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;u1nrn11~ m~v'lfn1VI:W'm tl~vn'Vlb~CJ'Ubb uu~'l bb ~'lb ~vt:-J~~?~1 'U 1€1 be:J'V11'Ue:J(;l bU'Ufn1e:Ju.Yn,; 
' ' 

Vl'YY1cnm511~"1!1~ bb(;l~U1~CJn~?~1 oU'lleJ'lb~CJ (Residue/waste) ~1~;u1 nm1bf1~!?11 bU'U;u~b~~~'U'lleJ'lfn1~ 
' ' 

~1b U'Ub ~'l~'d'U 1 'Uf111~~'U1b l'l€11 oU'Vl'YY1 CJ1f)';j~lJtJCJ'1 ~bfl~U';i~ 1CJ"lltJ?I'l?l~ 1~CJn1Tt.htl1~ 1tJ"lltJ'lJ€1'lbU~€Jf)'Vlb~CJ'U 
\J 'U q , 

~ ~, iJu'lJe:J'lb Vl~€l~'~Vl1'ln11bn~!?l';i~m uVi'e:J'l~u ~. l~Je:Jm ~,~, tl11tlV1:Wn 1 VIL~bbe:J(;lf)€1®'€1~ b~€11 .Uu1~ 1t~"ll'l1b uu'V1~'~'~1'U 
" 

b 'VIA 1 'U 1(;1~ n11VIJJ nbbeJ(;lf)eJ®'e:J~ffi~;u1 n m11 ~CJ.Q' lJVI~n n11U1~ n €1'\J ~1 t~.ff'U!?l€1'Uf111VllU1~ ne.J'U ~b t1 

.ffu~?~e:J'U6hAf1J 6 .ffu~?~e:J'U m1fie:J 1) b~?~1CJ~€11VI11b~CJ'lb~m~e:JH1um1t:-J~!?lb~m~~~u bb(;l~ f111t:-J~!?lb~m~~~u~ 
'U~?!Vl~ bb(;l~l€1'11 11 'UU~~1ru~~1n'V1€1~1VI'Y'U f111VIJJnb ~€11 m um~'Ud'Un11VIJJf1~'lb U~e:Jn'Vl b1CJ'U bb(;l~J1VIJJ n 

' ' 
2) m1v11m'VI11b~CJ'lb~e:J i!-:JVI:Wn bb(;l~e:Jtlmru~b~CJ1oUe:J'l1~"'~m~ tl11P1;u1m~e:J 3) mlb'Y11~b~CJ'~;u~u'Vl1mu 

' ' 

5) m1tl'Y'U?Im'Y1.ffu~?~e:J'Urn1Vi:Wn 1 ~b'VIm~?l~ ~.l'lmn1VIdJf1bbe:J(;lne:J®'e:J(;l1 'U1~~'\J'll'U1~n(;l1'lbb(;l~ 1 VltY 6) m1n~u 

bbtl n bb e:J(;l n eJ ®'tl ~ffi~ ;u 1 ml1V1:W n bb(;l ~ b~ e:Jvl1 rn 1VIdJ mb(;l~ m 1 n ~ u bb e:J(;l n eJ ®'€1 ~ffi~ ;u1 nm1V1d1' n bb e:J fl n eJ ®'€1 fl1 u 

'll'U1~nm'l (50 liters) ~1'UbA~e:J'ln~'Ubbe:Jflne:J®'e:J~'ll'U1~b~n 1 'Uvt€1'1tli)tf~rn1 'Y1'\Jl11~tl~mru'lJmbbe:Jflne:J®'€1~~ 

~1nn11m1V1:Wnffim u"ll~"llu (41% bb(;l~ 12% ~?~1~~1~'\J) ~'~;ibtie:J-:Jm;u1ntl1~~Vlfim'V1'lle:J'lbA~e:J'~n"'u1 u 
' 

Vl€1'1'1Ji)'U'1in11~?11m1t1 Ad'Ufl~~ill'VIJJiJ1~~ bblJ'U~h f1l1f111 n"'uJb CJ~'IJ mru n11f1"''U 1 'U'q~"ll'U bbl?i€1 ~11'1 n 1?11~ 
A11~b .u~.uu'lle:J'lbbe:Jflne:Jfle:J~~1~~'~"'B'~mrum.J'1 u"li1'l1l-il?i1'lnumn fie:J 90-95% 

" 

'Ue:Jn;u1 nir'l1 um~'U1'Un11VId1'm tl~e:J nVJ b1t~u b 11a1m111fl~ b 1m 1 um1V1d1'n~1CJm1 1 i b 'IJ~ e:JnVl b1CJu~ 
' ' 

~1'Un11~~?1n'U1'Ubyje:J"Ii1m ~'lf111~e:JCJ 1 ~bn~bb U'lbb(;l~J1~?~1(;11~b ~1 ( \11n 2-3 b~e:J'U b iJu 20-30 1u) bb(;l~ 1 u , 

.ffu~?~e:J'Um1i11J1Vi:Wn 1'llv11n11VIlJnbbe:Jflf1€1fle:J~I?ie:J "il1bU'U~eJ'llJn11b~~€11VI11J1!?11(;1 ( C source) b"liu1~m?l 
bbG'l~/VI~€1 J1eJ€1CJ J1!?11G'!Vl11CJ b~€1-li1CJf111b yj~LJ~~1UJA11~b oU~oU'U'lle:J'lJ1!?11fl1 m~ 20-22% BRIX ~'l'V1'\Jl1 
€11VI11bU'Uu;u~tJ~1AqJci'1VI~'\Jm1b\l~fllb~'U1~?~'ll€1'l~?l~€1~1'l~'l a1'Uf111VIdJf1'll'U1~bamb~1'llt11tJ'll'U1~bl\JmiJu 

'll'U1~nm'l bbG'l~ 1 Vlru ~1 b iJu~mi1 m11.~~ b ~e:J\l~'UVJ~CJ1 u.ffum1V1d1' m 'IJ~e:J nVJb1CJu LLG'l:: 1 u.ffum1V1dJ' nJ1V1:Wn~ v , 



tilmm':ib~llJ~?ll'l~~.h'Um"m':i~~'Uv~lw'l:.m~ log phase hl~1rt.h 1-10 X 10
11 b"ll"'~l?lvi'J(;J~~M':i Ll'lt.JlJn1':i 

inoculate b~:wmh:~um.J 1: so 'lJv..:J'\J1:w1M':i'lJv..:nhvlii'n 



~vnlVJtni:l'm Vlf11 'L! 1~~ 'W'J~'iltl~Lfl~lt'l'U'tl~ ~11il'Ltm ~a 1 ~L ~tJ~~'L!Vl~cJ~l,:j 1~H1 'L!fll'JVl~i,"{tJLJ ~'th~~Vl5mw 

'lJtJ,:jfll'J'IIIJJfl 
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d 
'U'VI'VI 1 

'U'VIth 

1 LJ 1mL tJ£;1 fltle'Jtl~ ( Bioalcohol) L ~'UL ~tl L 'V1 ~'1~1vl-;;J1 n LL'tl£;1fltle'Jtl~~1vi'm-;;J1 n m~m'Um~Vl1'1:fi1m'V1 

;'~ vl1'1-;;Jl n LtJ'VI1'UtJ£;1~1vi'li1-;;J1 n m~ ni'U~~~fi'ru-vltllm L~ tJll~iJ A11lltl~t!\9lil vi!t1 tJ nil L tit1'1~1niJ Lli'VIl'U t1 r;,tJ'U 

1 'U~\9l~1'U1'tJtJ(;1~ 5 ;'IL U'U~Vl~lLJtl'UllLli'VIl'UtJ(;liJeJ'U~~l tlvltl~1'1nltl L~tl-rLJtJ~~Vll'Utll~'Vh 1 ~~llJtl\91Vl~tl 

~~l'U:iJ1-;;J'Un'ID-;;J~U'UY-ILJl11vi'iJ'Il'Ul~ti~L~t11oUt!'ltlLJ nlTt.hern ~r;,llj' 'lltl'IL Vl~t11 i'VI1'1fll~Lm~~~'lltJ\9lvl1'1""] m 

VlJJfl1 ~Lil\91LL'tl£;1fltle'Jtl~L'~tl~i?lll L LJ'U61J'U L ~'ULLtl?IL"Ile'Jtl£;1 LL£;1~/ Vl~tJ1 -ffL~'UL ~m Y-I~'IY-1~'1'11'U'lltJ\911 VJl.J~iJ~1fl1 

~'U'\Il'Utill L 'll'U eJtltl ~'U6'11'U~Vl~'l LL£;1~ L~\9l'll'4'U (http://learners.in.th/blog/narV19123) 'V1LJl1'llru~11'1vi'iJ 

fll1LLtl~fltle'JtJ£;1b'UYltl'llYI£;11\9l'Lh~ll1ill 35 LJ1Vl 

1 'UD-;;J~u'UiJ nT:i 1-uu~~ 1v'lJu-;;J1nLLtl~ntle'Jtl~m i1.=h'U 1 Vlt\iL ~m ~'ULL Vl~'I'V1~'~'~1'UL ~m'V1~'~ 
' v 

L ~llll1fl~'U L\9lviJmmru LtJ'VI1'UtJ£;11 tJ~m\911~ntlr;,~tJ~~mru 3,500-4,000 ~l'U~~~ ~'~11'L titJ-:~~1nVJmvtJ~~L VJI'liJ 

'U LtJLJ1tJ?It1LJ?f'U'U 1 ~iJ m~ 1 iLtJVl1'UtJ£;11 tJ~tl'llmL ~m 'V1~'1 L ~ m U'Um~~\9lll~.fl11~Vl1'1mml'l LL~~'ll1tl~\9l.fl11~1 nn ~ , ~ "I 

'lltl'I,Jl~'U tJ~~L'VII'l~iJm~ci-:~-vtJnll1fl~?I\911'UVJitlmll~m fiB m1~~ ur;,~ 1,000 ~l'U~~~L\9ltJci-:J1tl8'11?1m\911tJ , 

L ~ m 'V1 ~ '1-;;]1 n'VI-r'V1 mm mv 1 'Utl~~ L Vll'l L ~ t!Vl\91LL 'Vl'Um~oJ1 L <U'1 LLB£;1 n tJe'JtJ~ MiJ m~oJ1~~~~~'Vl1'1fl1~ Lfl~~~li1LL tl~ 

~ULU'UL ~mY-1~'1 L'll'U Ltl'Vl1'UtJ~-;;J1flJJ'U6'11tl~Vl~'l eJtltl 6t1jVJ'lJ~'U'l L~B'l111tl~?flltlLJ,j1JJ'ULLJ'U~'UVl~B~L"Il£;1 ;'1-;;J~ 
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1.1.2 'VIb~£.1'1..1 • 

b tie:J-:~~1tJth~L '1'11'11 VltJ L U'U~~~I'lVIL~mJ':iltJ 1 vmJ'IJe:J'IL~n VIL~tJ'UL U'UVI~-:~1 'U~~ 1JJ.ffi~{urrn:wumJ 1 'Uf111 
'U , Q.J , 

u11.nA~-:~1 'ULL~~~1-:~th~L VII'\ i:hr:uu'ULfl'lo}l'1':im?l1m':i~~'U11 VlVIL~tJ'U?l1m':ifle:Je:Jnt:-J~~~I'11~Lne:Ju l'l~e:J(?)U , ' 
-wu--.hluu 2551 -:u1n~'U~'\.J~m1llth:::lnru 694,764 1~ 1~~~~~1?111lJ'IJe:J'IVIL~tJ'U'\.J':i~mru 746,639 ~'U 

~ ' 

1 ~ 1 'U'IJru:::~~'I'Vfl{?)'IJlJ'W':ilJU1lJ1rut:-J~t:-J~1'1'1Je:J'IVIL~tl'UlJ1nLU'UeJ'U~'\J 1 'IJtl'l.fllJmAmA1~ 1~t:-~~t:-~~1?1VIL~tl'U , , 'U , 

141,478 ~'U -:u1mde:J~m1'\.J~n 118,392 1~ Vl1mY1t~u1~LU'U 1195 nl~n{l.l~e:J1~ (6hJn-:~1'ULI'11'lo}]fl':u 

fn':ibfl'\'}(?11 (7 /12/2007) 

L Vl~e:J~-:~ ~1tJ~m~ru:::~ L U'UVI'UllJ LL Vl~lJ LL ~-:~mn b tluB'ul'l11£J ~-:~L U'UUf1!V111 'Uf111n1~{?1 LL~::: L U'U'IJtJ:::b Vl~e:J~-:~ 

ci'J'U'IJe:J'IL '\.J~e:JniJ?i'J'UU':i~fle:J'\J~L U'UL~'U 1t~u1mrumn ~1tJ?i1'U~L U'UL~m"lm~ 1~?1 ?1-:~fi-:~ 30% 'Ue:Jm VllJe:J':u1 n 
~ " 
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~!?1{;1l'ltlm'j"ll~l\l 1 L'liu ~!?1{;1l'ltlf1'J'j"lJ{;1l'j"inv1eJn~ nT"J ~\IVleJ m~~n~ l'lJ'j"llJn Hl'l,!..l{;1lJll"l~ltJ~eJnVJl~CJt!l~eJ 

vlll,!..l\ILLVf\lf,!..J{;1lJ1 um'ltll'j"n\ILL~dnL~m{;1~lJ.nilfi'w1u LL~~Yn.rild1eJtJunuLI"l~~n ~'IJ ll~~!?l1 ':ilttmnmtltr1u 
, 'U , 'U 'l 

1-iltJ'j"~ 1CJ'IJUl tlu~~\1\llttL:fi'm ~~'~Vl~LL VJu1hwu 

1 VlLLrlLn~!?l'j"f1'J 1 Vl{;1llJl'j"f:1vllleJ\IL#i' 
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' "' ' 
~ltl ~h-:1-;;JlflL tl~elfWlL~tJ'ULL~~ L tl~eJniJ-:JAVl~Tt.rJ'Ue:J~l-:1~~ 500 n1'lJ L ~tl~n'\~lVJL 1JeJ'IJ~'UVl~flVl 

'I 'I 'U 'I 

1 'U'U'Ul'U fll':l'VliJ mJe:JmL~~'U'Ul'Ufll':i fl~'ULbtJfl b ~tl 1 m~e.J~ l'ln ru"i1bbe:J~fle:J fl'tJ~-;;J'Ub tl'Ub Vl A 1 'U 1~ 8m1 

e.J~I'lLbeJ~ ne:Jfl'e:J ~ L tl'U bb 'UlVll'I'VlU-:J~~'~ b?l~lJ 1 Vi'Ln~~':im 1~L1ltl':i~ 1tJ'1ltJ'Ill fl'UB'Ib 'Vl~B~-:~m LL tl':i':itl L tl'U 
" 

1.4.2. b tlt~bb t~lVll-:~b~e:Jn'Ut~-:~ m':lul'Ut~-:~~-:~b'Vl~B 1-ffVIl-:~m':lbn"e~l'l':i ~?lllJ1'JflUlm1-il1 Vfbi1VJti'J~ 1t~'llu iJ 

lJ~rh"-:~ Ae:Jfl1':ie.J~I'l'Vlir mbB"fle:Jfl'eJ~~b tl'U'v>J~-:~-:~l'U"Iilm'l"l 'll1iV11 'U 1mbB"ne:Jve:J~ 
" " 
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d 
'U'Vl'Vl 2 

Vi~0~ 81\?l:W m1Pin~n LL'U'JA\?1 'Vlt1~5~L~81-ilv~nu,nu1~m~v~ m1V1l1m tl~vflVJL~fl'ULL uu~~bb ,X~ b ~v 

e..~~Vl1 u 1mv'Vl1'UeJG'I 1~v:n~1oUmbt~m tlu ~~.Q fie1 LA1~1'Ul~fl.QL~mnum1VIJJm tl~eJ fl'Vl L~CJ'U 1 VI'11'i\vemnmm~ , 

b ~m tl'Ubb Vlci~~~~~1'UL ~m ~~~ L!?1CJ:l111CJG'I:; b~fll'l'Vlt)~ 5 ?l~lj ~)11'U bbG'I:;meJu Lb 'U1A1 1~fi1?1 b ~eJ~\i).J'U1fl11 

bb 'll11'll1-fftl1:; 1v'llLi"il1fl'llB'IL Vl~v 1 i LbG'I:;bvt~eJ~~'Vl1~tl11bfl~Vl1vci1~fiw•h b ~m ~~~G'Ifl1e.J~Vle.JG'I'Vl1~m1bfl'l'tV11 " , " 
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2.1 'Vlb~ti'U • 

1. tl~e:lnVJI.~CJ'UI.tl'U~':ru~l. Vl~B~~ th~~mn l.l.~:;riaui1JVlllJ~ri!1~'1JCJ:; 1 ~nu~~l.l.1~~mJ 1. tl~an 

Vli.~CJ'UU~ 1~ l.flCJilnT~illm1-fftJ';i:; 1U'lJ'U1 'U~l'Unl';ie.J~\?li.I.B~na eJmh ~B 1-tll. tlt!'V'l~~~l'U 1. ~m 'V'l~~I.I.JJ1l1rXil nl';i , 

Hokputsa et al., 2004, Pongsamart and Panmuang, 1998) ?lllJl';it:1DB~tl'Unl';i~~I.~B vill.tl'UCJl~~'U 

Vl~Be.J?IlJ numVll';i~\?111. ~B~~ M'U'Vl'U';ilFnBlVll';i~\?11 ~~'lf1. tl~BnVIL~CJ'U'UBmn n \J:;iJ L~'U 1CJ 1. U'UB~fitl ';i:; nau , , 

• 2.2 UB6'lmJeJB6'1 

1. ~m'V'l~~~1~\llni.I.B~m:mm1~1~lJT'illnm:;m'I.Jm';iVll~:fi1m'V'l~I.~CJn1l 1 u 1ammnamJ~ (bioalcohol) 

~lVl-ru I.BVll'UB~~1J1lJl\lln nl';imi't!e..~~l?l.tlru"l'lffil?l';i 1.~ CJlJ\l:;ilw.nlJtl~a~.n m:fa vn1l 1. ~B~\llniJLlJVI1'UB~tl'U 1 'U 

~~~1'U~BCJ~:; 5 ~~l.lJVll'UB~iJe)'U\?l';i1CJ~B~l~nlCJ~~B1\l'Vll 1 ~\?l1UB~Vl~tli.~CJ:fiil?l1~ 'V'lUll1 'Unl';in~'t.!I.I.UU 

6 



rn~VJJJ'n~L VJm::;?l:wAe:J L~:W~'Ufld~ 1 ~e:Je:Jn"BL -:v'UL ~m ~:WB\91~1fll~LL D,:JL"Il(;'l~ -:v'UL-:v~f1!:W1fl'V'le:J~::; ~'UVJU,:J 

Lbi!J1L~~,:J1 'UG'l.fl11::; hJiJmflll"lL~e:J 1 ~b"ll(;'I~~~\91Lbe:J(;'Ifle:J~e:J~ (.g'U\9le:J'Ufl1~~~\9lLLe:J(;'Ifle:J~e:J~~,:J~U 2-1) 1'Ufl1'JVIJJfl 
" 

cerevisiae 5. bayanus, 5. carisbergensis LL(;'I::; 5. fermentati 

tl~mru'llmLLe:J(;'Iflmm~ 'V'l'U';h8?ll'i'1l'U:WU,:J"iJ:-;n'UJ1\911~unn LL\911~u~mruLLe:J~fle:Jve:J~~1 1'U'1Jru:-;~8?ll'i~1b'W1~ 

Lbe:J(;'Ifle:Jve:J~~,:Jfh 20 % Lb(;'l::; HJJ1\911{;11Je:J~ ~,:JcJ,:J1~fl~'UVle:J:W LL(;'I::;cJ~1~?11~B'U'Vl~cJ~'U"]1'Utl~mru~ue:J~fll1 L~'U 

il~mvl'l 'VJL"Il~e:Je:J~ be:JG'IL'Vle:J1 ~,:JLU'U?ll~~L'\J'UeJ'U\91~1~~m::;'U'\J~U 1\91 ne:J1~Ln~mm~U1V1~1 LL(;'I::;LlllA1,:J 
" 

(www.scottlab.com/lavin.htm www.wyeastlab.com LL(;'I::; www.redstaryeast.net) 1~~Yi'11u 

Lbe:J(;'Ifle:J~e:J~~1Ji'"il1fl8i.'!(#i"il::;'IJ~::;:JJ1ru 0.53-0.60 % ~e:lVJfl "] 1 LUe:J1L~'U(#i'1Je:J,:JJ1\9ll{;'l~b~:W~'U 1'Wfl1~L~~,:J~,:J 
v ~d d 

fll~VI:WflUe:J(;'Ifle:Je:Je:J(;'I'Vl:JJ1"il1fl'V'l'1J 

ITf1lf1!Vl'1l Lw::;~(;'i'Vl1,:)fll~Ln~m~1,:}"J~iJJ1\911(;1~,:j L~'U e:J~'U LLe:JtlLD~ ~'IJ'IJ::;~~ LL~:-;~(;11if~'U"J JJ'n1-ii'L~e:J~1hu 

LL~VIlm U'Ufl1~VIJJ'ntl'1J Ll"l~"lllnVl'll '1Je:J,:JL Vl~e:J~,:J ~~'V'l~e:J~ h1'Vll~f11~Lfl~l'l~ Vl~e:J~(;'I'Vl1,:Jfll~Ln~l'l~~iJLL U,:J 1 'V'l~ 

LL"Ilf1rnhl'l?l,:J LL(;'I::; mn1~1'VJL'Ue:J1?l,:J L~'U eJe:J~ J11'11~ mnJ11'11~ mneJ'e:J~ U'Vl~'Vl (~1~nm~VI11'U) LLU,:J JJ'U 
" " 'IJ 

G'l1tl::;V1~~ JJ'UL'Vll"l ITf1!Vl'1l~1,:J"] L~'U oU11L'V'l~ <U'11 <U'11?11~ .U11m1LmJ <U'11vh:~ ~e:J~iJrn~Ltl~~'ULLD,:J"iJ1flVl'1J 

1-MLU'UJ11'11~ LLi!l1LU~~'U"il1flJ11'11~ LU'ULLe:J~fle:Jve:J~Bfl~e:J (1'UJJ 2545, de Godoy et al .. 2008) LLe:J~fle:J 

~e:J~~'U~Gl'Vl~ 95% L~~n11 Le:JV11'Ue:J~ (Ethanol) 'W'Ul1Le:J'Vl1'Uv~mtil"il1n11'l~~'U Ae:J Vl'1l'1JiiV1~1,:}"J ~1'W1'W 1 

~'U L~mJ1'U'1J'UJ'Ufll~~~l'l"iJ::; 1Jl~(;'l~~l'lLeJY11'Ue:J(;'I~LL\9lfl~1,:Jtl'U Vl1n1-if11'lt1~'Utl~::;L.fiYIITrufl'1J oU11 oU11l 'WVl "i]::; 
• v 

1tii'Le:JV11'Ue:J~?l,:J~,:J~1'U1'U 375 ~1'1~ ~e:J-:~~-:~m()1HfmnJ11'11(;1"il:-;1Ji'mYI1'Ue:Jmh'W1'U 260 ~m L'U'1Jru::;vfl-if<J1ii''U 
" 

G'IV1"iJ::; 1Ji'Le:J'Vl1'Ue:J~ 180 ~1'1~ (LV1'1Ji1~'U1YI 2546) 
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fl'\'!1flil 

6C _..--~2NAD+ 

2ATP----1 <H 
fl1olh1 J~fl 
2[3C] 

2COz•--------i 
uil<li~i'li11u~ 

2 [2C] 2NADH+2W 

l r-1 ------.J~ 2NAD+ 

lilll1Uili'l 

2[2CJ 

2.3.1 m::u'".l'Un1~Vil!nuaanmma1~vi1hltl~::mru~bv.ff'U~B'U~1~qj 6 .ff'U~B'U ~'ldfia 
2.3.1.1. f1l1L~~tll.JBlV11'H~t.J'IL ~e:r:u~'U'Vl~tl~'1~1 m 'l.!nl1t-J~~L~m~ll~'U Lbi:l~ 1m 'Uf11~'Ul'Unl1 

' 
V!JJn ;.:~th~ntl'UI~ht.J~'U~tl'U 2 ~'U Atl~'ULb 1nb'~'tlm11-ii'L ~tlt-J?fllt-J?fl'U~?nlll1fl1 'Uf1l18tJt.J?fl1 

L'lll:11:111:1?f 1m~ bb U'ILLI:l~Jl~li:l Lbi:l~~'U~?ftl'lb ~tlf1l11-ii'~tJV?f~~?fllll1mitJt.J?fl1VnnJl~ll:11 Vll~ 
" 

LL'tli:lnmmci' 

2.3.1.2. f1l1L~~t.Jll€ll'Vll1L~t.J'IL~tl L~~t.Jlltl'IVIJJn LLI:l~tltJmru~L~t.JJ-iltJ'I1 ~thlPl';\Jlnb~tl 1 'U , 

~dm'Vll1L~t.J-1L ~tl';\J!5b U'U€ll'Vll1~?fllll1tlf11!5~'Ub~tl1 'U~'Ubb 1n 1 m~tl~llltlJllln'l'mntJ'U'Yllf1l1L~lJ 1 'U , 

';\J!51-ii'15m~~l-1 b ~~~lmbtJI:lnmmci' L~ll?fl~Lf1i1L~m!'U~.:~m1tl'UL ~tl'U L';\J~WL~'U 1~'lltJ'I';\J~'U'Vl~tJntJ'U 
u , 

n11L~l1L ~tl~'U~?f'Vl~L ~tlnl1VIJJmbtJI:lnmwci'~tJ1 tl , 

v v < 

L ~m-J?fllt:-J?fl'U Lbf1:5L~tlV?f~U~?t'Vl5 , 
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2.3.1.5. fl1':ii:1tl~f.Jflf.J~~LLe:Jflf1e:Jel'e:J~LLfl~fl1T\Ill 1 '!Xu~I:1'VIt 
' 

0 Q..J q d .<::>, 1/ :.:; ~ ..::::.. 6' 

2.3.1. 6. fl1':ifl1 ~~'IJCJ\1 LffiJ'VI Lf1{Yl'IJ'Ll'ill f1f1':i~Ul'\..! fl1':i'VI-.:JV!:W {Yl'IJ'\..! ffil'\..!f1Tif.Jfl~ LL e:Jfl f1 e:J el'e:J fl V!1f1 

2.3.2.1.l~t:l~U (substrate) , 

LD'W'VilnLLth L'li'W LLU-.:1-ii'T-:Jl'Vi~ LLa~rnft u1mm'VI'IJU{Yl~'\..!1 ~\lllA':i\1!:11'1-.:~<S'usile:J'L! (complex carbohydrate) 

~1LD'\..!~~Me:J\1Ve:Jf.Jrle:J'\..!L~f) 1 V!btiltl1~1fl1 '\..!TU~~1CJ LLfl~i:11:!Jl':i(lV!JJf11til vr-.:~ffi(Y)EJe:J-mme:J'\..! 1"1lii L'li'\..! Le:J'\..! 1"1lll~1f1 
" 

v 

-iJT-:J:We:JaVi V1~mnm~m1 V!~e:Je:Jl~t.JA'11:W1'e:Jt!'il1f1fl1':iL~:wm~LLn (heat treatment of acidified 

2.3.2.2. ~~'\..!'VI% (microorganism) 

'il~'\..!'VI~cJ~tJtJ:W 1-lln'\..! 1 '\..!'IJUl'\..!fl1':if.J~~LLe:Jflf1f)eJ'e:Jfl1tilLLn L ~f) Saccharomyces cerevisiae vr-.:~11 
' 

L -de:J-.:J'il1f1l1L ~e:JdL'il~ill':i'J{Y]L ~'1 lJAJ1:WA-.:J'VI'L!t'imLe:Jflf1e:Jel'e:Jfl1ti11:1-.:J LLfl~ 1 'iXLLe:Jflf1e:Jel'e:Jfl1 '\..!U~:!JltlJ:!Jlf1 
v " 

2.4 m~1Lfl~1~~mJamme:~a1t!lht.'f~n (http:/!surathai.wordpress.com/2012/05/07/alcohol-

analysis/) 

1 '\..!f1':i~Ul'\..!f11':iV!JJf1LLe:Jflf1e:Jel'tl~ L ~f) 1 'iX'VI':i1Ul1U~:!JltlJLLtlflf1e:Jel'eJfl1 '\..!~mh-.:~tl1V!JJf1 Lbfl~L ~tlf11':i 
AlUA:WArum'Vi 1 'IXiJLLvanveJv~:w1mYl t.J-.:J'Viv~'il~1111 tin~'\..! L U'\..!fl1':i~~ ~1:WA'11:wfiu'VIih 1 '\..!f11':iV!JJn1 'W-.:J1'W1~t.J , ' 

.. 0 
tltlJV!illJ 20 c 
' " 

fl1':il ~tl1m ru LL e:J a f1 tl el'e:J ~a f1 V!fl 1 C.J16 vr -.:1 Lb UU~hlf1 Cl CJ LLli '\..! fh Lb 1'11-ifi:i ~ ~1m11VI'YU ~ ~ ~ 1lJ Ad 1lJ fiu'VIih 

f11':iV!JJn 1ti1~1 t.J 1 LLa ~ LL uu~iJm11Ja~ La t.J~ LLl-1'\..! fh 1 tl'il'L!fi-.:~~~~u L Dt!ila~n.YlJI'iv~(;)~ tl':i~nt~u ti11 t.J.ff'\..!~vt!l'i1\11 
~\ll'it~1tlt1' 
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2.4.1.m-a1oii' Ebuliometer 

m~ 1 -ifLA~miJv Ebu liometer 6'11111~trr 17llltl61 nm:Je:J~~l CJ 'il\7ll~ e:J\7l'll v~J1Vl~ n~61171~~ 'ill n'il 17ll~BI7l'lle:J~J~ 
' ' 

'\J~61V1B ll6l:;thrhvru'VlillJ'ill7ll~vl7l~riTu 1~ 1 u l ViCJunmm1~m Vf:!JI tl'\Jlfl~m n6'11JJ1'H1'\Jvnu~ll1twllv61nmm~ 
, 'I 'U 'I 

1~ ll~itHf m'iliJ fll1JJ fl 61117llfl~m.JVl1nJ1Vl~n'llm l ~~ iJ6'11~61:; m CJ v t!Vl m CJ t1 81~ l 'li'UiJ J11'11m Vl~ Btl tJm n 
~ ~ 

'Ut~n'il1ml'Ut~umru~Hilir~iJ~~A1LL~~JJ1n (u~:;JJ1ru 4 Vl~'U'\J1V1) ~v~~~~t~m'il1n~~~u~:;LVJl"l1171CJiJ~Llwih ' ~ 

JJT~1Vl111CJ 1 'U'\J~:;l V11"11 V1C!ly;CJ~ hJM~ICJ ~1fl1'llv~lfl~v~~~vJJii11~1~l u~CJ'\Jl ViCJ'Ul ut~1l~'Urllllv~nmm~ 

d . 
(V1JJ1: v1narco.com) 

Vino-o-Meter 

15 Vino-o-Meter 1-if~ICJ 6'1:;mn 1171mtl'U~umru'Vl~e:JI71LlnlL~n1 ~mPi'CJfll1JJcil~~~l~1:; -a1A1civJJLCJ1 rh~ 

1~'ild1m1JJ Lll-l'U ch~e:J CJVlln 1 'Um~117ltl1VlJJ niJtl11'11~e:Jci6'1'1 hlL Vlm:;nu m1V!JJ' n~iJ'lleJ~ LL ~~~ ~:; mCJv CJ1 'U 
vv ~ 
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e:mn~1 ni:ll'Jt1~mtJ~~m\Y\LLt1~Jl\?llt1 1 ~nmmtl'ULLemm:mv~~t1~mtJ 1 'UtllLvht!'U ~lnt!'Uni:ll:l.Jl'm 1 i'VI~n 

All:W~l'l~lL '\J\11~ l\Y\U~mruLLe:Jt1nm.Jvill~ LL61~ 1 'UnT~Vl\Yli:lv'U11-;u~vhnT~VI~e:J'U hydrometer 61'11 'Um~'Uvn 
\?ll'l~iitlli:I'Jl~niu 1~ L~e:JeJl'UAlLLvt1nmm~ l\YltJ~v..:~tJ-r'UvruVIJlil'llv..:~tlli:I'Jl1 '~XL tlu 20 o c 1511~v..:~1itll , , 'U , • 

VIJJn~l'Ul'U:IJlnL ~e:lnl'Jni'U 1 m~Lle:lt'l mmv~'\J\IC)~~~t1l1 u1CI1 'Un':i~'Uvn\?ll'IL~eJVI~eJ'U hydrometer Al~1~~ 

All:WLL:!J'Uf!l LLI'i1:\J L VI:Wl~tl'Unl'JlLA'Jl~~tJlVIJJn 1 'U'J~VIll'lnl'JVIJJ n 1 'Unl'Jl..;)t.l ~~eJ'I Ln'U~lmh..:~tllVIJJ nVImtJ 1 

'll\Y\Vl\Yli:le:J'UVll'ILB'U 1 'll:!J m~ tJVI~ nm':i~ LLBt1nmm~'lliJ \Y\ LeJVll'U Bt1t:1neJB n<81\Y\G1~1 mBu 1 'll:!JLLBt'ln mm~~ ' ~ 

1vl\Yl'J~ L 'UCI LL~llfl\Y\L 1J'Um'll~t1~1~~ Llt1~tJi)n~cn11-;ud'\Yl 1~~1t.l LA~eJ'ICIL UA lm l m\?liJL\?leJ1 ( l\Y\nl'J~\Y\n~'ULLC\'1) 
~ 340 u11 'ULlJ\?l'J illril:wlr1lmru~1tJCilJm'Jn"il~ 1~tJ~mruLB5luBmtl'Uilt1~n-r:wl'iB~m LLI'i15ffi offn'U 

LLmlneJ~u~U~lJlilllJflt.l1 ifl1i~1eJ~l'IL1J'UJlVIJJn ~'l~eJ'IL~eJ-;ul'l~eJt.IL vh 

Boeringer Manheim LL~'IJru~118..:~1:lJ~~lLLVl'U~lVIUlt.l 1 'Uth~L VJP11 Vlt.l 
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2.4.5 HPLC 

L€!Vll'U€lfl~fl::::mCJBCJl t!?llTfl::::f\1 CJ 6'\lJJl'HHLCJn€1 Bn-<llln'lle:J~~?Il-1 1 'U~::::tJtJ HPLC (Lrnm hm~l~ LL tJtJ 
'\J 

'lle:J~LVlm) ~~?llm~t~1Lml::::Vl1 tlvf!eJl-!nmlll'llfl~l~11 t~Lll'VIi!n 1vi'Jbv 1vw1-tifleJc;1l-!u BIO-RAD Aminex® 

Fermentation Monitor column (150 x 7.8 mm, 5 ~m) (BIO-RAD iJtJ~~V11t!tl~::::LVlf'11'VlCJvl1tl) Hi' 

Refractive Index detector 

2.4.6 fh"11bf)4~1bl'ln'a1~ (GC) 

nl"ll 1ml-1~1l'lml~ L Ut!Lfl~mlJ€llLfl~l::::~~'U6'1~~~miJ~'lllt!lru1 'Unl~~ LLmh~~-rmn LLfl:::: 1-ti~lt!mh~ 
'IJ 'IJ QJ 'U , 

~::::tJtJ~::::tJ1t.J€llnlf'! ~mLLe:J1611Vl-rtJM~~~Lfl~m "1fl"1 ~~fl'.lT:U::::Vll~eJ~tliJlliim~~iJLfl~eJ~lJeJ~tlmruLLfl:::: 

L~lVlih~~{e:JlJ~';i):::; 1 ~tJ~nl~lLml::::~ fleJ~l-IUffi mLfl~l::::~L€!5l'U€lfl iJniJ~€lfl~Vllt.Jvl1CJ wax ~'U€1~ ntJ~~€1 
'\J 

L'lit! carbowax, DB-wax LU'U~'U 1 t!1J';i)~U'UUCJlJ 1-ti capillary column ~mUt!fle:Jc;1l-!u~~LVIiJe:J'U'll~m~ 1111 tl 

16'11 'U~€l'U'll€l~Lfl~m LL~1U~e:JCJnl"ll1 ~~~ 1 tl1 'Ufle:Jc;1lJ'l.J 6'11~~ LLt.Jnvl1CJfl€l~lJU':u::::€le:Jnl-ll~L1m~h~nt! LL~11-if 
'\J 

Flame Ionization Detector (FlO) l'1~1':u~tJ ~~;;rfllfllll11 1 tl~fl€ll-1~1Ll'le:J16'1{l~LU'U peak 1~L~1ul1 UVllAl~'U~ 

1~ curve 

2.4. 7 Win esc an 

Winescan LU'ULfl~e:J~iJm)t!~iJtl~::::~VJ5m~?l~ ?~{l~~t!mL ~€11 'Ue:Jl'l?ll'VIn'a~l-1 11t!L~muvn:::: 6'\lm~fl 
'\J , 

lLfl~l::::Vl1vl~~m~~~VIlJ~ m~~::::LVICJ 1\9l Ll1l'11fl~~1i pH L€151'U€lfl -a'myje:J1t~e:J€ln 1"1l~ 1\9l~fl€le:Jnm~{€llJ 1 n'U 

L~t.JeJ(;!L t!iJM 1 t!tl~::::L'Vlf'11Vlt.JiJ1 otl€l~mA~L~CJ1~tJ~~Vl 6'\CJll-1 bL t!€1~ ,J'1n~ m ~~~1t!U1'ULL~1 6'\l.JVl~?llm iJ~1fl1 
'\J ' 

12 



d 
U'VI'VI 3 

~arnLii'ltPiilnn~rn1&i 

"' 1'Rllhnruuu4 J1un~/ LL'il~n'ilu'il~ 

" t~l-lu1Cil1~ 

tJfummruJ1Cil1~/ '1Rll'il~n'ilu'il~ 

L(};l-f Yeast ~"' 

"' 1~u'il~nt~t:~'il'if~~'il..Jm~ij% LL'il~n'iltl'il'if~ 95% 
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1 v "' 'U':i::; \?IU'U'Ul\?1 Lfl fl 

UlLU~Bfl'VJL~tJ'U-;;\'l'Ul'U 15 [;.Jfl iitlTvn1ni.J':i::;mru 8-15 kg lll~t11Vfvuu~'UL~fl'U'Ul\?l 

i.J':i::;mru 1 x 1 L'll'U~Llll'l':i LL~Tvhm-:i'l111 i.J~ll~'U?ffl L i.J~Bfl~l'U'UBm i.J~ tJ'U~L :UtJlL -ii'11 
' 

3.2.1 nT:iVI~m\J~V'Ubbtl:J1~bU'UJ1~1&'11'U~:::~U'U'U1~U~n bb&'l:::n1~'VI~f!BU\J~:::a'V1'5il1'W"lJil~ 

n1~VBVbvjvnTHU~V'UbbU~1~bU'UJ1~1&'1 

L ~€l~~'UVI~Ut.J?fll-ffi~~lflfl1':irl\?lbbtlm~€l1 U5':i':ill'll1~'U€l~fl1':iVIJJfl cimJ?fflltJ~1 m~i.J~llltubb U~bb(;l::;J1~1fl1 'U 

i.J~~nru?f~ 1 'U':i::;tJ::;b lfl1~'U ?fllll':it:lVl\?l?fBU 1~ 1\?ltJ\?Ifl1':ib i.J~tJ'Ubb Ufl~'lleNL i.J~BflVlb~tJ'UL U'UbbU~ Lb~lVl\?l?fBU 1~ 
" " ' 

~ltJ?fl':i"::;mCJ 1B1B~'U 
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+ 

(http:Ug uru. google. co. th/guru/th read ?tid= 61 dd099 25009f6fa) 

n. ;;,::;i.'nt.l fleJ'\.JbtleJ1 (II) imvJ\11 L'l"l'U\11::; 1ml'l':i'Yl (Copper (II) sulfate pentahydrate) 

8.65 n-r:w1'WJ1n~'W 75 lj;;,~~l'l':i 

'll. ;;,::;mt.J 1'1.ft~t.J:w6lhm'Yl (Sodium citrate) 86.5 nf:w tt;;,::;l'l.ft~m.JA11um'WI'l 

(anhydrous sodium carbonate) 50 nf:w 1'WJ1n~'W 400 lj;;,~~l'l':i 

A. LM:W611':i;;'l::;mt.J-i!eJ 1 ;;,-:J1'W611':i;;'l::;mt.J-ifeJ 2 eJ~1-:Ji11 "iilmY'WtM:wJ1n~'W1mv1 soo 

l1;;,~~~'~".l ~61:w1~t-ifln'U 
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"' ~UlVllmLn:ULL\?l\1 

'1J'U1'U nl~lLfl~l:;~'i) n.h:; n eJUI'i'1 £Jnl~ \91~1'ili:leJUtJ~mru LL \1\1~ L ~:U:!Jl n~'t..! '\J~:U l.tutJl 1?\l~~ 

Lnl?l~'t..! Vll nil:ul n 'iJ:; 11'11?1:; nt~'t..!~LLI?l\l?i'JJ ~--w15L u L '\..!~ mhL~:;VIl niltJ~mruLL U\l:!Jl n'il:; 11'l~tll L~'t..! L~ eJVl 1?1 ?leJU 1'11 £J 

tb:;neJU~1£Jnl1\9111'ili:leJUtl~mrutll~l~.yj~\?l~\l 'illn 21 o/o BRIX 'il't..!i:"i\1 4-6 o/o BRIX LL~d'l?lflll:ULi:ui'U 

LLeJ~nmm~vlL~:U~'t..! ~1£Jt~tlmru Vino-o-Meter (m'l"l~ 3.0vliHiV~B1'U~.:JLLt'i 0-30% LL~:;VIlniJtJ~mru 
' 

6'd ~ d/ • at J il d d 
LLeJeJ~nt~em(;lVlL'I"l:U'lJ't..!'illn Vmo-o-Meter LLa::a::Lvtll?l~J1n'llt.!l?l'UJLf1'HN gas sensor (m'l"lVl 3.2) 

Ga~ sensor 

r'"" . " ·-~···-····-•-w•· ····~· ..... ..... ..\ 

I Progr.am (ttang ·~•> I ! : Com.,rting \oltdg• to ~• atc;ohol 

\.__~--~- ) 
-~ 

Ddla output 
( 'at<ohol dd«lt'd ) 



Ut!t.Jflll 30% bbi:l~:iJA1ll.J 1a hJ:iJ!'l~fleJ'Ul(;)t.J~tl'I'Vhm~mCJ;jfleJtn1ll.JT1{;)Ji'1t.J vino-o-meter vh 1Vfm~1{;) 

tl~l.JlrubbCJi:lflm'feJ~b U'U1tl1Ji' bb~vnn:iJI'l~fleJ'U'lle:J'Ibb ~'11 'UU~mu.nhv1l1nmn "v'l'U{;) bbi:l~:Wm~l'lfll'l~fi8'U'll8'1 

;;11'Ub de:J'lJCJ;jb 'll~t!fi'Vlb~t.J'U ':ill b U'U~CJ'I1 ollbfl~e:J;j gas sensor m 1 oil 
' 

.f11'V'l~ 3.2 ~-:mcJ1'1fl11~8bA~m1{;)bb81:1flmm~ gas sensor 8Vl'l~lt.J tl~~fle:J'UJi'1t.J n) gas sensor bU'U~1 

~l.Jeran'U 1e:J'1JCJ..:Jal~i:l~mmbe:Ji:lfl8e'f8~ 'll) microcontroller bbi:l~ A) computer 

1'Wf1l1l(;)'tJ~mrubbCJtli:lfiCJe'f8~~b~l.J~'U-;;)~I'l~1-;;)(1CJU1Jl-;;)lflfll~{;) % alcohol -;;)1flbfl~tl'l gas 
" 

~u11:Wm~ H~cJ;jt.Jlfl m~tl1'uCJruVlmli'lle:J'Ithv'llJfl 1 vtA'I~aJlbal.JCJ'VlfiA~'I ~CJ;j:iJfll~ calibrate 
, 'I 'U , 

sensor 

(ue:Jt~n--h 3-4% Lbe:Ji:lnt~eJCJ~) L ~~1~LA~v'~1 oii'Vl"'nm~~~LVlm tl'U1CJ'lJCJ;jbbe:Jt;jfiCJeJCJI:11 tJ1 'Wmml"l ~..:JLLJ~t~'Um 

Hm~l{;)fl11l.l~1'1':illLYn~Ji'1mA~m alcholemeter ~'I~LJ~ 3.3 bbi:l~CJLJmru'iTim'Wm~n~'UL~mwn " , 
LLCJi:lfiCJe'JCJ~AmA~tl-:t High speed alcohol distillation (~tl~ 3.4) l(;)t.J~m:Wm~~Vll'lll.J~tuVl.fJil1'U~~'\.·d1-:tfll~ 
fi~'U ( UVI.yi 4 m1vJ bbG'1V"J;jbL(1 {;)'I A1ll.J~l.J~'U5'1JCJ'Itl ru.niJ'lJCJ'I fll~fi~'UbLCJG'l fiCle'ftl~ tlUf11ll.J b oifl.Joif'U'1JCJ;jbbtlt;1 fl8 e'!Cl~ , " 

~J,==========d.J=VI=l=~'Vl=tl=l=~=tl=L'Vl='"'=L='WL=~=u=~l="l!=d.J='I='"'=~'Vi=~=:;=u='"'=~ ===============17==== 
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~tl~ 3.4 bbG'f(i'l~bA~e:J~ile:J High speed alcohol 

distillation .ffi~fln 1 -iJYJ(i1G'fe:J'l.J(i1'lh~~Vl5fllv-l'Utl·:JnT:i 
" " 

Textiles & Fashion The 4th RMUTP International Conference 'Utl~~Vi1lYitn~tJbYIA1iJ1fl~".i1'UllfiAfl 

'l"4".i~tJA".i ".i~Vi--h~1u~ 3-4 n".itl{]1A~ 2555 b~bb".i~ Pullman Bangkok King Power ll1~L'VI'l"4 
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' .:::! 

1J'YI'YI 4 

LtJ;';gnruJuu • 1-uTnt.i~u%';; li·UJiliii 

+ 
<lAtlhnruuu~/ J1r;m4 U'il'<~fl'iiLI'il.,;-

+ 
11U~un1111ll"n U'<t: ~J11~'il 

+ ri1uJ1'l11~Ti1mn111Jniun-Jim.i 

~ ~ ~~ ... "" 
l.JVII':JVlt.nl:'ltJ LVll'l b 'Wbl:'ltln~~~:;'WI']~ 

tlfullf~ruJ11."11fl/ <l'i!lU'il'<~n'ilil'il~ 

1iiilJ Yeast -+ .J. 
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n. 1 um::;u'J'\JnT:iL\?I~tJ:WL 'll~eJnVJL~tJ'U'W'\.rh'ii1L uu~e:J'IJJnl1~:W"il'UL 'll~vnVJL~tJ'Uc!tJ L ~e:~cJe:~ t1 
' ' ' 

L 'll~vnVJL~t.J'UbLc;'l::vh 1 ~i.'11'ULL U'ILLc;'l::Jl\?llc;'l1 'UL 'll~vnVJb~tJ'UG'Il:l.Jl':itlcJtJtJ 1~ LLtJne:~e:~mnnkJuL6\u 1m'llc;'lc;'1Lm'l1~ 
' ' " 

'll. 1 um::'Ul'Um':icJe:Jm 'll~vnVJL~tl't..!~l tJ'il~'l..!VJ%"il::vh 1 Vl'1~Jl'VlJJm ~v1 tl'VlJ!mLe:Jc;l nmm~l'le:~~il ' , 
fjt1..!.fn'W~n1lm':i1 im~Ln~e:J (HCL) ~ne:~1 Vfd1~?lm'WLU'Um~~'~ ~tl'IJJnl':i'll1'uc;'l~fl11:WLU'l..!m~c;'l'l1 Vlb~Vi pH 

3.5-4 ~ltl~l'l NaOH 1 utl1JJ1rumn ~'lnl':i'll1'u~1tJ~l'l'Vi~'lnl':iL~:wm~ 'W'Ul1JJt-~c;'l\9ltJ'lle:J'lnl':iL"il1qJL~'U Lliln11 

c;'l~c;'l'l'lJtl'l L ~tl~?ll') LLr;'l::JJ t.li;l l'lvnl':i?l1'l'l LLtlr;'lf\ eJ eJ€1(;11 '\..!.rr'Uiil€1'\..!m::m'U nl':i'VIJJ nJl'ViJJfl 1 m~LLeJ(;l n eJ vtl~ 

L~tJ'Vhnl':iL~JJ'lJ'U1~f1.1':i'ViJJn"illm::~'U'lJ'Ul~L~n 20-30 ml LU'U'lJ'Ul~flr;'l1'1 ~1t.Jtl'l'lJ'U1~ so ~1111 

'<ill'Ul'U 3 tl'IL~mtl~tJ'ULVitJ'Unl1VlJJmU'U 3 LL'U'U fie:~ n11L~:W (1) 10% (V!V) 'lJeN natural microorganisms 

~vilnl':iLLtln 1~"illnL tl~e:Jf\VlL~ti'U ~1~f1~LLtln 1~"illf1'11'l..!i~tJ.Q' ( ':iltlr;'l::LBtl~'lJeJ'IL~eJ'il~'UVl~cJ~1~iJ':iltlr;'l::LBtl~ 1 'U 
' ' 

.X1-ifv) (2) nl':iL~JJ 10% (V!V) yeast Saccharomyces cerevisae (EC 118)(1-2 X10
8 

CFU/ml) (3) nl':i 

L~JJ'~~'l 10% (V!V) 10% (V!V) yeast Saccharomyces cerevisae (EDV 493)(1-2 X10
8 

CFU/ml). t-~r;'lnl1 
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35 

The relationship between Incubation time and alcohol 
·p·raductiori h1 durja·n·p·eelfer'nie.ntation ·suppl~niented 

with natural microorganisms a:nd yeast Sl 

0 20 40 60 . 80 

nays 

100 

ll1'V'l~ 4.1 m1'1fJll?l~'lfl11lJ?i'lJ'W''U6";J:;vr;h~m";JV!:W'mtJun~:n 2 l~'i:l'Ull!:l:;tl~mrulle:Ji:lnm'!e:J~~1~ (%) 'inn 

lfl~ml'~tl~mruummmmMh-irvi'11'lle:JI'l?I1VIm";JlJVI:W'n1Tu (Vino-o-meter) L~lJ~'lLll'im";JVI:W'n ll!:l:;LL?I~'l 
' 

~1lLVIU'ln1";Jtl~'t.JLYlJ.nl11'11i:l'Vl';J1tJ1VI1~ % 20 Brix L~tJ~tl~mru"llmLLmmmm~~l'~~lmfi~B'll~LLe:Ji:lnmm~ 

mJ1'l~ltJ 1~'il1nn1";JVI:W'n~lt.J?Iil11:;~L VllJl:;?llJ A'i:l 1) n1';Jl~lJ natural microorsanisms Ll~lL~lJ~ltJ 

Saccharomyces cerevisae (EC1118) Vl1e:J Saccharomyces cerevisae (EDV 493) 

' v ~ 

n. Lile:JYhm';JL~tJ'l~1m~m;";J";JlJ'lJ1~ LL~n~lJ~1tJ yeast EC 1118 
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The relationship between alcohol production and% sugar remained 
in fermentation process (natural microbes+ EC 1118) 

sugar cane added 25 

~ 
X 

·;:: 
co 

20 
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Days of Durian Peel Fermentation 

' v v 

'll. l:l1€l'Vllfll'~l~tJ.:il'i'';IC.Il~tl'5':i'D.J'll1~ ll~'Jl~:Uvi'1ti yeast EDV 493 

The relationship between alcohol production and % sugar remained 
in fermentation process (natural microbes+ EDV 493) 

sugar cane added 

25 
X 

·;:: 

~ ~1420~ 

r" 15 ~ 
-ii'l-%alcohol ~ 

::J 

7 ; %sugar 
10 

~ 

E 

5 

0 

5 W B W ~ ~ ~ ~ ~ M ~ ~ ~ ~ 

Days of Durian Peel Fermentation 

.n1wvl 4.2 m1~ lli.'l~.:Jfl11:U~:U~'U5'lle:J'Itl~mrulle:J~fle:J el'tl~~1 ~ 11'1l~mth n11tl -ru i.'lm1:m11 l~tJ.:~~ilm1 l~:u~.:~ 
natural microorganisms ll~::: 51 (B) ll~:::l~:U 10% (V!V) 'lle:J.:JJ1eJtltJVl~.:J-;;J1flfl11Vlirn11'1ltl'Ub1m 10 i''U 

v ' 
4.2 n1';i~~ti\amt~:aj;iimJ stock b~B"ila'U'VI~Ufi~~ll"lf1~hnnn1'~Vll!mtuun.:~tt~.:~ , 

22 



~tlvl 4.3 66~ VI~~'I.Jt?1tl'I.Jf11'Ht?11 till 6 ~e:J5';i';ili6JJ1~~H1f1 Vi 6LCJflliT~1 nf11'JVlJJ m '\J ~eln'Vl 61 ti'I.Jfl~·:lf)e:J'U 11VI m~ tl n 

mi:m~e:J~1Vfu~mruJ1t?11flL'U'\J~mru~~ 25-35 % BRIX L'l..lnm11mm11 20 l'U mVlJ!m'\J~e:Jnva1EJ'I.J~ll6yje:J 
' '\J ' 

Viv'il~qj~ 1V~t~'\Jcie:JEJ 1 Vil1m';j8e:Jt.Jt?11ll5';i';ili6JJ1~6J.leNL~e:J~Hit '1..1 

';j~EJ~6b';in vi'lm';iVlJJflLU'I.Jblfl!'UI'I.J 2 b~e:J'I.J "il~b~'U1~1T~1n~m~ 

~b u~e:JnVJ b1CJ'I.J~i:l f11';j cie:JEJ 1~-u~~ b6~hl ~vm ilm~ci~'I.J~~tlCJ ~~ bb ~ , 

'\J~ll1tubbU~bb~~J1t?11~vtJ.~11e:JEJll1n (1.!e:JCJnl1 15% BRIX) vi'1lffi~ 

Ll1VlJJn~iJArum~~~ ~e:J~llf11';ib~ll1:wm~1 'U'\J~mru:w1nn11"il~ 1~ 
' 

23 



" fll1~b'iJ~<U''UtAl~1fln.:J 20-22% BRIX 

f)ru et:uu~ 

---········-··+l.l'un ~n n :\'I on t p~:i-ii{'t: ti~~~-~ at-~ ·wln~~;.;,;~::Un1in-'E'li L.nlvin Kt\'-1116 

tU\-:t Ltlu ki11t~r l'IU~ilAflulln~"ttM1-:t q % ~iin"t~Aiilvi 
<:J on1 JJ i1 <g-' t:ill n Tmii·n '1. !A~ h n~ :u• ::1 u n-rn~ Wlnnl n itt 
UJGI'UZ·Jfn 

1-;;}~i~;i~(~~ ~-~-;8 (.r"t;;,.·;~-J.mgr~)--·-----+~.;__,\~-:-u--,'1.'""-:~--u~~"~'l uA:: ~LA>lvi Gin ~-;::;-;;;fn.ati, ";:;-;·l~-;~:~;-~ 
;~ncn-:t'l dju killt•r ~fl::·nun'1.t:l'S!:·wn» 8-30 C UA!: 

UtlAf'\illlu~ 16 % 
'r .... )·,·H----1-s--t··-u·····tu·~. ---·Gl··.-,·-.,··"·---··-···--··-·······-········---·--·-·····-----~~ Ei~·~r;·;J:;·il~;-nn=lnJ-1~ .;;·i.-,",j-. :: n ;:;;:;;-n" ,-r,. "llJ'll:-. ~--· 

~1~1-:Jvi 4.1 ~1vV1-:Jb~v8?tviVl1-:JmJA1?118~'U~~1.:J 1 ~1 -til 'UfnJVIlJnbbvflflv®'v~ 1 'U~-d'V1~i~811?i'b~vn1<U'b ~v 

EC -1118 m ~'IJ~mrubbvflflv®'eJ~~?l-:1 ( 16%) 
" 
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fl. 

~\.)~ 4.6 .fl1V'ltlltl':il1nm\'e.J'I~G'lYI';l'H'lU'lJ1..11Vl 40X LL?IV"l'l~m~ru::;'Utl'IL~tl~1'1'l ~LLt.Jn1~-:u1nmTVllJn 

LLe.JG1nmmfi-:u1m U~e.JnYIL~ti1.JLLUUM'ILLVl'l n. L~e.J~?ll?i~'\AIU't1~'1n1';JL~:JJ11.Jm::;m1.Jn1T\IllJn 'lJ. L~tl~V'lU 11..1 • 

1LJm::;Ul1.Jn1';ln1';JL~~ti:JJL~e.J'O';J';J:J..l'lJ1~ stock L~tl'l':il1.J 1~'1Jl'l~ L ':il~'lJ~ L Yie.Jn1';J't1lJfHLmlnm'JtJG11 m~ 
'\J~:JJ1rumn 1LJ';j::;tJ::;Llm~1..1 ?11:JJ1';Jt:rvh1~~'~.Q 
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vBm'\J~BnVJl~tru1~~1-ltl'U l\9ltJ~Vl1f11JVIJJm'\J~BnVJl~tJ'U~1l1'U'lJ1\91~1-l1 b'lJunmuTu 30 1-u n~1ll~B~1~ 

:V1f1'lJ1\9l A lli:l~ :v 'l"lU'JlbU'Ul~tll5JJ1J'lJ1~ stock ~ilP!nwl1'1"l1'UmJcJmJ~~ l'l"lJ1~?111l1JflVBm'\J~Bn'Vll~m.J 
' 

ll~1VIJJf15JJlJ'lJ1~1'U?Ii111~ 1J.JiitJtlf1~l:V'I.JbiJ'ULJi:ll'U1'U 30 l'\.J 

nv'Uf11JU1J1VIJJ n 1 '\J'v1JJ'm ~ mn\91 lleJ!:l n Bv'tl~ l\9lm~1l ~-3 ll~l'U~ 

~ll (A) V1~-l:v1mrultlumnu1u 20 1-u (B) l~mV18unu\il1 

lVitJu (C, Control) 
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d 
'aU 'VI 4.10 

"' 
LL~I'l\l~lv~1-:JthvnJ'n 

'U 

' < 

'V1 ~TU f11'aVllJ f1 ~b tJ V~ vlU1 ~'V16 
' 

(EC~~Tt.Jf11'~~1'1L~an1 'U'a~~U 

'll'U11911Vl~ H1~1'Ul'U 28 tl'-:J (tl'\1 

'lJ'U1\9l 50 ~l'l'a) 

-·--•••••~m--•cc~-~--~----•-•cc•-~--~-----------·-••-••• "'''''-'"-''~--------. 

n"a1vlbb'6'l{;l.:!fl'J1)J~)J~"Ufi'll'fl.:~b'J~1bb~~m)J1tubb'fl~n'fln'fl~~~~{;l119!'ll'fl.:~m"a'VIirn 
30 
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0 

btl ~'fl n'VI b':i~ ui9l'J ~ b ~'fl fi'i!'i!)J"Ji1 ~ u, ~~b '6'li~ 191 'J ~ !i'&'l!Pi' • 
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e.l1'V11bb?lli1'lfi'lfl1'JVlJJnb'U~e:lnV)b~CJ'U~ilnT;ib~hJb;ffB8?l~ Saccharomyces cervisiae Vl~'l:U1fln1'JI'l'J1:U?lBU 

Y-lUtl~lJ1rutl11'11r;Jr;J!i1r;J'l b Vl~BB ~1'lUBCJ 1 Oo/o 

fl1'J~WJ'U1.fr'UI'lfl'Ufl1TVIJJ n bbflr;J flB ~m~ :U1 ntl'1VlJJ fl 1 m~tl~lJ111! bbBr;JflB~mi1 'UU~m rum fl':il~ 

'll"J~nm.J~lCJn1'J~WJ'U1~'l.Q 

30-40 1u) LLii'1u-ru~hv LlJm?t-:uu1~rn1lJb<illJ<il'U 20-22 o/o BRIX blii'l~'lmB'ltl1Vll1'nml~lJb~B8?t~ EC1118 

L\91CJY'lu';h-51'!"J1fl1'Jb:U~ru'VB'l8?t~-:u~bYilJ~'Ub~BBruVlJllJ?l'l~'U:U1n 10- 25 °C n1'JVll1ntlTvll1'm~Bm"Jn~'U 
v • 'U \J 

ui] n~t.I1BB n~ bli1i'U bb(;l~cJU ~'ln1'J b :U~t1J'VB'l~~'U'VI~~Li'J'JlJ'V1~ L!i1CJ':il~ (;l\91U~mru8?l~b~lJ ~'U 1 'Utl1VlJJ fl(;l'l 

'll'J~lJ1ru 10 wh bbr;J~vhh~\n!i1"J~CJ~~n~1 (lag phase) tl"J~mru 1-2 l'u riau-:u~L~lJLn!i1m"JVlJJfl ~'l-d-:u~v11 

m'Jbi'\~CJlJtl1Vll1'n 11i1m~lJ KMs ~n 11nB'UVl~'lfiunB'Um'J 1~v?l~(;l'l1 u 

A. fl1'Jbi'\~CJlJ~1b ~B8?ll'\llJA1'J 1-iJA11lJ b <illJ<il'U'VB'ltl11'\1(;llJ1fllfl'U 1 tJ Vl1fl~fl'lfl1'J'oiJ1'U1'U8?lvllJ1fl Bl':il 

r;J\91,J11'\1r;Jr;J'l:U1ntl1VlJJfl fiam-:uLVl~mwCJ'l 1 o B'lPnu~n~ rhwLB'V~L VllJ1~?llJnum1L-:u~ru'Vm8?l~BCJ1 u-ll1'l 
u " 

3.s - 4.o lbii'1ff'l?l1m'Jm~lJm1lJlilJ<ilu'VmlbBr;JnB~ar;J1~ilA11lJb<illJ<ilulJ1n~u b~mh1u1·ihuu~1v111l~mCJ 

1 'Un1'J?lfl\91llCJfl?l1'J~'l1191CJtln~-:u~ 1 iLLB~neJ~B~fl11lJU~?l'VIt 70% 80% Lbr;J~ 90% 11u11LU'Uth~ Lu'V'l1~e:~ 
' 
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1. L,;flli11:U'll1ili~1v)'i11fl 

L tJ~flflVJL~CJ'U 

mnvi'lm'Wrm 

Vlilnl ~1'W~1v) 

3 L~e:J'WI 

J1mmL~~LLU'I 

1 'Utl~:U1tu:u1fll 

4-6% 

Lbe:J~fle:J~f)~ 

2. L,;8Li11:U'll1ili + yeast 3 L~8'WI 

EC 1118 

14-15% 

u8~fl8~e:Jm 'U 

tl~mrumn 

3. L ,;flli11:W'!l1&i + yeast 3 L~e:J'W/ 

EDV 493 

14-15% 

Lbfl'J:U'U'lfl 

11 + LL'Uf1Vlb~CJ + EJ?lvl Lije:J'U1'U:rr'U'I'I'ULL\ii 11 LL~~ 

LL'Uf1VJL~CJ I iJm18e:Jmtl~8fl'VIL~CJ'WMl'W LL~~LLU-:1 
' ' 

Brix 

~ ~ 

LLfl'lLili:UEJi:lvl I iJfl11i:l~1'1'\hJn~mn:rr'U 'ii'U(i'l 8-

12% Brix tl~mrui''Wmfl~'W 

Vl~'l'i11flfl11Lili:uth\il1~L~:U'ii'UM 25% Brix 'ii'W 

'l"l'U'h1v) 14-15% LLe:J~f\8~8~ 'l"l'U'hi18~:w1vvhJ'W 

v 

L :UeJLi11:W'!l1 &\ LL~~ Lij 8bLCJflU188 fl:IJ1vl1 fl11~h :U8 
v v 

LLfllLiii:u8i:lvl I i:Jfl11i:l~1'1U1\il1~:W1fl:rr'W 'ii'W(i-:~ 8-

12% Brix tl~:u1illl'W:W1fl~'WJ11?l:u1 fl~'\..1 . 
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bbe:Jf\fle:Jfje:Jf\1 iJ 'VI~-:I'illflfl1'lb&i:uJl\illf\b~:U'iliJ1fii' 20% Brix 'iliJ 

tl~mrum n ~1J"il1fii' 14-15% ble:Jflfle:Jve:JG1 ~1rilii1J?~iiwh1Yu 

4.3.3 m'i-w'l9!lu1m'in~uLLB~nt~eJm1'il1m~~'U1u~t~.:Ju:fiu~m'i ("ll'W1mamL~~"ll'W1~n~1.:J) 'il'WLtl'W"ll'W1~ 

1'VIru 
"' 

1 't.Jn1'jYl(9)Jtnf11'H1iu Lbe:Jl;lmme:J~\Jlm~vru 1 uVfe:J-:~uBu~nT:i ('ll'Ul~L~mbl;l~"l.I'Wl~nm-:~) \J'Wbtl'W 

"l.I'Wl~ 1 Vltl] "iJ'lb tl'IJ~tl'l~l'lnl'j1'1JVlmtJ~TU ~?ll:l.Jl'jtibb\Jnbb\J'IfJfJf11~~..:Jd 

bbU..:J1VfLtl'WJ1ml;11~~..:J bb~1v'hm'jb~hJb:ffv yeast EC 1118 Vl~v EDV 493 ~Hnu1'Wf11'jVllJf111Ubbl;l~ 

bbeJl;lnmm~ \11f1tl~m\?l'j'1J'IJ1~L~n 20-30 ml 1tlLtl'Wtl..:J'U'IJ1~f11;11'1 50 L \J'Wfi-:~tl'-:~'U'W1~1Vlqjtl~ml?l'j 500 ~\?l'j 

5..:JVllJf1'1J'W1~1Vlqjtl~~1\?l'j soo ~\?l'j "ill'W1'W 5 5-.:J L~tJm'jniu 

bbtl~f1fJe1tl~ 
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.·· 

(1: 50) -:u1n.fr'UI?leJ1.JnTHI'1~CJl.lb~mtl'Unm'UTli 20 1'1..1 1~CJ 

b tl~e:Jn'Ylb~ CJ'UiJm':itiCJ b~l.liJtl~mn.m u~bb!;l~Jl\?11!;11 'Utl~l.l1ru?l~ 
" 'I • 'U 

(tl~mrubbu~vitimlbtJ'UJ1mmb!;l~J11?11!;1 tl1~mru 25-37% 

BRIX ) bb~1tl1'1JI'i'1CJfll1b~l.JJ11 m\9ltl~l.J11?11~~e:Jl.J~~b~l.l ll.l 

m?I~'U11'i'rn1l.lb-iJl.J-iJ'UJ11'11!;111l.JbYhn1J 20% BRIX bb~1'VIi!n 

bfl~m oas sensor bb~'WU':hiJm11-iJ.yjtJ~CJ1n 1-ffb1m'U1'U rhiJfl11l.lflm~bfl~eJ'U?I~ ~'Un1Jtl~l.J1tl.!bbeJ(lmmti 
::> ' " 

'VI1niJtl~mrumn (mnn11 30% bbeJ!;lnmmtl) ~1.yj119l-:u~ 1:UmJ'Uth b~11~bfl~eJ~1-u'VI~nm11:::b'VIm U'U 1mm~ 

bbeJ(lfle:JeJeJ!;l1 tl1 'UeJ1n11"l bb!;l~i)'~~eJ~iJm':itl11Je:Jru'VI.rw!hm~J1'VIii'n 1 Vlfl~.yj?lJ1b?ll.JeJ'Ylflfl~~ ~miJm1 calibrate , " , 

fl. ~tlmru1'UVieJ~tl!Ju~m':ivflm'Um':in~'U fleJHigh speed alcohol distillation .ffil'l~nH 

'Yl~?leJ1J~tl1~~'Yl5m~'lle:J~m1n~'UbbeJ!;lfleJeJeJ!;11~c.Jml"l'CJ'VI~nn1':itl11J1~e:Jru'V!niJ'!lmn1':ib~e:J~I?11l.ll'1111~.yjbb?l~~ 
" ' " 

33 



1t~m:;'\Jl'Unl'Jl\?lfl11J.Jb'n:w-b'tJ'UB'Ibbv~m:mB~~1~"il1nnl'm~'U~';JtJ High speed alcohol 

distillation ~1bU'U~B'I11Xmu'Vl.nilA-:~~ ~-:~iln'l"l'U';h 1 tJ1XBWl\?l~B'I~ 26°C ~1bU'U~B-:~1-b'rh CF (correction 
' " 

factor) b ~mull 'llrh 11Xrm~B'Ibb:Wt~cl1~'U\il1:lJ~\il'J 1 'U\il1'J1-:J~-:~-d L\?ltJth:..mm'Jl\?lA11:lJb .U:w-b'tJbbBnmm~~1~ 
" " 

Temperature Correction factors 

~fer hvdrome:ers cal!bra:ed a: 2D =ci 
Temp CF Temp CF Temp CF 

10 1.03 30 0.97 5D 0.91 

l1 1.027 31 0.967 51 0.907 

12 1.024 32 0.964 s:: 0.904 

13 1.021 33 0.961 53 0.901 

14 1.018 34 0.958 54- 0.898 

15 1.015 35 0.955 55 0.895 

16 1.012 36 0.952 56 0.892 

:? 1.009 37 0.949 57 0.889 

18 1.006 38 0.946 58 0.886 

:9 1.003 39 0.943 59 0.883 

28 1 4C 0.94 6C 0.88 

21 0.997 ,. 
~· 0.937 61 0.877 

22 0.994 42 0.934 62 0.874 

23 0.991 43 0.931 Oj 0.871 

24- 0.988 44 0.928 04 0.868 

25 0.985 45 0.925 65 0.865 

26 0.982 46 0.921 o5 0.862 

27 0.979 47 0.919 o7 0.859 

28 0.976 48 0.916 68 0.856 

29 0.973 49 0.913 69 0.853 

1 'U "J:;vrh:~ m"J fl~'Uili' v-:Jfl v 8~ ~lilll.J m·mJ~tJ'U Ll tl~-:~ v ruV~ nihrn-:~ m"J L~e:J ~'lle:J-:Jlle:J ~ n v vv ~~ih1~ L~~tl"Jn~vn m U'U 
' " , 

Lle:J~fle:Jt!e:J~ 100 % ~ 73-75° c llvllle:J~fle:Jt!v~1 wl1'VIl!n-cl'~i1f111l.Jl oUl.JoU'Ul~l.Jili''U'lle:J'Ille:J~fle:Jt!e:J~~ 10-15% ~:;\llv-:~ei'UJ1,l1' n1 'U 
' 

lfl~e:J'Ifl~'UoU1 '11 'U'!l'J-:Je:JC\JVIflii 88-94°c ll~'Jvl1fl1'JlltJfl1vJ1~fl~'U!~''Jve:Jfll.J1 ll~'Jiil'J'J~?fe:J'U~fll'J~~ 1vll ~v~11LLe:J~fle:Jt!e:J~ 
• \1 'U 'U 

'VI~e:J hiv81-:~ 
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(~~1 www.homedistiller.org) 

8?fl')';ij'U 1~tJ1~1(UbbeJ(;lfle:JeleJ~'tJ'J:;~1ru 12-15% b~e:Jf11'Jfl~'ULLEJ~fla~a~~fl1ll.JL.ff1Joff'Utl'i~l.I1UJ 10-15 % fll'l'ii~L~tllil~ 
eJruvt.niJtl'l~mru 90-92°C 1 'U'I.Iru~~ml.J'VlflBfivt1mLa~neJ~eJ~~fll11JL.ffl.Joff'U 90-92% 'il~l1aruvt.fllJ'illilL~alil~tb~mru 7B-79°C ~ 

, 'U "I 6J , " , 

'l~lil'UJ'l'Vl~L~ ~-:~1 um:;u'"J'Uf11'J bwndtn~ (11~vh m'J bb(lf1bbe:J(;l flBeJe:J~~e:JruVI.nil~ b Vlm:;?t~b'Vi~1ffi~ 1vm 
" , " 

Via n m'Jf1e:Jm'Jn ~'Ubb uui11 ';ij'Um:;~-:~ci'"J'U~'"J~';ij:; 1~?tl'J'VIm(le:Jtl1-:~~ii~V~ b~e:JV~~1n-:hmJn~1 ';ij:;~-:~ci1u-d1 tl ';ij:; 

bnuci1unm-:~ H 1V~(IvJ1m'Jm'"J';ij?fe:JU~1m.h~11 't.l~l.lbbe:J(;lfle:JeJe:J~~n~u 1~m';ijV~1 'V'J ';ij'Um:;~-:~tl'J:;~1ru 30 mVi , , 
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\\11nrn1~'l.fl-l'l.ft! 1~lfltJn~t!LLt~nne:Jelt~ti\\11nm1vi'11luih:n vrutJl1-il'Lt~.:~1 t!'l.fl-l'l.f'UlJ1nt~t!Lllih 'l.fl-l'l.ft! 1~v11 
' ' ' 

~~lJ~'U~e:J'U~~lJ'l.f'UC1 u~m n n-:h~1~ m 'U~m:J Btr~ m1 (hJ1v11\m"4fk!1 ~1 ~m~ri1 tJ~LJ bb?l~'~ m1vi'1) ~'Iii 

4.4.5. ~mhvlJJfl\\lt!L~e:J~ 1~b'Ll'W 1ml1ntltJ 1'\Jm~'VltJm~'Vl~ 1 tJ~?Im LL~ln~t!Ltlml1VltJ~J1t-.~?ll.lntJ 
lltlnfle:Jtle:Jn1 t!il1'l.f'U~~1e:J'I1'tJ 

4.4.8.111J1~n~t!1~fl~'~~ 1 \1 1'\Jmi''L!Bnfl~'~ fl~~1~t.Ltlnnmmti 90-95 % ?11m1t~<t11l:Jt-.~?ll-lntJ 

J1JJI..!l. U'U~t!~~1Vl~\J 1 oilnUlfl~tl·1tJt!~1~ Vl~tl\\1~ 1 oift. Ut!l.l.e:Jnfle:Jele:Jti~1Vl1u~ht.~u1 ';jfl n1~ 

4.5. 

4.5.1. ~l'W,.rl'l.fe:J'IJ1~n~'Utltlfll-l11~ 'W"Ill.:~e:Jru'Vl.niJ 85°CAml.l5mlt~nntleltlti 1~mu~1~m1nit1J1 
' " 

VlJJ'n'ii~1~\\11nfl11Vlli'nv1lm~t~8?1~ EC1118 'V'IUJ1l.l.l'5nll.tlnntleJtltit.~t1'\Jt! 1 t~tl1mrut1t~tJ 

4.5.2.~l'Wnm'l L Ut!l.l.tlnn ve1t1ti~ L 11~€1'1 m1 l.L~~l.~emruVl.niJmJ't~nit~f1'1~t!l.~m.J., 1 t!VllJ' tl~l.l 1.1. uu 
, \J \J I 

~'WD1t! ~lt!Vl1'1\\l~L~l.ltltlnm \\lt!BruVl.niJ1mi 100 tl'll"111~tJ~~nit~~tl'lml\\l?ltltJ ~t~'ltln~l.l 
' " " 

n~'W Ll.~~l.t.tJn~l'W-de:Jt~n 1'\J ~'IJJ~lt!t-.~?ll.l'l.fv\IYh"l!ntltltJti ~v111 ~'\Jl~,.rl l.l.n~iin~t!ut! 1~mu'V'l1~ , ' 
li'1Vlli'nJ1 ~~~t~ru'Vl.niJ?I\I\\l~J'i?I11Y>ll n'iil-l1n 1~EJu\\l~ EJ~v111 ~t.n~?l11~ t. "llnt~e:J tJ n'1~ t.t. n ?11 EJ'Wt~ti 

, " " \1 " 
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bbm~v'h 1 ~G'l1'ilht1 uci1t~VI1~uuvvmnnuJ1~'i1 lii'~~u::S~ 1:iJA1'i~U~vud~ hl b ~m-J~I'lb 111 

b vmfl:w:Dbl>lv1vh .Ui'~vruVIn:W1 t~VIi!vniu A1'i"il~l~eJruVIJllJ'UeJ~ci1u1v b ~eJ 1 ~Auni'WG'll:Wl'i~ 
, "-' 'I 'U 

~1'i1.:1~ 4.4 lbG'l~~~flm'ini'WbbeJ(;lneJveJ~~1~h1n'Utl1~nm~b~m.hm~1'W1'W 50 liters ~l'WbA~eJ~ni'W 

bbeJ(;lneJveJ~'U'Wl~b~n 1 'W~mtln~m'i l ~eJ~AruJlTV'I'UeJ~m'ini'W 
:..I "' 

rrr~Vifl~'U tJ"jmlil'JL~:uvi''l..l tJ"jmm~11'1 Al1:U l oU:UoU'U A11:UloU:UoU'U o/o Arum'l'l~11'1m1'J 
' 

ll'iJ{;lfleHJ'ill~ ll'iJ{;lfl'iJtl'iJ~ tJ"jlJl{ij'J ~lil1vJ 

l"j:Uvl'U '\lj~~fl1'Jfl~'U ~11'1 

fl1'Jfl~'U A-r~Vi 1 10 liters X 5 20.5 liters 12-15% 90-95% 41 o/o ~lil1Yl11'1~mn 

~1'i1.:1~ 4.5 bbG'l~~tJflnl'ini'WbbemnBveJ~~H1"i11n'U'W1~nm~b~m11:w1~1'W1'W 20 liters ~l'WbA~mni'W 

bbeJ(;lnvveJ~'Utll~b~n 1 'W~v~tln~m'i b ~B~f!rumV'I'Uv~m'ini'W 

20 liters 6-8 liters 

6liters 3.2-3.8 liters 

3.7 liters 2.25 liters 

Ad1:ul oU:UoU'U 

ll'iJ{;lfl'iJtl'iJ;;l 

l"j:Uvl'U 

12-15% 

25-37% 

50-61% 

ll'iJ{;lfl'iJtl'iJ~ 

'\lj~~fl1'}fl~'U 

25-37% 

50-61% 

81-90% 

o/o 

40% 

63% 

68% 

t11~n~'U 1ru"v 1~ 

~lil1Yl 
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d 
U'VI'VI 5 

81-90% 11.25% 

. b 'Ylf'l1 t1 1!;1f.J~..:Ii'JnTH tl~tJ'Ubb D!;1\IV!!;1e:J~b 1!;11 ':il~~\lfll':i 1 <ff'V'I~\I\11t!~mn bb!;1~i1fll1~ale:J\Ifl1':i 1 <ff'V'I~\I\11t!~mn~u 

b~e:JtJ 1 €1~1\1 hii1bb u11 ii~'il~!;1~!;1\l ~\lvh 1 ~d1~m':i~mn m':JA'UAJ1i~ml'u 1 um':it:-.J~V~'V'Ia\I\11'U'Yl~bb 'Yl'U'IJiJ~ 

bbe:J!;1fle:J~e:J~tl'Ue:J~1\I bb 'V'I~Vm1tJmfl~'U 1~tJ 1 'Ufl1':i~fl'l~l.Q~b~e:Jn1 -tlb tl~e:Jfl'Ylb~tJ'U~~~b tlt!'U€1-.:J b Vi~e:J (Waste) , 

bb!;1~mmllV!1(l~~~t:-.J!;1'V'1!;1e:JtJ 1~ (By-Pro-duct) 1 t!fll':i1h)i.'1~b Vi(h-d~m'il 1~'illn1 ':i\I\11'U~V!i.'11Vifl':i':i~bn~V~':im 

b'Ut!lV!bi~U 1 t!fll':it:-.J~V!bbe:J!;1fle:J~e:J~'il~b tlu fll':i b~m1tJ 1~bb!;1~~ltJ!;1~alt!'Yl'U 1 t!fll':ifh~~i'?l~b'Vi~e:J~\Ib mht1u b ~e:J , ' , 
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' 
tleJCJ 

m:an'Un1':iVI:U'mta::m':imi''UuBammmHh~~1n"ll'U1~na1.:J ~l'L.!LA~B-:~n~'L.!LLB~nBeJB~'ll'L.!1~L~n1 'L.! 

'IXB-:~u5i.J~m':i 1~u1mru'llB~LLB~f1BeJB~~mnn1lm':iVI:W'n~1~ 'L.!~lJ'll'L.! (41% LL~::: 12% (i)llJci'1~u) ~-:~1f 

L tie:J~lJl"ill f1U':i:::~Vl5JlTW'lJ B~ Lrl~tl~ n~'U 1 'U'!XeJ~Ufi1Jvim':i~CillJl':iflrl1UrllJ BillVIJliJ1~~ LLll'Utll f1llf11':if1~'U~1 CJ 
dJ , "' 'U 

5.3.21 'U~1fL~B~B~f11':i'I.Jl~1VI:W'n1 U'Vllf11':iVI:W'mLB(;'lf1BeJB~~B ~1L ~'U~B'Iiln1':iL~lJB1VI1':i sugar L 'll'U 

1JJme! LL(;1:::/VI1B ~ltltltl ~1(i)l(;'IV111tl L~B'li1CJn11L~lJU~lJ1illr11llJL~lJ~'U'lJB'I~1m(;11VI1~ 20-22% BRIX ~'I 

'ViUlleJTVl11L {J'UU "il~£Ji.'l1f1 qJi.'llVI'rUnl':i b "il'1qJL~U 1(i)'lJeJ'I8e!l'lB ~1'1 ~~ 

5.3.3 1 'Uf111Vi:JJ'n'lJ'Ul~b~nLL~1"ll£lltl'lJ'Ul~b~BL {J'U"ll'Ul~f1m'l bb(;'l:: 1 Vlqj~BlJl ~lb {J'U~B'IiJf111L~lJ 

L~B~~'L.!'v1~m 'L.!.fr'L.!m':i'VI:U'mu~BnVJL~CJ'L.! Lt(;'l::: 1 'L.!.fr'L.!m':i'VI:Wn~1'VI:W'n~~mm':iL~JJ8e~l'l '<ii'1L tl'L.!~B~ilm1 1 offt ~B~ 
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b'll1;1~\>iu:IJI;l~~l'l1 -;u1n stock b~e:J bb~1vhm1 inoculate b~:wmh~umJ 1: 50 'l.lmtf1ml'l1'1Je:J'l~TVI:W'n b~e:Jn11 

VI:W'n~l1'lh:;~VJ5mw 1 'U 1 b~e:J'U 

LJ-r'U 1-ML Vlm:;?f:WI'l1:W?fm'Um1ru L~CJVI~nn'")~~um1rJm.J'Um1n~'U 'W~e:J:IJ~'lm11~h 1 'Ub~e:J'l'l.le:J'lf{tt!VIJJ:IJ ~e:J'l 

fle:J CJ~ ~ l'l1:1Je:JtuVI.f1:iJ~?f'l~'Url e:J'U n11 b~e:J ~'I.Je:J'l~1VI:W' n ~ e:J'l fl e:J CJl~e:JtuVI.!I:lJ 'W~e:J:IJ~'lfle:J CJ l'l'Jl-;;J?fe:J'U n11 ~~ 1 'V'l'I.Je:J'l 
, '\J \J , '\J 

Lvh~vh11Y1 

~'U 1'1'l,1'U m:;'Ul'Un11~:1J\l1 blJ'U~e:J'lVI1Jll'IJ'U:;~jj'IJ'U1~ 1 Vit1) ~1m m 'Un11~:1JVII;11tlfl~'l-;;J:;lJ~n'tf:;b VllJCJl 

?f1:1J11fl'l1Tu11 '\JL~:IJ1l:l.Jn'U1 'Utl'l~Vlln11VI:W'mL'U'UM'lLb-M'l~lJn11b~:IJ~1 1 ~l'Utl'U~l'Ub '\J~unVJL1CJ'U 2 ~l'U , 

'\J~mru~:w1m~e:Jm1'\J-r'U?f.f11'W~11'l11;11-MLV1:1J1:;?f:wn'Um1b-;;J~qjb~'Ll Ll'l'l.le:J'lb ~e:J~?fvlbbl;l:;m1t:-.~~l'l1~LLe:JI;lnmml;11 'U 

'\J~mru~:w1m·1h1n~ 15% ~'l1'Um:;m'Um1VI:W'nvhCJ?!~ -;u:;biJ'Um1n~'ULLe:JI;lmle:J~~~B'lm1'\J~mru , 
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llfl~~w.J'U1'\f'J~.:J.:JTU :wvn1'Vlm~m~t.J.:J1 VllJ (http:/ /www.erdi.or.th) llfl~ 'hunt! Lt.J'Ulmlfl~llt.J'U 

t.J'Vlt.Jlil"11?11'11 G1'1'11ntl~~m~'VlT1-:J'\f'J~.:J.:J1'U m~'VlT1-:J'\f'J~.:Jnu 
' 

2546 
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