1'UJwn (;l 'j l'lfli1 

Control 30°C: Saccharomyces cerevisiaeTISTR5596 : Ethanol = 69.17 g/I 

Control 40°C: Saccharomyces cerevisiae TISTR5596 : Ethanol = 32.84 g/I 

Code 

G1-8 

Query 
sequence length 

614 

BLASTn Results 

Saccharomyces cerevisiae strain MUCL 51215 

Accession 
No. 

FN393980 

Identity 

99 

No. of nucleotide 
substitutions 

0 

No. of 
gap 

1 

Remark 

Known species 

30°C 600 Saccharomyces cerevisiae strain MUCL 51236 FN393979 99 0 1 Known species 

75.99 q/l 

G1-10(2) 

598 

575 

Saccharomyces cerevisiae strain MUCL 51208 

Saccharomyces cerevisiae strain MUCL 51221 

FN393978 

FN393983 

99 

100 

0 

0 

1 

0 

Known species 

Known species 

30°C 571 Saccharomyces cerevisiae strain MUCL 51223 FN393982 100 0 0 Known species 

75.47 gIl 

G1-13(1) 

587 

614 

Saccharomyces cerevisiae strain MUCL 51213 

Saccharomyces cerevisiae strain MUCL 51215 

FN393981 

FN393980 

100 

100 

0 

0 

0 

0 

Known species 

Known species 

30°C 600 Saccharomyces cerevisiae strain MUCL 51236 FN393979 100 0 0 Known species 

99.35 gIl 

G1-18(2) 

598 

614 

Saccharomyces cerevisiae strain MUCL 51208 

Saccharomyces cerevisiae strain MUCL 51215 

FN393978 

FN393980 

100 

99 

0 

0 

0 

3 

Known sIJecies 

Known species 

30°C 600 Saccharomyces cerevisiae strain MUCL 51236 FN393979 99 0 3 Known species 

73.29 gIl 

G1-4(1 ) 

598 

572 

Saccharomyces cerevisiae strain MUCL 51208 

Pichia kudriavzevii strain RY8-1 

FN393978 

AB550116 

99 

99 

0 

0 

3 

3 

Known species 

Known species 

40°C 577 Pichia kudriavzevii strain L Y2-3 AB550111 99 0 3 Known species 

44.96 q/l 

G1-12(3) 

586 

573 

Pichia kudriavzevii strain isolate CLOA1 0 

Torulaspora globosa strain SSK9 

GU299473 

AB499988 

99 

99 

0 

1 

3 

0 

Known species 

Known species 

40°C 573 Torulaspora globosa strain SSK8 AB499987 99 1 0 Known species 

45.54 gil 573 Torulaspora gjobosa straiflLY1 0___ AB499015 99 
'

1 
--

0 Known species ~ 

""mnnl1 ~~f)11 ~lU 'U n"lfiJ~'lJ eJ~fhrl'1~~lhh~ iY'Yln.f)TYf~~ '1 'UnWH :iJmeJ'Yl1'U eJ~~l!tJn IM'iJ1n11~~1'UJ1~ 1~11"lf1J1 

158 



1j -:.I-:.Il'WJ1Vll't'11'YIfJ!~"n::i'WfJVlIT1't'i fljjlJ 

Control 30°C: Saccharomyces cerevisiaeTISTR5596 : Ethanol = 34.44 g/I 

Control 40°C : Saccharomyces cerevisiaeTISTR5596 : Ethanol = 73.26 g/I 

Query No. of
BLASTn Results Accession Identity No. of Remark 

sequence nucleotideCode 
No. gap

length substitutions 

Kluyveromyces marxianus strain IMAU6Y043(BL2-1) 100GQ121629 0G2-3(1 ) 569 0 Known species 
Kluyveromyces marxianus strain TY17 FJ972218 100581 0 0 Known species 40°C 
Kluyveromyc;es marxianus isolate FSM P-Y 40 FJ627963 10065.88 g/I 588 0 0 Known species 

Saccharomyces cerevisiae strain MUCL 51215 614 FN393980 100 0G2-10(3) 0 Known species 
Saccharomyces cerevisiae strain MUCL 51236 FN39397940°C 600 100 0 0 Known species 

Saccharomyces cerevisiae strain MUCL 51208 FN393978 10059.89 g/I 598 0 0 Known species 

Kluyveromyces marxianus strain IMAU6Y043(BL2-1) 100G2-16(1) 569 GQ121629 0 Known species , 0 
IKluyveromyces marxianus strain TY17 581 FJ972218 100 0 0 Known species 40°C 

KluY"!erom~es marxianus isolate FSM P-Y 40 FJ627963 062.27 g/I 588 100 0 Known species 

Kluyveromyces marxianus strain IMAU6Y043(BL2-1) GQ121629 100G2-16(3) 269 0 0 Known species 

Kluyveromyces marxianus strain TY17 FJ972218 100 0581 0 Known species . 40°C 
100Kluyveromyces marxianus isolate FSMP-Y40 FJ62796358.76g/1 0 0 Known species I

588 

Saccharomyces cerevisiae strain MUCL 51215 FN393980 100 Known species G2-4(1 ) 614 0 0 

Saccharomyces cerevisiae strain MUCL 51236 FN393979 100600 0 0 Known species 30°C 
Saccharomyces cerevisiae strain MUCL 51208 FN393978 100 0 Known species 81 .69 g/I 598 0 

Saccharomyces cerevisiae strain MUCL 51215 FN393980 100 0 Known species G2-4(2) 614 0 

00 ISaccharomyces cerevisiae strain M UCL 51236 FN393979 100 Known species 60030°C 
Saccharomyces cerevisiae strain MUCL 51208 FN393978 100 0 Known species I76.16 g/I 598 0 

Saccharomyces cerevisiae strain MUCL 51215 FN393980 100 0 Known species G2-5(2) 614 0 
Saccharomyces cerevisiae strain MUCL 51236 FN393979600 100 0 Known species 030°C 
Saccharomyce~cerevisiae strain MUCL 5120/:L _ FN393978 076.54 g/I 598 100 0 Known species I-

'" Vll'H3'Yl 2 
, 1:iJ • 

~,mfll)~luhl fl')j'U~'UtJ-:J{j~~cJ1-:JihJ) ~il'V&fl1l'Hl' -:J 1hi fll) 11 iTmm11hl m:'I'VlUtlfl1fi' 'illfl1 ) -:J-:J lhl '11 11'11(11'VwrVhJVlhl tJ\91 ~111m)JJ
'U 'U • 

159 



11'~~1'W~lV11~nJVI~1'l1fl1',)1I1fl'Jl'lJ 

Control 40°C: Saccharomyces cerevisiae nSTR5596 : Ethanol = 30.61 g/I 

Code Query BLASTn Results Accession Identity No. of nucleotide No. of Remark 
seq-length No. substitutions gaj) 

G5-7(2) 614 Saccharomyces cerevisiae strain MUCL 51215 FN393980 100 0 0 Known species 

40°C 600 Saccharomyces cerevisiae strain MUCL 51236 FN393979 100 0 0 Known species 

598 Saccharomyces cerevisiae strain MUCL 51208 FN393978 100 0 0 Known species 

• I ';J 

Vll'H:J.n3 ~l."1fl11~lmJll'lnJ\?l'U'U~{j~~9f-Jihh:;:;~'1TImlHl~bm1lnJmtrVl1'wtJ[)YiWJf) 'M'Dlfll 'l~~llJl.J1I'11m)\9l~ll1m'llJ h)':i1'l! 
" q 

160 

http:Vll'H:J.n3


h'N1U~Wll{;l1J~~lJ~
q 

Control 30°C: Saccharomyces cerevisiaeTISTR5596 : Ethanol = 53.37 g/I 

Control 40°C: Saccharomyces cerevisiae TISTR5596 : Ethanol = 28.27 g/I 

Code Query BLASTn Results Accession Identity No. of nucleotide No. of Remark 
seq-length No. substitutions gap 

G8-2 614 Saccharomyces cerevisiae strain MUCL 51215 FN393980 100 0 0 Known species 

30°C 600 Saccharomyces cerevisiae strain MUCL 51236 FN393979 100 0 0 Known species 

62.59 gIl 598 Saccharomyces cerevisiae strain MUCL 51208 FN393978 100 0 0 Known species 

G8-3(1 ) 

40°C 

47.92 gIl 

581 

588 

588 

Kluyveromyces marxianus strain TY17 

Kluyveromyces marxianus isolate FSMP-Y40 

Kluyveromyces marx/anus isolate FSMP-Y39 

FJ972218 

FJ627963 

FJ627962 

100 

100 

100 

0 

0 

0 

0 

0 

0 

Known species 

Known species I 

Known species 

G8-5(1 ) 

40°C 

42.22 gil 

569 

581 

588 

Kluyveromyces marxianus strain IMAU6Y043(BL2-1) 

Kluyveromyces marxianus strain TY17 

Kluyveromyces marxianus isolate FSMP-Y40 

GQ121629 

FJ972218 

FJ627963 

100 

100 

100 

0 

0 

0 

0 

0 

0 

Known species I 

Known species I 

Known species 

G8-5(2) 

40°C 

57.64g/l 

614 

600 

598 
~-

Saccharomyces cerevisiae strain MUCL 51215 

Saccharomyces cerevisiae strain MUCL 51236 

Saccharomyces cerevisiae strain MUCL 51208 

FN393980 

FN393979 

FN393978 

100 

100 

100 

0 

0 

0 

0 

0 

0 

Known species I 

Known species I 

Known species 

cf 0 ~ .::1 d'& ..::S. ... t Q. Q 1 QI .d 1fJ jJ : dOl d' 
1il1'H:l'YI 4 r-l1:l f)l'HllU'W f1'lf'W ~'IJ'eJ'lV'ff\91 'l5 ·:nJ1J'J ~'ff'Vl']jflWHY '1 'W f)l'J'l1lJ f11'eJ'Vl1'W 'eJ1:l'VlLWf1 ~~~ 1f11'J '1 '1 1'W 'W 1\91 11:llJ 'J 'J lJ V'" . 

161 



1'J-.1-.11~JWl1~H)~IT1'11fl'J'J').J1 fI'Jl'U 
q 

Control 40°C: Saccharomyces cerevislaeTISTR5596 : Ethanol = 30.61 g/I 

Code 

5-6(1 ) 

Query 
seq-length 

564 

BLASTn Results 

Pichia kudriavzevii 

Accession 
No. 

AB618028.1 

Identity 

100 

No. of nucleotide 
su bstitutions 

0 

No. of 
gap 

0 

Remark 

Known species 

40°C 571 Pichia kudriavzevii strain LM089 AB617989 .1 100 0 0 Known species 

G5-5(5) 

571 

3227 

Pichia kudriavzevii strain LM069 

Ambrosiozyma monospora strain NRRL Y-1484 

AB617963.1 

EU011590.1 

100 

86 

0 

56 

0 

24 

Known species 

New strain 

40°C 566 Ambrosiozyma monospora U40106.1 86 56 24 New strain 

G5-9(1 ) 

577 

564 

Ambrosiozyma monospora strain IY 05-6-20-1-1-1 

Pichia kudriavzevii 

DQ655695.1 

AB618028.1 

86 

100 

53 

0 

28 

0 

New strain 

Known species 

40°C 571 Pichia kudriavzevii strain LM089 AB617989.1 100 0 0 Known species 

G5-9(3) 

571 

3227 

Pichia kudriavzevii strain LM069 

Ambrosiozyma monospora strain NRRL Y-1484 

AB617963.1 

EU011590.1 

100 

86 

0 

55 

0 

20 

Known species 

New strain 

40°C 566 Ambrosiozyma monospora U40106.1 86 55 20 New strain 

G5-9(4) 

572 

3227 

Pichia cf. trehaloabstinens UWO(PS)99-304.4 

Ambrosiozyma monospora strain NRRL Y-1484 

AF530611.1 

EU011590.1 

86 

86 

52 

56 

24 

24 

New strain 

New strain 

40°C 566 Ambrosiozyma monospora U40106.1 86 56 24 New strain 

577 Ambrosiozyma mon2spora s!rainJ'LO§-6-20-1-1-1 _ cJJ9655695.1 _ 86 
-

53 28 New strain 

VIl':il.::Jl1 5 J:H,\fl11"~lH'Wf)'l5U~'lJB.:j(j(1'\>hnJfHV1'l1'WtH'I~ 40°C ~.::JUlJfltl~'Ulf) h.::J.::Jlmfwl1~B\9I(1'111m·nJ 1f11"1'l5 
q 
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q 

Control 300 e : Saccharomyces cerevislaeTISTR5596 : Ethanol = 71.31 g/I 

Code Query BLASTn Results Accession No. Identity No. of nucleotide No. of gap Remark 

seq-length substitutions 

35-1 (3) 622 Saccharomyces cerevisiae strain 23w66 HQ149319.1 100 0 0 Known species 

30°C 609 Saccharomyces cerevisiae strain 23w61 HQ149315.1 100 0 0 Known species 

600 Saccharomyces cerevisiae strain 23w65 HQ149309.1 100 0 0 Known species 

G5-4(1 ) 616 Uncultured fungus clone 28-239FM HQ143112.1 100 0 0 Known species 

30~C 611 Wickerhamomyces anomalus FN393988.1 100 0 0 Known species 

1195 Pichia anomala isolate M 10 FJ865436.1 100 0 0 Known species 

G5-4(2) 626 Meyerozyma guilliermondii strain PH-M16 GU373754.1 100 0 0 Known species 

30°C 595 Pichia guilliermondii strain TY09 FJ972213.1 100 0 0 Known species 

613 Pichia caribbica AB260134.1 100 0 0 Known species 

G5-5(1 ) 3199 Pichia deserticola strain NRRL Y-12918 EF550226.1 99 1 0 Known species 

30°C 3199 Candida ethanolica strain NRRL Y-12615 EF550225.1 99 1 0 Known species 

598 Pichia deserticola H5S11 K28 FM180545.1 99 2 0 Known species 

G5-5(2) 3199 Pichia deserticola strain NRRL Y-12918 EF550226.1 99 1 1 Known species 

30°C 3199 Candida ethanolica strain NRRL Y-12615 EF550225.1 99 1 1 Known species 

559 Fungal sp . OQY-2 OQ472020.1 99 1 1 Known species 

G5-5(3) 567 Pichia galeiformis strain LM073 AB617973 .1 100 0 0 Known species 

30°C 566 Pichia galeiformis strain LM044 AB617946.1 100 0 0 Known species 

617 Pichia manshurica isolate H4S7K13 FM180542.1 100 0 0 Known species 

G5-6(1 ) 564 Pichia kudriavzevii AB618028.1 100 0 0 Known species 

30°C 571 Pichia kudriavzevii strain LM089 AB617989.1 100 0 0 Known species 

571 Pichia kudriavzevii strain LM069 AB617963.1 100 0 0 Known species 

G5-6(2) 571 Pichia kudriavzevii strain LM089 AB617989.1 100 0 0 Known species 

30°C 571 Pichia kudriavzevii strain LM063 AB617963.1 100 0 0 Known species 

612 Pichia kudriavzevii strain 01 w29 HQ149323.1 100 0 0 Known species 

Vll':iN.n 6 rH'If111 ~lU'W f1 'lnJ~'lJEJ~tj'i:l'\9l''l1lJf1!tJ'Yll'U lJCl '~ 30°C ~~W:Jf) '1ri''01f1 h,."j ~l'WJW'mH)I'1'i:l'l'l1 m':ilJ hrn"lf, 
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f-li,'lfll"a~~'iJ'l1wfl5mH,U'\JeJ.;j!;eJ~U[Jfl'~Ul-H)l'l1l"afl~TrHr 'ill fl~h!'u wq'YIUeJ.;j1l1l.;j eJ.Ufli,'l.;j 'iJ."a~[JM 

Code Query sequence 

length 

BLASTn Results Accession No. Identity No. of nucleotide 

substitutions 

No. of gap Remark 

[(G 1-10(1) 638 Trichosporon mycotoxinivorans strain R-4272 FJ416596.1 100 0 0 Known species 

30°C 608 Trichosporon mycotoxinivorans isolate CLA2 GU299455.1 100 0 0 Known species 

2.27 gil 613 Trichosporon mycotoxinivorans strain HB 1175 AJ601388 .1 99 0 1 Known species 

KG2-4(l) 559 Candida pseudolambica strain NT20 AB557858.1 99 0 3 Known species 

30°C 568 Candida pseudolambica strain HOct07 AX-Y40 GQ324696.1 99 0 3 Known species 

4.48 gil 

KG2-7(1) 

30°C 

3.57 gil 

559 

559 

559 

582 

Candida pseudolambica strain R V 149 

Candida pseudolambica strain SR 1 

Candida pseudolambica strain MD 2 

Issatchenkia occidentalis strain LN-8 

AB437385.1 

AB500183.1 

AB500881.1 

EF643590.1 

99 

99 

99 

99 

0 

1 

2 

2 

3 

0 

0 

0 

Known species 

Known species 

sister species 

sister species 

KG2-8(l) 

3,00C 

20.94 gi l 

571 

572 

1091 

Candida sojae strain LM 093 

Candida sojae 26S ribosomal RNA gene 

Candida sojae strain IMUFRJ 51947 

AB617993.1 

U71070.1 

FN424104.1 

99 

99 

99 

4 

6 

5 

3 

2 

1 

May be new 

May be new 

May be new 

KG5-7(1) 589 Candida palmioleophila strain A TCC 20507 HM755979.1 100 0 0 Known species 

30°C 567 Candida palmioleophila strain MK883 AB361594.1 100 0 0 Known species 

3.37 gil 567 Candida palmioleophila strain SM 49 AB281308.1 100 0 0 Known species 

KG5-9(1) 573 Torulaspora globosa strain SSK9 AB499988.1 99 1 0 Known species 

30°C 573 Torulaspora globosa strain SSK8 AB499987.1 99 1 0 Known species 

28.33 gil 573 Torulaspora globosa strain LY10 AB499015.1 99 1 0 Known species 
- - - -- -

. Control 30° C : Saccharomyces cerevisiae TISTR 5596 : Ethanol = 57.10 VI 
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Code 

(G5-15(1) 

Query sequence 

length 

570 

BLASTn Results 

Candida tropicalis strain SN2-2 

Accession No. 

AB557758.1 

Identity 

98 

No. of nucleotide 

substitutions 

1 

No. of gap 

10 

Remark 

Known species 

30°C 570 Candida tropicalis strain KU-Xs14 AB557787.1 98 2 10 Sister species 

31.00 gi l 

(G5-18(1) 

570 

511 

Candida tropicalis strain LM096 

Candida orthopsilosis strain ATCC 20504 

AB617996 .1 

HM755978.1 

98 

100 

2 

0 

10 

0 

Sister species 

Known species 

30°C 592 Candida orthopsilosis strain ATCC 20503 HM755977.1 100 0 0 Known species 

13.20 gi l 

(G5-19(1) 

7240 

581 

Candida orthopsilosis strain 90-125 

Candida uthaithanina SK 44 

FN812686.1 

AB588753.1 

100 

100 

0 

0 

0 

0 

Known species 

Known species 

30°C 589 Candida uthaithanina DD2-22-1 AB588752.1 99 1 0 Known species 

20.16 gil 

KG7-2(1) 

544 

570 

Candida sp.ST-449 

Debaryomyces vanrijiae var. vanrijiae strain CPB2 

DQ404525.2 

AB500888.1 

99 

100 

1 

0 

0 

0 

Known species 

Known species 

30°C 570 Debaryomyces vanrijiae var. vanrijiae strain MD1 AB499991.1 100 0 0 Known species 

2.77 gi l 

KC4-6(1) 

563 

562 

Debaryomyces vanrijiae var. vanrijiae strain LYSMlO 

Debaryomyces hansenii EVN 1223 

AB498995.1 

FR852770.1 

100 

100 

0 

0 

0 

0 

Known species 

Known species 

30°C 591 Debaryomyces sp.CLIB 1277 FR693385.1 100 0 0 Known species 

13.8 gi l 601 Debaryomyces sp.CBS 11666 FN598875.1 100 0 0 Known species 
- --

~ 0 Q Q fi Q.J ..:::i.J 1;191' 0 

Iill'H:I'YI 7 V-Hlf)lJ1JlatJfl'l5'Wrl'lJ~.:jtJ~\?llnJflIm~ltJtHjl'l 30°C 9l'<J!Wfl rl'\llf1'1hvf:n1tJ~ 'Hl1'j'l 
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" d "{Yl:JJlHllWfW{Y91 S. cerevisiae '~'j)lO L-l 'I;) 1'W-U191 1m)91 'ffl'l1f1J 'J'lJ lfl'Jl'l$ 'I11JOlfl'V11'Wf)(l ~l~ 0.49 Of'lJ/f1f'lJ
q 

-1 .d 0 ~, 1!J1 '" '" 1 ,"" .d rf1() 'fI'ff 11 40 ('l$ 72 'll'1 ~'lJ;) (s. cerevisiae TISTR 5596 mU'Ylll-H)(l 0.2 f)'l)J/f)'lll Of! 'fI{Y) ~~HJ'lJ{Y.fIl1~'V1lY1lJl~tr1J\l1tJ
q,J • :u 

'" "l 0
fll'.l11'lJnttJ'Vllf)(l'fltJ 40 GJf. pH 5.0 

.d 0:1 1]91 "'''' d.., r", "''''>
O(l i 'fI'ff1140 GJf !'UWtJ'Yll'U1'l(l ~~ 47.07 f)'l'lJ/(lIP1'i 48 'li1 Ill;) (s. cerevisiae !'VllO'lJ 5.79 f)'l1J/f!91'J) 

" 



~ w 
8.1 fimmJ'j~iY'Vllli)11'ml,'H)1~'YilJmerYl1'Wf)flIl1fl'Jft~Yl;J'YI1.;Jn1'j!f)'l:J'fl'j l~v s. cerevisiae G5-7(2) ..r.;J trw• 

11) Separate hydrolysis and fermentation (SHF) u,,~ Simultaneous saccharification and fennentation 

(SSF) 

. .~ 

8.2 ftn'l:Jli)1d~limlJl~ftJJ'lJ tl;Jn1'.i11lJmtlYll'W tlmlm11\911"f)~ t 'flftfl'Jlw.ij':lJ'9J\.n!~ 1~t'Jvml'~!!l'Jnl~ 

8.3 

8.4 
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Abstract Cassava starch production waste (cassava pulp) has 
been proposed as a high potential ethanolic fennentation 
substrate due to its high residual starch level and the small 
particle size of the lignocellulosic fibers . Saccharification of 
the residual starch from a 3% (w/v) dry weight basis (DS) of 
cassava pulp by a-amylase (100°C, 10 min) and glucoamy
lase (60°C, 2 h) resulted in a glucose yield of22.6 gil [67.8% 
(w/w) DS of cassava pulp] and in lignocellulosic fibers at 
0.5 gig DS cassava pulp. Pretreatment of the lignocellulosic 
fiber with dilute sulfuric acid and calcium hydroxide at 121 °C, 
15 Iblin2 for 30 min increased and decreased, respectively, its 
susceptibility to cellulase hydrolysis. Under the optimal 
conditions found , pretreatment of 6% (w/v) DS lignocellu-

A. Akaracharanya (121) · J. Kesomsit 

Department of Microbiology, Faculty of Science, 

Chulalongkom University, 

Bangkok 10330, Thailand 

e-mail: sanchari@chula.ac.th 


N. Leepipatpiboon 

Department of Chemistry, Faculty of Science, 

Chulalongkom University, 

Bangkok 10330, Thailand 


T. Srinorakutara 

Department of Energy Technology, 

Thailand Institute of Scientific and Technological Research, 

Klongluang, Pathumthani 12120, Thailand 


V. Kitpreechavanich 

Department of Microbiology, Faculty of Science, 

Kasetsart University, 

Bangkok 10900, Thailand 


V. Tolieng 

The Institute of Biotechnology and Genetic Engineering, 

Chulalongkom Uni versity, 

Bangkok 10330, Thailand 


losic fiber by 2% (w/v) H2S04 for 30 min, followed by 
saccharification by cellulase (40°C, 9 h), yielded a glucose 
level of 26.6 gil [79.8% (w/w) DS of the cassava pulp]' The 
starch and lignocellulosic fiber hydrolysates obtained from 
30 g cassava pulp and 60 g H2S04 pretreated lignocellulosic 
fiber were fennented by Saccharomyces cerevisiae, without 
the need for (NJ-4)zS04 supplementation, to yield ethanol 
levels of9.9 and 11.9 gil, respectively, after 48 h. 

Keywords Cassava pulp . Ethanol· Starch · Lignocellulose 

Introduction 

Cassava (Manihot esculenta Crantz) is one of the major 
commercial crops in Thailand, with an annual production of 
approximately 23 million tons of cassava root. One-half of 
this cassava root crop is exported as cassava chips and 
pellets that are used principally for ethanol fuel production. 
The remainder is supplied as a raw material for cassava 
starch production, which alone generates approximately 
1.7 million tons of solid cassava pulp waste after the starch 
extraction (Office of the National Economic and Social 
Development Board 2007). However, the starch extraction 
from cassava roots in Thailand is relatively inefficient, 
resulting in waste cassava pulp typically still being com
prised of some 60- 70% (w/w) dry weight basis (DS) starch 
and 15-30% (w/w) DS lignocellulosic fiber (Balagopalan et 
al. 1994; Sriroth et al. 2000). Due to the high starch and 
moisture content [75-80% (w/w) DS], the cassava pulp 
spoils rapidly causing environmental problems, including a 
strong and offensive putrefaction odor and local water 
contamination. If the starch in cassava pulp could be 
hydrolyzed economically to fennentable sugars, and prin-

Published online: 15 November 20[0 ~ Springer 
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cipally glucose, it would not only help solve the environ
mental problem of cassava pulp disposal but also provide 

added value for cassava crops, which are typically grown 

by small-scale farmers in poor or developing regions. 
Moreover, the lignocellulosic fiber obtained after the starch 

is removed from the cassava pulp is potentially an ideal 

substrate for ethanol production. Since it has a 20-40 mesh 
particle size, cutting and milling processes are not needed, 

saving on the requirement for these energy- and cost

consuming steps that serve as a major constraint for 

lignocellulosic ethanol production from other substrates. 
In contrast to the above-suggested potential use, the actual 

current use of cassava pulp, if not wasted, is either as a low
grade animal feed or for fertilizer. The improved utilization 

of cassava pulp is, therefore, an important and necessary 

step towards efficient cassava root usage. 
In this work, both the starch and the lignocellulosic 

fibers in waste cassava pulp were hydrolyzed enzymatically 

to glucose and then fermented to ethanol by Saccharomyces 
cerevisiae. The susceptibility of the lignocellulosic fiber to 
cellulase after pretreatment with either dilute sui furic acid 

or calcium hydroxide was compared. Potential inhibitors of 

the ethanolic fermentation by S. cerevisiae that were 
liberated from the pretreatment step were analyzed. From 

the results presented here, cassava pulp is proposed as a 
potentially promising, sustainably renewable, plentiful and 

low cost substrate for ethanol production. 

Materials and methods 

Cassava pulp 

Cassava pulp was collected from Sanguan Wongse Indus

tries, Nakhonratchashima Province, Thailand, in a frozen 

form and was thawed to room temperature just prior to use. 

The major components, on a dry weight basis (DS) were 

67.8% (w/w) starch and 11 .2% (w/w) lignocellulosic fiber 

but, as obtained, the moisture content was 80% (w/w) wet 

weight. 

Microorganism 

Saccharomyces cerevisiae TISTR 5596 was obtained from 

the Thailand Institute of Scientific and Technological 

Research (TISTR). A single colony of S. cerevisiae was 

grown in yeast peptone dextrose medium (YPD; yeast 
extract 10 gil, peptone 20 gil, glucose 20 gil, pH 4.5) at 30°C 

with shaking (150 rpm) for 48 h, and then transferred 

[I % (v/v) inoculum] to cassava pulp-starch hydrolysate 

supplemented with 0.2% (w/v) (NH4)2S04 and incubated 
at the same conditions as above. This was grown to late log 

phase and was then used as the S. cerevisiae inoculum. 

~ Springer 

Saccharification of starch in cassava pulp 

Cassava pulp was suspended in water at 3% (w/v) OS and 
saccharified by (X-amylase (8.4 units/ ~d; Genecor Intema

tional, Rochester, NY), as per the supplier's instructions, 

using 58.8 U/g DS at 100°C for 10 min. Under these 

conditions, the cassava pulp slurry did not tum blue after 
the addition of iodine solution, indicating the hydrolysis of 

most to all of the starch. The cassava pulp slurry was then 

further saccharified by glucoamylase (0.4 units/fLI; Genecor), 

as per the supplier's instructions, using 2 U/g DS at 60°C for 
2 h . The hydrolysate so obtained was separated from the 

residual lignocellulosic fiber by filtration through a stainless 
filter (0.88 x 103 fLffi pore size) and centrifuged (11,500 g for 

20 min) at 4°C. The supernatant, referred to as the starch 
hydrolysate, was harvested and analyzed for reducing sugar 

and glucose content (see Analytical procedures), whilst the 

pellet, the lignocellulosic fiber, was treated as described in 

the next section. 

Saccharification of lignocellulosic fiber in cassava pulp 

The lignocellulosic fiber, separated from the starch hydro
lysate, was pretreated by suspending at 3% (w/v) OS in the 
indicated concentration of either sulfuric acid [0-2 .5% (w/v)] 
or calcium hydroxide [0-1 .5% (w/v)] solution and 

autoclaved at 121 °C, 15 Iblin2 for 30 min. The pretreated 

lignocellulosic fiber suspension was then adjusted to pH 6 

and saccharified by cellulase GC 220 (6 .2 units/fLl; 

Genecor), as per the supplier's instructions, using 62 Ulg 
DS at 40°C with shaking (150 rpm) for 72 h. After 

filtration and centrifugation, as detailed above, to separate 

the hydrolysate from the remaining lignocellulosic fibers, 

the hydrolysate was analyzed for reducing sugar and 

glucose content. An optimal condition for this pretreat

ment step was determined by individually varying the 
concentration of sulfuric acid or calcium hydroxide 

solution, the percentage of lignocellulosic fiber loaded 

[3, 6 and 8% (w/v)] and the autoclaving period (15, 30 and 

45 min). The optimal saccharification period of the 

pretreated lignocellulosic fiber with cellulase GC 220 at 
62 U/g DS was also determined (0-72 h). 

Detoxification of lignocellulosic fiber-acid hydrolysate 

The lignocellulosic fiber-acid hydrolysate was detoxified by 
the method described by Gupta et al. (2009) . Calcium 

hydroxide was added to the acid hydrolysate at room 
temperature with constant stirring until the pH reached 10 

and then held with stirring for 30 min . Then, the detoxified 

hydrolysate was neutralized with concentrated H2S04 and 
centrifuged at 4°C, 10,000 g for 15 min to remove the 

precipitate formed during the neutralization stage. 
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Fig. I Effect of H2S04 concentration in the acid pretreatment on a the 
subsequent level of the reducing sugar liberated in pretreatment 
hydrolysate, and b the degree of susceptibility of the pretreated 
lignocellulosic fiber to cellulase degradation (hydrolysis). Lignocellulosic 
fibers (3% (w/v) OS] were pretreated by various concentrations of H2S04 

Ethanol fermentation 

A late log phase S. cerevisiae culture (1.96 x 107 cell/ml) 
was inoculated at 10% (v/v) into the starch or lignocellu
losic fiber hydrolysate and incubated at 30°C, pH 4.5 
without shaking for 72 h. Different levels of ammonium 
sulfate [(NH4hS04; 0-0.6% (w/v)] supplementation, 
and fermentation periods (0-72 h), were evaluated for 
optimization. 

Analytical procedures 

The cellulose, hemicellulose and lignin contents were 
determined by the method described by the Technical 
Association of Pulp and Paper Industry method (TAPPI 
(988). Reducing sugars were quantified using the 
Somogyi-Nelson method (Somogyi 1952). Sugars and 

pretreatment byproducts (furfural, hydroxymethylfurfural, 
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Fig. 2 Effect of the lignocellulosic fiber loading levels in the 2% (w/v) 
H2S04 pretreatment on the subsequent level of the reducing sugar 
liberated, shown as a the reducing sugar liberation efficiency and b the 
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at 121°C, 15 Ib/in2 for 30 min, then saccharified by cellulase GC 220 
(62 U/g) at 40°C, pH 6 for 72 h. Solid bars Reducing sugar level, hatched 
bars glucose level. The data are displayed as the mean± I SO, and are 
derived from triplicate experiments 

4-hydroxybenzaldehyde, syringaldehyde and vanillin) were 
analyzed by HPLC (Agilent 1100 Series equipped with 
quaternary pump, on-line degasser, autoinjector, column 
thermostat, refractive index detector and a ChemStation 
softwares, Agilent Technologies, Wilmington, DE). Sugars 
were identified and quantified by Aminex column HPX
87P (JOOx7.8 mm) with a Carbo-P micro-guard cartridge 
(Bio-Rad, Richmond, CA). The Column was maintained at 
80°C and 20 fll of each sample was injected at a time and 
eluted with Milli-Q filtered water at a flow rate of 0.6 ml/min 
The pretreatment bypro ducts were identified and quantified 
by Aminex column HPX-87 H (JOO x 7.8 mm) with a 
Cation H micro-guard cartridge (Bio-Rad). The column 
was maintained at 5°C and 50 fll of each sample was 

injected at a time and eluted by 0.0 I M ~hS04 at a 
flow rate of 0.6 mil min . 

Ethanol was quantified by GC (Hewlett-Packard, HP 
5890 Series) with an Porapak QS (Cabowax 20 M) column 
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Table I Sugars and byproducts ITom H2S04 and Ca(OH)2 pretrearment 30 min. The results are displayed as (he mean± I SD, and are derived 
ofiignocellulosic fibers. Lignocellulosic fiber [6% (w/v)] was pretreated from triplicate determinations . HMF Hydroxymethylfurfural 
by 2% (w/v) H2S04 or 0.1 % (w/v) Ca(OH)2 at 121°C, 15 Ib/in2 for 

Pretrearment byproducts(g/ I) 

Pre-treatment Glucose Xylose Purpural HMF Syringaldehyde 4-Hydroxybenzaldehyde Vanillin 

8.4±0.0 I 8.2±0.06 

0.16±0.01 0.08±0.01 0.02±0.0003 

-Not detected 

(2 m x 0.32 m) at an oven temperature of 175°C and a flame 
ionization detector (FID) at 150°C. Helium, with a flow rate 
of 35 mllmin, was used as the carrier gas. 

Results and discussion 

Saccharification of starch in cassava pulp 

Analysis of the starch hydrolysates, obtained from a 3% (w/v) 
DS suspension ofcassava pulp saccharified by ex-amylase and 
glucoamylase as detailed in Materials and methods, revealed 
that the obtained glucose levels increased with increasing 
glucoamylase levels from 0.4 U/g (11.8 g glucose/l) to a 
maximal glucose yield of 22.6 gil in the presence of 
glucoamylase 2 U/g. indeed, the 23.5 gil reducing sugar 
and 22.6 gil glucose seen in the hydrolysate under these 
conditions represents some 68-70% (w/w) of the total mass 
of the cassava, and is close to the 68% (w/w) starch 
composition, suggesting a high degree of saccharification. 
This starch hydrolysate, once separated from the lignocellu

losic fiber by filtration and centrifugation, was fermented to 
. ethanol by S. cerevisiae, while the lignocellulosic fiber was 
further pretreated (see next section) and then saccharified by 
cellu lase to glucose. 

Saccharification of lignocellulosic fiber in cassava pulp 

Saccharification of cassava pulp (3 g DS) by ex-amylase and 
glucoamylase generated 1.5 g dry weight of lignocellulosic 
fiber, which was found to consist of 40% (w/w) cellulose, 

18% (w/w) hemicellulose and 9% (w/w) lignin. Pretreat
ment of the lignocellulosic fiber mass by suspending [3% 
(w/v) DS] in various concentrations of H2S04 indicated that 
the lignocellulosic fiber was most susceptible to cellulase 
GC 220 saccharification after treatment with 2% (w/v) 
H2S04 at 121°C, 15 Ib/in2 for 30 min (Fig. I). increasing 
the amount of lignocellulosic fiber loaded from 3% (w/v) to 
6% (w/v), reduced the amount of sugar liberated per gram 
of substrate some 1.5-fold but this then remained stable at 
-125 mg I g as the fiber loading level was further increased 

~ Springer 

up to 8% (w/v) (Fig. 2a). [n contrast, the reducing sugar 
concentration in the hydrolysate increased 1.6- and a further 
lA-fold as the amount of lignocellulosic fiber loaded was 
increased from 3% (w/v) to 6 and 8% (w/v), respectively 
(Fig. 2b). 

A lignocellulosic fiber loading of 6% (w/v) DS was thus 
selected based upon the homogeneity of the substrate 
during pH adjustment and the degree of cellulase sacchar
ification. The reducing sugar level obtained from pretreat
ment of the 6% (w/v) DS lignocellulosic fiber, suspended in 
2% (w/v) H2S04 at 121 °C, 15 Ib/in2

, reached a maximal 
level of 22 g II after 30 min of treatment (being only -21.6 
and -21.7 gil at 15 and 45 min autoclaving, respectively) 
where, at this time, the fermentation inhibitory byproducts 
of furfural, hydroxymethylfurfural, 4-hydroxylbenzaldehyde, 
syringaldehyde and vanillin, all remained below the detection 
thresholds of these assays (Table I). The glucose yield 
obtained after saccharification of the H2S04 pretreated 
lignocellulosic fiber by cellulase GC 220 increased with 
increasing hydrolysis time from 15 gil at 0 h to a maximum 
glucose yield of 26.6 gil at 9 h, and remained at this level at 
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Fig. 3 Effect of Ca(OH)2 concentration on the subsequent suscepti
bility of the lignocellulosic fibers to cellulase degradation (hydrolysis). 
Lignocellulosic fibers (6% (w/v)) were pretreated with the indicated 
concentration of Ca(OH)2 at 121 °C, 15 Ibli n2 for 30 min, and then 
hydrolyzed by cellulase GC 220 (62 U /g) at 40°C, pH 6 for 72 h. The 
data are displayed as the mean± I SD, and are derived from triplicate 
experiments 
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Fig. 4 Effect of the fennentation period on the level of ethanol 
production from a the starch hydrolysate, and b the H2S04 I cellulase 
treated lignocellulosic fiber [6% (w/v) loaded) hydrolysate, as 
substrates. Hydrolysates were fennented without (NH4)2S04 supple-

all longer time points up to 72 h. This 26.6 gil glucose 
containing hydrolysate, equivalent to 79.8% (w/w) of the dry 
cassava pulp, was then fennented to ethanol (see Ethanol 
fermentation). 

This glucose yield reported here is considerably higher 
than that reported previously by Srinorakutara et al. (2006), 
who reported a yield of 6.2% (w/v) of reducing sugar after 
treatment of cassava pulp [65.37% (w/w) DS starch 
content] at an initial substrate loading of II % (w/v) DS 
using a mixture of cellulase (15 units/g) and pectinase 
(4.7 units/g) for I h followed by saccharifying by (:t

amylase (24 units/g) for 2 hand glucoamylase (0.66 units/g) 
for 24 h. 

Pretreatment of the lignocellulosic fiber by calcium 
hydroxide was found to be counterproductive since it 
significantly decreased the subsequent susceptibility to 
cellulase digestion (hydrolysis) in a dose-dependent manner 
(Fig. 3). Certainly, alkaline pretreatment has been reported 
to cause solubilization, redistribution and condensation of 
lignin and modifications in the crystalline state of the 
cellulose that can lower or counteract the positive effects of 
lignin removal and cellulose swelling (Gregg and Saddler 
1996). Likewise, it has been reported previously that the 

Fig. 5 Schemalic sununary of 
the experimental steps showing 
the glucose and ethanol 
yields obtained 

Glucose (2.26 g) 

I s. cerevisiae 

Ethanol (0.99 g) 

menlation lo elhanol by S. cerevisiae at 30°C, pH 4.5 without shaking. 
The data are displayed as the mean± I SO, and are derived from 
triplicate experiments 

cellulose structure is changed to a fonn that is denser and 
ther9'lodynamically more stable than the native cellulose by 
alkaline pretreatment (Pettersen 1984). Analysis of the 
calcium hydroxide pretreated hydrolysate revealed the 
presence of vanillin at 0.02 mglml, while furfural, hydrox
ymethylfurfural, 4- hydroxybenzaldehyde and syringalde
hyde all remained below detectable limits (Table I). 

Ethanol fennentation 

The starch hydrolysate, and the H2S04 / cellulase treated 
lignocellulosic fiber hydrolysate, were each supplemented 
with (NH4)2S04 [0, 0.2, 0.4 and 0.6% (w/v)] and then 
fennented to ethanol by S. cerevisiae at 30°C, pH 4.5, 
without shaking for 72 h. However, neither hydrolysate 
required (NH4hS04 supplementation as no enhanced 
ethanolic fennentation was observed upon the addition of 
(NH4)2S04' The maximum ethanol yields attained for the 
starch and the H2S04/cellulase treated lignocellulosic fiber 
hydrolysates after 48 h of incubation were 9.9 and 11.9 gil, 
respectively (Fig. 4). The experimental steps showing the 
glucose and ethanol yields in each step are shown in Fig. 5. 
Detoxification of the lignocellulosic fiber hydrolysate after 

Cassava putp (3 g) 

a-amy lasc/gl ucoamylase 

Lignocellulosic fiber (1.5 g) 

I Diluted sulfuric ucid ~retrel:llmenl 

Glucose (0.55 g) 

I Cellulase hydrolysis 

Glucose (0.665 g) 

I s. cerevisioe 

Elhanol (0.298 g) 
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H2S04 pretreatment did not increase the ethanol yield 
above that found for the H2S04 / cellulase fiber hydro
lysates (data not shown). 

However, it should be noted that carboxylic acids are 
important byproducts formed during the lignocellulose 
pretreatment step in addition to furan derivatives and 
water-soluble lignin degradative compounds (Millati et al. 
2002). 

Concl.usions 

Based on the method described herein, the hydrolysis of 
cassava pulp (3 g), which consisted of 67.8% (w/w) starch 
and 11.2% (w/w) lignocellulosic fiber, by ex-amylase and 
glucoamylase yielded glucose (2.26 g) and 1.5 g (DS) of 
lignocellulosic fiber. Fermentation of the resultant glucose 
to ethanol by S. cerevisiae yielded 0.99 g ethanol. 

Diluted sulfuric acid pretreatment and hydrolysis of the 
pretreated lignocellulosic fiber (1.5 g, DS) by cellulase 
resulted in the production of 0.665 g glucose, which upon 
subsequent fermentation by S. cerevisiae gave 0.298 g 
ethanol. Therefore, the total ethanol yield was 0.44 g 
ethanol /g glucose, and 0.429 g ethanol/g (DS) of cassava 

pulp. 
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19 The susceptibility of sugarcane leaves to cellulase-mediated hydrolysis was compared after pretreatment by 

20 autoclaving at 121°C, 15 pounds per square inch (lb/in2
) in the presence of either dilute sulfuric acid or lime. 

21 The optimal (from those evaluated) conditions for each type of pretreatment of sugarcane leaves (20 - 40 mesh 

22 particle) at 6% weight by volume (w/v), dry weight basis, were found to be 1.5% (w/v) sulfuric acid and 1% 

23 (w/v) calcium hydroxide for 30 and 15 min, respectively, prior to GC220 cellulase (10 Filter paper unit 

24 (FPU)/gram dry weight basis (g, OS) treatment for 72 h. However, the acid pretreated samples released more 

25 glucose than the lime treated ones (5.7% and 3.9% weight by weight (w/w) OS, respectively). Acellulase TM 

26 1000 hydrolysis (160 FPU/g, OS) of the dilute sulfuric acid pretreated ground sugarcane leaves only, or with the 

27 pretreatment hydrolysate yielded 0.104 and 0.163 g glucose/g (OS) of leaves after 6 h, respectively. 

28 Fermentation of the two above obtained glucose sources by Saccharomyces cerevisiae yielded ethanol at 4.8% 

29 and 8.0% (w/w, OS) after 24 h, respectively . 

30 
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33 1. Introduction 

34 

35 Sugarcane (Saccharum officinarum), an economically important plant of several countries including Thailand, is 

36 cultivated in about 10.7 thousand million square-meters (6.7 million rais) in Thailand [12). Harvesting of 

37 sugarcane is difficult because sugarcane leaves are sharp. Therefore, removal of the leaves by burning before 

38 cutting the sugarcane shoot is a popular practice, but this causes serious air pollution. Moreover, the price of the 

39 resultant sugarcane is reduced . Value addition to sugarcane leaves would be likely to stop or to reduce the 

40 practice of leaf burning as well as improve the environmental and economic efficiency of sugar cane agriculture. 

41 Due to the depletion of the non-renewable fossil fuel supplies, and a shortage of it in the near future, 

42 searching for renewable practical alternative energy supplies is important and necessary. Ethanol that is 

43 produced ITom waste agricultural products by microbial activity is one potential alternative energy source for 

44 many countries, including within Thailand. Each year sugarcane cultivation generates 18x I 06 Million Tons of 

45 leaves [3, 10), which are currently a waste product. As a lignocellulosic biomass that is composed of three major 

46 polysaccharide components; cellulose, hemicellulose and lignin, sugarcane leaves are a potential source of 

47 biofuels including bioethanol. Hydrolysis of the cellulose and hemicellulose components results in the formation 

48 of the fermentable monosaccharides, glucose and xylose. But prior to the ability to saccharify the cellulose 

49 content of the sugarcane leaves, in order to use it as raw material for ethanol production, the cellulose must first 

50 be unshielded ITom the hemicellulose and lignin, and so made accessible to the cellulase enzyme. Such 

51 pretreatment processing of the lignocellulosic biomass can be achieved by physical methods, such as heat or 

52 pressure treatment, and by chemical methods, such as acid or alkaline treatment. Acid pretreatment improves the 

53 subsequent cellulase hydrolysis through removal of hemicellulose and lignin. However, the disadvantage of acid 

54 pretreatment is that it leads to the formation of inhibitors of the growth and ethanol fermentation ability of the 

55 subsequently utilized ethanol-fermenting microorganism(s). These inhibitors are principally furfural, 

56 hydroxymethylfurfural, 4-hydrobenzaldehyde, syringaldehyde, organic acids and other (volatile) products. The 

57 use of dilute acid pretreatment generates a lower concentration of these inhibitors [6]. Alkaline pretreatment 

58 causes the swelling of the lignocellulosic structure, and so leads to an increase in the internal surface area of the 

59 cellulose, and an increase in the amorphous cellulose proportion that is more susceptible to cellulase hydrolysis 

60 than the crystalline cellulose, a disruption of the structural linkage between lignin and carbohydrates, and a 

61 disruption of the lignin structure [14]. Recently, interest in lime (calcium hydroxide) pretreatment has increased 

62 because lime is recyclable and generates a low amount of inhibitory compounds [5,7,15). 
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63 Sugarcane leaves were used as substrate for ethanol production previously by simultaneous 

64 saccharification and fermentation method using Saccharomyces cerevisiae [8] and thermotolerant yeast , 

65 Kluyveromyces fragilis [9] . They were pretreated with sodium hydroxide or with alkaline hydrogen peroxide. 

66 And the pretreated residues were enzymatic hydrolysis then fermented to ethanol in basal medium. So, the 

67 ethanol yield was not a real ethanol yield from sugarcane leaves . Dawson and Boopathy (2007) pretreated 

68 sugarcane leaves with alkaline hydrogen peroxide or with dilute sulfuric acid, but they fermented the pretreated 

69 sugarcane leaves to ethanol directly, without addition of cellulolytic enzyme by using S.cerevisiae ATCC 576 

70 which known as an ethanol producer from cellulosic materials. 

71 In this work, the susceptibility of sugarcane leaves pretreated by dilute sulfuric acid or lime to 

72 subsequent cellulase hydrolysis was compared. In following experiments which sugarcane leaves were 

73 pretreated with dilute sulfuric acid which generated low amount of inhibitory compounds, they were 

74 saccharified by two methods. First, the pretreated ground sugarcane leaf particles (hereafter referred to simply 

75 as sugarcane leaves) were separated from pretreatment hydrolysate, then they were hydrolyzed by cellulase in 

76 buffer solution. Second, the pretreated sugarcane leaves were hydrolyzed in the presence of the pretreatment 

77 hydrolysate by an addition of cellulase directly into pretreatment slurry . After saccharification, the resultant 

78 fermentable sugars released were fermented to ethanol by Saccharomyces cerevisiae without any nutrients 

79 supplementation, an ethanol yield and fermentation period of each method were compared. 

80 

81 2. Materials and methods 

82 

83 2.1 Sugarcane leaves 

84 

85 Sugarcane leaves were collected from cultivation sites at Nakhon Ratchasima province, Thailand, and were then 

86 cut, dried at 60 0 C, Hammer mil. led then sieved for a 20 - 40 mesh particle si~e. Their major component was 

87 found to be cellulose 38.5%, hemicellulose 23% and lign in 15 .6% (w/w) on a dry weight basis (OS) (see section 

88 2.5). 

89 

90 2.2 Microorganism 

91 
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92 Saccharomyces cerevisiae TISTR 5596 was obtained from the Thailand Institute of Scientific and Technological 

93 Research (TISTR). A single colony of S. cerevisiae grown on Yeast Peptone Dextrose (YPO) agar (yeast extract 

94 10 gil, peptone 20 gil , glucose 20 gil, agar 15 gil, pH 4.5) at 30°C for 24 h was inoculated into Y PO broth, 

95 incubated at 30°C with shaking (200 rev/min) for 24 h, and then the culture was transferred at 1% volume by 

96 volume (v/v) to the same medium and incubated under the same conditions for either 6 or 12 h. The resulting 6

97 or 12-h-old yeast culture was then used as a starter inoculum at 10% (v/v). In some experiments, the culture 

98 suspension was first centri fuged at 4°C, 11857xg (10 min) to precipitate the yeast cells and then the cells were 

99 resuspended in fresh YPO broth without glucose at the original volume of the separated supernatant, and then 

100 used as the inoculum. 

101 

102 2.3 Pretreatment and saccharification of sugarcane leaves 

103 

104 2.3.1 Sulfuric acid and lime pretreatment 

105 Sugarcane leaves particles were pretreated by suspending at 3% (w/v, OS) (unless indicated otherwise at 6 or 

106 8%) in either dilute sulfuric acid (I, 1.5 or 2% (w/v) as indicated) or lime (0.1, I, 2 or 3% (w/v) as indicated) 

107 solution and autoclaved at 121°C, 15 Ib/in2 for the indicated time (5 - 60 min). 

108 2.3.2 Determination ofpretreatment efficacy on improvement ofsusceptibility to cellulase 

109 The pretreatment slurry, which contained pretreated sugarcane leaves suspended in the pretreatment hydrolysate, 

110 was filtered through a 0.88 mm stainless sieve and re-centrifuged (4°C, 11857xg for 10 min) to remove residual 

III lime powder and completely remove the pretreatment hydrolysate (supernatant) . The pretreated sugarcane leaves 

112 (pellet) were suspended in 0.5 M citrate buffer pH 5.0 to the same volume as the separated pretreatment 

113 hydrolysate . Cellulase GC220 (71.3 FPU/~I; Genecor International, Inc., USA) was added at 10 FPUlg, OS) and 

114 incubated at 40°C with shaking (125 rpm) for 72 h. The susceptibility of the pretreated sugarcane leaves to 

115 cellulase hydrolysis was determined from the amount of reducing sugar liberated after hydrolysis of the 

116 pretreated sugarcane leaves with cellulase. Optimization of the pretreatment condition was performed by varying 

117 the concentration of sulfuric acid (I, 1.5 or 2% (w/v)) or lime (0.1 - 3 .0% (w/v)) solution, autoclaving period (5 

118 - 60 min) and the amount of sugarcane leaves loaded (3 , 6 and 8% (w/v) OS). 

119 2.3.3 Analysis ofsugars and pretreatment by-products 

120 Sugarcane leaves were pretreated by autoclaving at 121°C (15 Ib/ in2 
) with either 1.5% (w/v) sulfuric acid for 30 

121 min or with 1% (w/v) lime for 15 min (optimized conditions from section 2.3.2), and then the pretreatment slurry 
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122 was centrifuged at 4°C, 11857xg for 20 min. The supernatant was harvested and the pH adjusted to 7 .0 prior to 

123 analysis of the levels of glucose, xylose and pretreatment by-products (furfural, hydroxymethylfurfural, 4

124 hydroxybenzaldehyde, syringaldehyde and vanillin) as detailed in section 2.5 . 

125 2.3.4 Dose 0/cellulase/or saccharification 0/dilute sulfuric acid pretreated sugarcane leaves 

126 Sugarcane leaves were pretreated with 1.5% (w/v) sulfuric acid at 121°C (15 Ib/in2
) for 30 min (evaluated from 

127 section 2.3.2) and the resulting pretreatment slurry was adjusted to pH 5.0. Accellulase™ 1000 (265 FPU/ml, 

128 Genecor International, Inc., USA) at one of four doses (50, 106, 160 and 212 FPU/g, OS) was then added into 

129 the pH adjusted pretreatment slurry and incubated at 50°C with shaking (120 rpm) for 6 h. After that the reaction 

130 mixture was filtered through a 0.88 mm stainless steel sieve and the filtrate was centrifuged at 4°C, 11875xg for 

131 20 min. The obtained supernatant was analyzed for the level of reducing sugars and glucose liberated. 

132 

133 2.4 Ethanol fermentation 

134 

135 2.4.1 Ethanol production by S. cerevisiae from the acid pretreated leaves 

136 Sugarcane leaves was pretreated with 1.5% (w/v) sulfuric acid at 121°C (l51blin2
) for 30 min and then the 

137 resultant pretreatment slurry was centrifuged at 4°C, 11857xg (20 min) to separate the pretreated sugarcane 

138 leaves (pellet) from the pretreatment hydrolysate (supernatant). The pellet was resuspended in 0.5 M citrate 

139 buffer, pH 5.0 to the same volume of the separated pretreatment hydrolysate, and then saccharified by adding 

140 Accellulase™ 1000 at 160 FPUlg, OS (optimal dose derived from section 2.3.4). After incubation for 6 h, the 

141 suspension was centrifuged, the supernatant harvested and the pH adjusted to 4.5 before being sterilized (110°C, 

142 10 Iblin", 10 min) and used as a medium for ethanol fermentation by S. cerevisiae at 10% (v/v) inoculum. 

143 Fermentation conditions were 30°C, pH 4.5 under oxygen limited conditions for 72 h. The oxygen limited 

144 condition was performed by fermenting 40 ml of the incubated medium in a 50 ml flask without shaking. The 

145 flask was capped with a cotton plug and covered tightly with parafilm. The effect of the inoculum age (6- and 

146 12-h-old) and fermentation period (0 - 96 h) on the ethanol yield obtained were determined. 

147 2.4.2 Ethanol production from the acid treated leaves and hydrolysate by S. cerevisiae 

148 The ground sugarcane leaves were pretreated by 1.5% (w/v) sulfuric acid at 121°C (IS Ib/in2
) for 30 min, and 

149 then the pretreatment slurry containing acid treated leaves and hydrolysate was pH adjusted to 5.0 and 

ISO saccharified by adding Accellulase ™ 1000 at 160 FPU/g, OS. After incubation for 6 h, it was centri fuged and 

151 the resulting supernatant was harvested, pH adjusted to 4.5, sterilized at 110°C and 10 Ib/in2 for 10 min, and 
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152 then used as the medium for ethanol fermentation by the 6-h-old S. cerevisiae culture (from section 2.4 .1) at a 

153 10% (v/v) inoculum. Fermentation conditions were 30 DC, pH 4.5 under oxygen limited conditions (see section 

154 2.4.1) for 72 h. The effect of the fermentation period (0 - 96 h) under these conditions on the ethanol yield was 

155 determined . 

156 

157 2.5 Analytical procedures 

158 The cellulose, hemicellulose and lignin contents of the sugarcane leaves were determined by the method 

159 described by the Technical Association of Pulp and Paper Industry [17]. Reducing sugars were analyzed by the 

160 Somogyi-Nelson method [16] . Glucose, xylose and pretreatment by-products (furfural, hydroxymethylfurfural, 

161 4-hydroxybenzaldehyde, syringaldehyde and vanillin) were analyzed by High-performance liquid 

162 chromatography (HPLC) (Agilent 1100 Series) equipped with a quaternary pump, on-line degasser, auto injector, 

163 column thermostat and refractive index detector, and using ChemStation software (Agilent Technology Co. Ltd., 

164 USA). Sugars were identified and quantified by resolution through an Aminex column HPX-87P (300 x 7.8 mm) 

165 with a Carbo-P micro-guard cartridge (Bio-Rad, USA). The column was maintained at 80 DC and 20 ~I of each 

166 sample was injected at a time and eluted with Milli-Q filtered water at a flow rate of 0.6 mJ/min. The 

167 pretreatment by-products were identified and quantified by resolution through an Aminex column HPX-87H 

168 (300 x 7.8 mrn.) with a Cation H micro-guard cartridge (Bio-Rad, USA). The column was maintained at 55 DC 

169 and 50 ~I of each sample was injected at a time and eluted with 0.01 N H2S04 at a flow rate of 0.6 mJ/min. 

170 Ethanol was quantified by GC (Hewlett-Packard, HP 5890 Series) with a Porapak QS (Cabo wax 20 M) column 

171 (2 m x 0.32m) at a temperature of 175 DC and a flame ionization detector (FlO) at 150 Dc. Helium, with a flow 

172 rate of 35 mJ /min, was used as the carrier gas. Glucose was also analyzed by a glucose analyzer (YSI 2700 

173 Select, USA). 

174 

175 3. Results and discussion 

176 

177 3.1 Dilute sulfuric acid pretreatment 

178 

179 Sugarcane leaves were most susceptible to cellulase hydrolysis when 3% (w/v, OS) was suspended in 1.5% 

180 (w/v) sulfuric acid and autoclaved at 121 DC, 15 Ib/in2 for 30 min (Fig la) . A prolonged autoclave period of45

181 60 min significantly decreased the susceptibility of the pretreated sugarcane leaves to cellulase hydrolysis (Fig. 

7 



182 I b). Increasing the amount of sugarcane leaves loaded in the pretreatment process from 3 to 6% (w/v, OS) had 

183 no significant affect but increasing it further up to 8% (w/v, DS) decreased the susceptibility to cellulase 

184 hydrolysis of the pretreated sugarcane leaves some 1.16-fold (Fig. I c). A high substrate loading in pretreatment 

185 process may well block the heat transfer in the reaction [11,18]. A direct relationship between the amount of 

186 reducing sugars released after dilute sulfuric acid pretreatment and the susceptibility of dilute sulfuric acid 

187 pretreated sugarcane leaves to cellulase hydrolysis was evident. Indeed, previously Grohmann and Bothast 

188 (1996) and Gupta et al. (2009) determined the optimal conditions for the cellulose digestibility of dilute sulfuric 

189 acid pretreated com fibre and Propopis juliflora by monitoring the level of reducing sugar released after dilute 

190 sulfuric acid pretreatment, respectively. 

191 

192 3.2 Lime pretreatment 

193 

194 With respect to lime pretreatment, sugarcane leaves were most susceptible to cellulase based hydrolysis when 

195 3% (w/v, OS) leaves were treated with 1% (w/v) calcium hydroxide and autoc1aved at 121°C, IS Ib/in2 for IS 

196 min (Fig. 2a and b) . However, the 1.5% (w/v) sulfuric acid pretreatment resulted in a greater digestibility 

197 (susceptibility to hydrolysis) of the pretreated sugarcane leaves to cellulase than that obtained with the lime 

198 pretreated leaves under all evaluated conditions. In addition, the pretreatment of 6% (w/v) sugarcane leaves with 

199 either 1.5% (w/v) sulfuric acid or 1% (w/v) calcium hydroxide at 121°C, IS Ib/in2 for 30 or IS min, respectively, 

200 followed by hydrolysis with cellulase GC220 (10 FPU/g, OS) for 72 h resulted in a 3.18- and 1.46-fold greater 

201 level of reducing sugars (34% vs. 10.7% w/w (OS)) and glucose (5.7% vs. 3.9% (w/w, OS)) in the acid treated 

202 sample than the alkali one, respectively. 

203 This result agrees well with the previous report of Dawson and Boopathy (2006) that dilute sulfuric acid 

204 pretreated sugarcane leaves gave a higher ethanol yield upon subsequent fermentation than alkaline peroxide 

205 pretreated sugarcane leaves. 

2206 Therefore, sugarcane leaves were pretreated with 1.5% (w/v) sulfuric acid at 121°C, IS Ib/in for 30 min 

207 in all the following experiments. 

208 

209 3 .3 Sugars and by-products in pretreatment hydrolysate 

210 
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211 The 1.5% (w/v) sulfuric acid pretreated hydrolysate contained a small amount of glucose (0.62 gil) and a higher 

212 level of xylose (9.0 gil) from the cellulose and hemicelluloses, as expected. The concentration of all pretreatment 

213 by-products(furfural, hydroxymethylfurfural, 4-hydroxybenzaldehyde, syringaldehyde and vanillin) were 

214 detectable in both the dilute sulfuric acid (all assayed compounds) and the lime (not furfural nor 

215 hydroxymethylfurfural) pretreatment hydrolysates (Table I), but were all present at concentrations below their 

216 reported toxic levels for ethanol fermentation by and growth of S. cerevisiae [2,13]. Therefore, detoxification of 

217 the pretreatment hydrolysates before ethanol fermentation by S. cerevisiae is not necessary 

218 

219 304 Saccharification of dilute sulfuric acid pretreated sugarcane leaves 

220 

221 Four different doses of Acce\luiase™IOOO enzyme were used to hydrolyze the 1.5% (w/v) sulfuric acid 

222 pretreated sugarcane leaves for 6 h. The limit of a 6 h digestion was set because, in general, the longer the 

223 saccharification time, the higher is the risk of the glucose being lost due to contamination. The maximum 

224 reducing sugar (20.2 gil) and glucose (9.8 gil) levels were obtained with an Acellulase™ 1000 dose of 160 

225 FPU/g (OS). Therefore, 1.5% (w/v) sulfuric acid pretreated sugarcane leaves were hydrolyzed with 160 FPUlg 

226 (OS) Acellulase™ 1000 for 6 h in all the following experiments. 

227 

228 3.5 Ethanol fermentation 

229 

230 3.5.1 Ethanol production by S. cerevisiaeJrom the acid pretreated leaves. 

231 Sugarcane leaves were pretreated with 1.5% (w/v) sulfuric acid and further hydrolyzed by 160 FPU/g (OS) of 

232 Ace\lulase™ 1000, as outlined in section 204 . 1 and shown schematically in Figure 4. After centrifugation, the 

233 resultant supernatant was found to contain 6.24 gil glucose, and was sterilized (110 °C, 10 Iblin2 for 10 min) and 

234 used as medium for ethanol fermentation. A 6- or 12-h-old S. cerevisiae culture was inoculated at 10% (v/v) and 

235 after 72 h the yield of ethanol was 2.76 and 1.76 gil, respectively (FigA and data not shown, respectively) . 

236 Ethanol production by S. cerevisiae from the 6-h-old culture as the inoculum was maximal (2.9 gil or 48% w/w, 

237 OS) after 12 h of incubation and remained at this level thereafter (Fig. 5). 

238 3.5.2 Ethanol productionJrom the acid treated leaves and hydrolysate by S. cerevisiae 

239 Sugarcane leaves were pretreated with 1.5% (w/v) sulfuric acid and the combined leaves and hydrolysate, which 

240 were found to contain glucose and xylose levels of 0.62 and 9.0 gil, respectively, was pH adjusted to 5.0 and 
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241 then hydrolyzed by Accellulase™ 1000 (160 FPU/g, OS) for 6 h, as outlined in section 2.4.2 and schematically 

242 shown in Fig. 4. The resulting cellulase hydrolysate, after removal of the particulate matter by centrifugation, 

243 was found to contain a 1.57-fold higher glucose level (9.8 gil) than that seen after the corresponding cellulase 

244 hydrolysis of the leaf particles alone. An increase of glucose released from pretreatment hydrolysate saccharified 

245 by cellulase. After sterilization (110°C, 10 Ib/in2 for 10 min) and ethanol fermentation by a 10% (v/v) inoculum 

246 of a 6-h-old culture of S. cerevisiae, ethanol yield reached 4.15 gil or 7 %w/w, OS after 12h, and the ethanol 

247 yield was maximum (4 .71 gil or 8 % (w/w, OS)) after 24 h of incubation (Fig. 6). 

248 Under these conditions, when the 6-h-old S. cerevisiae culture inoculum was suspended into pretreated 

249 sugarcane leaves hydrolysate without any sugar and nutrients supplementation instead of YPO without glucose, 

250 the ethanol yield was reduced some 2.5-fold to 3.91 gil or 6.5% w/w (OS). The addition of (NH4hS04 to 0.45 

251 mM did not improve the ethanol yield (data not shown), but it could be increased to 4 .75 gil or 8 % (w/w, OS) 

252 by prolonging the incubation period to 72 h. 

253 In this study, dilute sulfuric acid pretreated sugarcane leaves were hydrolyzed by cellulase (160 

254 FPU/g, OS) while suspended in the pretreatment hydrolysate for 6 h, then fermented to ethanol without any 

255 supplementation by inoculating of a 10% (v/v) inoculum of a 6-h-old S. cerevisiae culture to generate an 

256 ethanol yield of 8% (w/w, OS) or 0 .048 gig glucose after 24 h. Oawson and Boopathy (2006) reported an 

257 ethanol yield of 1 % (w/w, OS) after 12 days of incubation from dilute sulfuric acid pretreated sugarcane leaves 

258 using S. cerevisiae which can ferment cellulose directly to ethanol. Krishna et al. (1998) reported an ethanol 

259 yield of 20% w/w, OS within 72h from alkaline peroxide pretreated sugarcane leaves saccharified by cellulase 

260 (40FPUlg, OS) and simultaneously fermented to ethanol by S.cerevisiae (10% v/v inoculum). Next 3 years, 

261 Krishna et al. reported an increase of ethanol yield (22% w/w, OS) within 72h from sugarcane leaves by the 

262 same pretreatment, cellulase dose and fermentation method but using Kluyveromyces Jragilis (10% v/v) 

263 inoculum instead . The high ethanol yield of both works reported by Krishna et ai, was due to the simultaneous 

264 saccharification and fermentation which performed in basal medium. And the increase ethanol yield by 

265 Kluyveromyces jragilis was due to an ability to ferment glucose to ethanol at elevate temperature, which raised 

266 up fermentation temperature to come closer an optimal temperature for cellulase hydrolysis activity. An 

267 achievement of this study were I) suitable pretreatment and saccharification methods which did not generate an 

268 acid waste water 2) a real ethanol yield from sugarcane leaves because fermentation broth was not 

269 supplemented with any sugars or nutrients . 

270 
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271 4. Conclusion 

272 

273 Sugarcane leaves pretreated with dilute sulfuric acid were more susceptible to cellulase hydrolysis than those 

274 pretreated with lime. The optimally (1.5% (w/v» sulfuric acid pretreated sugarcane leaves (6% (w/v, OS» were 

275 hydrolyzed with cellulase (160 FPU/g, OS) while suspended in pretreatment hydrolysate, which contained 

276 glucose (0.62 gil), and xylose (9.0 gil), then further fermented to ethanol by S. cerevisiae. The maximal ethanol 

277 yield obtained was 8% (w/w, OS) after 24 h of incubation. 

278 Based on this study, dilute (1.5% (w/v» sulfuric acid pretreated sugarcane leaves are recommended for 

279 hydrolysis with cellulase while suspended in the pretreatment hydrolysate for maximal ethanol yield. 

280 
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Table 

Table 1 - The level of fermentable monosaccharide sugars and potentially inhibitory byproducts in the 1.5% (w/v) 

2 H2S04 and 1% (w/v) Ca(OHh pretreated hydrolysates 

3 

4 Pretreatment hydrolysate" 

5 Sulfuric acid Calcium hydroxide 

6 (gil) (gil) 

7 
Sugars Glucose 0 .62 ±0.05 

8 
Xylose 9.0 ± 0.26 

9 
Inhibitors Hydroxymethylfurfural 0 .000396 ±4.04x 10-6 

10 
Furfural 0.006047 ±2.3lxI0-5 

II 
4-Hydrobenzaldehyde 0.000228 ±5.5x I 0-6 0.0171 ± 0.0086 

12 
Vanillin 0 .000198 ± 1.2xlO-5 0.0076 ±0.0034 

13 
Syringaldehyde 0.006557 ±0.0011 0.0080 ±0.006 

14 a Sugarcane leaves (6% (w/v» were pretreated with 1.5% (w/v) H2S04 at 121°C, 15 Ib/inc2 for 30 min 

15 or with Ca(OHh (3g (OS)/g Ca(OHh at 121°C, 15 Iblin2 for 15 min. The results are displayed as the mean ± I 

16 SO, and are derived from triplicate determinations. - Not detected 

17 



Figure 

Fig. 1 - Effect of (a) dilute sulfuric acid concentration, (b) autoclaving time and (c) substrate loading levels 

during pretreatment of sugarcane leaves on the susceptibility to subsequent cellulase hydrolysis (measured as the 

amount of released reducing sugar). The data are displayed as the mean ± ISO, and are derived from triplicate 

experiments 

Fig. 2 - Effect of (a) calcium hydroxide concentration and (b) autoclaving time during pretreatment of sugarcane 

leaves on the susceptibility to subsequent cellulase hydrolysis (measured as the amount of released reducing 

sugar). The data are displayed as the mean ± I SO, and are derived from triplicate experiments 

Fig. 3 - Effect of the cellulase (Accellulase™ 1000) enzyme dose on the level of released reducing sugars~) 

and glucose (.) . The data are displayed as the mean ± ISO, and are derived from triplicate experiments 

Fig. 4 - Schematic summary of the two saccharification approaches showing the glucose and subsequent ethanol 

yields obtained in each approach 

Fig. 5 - Time course of ethanol production from the acid-pretreated leaves (glucose) by a 6-h-old culture of S. 

cerevisiae as the inoculum. The data are displayed as the mean ± I SO, and are derived from triplicate 

experiments 

Fig. 6 - Time course of ethanol production from the combined acid-pretreated leaves and hydrolysate 

(glucose/xylose mixture) by a 10% (v/v) inoculums of a 6-h-old culture of S. cerevisiae. The data are displayed 

as the mean ± I SO, and are derived from triplicate experiments 
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19 

20 Abstract 

21 Dilute sulfuric acid or calcium hydroxide at 121 DC, 103.4 kPa was used to pretreat purple guinea grass 

22 to compare their efficiency on cellulose digestibility improvement. Cellulase hydrolysis of the purple guinea 

23 grass pretreated with dilute sulfuric acid at optimized conditions (6% (w/v) in 3% (w/v) H2S04 for 30 min) 

24 yielded reducing sugars slightly higher than those pretreated with calcium hydroxide at optimized conditions 

25 (6% (w/v) in 4% (w/v) Ca(OHh for 5 min). But glucose released from the purple guinea grass pretreated with 

26 calcium hydroxide was slightly higher than those pretreated with dilute sulfuric acid. 

27 Ethanol fermentation via separate hydrolysis and fermentation (SHF) process using Saccharomyces 

28 cerevisiae of purple guinea grass pretreated with calcium hydroxide, then hydrolysed with commercial cellulase 

29 (9 PFU/g, dry wt.) for 6 h yielded ethanol 0.44 gig glucose or 0.21 gig cellulose within 48 h, while via 

30 simultaneous saccharification and fermentation (SSF) process yielded ethanol 0.18 gig cellulose within 96 h. 

31 Ethanol yield of the SHF process increased to 0.497 gig glucose or 0.24 gig cellulose when the fermentation 

32 was performed in 5 I fermentor. 

33 

34 Keywords: Purple guinea grass, ethanol, pretreatment 

35 

36 



37 1. Introduction 

38 Thailand currently produces approximately 387 million liters per year of ethanol fuel from molasses 

39 and cassava. However, in conunon with many other countries, because the raw materials are not cheap, the cost 

40 of ethanol fuel production is relatively high compared to current gasoline prices, and so is only economicaJly 

41 viable due to government subsidy. Indeed, about 20% of the ethanol production cost is that of the raw materials 

42 alone. Moreover, the raw materials are often food crops, such as sugar cane, and so their use for bioethanol 

43 production is in direct competition with food crop demands leading to potentially even higher or unstable global 

44 and regional prices in the future. Therefore, research into ethanol production for biofuel in Thailand has focused 

45 upon screening for lower cost and sustainably renewable raw materials, as well as in improved efficiency of their 

46 ethanolic conversion. 

47 Lignocellulosic biomass is composed of cellulose and hemicellulose which can be hydrolyzed to the 

48 fermentable sugars, glucose and xylose. Lignocellulosic biomass is one of if not the most abundant source of 

49 fermentable sugars for the ethanol production, is sustainab ly renewable and can also be very cheap and 

50 ecologically sustainable when including agro-industrial and agricultural wastes [6] (which are not food crops, but 

51 often the waste products or parts of such). However, the gathering cost and volume management are typically a 

52 major disadvantage for this type of waste. 

53 Purple guinea grass (Panicum maximum cv. TD53) is one of the popular forage plants grown in 

54 Thailand because its leaves are soft, they contain a relatively high protein content (13 - 21 % (w/w», and it grows 

55 well all over the country. Purple guinea grass is a tall (up to 2 m) perennial grass which gives a very high yield 

56 (1.5 - 4.0 tons !rai) for 10 years or longer and is easy to harvest [12]. It is resistant to drought, grows well on a 

57 wide variety of different types of soil and conditions, including being shade tolerant so it can grow under the 

58 shade of trees or bushes [I]. Plantation can be perfonned, for example, within the empty space ofa fully growing 

59 agricultural area, such as pararubber plantation ditches . This character makes purple guinea grass a potentially 

60 ideal low cost, abundant, easy to gather and volume controllable lignocellulosic substrate for ethanol production. 

61 Prior to conversion of the lignocellulosic biomass to fennentable sugars, however, it requires 

62 pretreatment to increase the enzymatic digestibility [15]. Chemical pretreatment by alkali, using sodium 

63 hydroxide or calcium hydroxide (Ca(OHh), or by acid, using dilute sulphuric acid (H2S04), improves the 

64 accessibility of the cellulose component to cellulase. Acid treatment solubilizes hemicellulose and decreases the 

65 cellulose crystallinity, whilst alkaline treatment causes the structure to swell [IS]. In addition, physical 

66 pretreatment, such as cutting, milling or heating, also increases the cellulose digestibility by reducing the 



67 substrate particle size (increasing the available surface area) and decreasing the cellulose crystallinity and degree 

68 of polymerization. A combination of chemical and physical pretreatments enhances the cellulose digestibility 

69 even further [I I] . 

70 The enzymatic hydrolysis of cellulose by cellulases is under end-product negative feedback, in the form 

71 of glucose-mediated inhibition of the enzyme. To reduce this inhibition, the glucose released from the hydrolysis 

72 of cellulose is typically simultaneously fermented to ethanol in a one-stage ethanol production process known as 

73 simultaneous saccharification and fermentation (SSF) [4]. 

74 The objective of this work was to evaluate the efficacy of dilute H2S04 and Ca(OHh-pretreatments on 

75 the subsequent cellulose digestibility of purple guinea grass and to then compare the resultant ethanol yield from 

76 purple guinea grass obtained by either a two-stage, separate hydrolysis and fermentation (SHF) or the one-stage 

77 SSF process. 

78 

79 2. Materials and methods 

80 2.1 Purple guinea grass 

81 Purple guinea grass (P. maximum cv. TO 53) was collected from the Department of Livestock 

82 Development, Mini stry of Agricultural, Pakchong district, Nakhon Ratchasima province, Thailand. It was oven

83 dried at 70 - 80°C, cut, Hammer milled to a fine powder and sieved to a 20 - 40 mesh particle size. 

84 

85 2.2 Microorganism 

86 Saccharomyces cerevisiae TISTR 5596 was obtained from the Thailand Institute of Scientific and 

87 Technological Research (TISTR). A single colony of S. cerevisiae grown on yeast peptone dextrose agar 

88 (yPDA; yeast extract 10 grl, peptone 20 gl'\ glucose 20 gI'l and agar 15 gl'l, pH 4.5) at 30°C for 24 h, was 

89 inoculated into YPDB (as per YPD without the agar) and incubated at 30°C (200 rpm) for 24 h, then transferred 

90 at 1% (v/v) to the fresh YPDB and incubated at the same conditions and then used as the inoculum. 

91 

92 2.3 Pretreatment and its optimization 

93 Pretreatment comprised of suspending the dried, milled and sieved purple guinea grass particles (20 -

94 40 mesh size) in the selected concentration of either dilute H2S04 or Ca(OHh solution at the indicated loading 

95 (3,6 or 8% (w/v) on a dry weight basis (OS» and autoclaving (heat treatment) at 121°C, 103.4 kPa for the 

96 indicated time. The partial optimization of the pretreatment process was performed via a univariate analysis 



97 approach (which assumes no interaction between the factors) . First, the concentration of H2S04 (1.0 - 3.5% 

98 (w/v» or Ca(OHh (1.5 - 3.0% (w/v» was varied with a 3% (w/v, OS) loading and heat treatment (autoclaving) 

99 for 30 min. The optimal concentration in each case was then selected for all subsequent trials. Next, the substrate 

100 loading was varied (3, 6 or 8% (w/v (OS» with an autoclaving period of 30 mins and likewise the best loading 

101 level was then selected as optimal for all subsequent trails. However, in the case of the Ca(OHh pretreatment, 

102 variation in the substrate loading was evaluated with a constant substrate: alkali (w/w) ratio. Finally, with the 

103 optimally selected H2S04 or Ca(OHh concentration and substrate loading level, the autoclave time was varied 

104 within 0 - 60 mins, and the optimal time selected. 

105 To determine the optimal conditions in each case, the susceptibility of the pretreated purple guinea 

106 grass to cellulase hydrolysis was evaluated, with the highest hydrolysis, as determined by the amount of released 

107 reducing sugars, being selected. To this end, the pretreated purple guinea grass slurry was press-filtered through 

108 a 20 - 40 mesh stainless steel sieve and the resultant filtrate was recentrifuged at 4°C, 10,000 x g for 10 min to 

109 completely separate the pretreated purple guinea grass particles (and residual Ca(OHh powder) from the 

110 hydrolysate. The pretreated purple guinea grass was resuspended in the separated hydrolysate and the pH 

III adjusted to 6.0. Cellulase GC 220 containing 6820 FPU/m1 (Genencor International, Inc., USA) was added to a 

112 final concentration of63 FPU/g (OS) and incubated with shaking (120 rpm) at 40°C for 72 h. After cellulose 

113 digestion the remaining purple guinea grass slurry was removed by press-filtering and centrifugation, as above, 

114 and the harvested supernatant adjusted to pH 7.0 and then analyzed for reducing sugar content (section 2.7). In 

115 . addition, for the optimal acid and alkali pretreatment processes, the level of glucose, xylose and potentially 

116 fermentation-inhibitory byproducts (furfural, hydroxymethylfurfural, 4-benzaldehyde, syringaldehyde and 

117 vanillin) in the pretreatment hydrolysate, cleared of purple guinea grass particles, was evaluated (section 2.7). 

118 

119 2.4 Cellulase hydrolysis of the pretreated purple guinea grass 

120 The pretreated purple guinea grass slurry was press-filtered and centrifuged (10,000 x g for 10 min at 4 

121°C) to remove the hydrolysate, washed with distilled water to completely separate it from the Ca(OHh residues 

122 and was then suspended in 100 mM sodium citrate buffer pH 5.0 at the same volume as the original pretreatment 

123 hydrolysate. Accel\erase™ 1000 (265 FPU/m1) (Genencor International, Inc., USA) was added at a dose of 9 

124 FPU/g (OS) and incubated at 50°C for 72 h. The reaction was press-filtered and centrifuged at 4°C, 11,292 x g 

125 for 10 min. The harvested supernatant was analyzed for reducing sugars and glucose (section 2.7). The cellulose 

126 digestion was partially optimized by sequential univariate analysis of different enzyme doses (9, 18,27 and 36 



127 FPU/g (OS» followed by hydrolytic times (6, 12, 18 and 24 hr) to optimize these conditions, in an analogous 

128 marmer to that in section 2.3. 

129 

130 2.5 Ethanol fermentation in a laboratory flask scale 

131 2.5.1 Separate hydrolysis and fermentation (SHF) method 

132 Purple guinea grass was pretreated, washed and hydrolyzed by Accellerase ™ 1000 (9 FPU/g; OS) . The 

133 cellulolytic hydrolysate was sterilized by autoclaving at 110 DC, 68.93 kPa for 10 min and used as fermentation 

134 medium. The S. cerevisiae inoculum, prepared as described in section 2.2, was inoculated at 10% (v/v) into the 

135 fermentation medium and incubated at 30°C without shaking for 72 h under oxygen limited conditions, by 

136 fermenting 40 ml in a 50 ml flask with a gas tight cotton-plug covered tightly with parafilm. After fermentation 

137 and centrifugation, the obtained supernatant was analyzed for ethanol levels by gas chromatography (GC) 

138 (section 2.7). The effect of (NH4hS04 supplementation of the fermentation broth to 0-30 mM prior to 

139 fermentation, and of the presence or absence of the residual glucose in the YPOB culture of the S. cerevisiae 

140 inoculum, on the ethanol yield was determined . 

141 

142 2.5.2 Simultaneous saccharification and fermentation (SSF) method 

143 Purple guinea grass was pretreated, washed with distilled water and suspended in 100 mM sodium 

144 citrate buffer pH 5.0 at the same volume as the original pretreatment hydrolysate. This was then simultaneously 

145 hydrolyzed by Accellerase™ 1000 (9 FPUlg (OS) at 50°C for 6 h and fermented to ethanol at oxygen limited 

146 condition by S. cerevisiae (10% (v/v) initial inoculum). The reaction was press-filtered and centrifuged, and then 

147 the harvested supernatant was analyzed for ethanol levels by GC (section 2.7). The effect of varying the reaction 

148 temperature (25 - 50°C in 5°C steps), pH (4.5, 5.0 or 5.5), reaction time (0, 24, 48 , 72, 96 and 120), addition of 

149 (NH4hS04 to 0-30 mM and the presence or not of the residual glucose in the YPOB culture of the S. cerevisiae 

150 inoculum on the resultant ethanol yield were determined sequentially by univariate analysis with starting values 

151 of pH 5.0, 48 hours, 0 mM (NH4hS04 and with residual glucose from the YPO starter inoculum, respectively. 

152 

153 2.6 Ethanol fermentation in a 5 I fermentor 

154 Purple guinea grass was pretreated, washed and hydrolyzed by Accellerase ™ 1000 as described in 

155 section 2.5.1 . The cellulolytic hydrolysate, which was found to contain 12 gil glucose, was used as fermentation 

156 medium in an in situ sterilizeable (110 DC, 68.93 kPa, 10 min) 5 1 fermentor (B .E. Marubishi, model IOL, Japan) . 



157 The S. cerevisiae inoculum, prepared as described in section 2.2, was centrifuged and the harvested cells 

158 resuspended in fresh YPDB without glucose to the same volume as the original centrifugate and then used as the 

159 starter yeast inoculum at 10% (v/v) for fermentation. Fermentation was performed at 30°C, with agitation (100 

160 rpm) and without aeration. The pH was controlled at 4.5 ± 0.4 by the addition of 4 N HCL or 5 N NaOH, as 

161 required. A 10% (w/v) anti foaming agent solution (Adecanol LG-S05; Asahi Denka Co. Ltd., Japan) was used 

162 for controlling foam. Samples were withdrawn and centrifuged at 4°C, 7227 x g for 10 min. The harvested 

163 supernatant was then analyzed for ethanol contents by GC (section 2.7). 

164 

165 . 2.7 Analytical procedures 

Cellulose, hemicellulose and lignin contents were determined by the Technical Association of Pulp166 

and Paper Industry method [16] . Reducing sugars were quantified using the Somogyi-Nelson method [14]. 167 

Glucose, xylose and pretreatment byproducts (furfural, hydroxymethylfurfural, 4 -hydroxybenzaldehyde, 168 

syringaldehyde and vanillin) were analyzed by HPLC (Agilent 1100 Series equipped with quaternary pump, 169 

on-line degasser, autoinjector, on-line thermostat and a refractive index detector using ChemStation software170 

(Agilent Technology Co. Ltd., USA). Sugars were identified and quantified using an Aminex column HPX
171 

87P (300 x 7.8 mm) with a Carbo-P micro-guard cartridge (Bio-Rad , USA) . The column was maintained at 80
172 

°c and 20 ~I of each sample was injected at a time and eluted with MilJi -Q filtered water at flow rate of 0.6
173 

mllmin. Glucose was additionally analyzed with a glucose analyzer (YSI Ltd ., England). The pretreatment174 

byproducts were identified and quantified using an Aminex column HPX-87P (300 x 7.S mrn) with Cation H 
175 

micro-guard cartridge (Bio-Rad, USA). The column was maintained at 55°C and 50 ~I of each sample was176 

injected at a time and eluted by 0.0 I N H2S04 at a flow rate of 0.6 mllmin. 
177 

178 

179 3. Results and Discussion 

180 3.1. Raw material composition 

181 The purple guinea grass (Panicum maximum cv TD53) used in this study was found to be composed of 

182 41.7% (w/w) cellulose, 27.1 % (w/w) hemicellulose and 10.4% (w/w) lignin, on a dry weight basis (DS). 

183 

184 3.2. Dilute sulfuric acid pretreatment 



185 With respect to acid pretreatment, the susceptibility of purple guinea grass to cellulase' hydrolysis 

186 increased with increasing H2S04, concentrations in the pretreatment from 1% (w/v) to a maximal level with 3% 

187 3% (w/v) H2S04, with a released reducing sugar level of 163 mglg (DS). Note however that the numerically 

188 slightly smaller reducing sugar level seen at 2.5% (w/v) H2S04Was not significantly different (Fig. I). The 

189 amount of released reducing sugar released per gram of purple guinea grass increased when the purple guinea 

190 grass loaded in the pretreatment process was increased from 3 to 6% (w/v, DS), but this then declined 

191 significantly at a substrate loading of 8% (w/v, DS) to the lowest observed level (Fig. 2), Increasing the acid heat 

192 treatment (autoclaving) time from 15 to 30 minutes increased the released reducing sugar yield, but further 

193 increase to 45 and 60 min decreased this slightly (Fig. 3). Thus, from this univariate analysis, the partially 

194 optimized acid pretreatment conditions were selected as a purple guinea grass loading of 6% (w/v, DS) 

195 suspended in 3% (w/v) H2S04 and heated at 121°C, 103.4 kPa for 30 min . Under these conditions, 173 mglg, DS 

196 reducing sugar was released after hydrolysis by cellulase GC220 (63 FPU/g, DS) for 72 h at 50°C. 

197 

198 3.3. Calcium hydroxide pretreatment 

199 With respect to the alkali pretreatment, purple guinea grass, loaded at 3% (w/v, DS), was most 

200 susceptible to cellulase hydrolysis after pretreatment with 2.0% (w/v) Ca(OH)z (Fig. 4), which represents a 

20 I substrate: Ca(OH)z (w/w) ratio of 1.5: I. Maintaining a substrate: Ca(OH)z (w/w) ratio of 1.5: I, the apparent 

202 susceptibility to cellulase hydrolysis of the pretreated purple guinea grass increased when the loading increased 

203 to 6% (w/v; OS), although that observed at 8% (w/v; OS) was essentially the same and statistically not 

204 significantly different to that at 6% (w/v; OS) (Fig. 5) . 

205 Finally, at a 6% (w/v; OS) loading and a Ca(OH)z (w/w) ratio of 1.5: 1, the maximum reducing sugar 

206 release occurred after 5 min autoclaving, remained essentially the same at 10 and 15 mins autoclaving and then 

207 decreased significantly (-1.3- to -2-fold) with increasing autoclave times from 30 to 60 minutes (Fig. 6). That 

208 autoclave periods for the Ca(OH)z pretreatment of longer than 15 min lowered the observed saccharification 

209 efficiency is likely to be because the hot alkali conditions dissolves the lignin which then acts to inhibit 

210 cellulose hydrolysis. Thus, from this univariate analysis, the partially optimized alkali pretreatment conditions 

211 were selected as a purple guinea grass loading of 6% (w/v, DS) suspended in 4% (w/v) Ca(OHh and heated at 

212 121°C, 103.4 kPa for 5 min. Under these conditions 11 0.5 mglg (DS) reducing sugars were released after 

213 hydrolysis by cellulase GC220 (63 FPU/g, DS) for 72 h., which is - 1.56-fold lower than that obtained by the 

214 partially optimized acid-pretreatment (section 3.2). 



215 3.4. Pretreatment sugars and byproducts 

216 The hydrolysate obtained after pretreatment of purple guinea grass at the optimized alkali or acid 

217 pretreatment conditions (sections 3.2 and 3.3) was analyzed for the level of furfural, hydroxymethylfurfural, 4

218 hydroxybenzaldehyde, syringaldehyde and vanillin, which are known to inhibit ethanolic fermentation by S. 

219 cerevisiae. The concentration of four of the five byproducts was higher in the acid pretreatment than the alkali 

220 pretreatment, with only syringaldehyde being higher in the alkali pretreatment (Table I). However, in all cases 

221 the levels found were much lower than the concentration required for the effective inhibition of the growth of 

222 and ethanolic fermentation by S. cerevisiae [3,8]. In contrast to the alkali pretreatment, the dilute sulfuric acid 

223 pretreatment released fermentable levels of xylose (not by wild type S. cerevisiae), and lower but still useful 

224 levels of glucose (Table I). However, the fermentation of the acid pretreatment hydrolysate was not investigated 

225 here. 

226 

227 3.5. Cellulase hydrolysis of the pretreated purple guinea grass 

Oried and milled purple guinea grass particles were pretreated with dilute H2S04 or Ca(OHh at the 228 

respective optimized condition (sections 3.2 and 3.3, respectively), and then the particles were hydrolyzed by 229 

Accellerase™ 1000 (45 FPU/g (OS) for 6 h. The level of glucose released from the Ca(OHh-pretreated purple 230 

guinea grass (11.9 gil) was slightly (1.\ 8-fold) higher than that released from the H2S04-pretreated samples 231 

(10.1 gil), and so alkali-pretreatment was chosen for subsequent further optimization. 232 

Ca(OHh-pretreated purple guinea grass was then hydrolyzed by various dose of Accellerase™ 1 000 233 

(9, 18,27, 36 FPUlg (OS) at 50 °c, pH 5.0 for 6 h. The maximum level of released glucose (13.1 mg/ml; 234 

218.3 mglg, OS) was obtained using 27 FPUI g (OS) of enzyme, but the highest glucose liberation efficiency 235 

of the enzyme (11 .2 mg glucosel FPU) was obtained with an enzyme dose of 9 FPU/g (OS), being 1.9-fold 236 

higher than the next best enzyme dose (Table 2). With respect to the reaction time, hydrolysis of the Ca(OHh237 

pretreated purple guinea grass by Accellerase ™ I 000 at the optimized dose of 9 FPU/g (OS) released a
238 

maximum glucose level (213.3 mglg, OS) after 12 h, but the glucose liberation rate was highest (99.2 mg 239 

glucose/h) during the first 6 hours of hydrolysis, declining 1.86- and 2.82-fold by 12 and 18 hours,240 

respectively (Table 3). To reduce the risk of glucose loss due to contamination during the cellulase hydrolysis, 
241 



the optimal time for cellulose digestion of the Ca(OHh-pretreated purple guinea grass was chosen as 6 h.242 

Under these conditions, the hydrolysate obtained contained 11.9 gil glucose.243 

244 

3.6. Ethanol fermentation in flask scale 245 

3.6.1. Separate hydrolysis and fermentation (SHF) 246 

The hydrolysate obtained after cellulase hydrolysis, which contained 11.9 mgll glucose (section 3.5), 247 

was used as the substrate for ethanolic fermentation by S. cerevisiae (initial inoculum of 10% (v/v» for 72 h.248 

The level of ethanol produced in the fermentation broth was analyzed every 12 h, reveal ing a maximum249 

ethanol level (5.9 gil) at 48 h (data not shown). Supplementation of the hydrolysate with 30 mM (NH4hS04250 

did not increase the ethanol yield (data not shown), whilst avoiding the introduction of the residual glucose in 251 

the yeast inoculum by exchanging the YPDB for glucose free, YPDB-G, reduced the ethanol yield obtained 252 

1.13-fold to 5.24 gil (equivalent to 0.44 g ethanoIlg glucose or 0.21 g ethanol/g cellulose). 253 

254 

255 3.6.2. Simultaneous saccharification and fermentation (SSF) 

256 The partial optimization of the SSF of the Ca(OHh-pretreated purple guinea grass was attained by the 

257 sequential univariate analysis of the optimal fermentation temperature, pH and fermentation period (section 

258 2.5.2). With respect to temperature and pH, the maximum ethanol yield (3.85 gil) was produced at 30°C, pH 5.0 

259 (data not shown), and this increased to 4.65 gil when the fermentation period was prolonged to 96 h onwards 

260 (Fig. 7). Supplementation of the hydrolysate with (NH4)2S04 up to 30 mM did not significantly alter the ethanol 

261 yield (data not shown), whilst avoidance of addition of residual glucose from the YPD B media of the yeast 

262 inoculum by using yeast resuspended in YPDB-G media decreased the ethanol yield -1.04-fold to 4.45 gil. 

263 However, the cellulase hydrolysis and ethanol fermentation in this SSF process may not have been performed at 

264 the optimal condition (13], and so may well represent a lower and non-optimal ethanol yield. 

265 

266 3.7. Ethanol fermentation in as) fermentor 

267 Purple guinea grass loaded at 6% (w/v; DS) was pretreated by Ca(OHh at the partially optimized 

268 conditions (section 3.3) and then further hydrolyzed with Accellerase ™I 000 at 9 FPU/g (DS) for 6 h. The 

269 hydrolysate obtained after cellulase hydrolysis, which was found to contain 12.0 gil glucose, was used as 



270 substrate for ethanol fermentation in an in situ sterilizeable 5 I fermentor. S. cerevisiae, resuspended in glucose 

271 free, YPOB-G, was used as the inoculum at 10% (v/v). Under these conditions the maximum ethanol yield (5.92 

272 gil; equivalent to 0.497 g ethanol/g glucose or 0.24 g ethanol/g cellulose) was produced after 9 h of fermentation, 

273 and declined slightly to an almost stable level at 12 hours onwards (Fig. 8) . 

274 The theoretical ethanol production yield from glucose is 0.51 g ethanol/g glucose. Depending on the 

275 feedstock and process the actual yield obtained can vary from 60% to 90% of the theoretical yield [9]. The 

276 ethanol production yields (g ethanol/g glucose) in this report were 0.44 (flask scale) and 0.49 (5 I fermentor), 

277 which are 86% (flask scale) and 96% (5 I fermentor) of the theoretical yields, respectively. The ethanol 

278 production yield of purple guinea grass obtained here (0.497 gig glucose) was higher than that reported for sweet 

279 sorghum (0.40 gig glucose) [7], corncob (0.48 gig glucose) [2] and Prosopis julijlora (0.49 gig glucose) [5]. 

280 However, the pretreatment process for P. julijlora, a hardwood substrate, is very complicated. It is likely that the 

281 ethanol yield from purple guinea grass in this method reported here could be improved by maximization of the 

282 glucose liberation of the cellulase hydrolysis via optimization of the endoglucanase and ~-glucosidase ratio in 

283 the cellulase, Accellerase 1M 1000. 

284 In summary a schematic diagram of the experiments and their ethanol yield are shown in Fig. 9. 

285 

286 4. Conclusion 

287 The optimal acid and alkali pretreatment conditions using dilute H2S04 and Ca(OH)z which maximized 

288 the susceptibility to cellulase hydrolysis of purple guinea grass residue were 3.0% (w/v) H2S04, 6% (w/v; OS) 

289 substrate loading and a 30 min autoclaving period for acid pretreatment, and a 1.5 g (OS)/g Ca(OH)z, 6% (w/v) 

290 substrate loading and 5 min autoclaving period for the alkali pretreatment. Purple guinea grass pretreated with 

291 H2S04 or Ca(OH)2 under the above conditions, then hydrolyzed by Accellerase 1M 1000 (9 FPU/g (OS) at 50°C, 

292 pH 5.0 for 6 hours) rel.eased slightly (1.03-fold) more reducing sugar when acid pretreated (261 mglg; OS) than 

293 when alkali pretreated (254 mglg; OS), respectively. However, the level of released glucose was significantly 

294 different, being 1.18-fold higher in the alkali pretreatment (198.3 mglg; OS) than with the acid pretreatment 

295 (168.3 mglg; OS). Thus, Ca(OH)z pretreatment (5 min), which was faster, resulted in a higher efficiency at 

296 making purple guineas grass susceptible to cellulase hydrolysis than sulfuric acid pretreatment. 

297 
Cellulase hydrolysis of the Ca(OH)z-pretreated purple guinea by Accellerase 1M 1000 (9 FPU/g, OS) for 6 

298 hours liberated 11.9 gil glucose in hydrolysate. 



299 Fermentation of the hydrolysate to ethanol, by the SHF approach using S. cerevisiae yielded 5.24 gil of 

300 ethanol (equivalent to 0.44 g ethanollg glucose or 0.21 g ethanollg cellulose) after 48 hours. In contrast, the SSF 

301 of the Ca(OH)2 pretreated purple guinea grass with Accellerase ™ 1000 (9 FPU/g (OS» and S. cerevisiae 

302 yielded only 4.45 gil (0.18 g ethanollg cellulose) after 96 hours, a !.I8-fold lower yield in twice the time. 

303 Scaling up of the SHF process to a 5 I fermentor (IOO rpm agitation without aeration) resulted in a 1.13-fold 

304 increase in the ethanol yield to 5.92 gil (0.497 g ethanollg glucose or 0.24 g ethanol/g cellulose) after only 9 

305 hours of fermentation. 

306 
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Table 1  Pretreatment byproduct and sugar levels in the pretreatment hydrolysate obtained with the optimized 

2 pretreatment condition" 

3 

By products H2SO4 Ca(OH)z 

(mg/gDS) (mg/ g DS) 

Hydroxymethylfurfural (HMF) 

Furfural 

4-Hydrobenzaldehyde 

Vanillin 

Syringaldehyde 

Xylose 

Glucose 

0.124 ± 0.024 


0.303 ± 0.034 


0.024 ± 0.003 


0.035 ± 0.003 


NO 


71.5 ± 5.9 


23.0 ± 0.1 


NO 


NO 


0.010 ± 0.000 


0.008 ±O.OOO 


0.017 ± 0.001 


NO 


NO 


0.75 

3 

0.75 

4 

5 

6 

7 

8 

aData are shown as the mean ±1 SD and are derived from 3 repeats. 

bM1C = Minimum reported concentration required to inhibit the growth of and ethanolic 

fennentation by S. cerevisiae 

ND = Not detected 

9 



10 Table 2 - Effect of enzyme dose on the amount of glucose liberated by a 6 hour cellulase hydrolysis of 

11 Ca(OH)z-pretreated purple guinea grass". 

12 

Enzyme Glucose Glucose 

(FPU / g; DS)b (mg/ ml) (mg / unit) 

9 1l.9 ± 0.2 1l.2 ± 0.2 

18 12.5 ± 0.1 5.90 ± 0.09 

27 13.I±OJ 4.12 ± 0.24 

32 12.4±0.1 2.92 ± 0.09 

13 

14 

15 

"Data are shown as the mean ± I SO, and are derived from 3 repeats 

bAccellerase ™ 1000 (265 FPU/mJ, 236 pNPG p-glucosidase units/ml) 

16 

17 



18 Table 3  Effect of the saccharification time on the glucose liberation rate by cellulase hydrolysis ofCa(OHh

19 pretreated purple guinea grass". 

20 

6h 12h 18 h 

Enzyme (FPUlg DS)b Glucose Glucose Glucose 

(mg/h) (mg/h) (mg/h) 

53.3 ± 0.4 35.1±0.2 9 99.2 ± 0.2 

21 

22 "Data are shown as the mean ± I SO, and are derived from 3 repeats 

23 bAccellerase ™ 1000 (265 FPU/ml, 236 pNPG fl-glucosidase unitslml) 

24 

25 
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Purple guinea grass 

I 

Pretreatment 

Ca(OHh 

SSF SHF 

(Simultaneous saccharification and ethanol fermentation) (Separate hydrolysis and ethanol fermentation) 

Elhanol yield = 0.18 9 elhanol/g cellulose 
I 

Flask scale 

Ethanol yield = 0.44 9 ethanollg glucose 

= 0.21 9 elhanol/g cellulose 

5 I fermentor scale 

Ethanol yield = 0.497 9 ethanollg glucose 

=0.24 9 elhanol/g cellulose 



Fig. I - Effect of H2S04 pretreatment concentration on the subsequent susceptibility to cellulase hydrolysis . Purple 

guinea grass (3% (w/v, OS» was pretreated with the indicated concentration of sulfuric acid for 30 mins at 

121°C, and then subjected to cellulase hydrolysis (63 FPUlg for 72 h at 50°C) prior to determining the 

reducing sugar level. The data are displayed as the mean ± I SO, and are derived from triplicate 

experiments. 

Fig. 2 - Effect of purple guinea grass loading level in the pretreatment process on the subsequent susceptibility to 

cellulase hydrolysis. Purple guinea grass was loaded at the indicated levels in 3% (w/v) H2S04, autoclaved 

at 121°C for 30 mins and then subjected to cellulase hydrolysis (63 FPU/g for 72 h at 50°C) prior to 

determining the reducing sugar level. The data are displayed as the mean ± I SO, and are derived from 

triplicate experiments. 

Fig. 3 - Effect of the pretreatment period on the subsequent susceptibility to cellulase hydrolysis. Purple .guinea 

grass (6% (w/v, OS)) was pretreated in 3% (w/v) H2S04 at 121°C for the indicated times and then 

subjected to cellulase (63 FPU/g for 72 h at 50°C) prior to determining the reducing sugar level. The data 

are displayed as the mean ± I SO, and are derived from triplicate experiments. 

Fig. 4 - Effect of the Ca(OH)2 pretreatment concentration on the subsequent susceptibility to cellulase hydrolysis. 

Purple guinea grass (3% (w/v, OS)) was pretreated with the indicated concentrations of Ca(OH)2 at 121°C 

for 30 min and then subjected to cellulase hydrolysis. (63 FPU/g for 72 h at 50°C) prior to determining the 

reducing sugar level. The data are displayed as the mean ± I SO, and are derived from triplicate 

experiments. 

Fig. 5 - Effect of the purple guinea grass loading level in the alkali pretreatment process on the subsequent 

susceptibility to cellulase hydrolysis. Purple guinea grass was pretreated by Ca(OHh at 1.5g1g Ca(OH)2 at 

121 oC for 30 mins and then subjected to cellulase hydrolysis (63 FPU/g for 72 h at 50°C) prior to 

determination of the reducing sugar level. The data are displayed as the mean ± ISO, and are derived from 

triplicate experiments. 



Fig. 6 - Effect of the alkali pretreatment period on the subsequent susceptibility to cellulase hydrolysis. Purple 

guinea grass (6% (w/v, OS» was pretreated by Ca(OHh at l.Sg/g Ca(OH)2 at 121 °C for the indicated time 

periods and subsequently subjected to cellulase hydrolysis (63 FPU/g for 72 h at 50°C) prior to 

detennination of the reducing sugar level. The data are displayed as the mean ± I SO, and are derived from 

triplicate experiments. 

Fig. 7 - Time course of ethanol production at 30 °C, pH 5.0 by the simultaneous saccharification and fermen tation 

(SSF) process. The data are displayed as the mean ± I SO, and are derived from triplicate experiments. 

Fig. 8 - Separate hydrolysis and ethanol fermentation (SSF) of purple guinea grass in a 5 I fennentor. The data are 

displayed as the mean ± 1 SO, and are derived from triplicate experiments. 

Fig. 9 - Ethanol production yield of each experimental step 
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