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ABSTRACT 

The purpose of this study is to find certain factors in preparing malt to produce 

beer from flint corn. The experiment is carried out in three stages. In the first stage, the 

corn seeds are made to germinate at room temperature (28-29°C) In 2, 3, 4, 5, 6, and 7 

days and then the amount of total malting loss and amylase activity is measured. It is 

found that the optimum time to germinate the seeds at room temperature is 3 days. In 

the second stage, the corn malt obtained from the first stage is kiln-dried until 7-8% of 

the moisture remains. After being ground, it is ready for mashing. The favorable 

conditions for mashing can be found by heating the malt for 1, 1.5, and 2 hours .with a 

temperature of 57, 63, and 69°C and measuring the amount of reducing sugar. It is 

found that the most favorable condition is 1.5 hours and at 63°C. In the final stage, the 

malt solution which has been extracted is added with various amount of initial sugar for 

fermentation. This is done by mixing glucose syrup amounting to 10, 20, and 30% of the 

corn malt's weight. Then add 0.065% (w/v) hops, and boil it for 2 hours. Next, the clear 

liquid part is filtered into a fermenting jug and 10% (v/v) of the starter of Saccharomyces 

carlsbergensis is inoculated. It is then fermented at 16°C for 7 days before being 

centrifuged. After a sensory test, it is found that the product with 30% glucose syrup 

which produces 4.05% (v/v) alcohol is accepted in terms of color, sweetness and taste 

at P < 0.05. 
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Alcoholic beverages 

""' ""'"' .J .J dr-1 ... :I ""' .J d I ,,.J 
111 :i'eJ ~ "' LL~::::n1 :m J' 1.n"'1L"'W'cl'11?1:W'YIJ.J LLfl~n'flel'cl~LuUn'-mJ':i':J.JVIU,:J'Yl Ln1LL'fl'Y1~1?1•11'f1-:i • 

i-:iLLli,wn:w~'JUt:J~:w LL~::::·E'ul91t1un1:i't:J~"1 Tu,c19::::~n11t:J;'91 ethanol 91nn1::::11':lun1:rvr:wn 

fl1:n1Jle1Ll?l'.i'(,I LL~::::1-ifli~r;f~n~ Saccharomyces • 

.J • I "' ., 1"'" .... I ... ,=I I .,, .., ... .J d .... "1 ~ .... 
L 't\~1::::•11fl-:J hops "l1-:Jlfl1:W u11"1 l,L~'J9::: ".ll"ll1'.11J1:i'L~t.lVIJ''elJ''):W n'IJ'J"1rll?l1Jfl'W'Yl:W LLU-:J Lu'Wfl-:JM 

" 

1J:i':::nfl1J L "liu "n1'J l.'Y'll?l LL~:::if1r.1rh-:i rnu~u 

Typical American beer 9::::~l11LU'Wfl'1f-1UJ'::::nfl1J 91 %, P>11fL111i1Ll?lJ'"1~'1'flzj1uttl 

"llf.M maltose LLfN:::: dextrins 4.6%, ~11tl1::::n?11JLUJ'~U 0.5%, Lfl~'E!Ld 0.2% LL~::: 

LLfl~nt)e'.!f.ll 3.5% 1Dic1l11wi!n LL~::::ir-:i1'J:wn-:ir.li;i1:Du1,h,:i 7 ~~1L'UU~'Jt.l ~'fl thiamin, 

.J 
niacin, riboflavin, pantothenic acid, pyridoxine Ll.~::::flU 7 

Kinds of beer ( Lea and Piggott, 1995) 

".l!Ul?l"ll'r.1'1 Luc1fvi LL"1flv11'1f1U 9:::~uflzjn11~ruvr1J:D1 Ufl1J'Vl:Wfl, fl-:J"'1UJ':::fl'El1JV11t1zbu 

t:J~:W, ".l!Ul?l"lltl'31J.J~l?lfi'1J~".11~1-if, n:i':::1J'JUTI15't:J~"1 u.~:::u~r;f 

Lager beer 

t:J; "1'-l1n:w fl ~'Vl°111'J1J1:fL~ rJ ~ 1UfiJ':::1J'JUfl1J'Vl:W fl Ll?lr.J1if Saccharomyces 

carlsbergensis ~'1L'UU bottom yeast ~Vli'1'"l1Tii'l1TI1J''mrm~J99:::flzjnun-:i 'EJWVl!J:D~L~U 

n11vr:w ntl1::::w 1ru 50-60 ° F ( 10-16 ° C) Luc1fi11Jf 9:::i1 im1ru::: 1~~~1-:i LL~:::d'.1u~ LV1~?1-:i'Bt1u ~ 
~ 

tL'El~f1flelt1f:ftl1:::::i.nru 4-5% LlJtJf".UU'71U1if hops 1um:w1ruut1r.J LL~::::um.JLll1J1,rJ,u.n1"Jlu::: 

d :t 11 .• ":' "" .., 
1JJ':i''"l1'1Lu'U l.a-l :Wtl1ttn1:i'Lf11Jc11'J'U1U . " 

1 
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Ale 
., 

ale LL~::; beer 1J1"1M1"11ihJM'l1:WVl:J.J1c.lL~c.l'l11'UVf1flLL'Yl'Wf1'U1Jf LLL1i ale ~:::LLl?lfWh-:i 

... .J ,4 4 n f,:: .. 1 ,d n f 1 "'., I 
~1fl beer "ll'W~'fl'W 7 rifl :J.JuJ':W1WLLflft_flflti'El~\1"1fl'l1 filfl u:i'::::J.J1ru 6% WYW'El"1li'1u:i':::1l'Cl1J 

.., .J ,d .., .., 1"'""' ..... 
'Vl~fl'fl'U 7 LVl:Wfl'Wfl1J Lager beer c.lflL'l'W ".llcJ~i;J"ll'WC?l top yeast LL'Yl'W 

Porter LLfi~ Stout 

jjfil'l1:WL'Vf~'Cl'W ale :w1nnrj1 beer L:,:;i Porter ~:::'Vl'l1'Ufl'l1 ale LL!:-i:::lun15'&.J~1w~::;'l~ 
I 

hops 'U'Clf!J.J1fl LL~::;jj~fl"1:W1fl ~'l'U Stout ~::;jjn;'ULL~::::i'~"ll'cl-:J:i.J'fl~r1Ll.N :w~Lifim~::; 
., ., 

'Vl'l1'Wnrj1 Porter Luuf-n"1 2 '1lU(?}ui1LLfl~:m'flel'flitl:r::::w1ru 5-6% 

Bock beer 
~ ... ....J..i ... .., I '~ "" .. .., d ... ,,,.., 

Lu'WL1JSJ''Yl:W li'1'l1:W'Vl'l1ULL~::;~ L 11m.nnn'l1 lager beer L'u'UL1Jtl5' Ltl'i:l :i'l.J 'W'l'I 1,i;1:rc1:w L 'l 

1 ii1 'U-:11'WUJ':::L Yff.Utl~'Vl'U1'l 

Near beer 
4 I 

'VIJ"f.l cereal beverage L'.U'l.!n1:i''Vll4flTu!u1"lf bottom yeast L(?}t1:wn1:m~'-l.!L'fl1 
.., 

1.Lfl~nfle1fli~'lu1viajflt:m1.tl ~--:iuu~-:ili11i:wili:w1ru1.Lt1~nfle1'El~ivi~'c1flzjuflc.1nrj1 o.5% :r~ 
I 

~ r-:i QJ ,=I 1""9,, I "=' ~ IV "'Jn I 
"1111?1"11?1-.:J Near beer r.-i:::w~n1:t~"1lfl-.:JL1JS:i''Uflt1fl'l1L1Jt1:i'fi:i':i':Wl?11'Vl'l LlJ 

9' o' Io' 
1. 111'JU1".iLfi1:I 

... .J ... . .... I ."I ,c!f .., d ~ 
:W".11tl'Yl1..:J':l'Vlt11f<ll1~i;JJ''l1 Hordeum vulgare Lu1..!TI".lli;1:r::fJ!:-llRIJ1 (Gramineae) "Ii..:! 1Dlt1 

i'l L'Ufil)J'~"l1 (cereals) 'Vl~1c.1"11U(?}~1:W15'tl'W1:W11'11 Li!UJ.J'r) ~'Yl1ffef LL"1fl15'l11J.J'e) ~•nr.nnif 1'l 

... , .. 0)!,!:'1 1"' ... I '11 1 ,J..,?, oi,,u t ...,J 
1J1:i'L~t.l~::'Yl1 Wl..:J1c.l "l!L'VIP'l'UP'll?l1-:J 7 'Utlc.l~-:! 'U"ll~'Yl".!11':l bTIC?l'Y11 LC?lll1flf1'l1 LL~::J.J'fl~'Yl'Yl 

I I 

'1 !:' ""· r;: '1 .., ;o!C ."I ... 0 1"' ... .. 4 
Wl'~:::Wu:i'J.J1rl.A l,"lll.J'l),l.J')fl "Il''1'"l::Lu'U~1LV1i;J'YJ'Yl1 V!Ln~fl1:i'LVIJ.Jl.l'Vl'Ui;J1l.Jl.J1 (Lewis, 1995) • 
!11' ,=I 4 I a.r n ( n'f .ci A .c::,I rt I :::.. G' 0 IV 

·111'J~1!:-lf1'Y'l1J'J1:W nu:r::~1J1Jill'Vl1 L:i''r.l-:!','Cfl.J'Yl:i't.l 'U:i':::Vl'J1'1".!ll.ll:il'i:l'Uf11N'f.lfl"ll'i:l-:J LJ.J ~(?l ~1Vl:i'1J 
"' . 

"" "" --~ ,c!f 1"'°" ,<lf ... 0 !<;'_ .., n 1 J'i:.ttl !?l Lllt.1 :i'TI'WLJ.J 'f1"°11'fl..:J"I11'l African ~:: "llfil)JTI"11Vltl1t.l"ll'U~:W 1'Yl1J.J 'fl ~'Yl Wit.IL 'a'Y'l1::"111'l 

rh-1 LL~flt.11'1 hn[t]1:W n iw:r~"ll'i:1'1 L'.Ut.l fi1 t:J ~w,1n:w fl tl'Yl"111'lll1 fL~tr-i:: 'lli'f1Jr1'J1J.JUm~ LL~:: 



l6i'fun-15'c.1t1:w fu:w1u1u~1nii-ru~'l'W1'Vlaj 1-w t~n:w1nnr:i 1Lu af~ 111~1ntr ')J'~ '1f~'W 1 

( Hough, 1985) ~'1n')1'l!'W ·111'J1J1fL~Uvl1ii1un15'l11:Wtl~'YIL~'fli:J~lJ'IL'.Uc.lf fl-:) 1-~ill:w1t1.mifo 

,,I ..d O 1,., ... 'l .., ,., ::. .., ... _ ~ "i'. f ,cl ,J ... 
(starch content) 'Yl~-:t '1!-:t'Yl1 Vl~~i:Jti\1'11.'l.m15''VIJ..tn~-.'.ll?l'Ja 5''l:W'Vl-:ttl-:J:Wu5':IJ1nJ1;u5'1'1'W'VIL'W'c.1'1 

.,J 1,., . ""''i' ,JO -"' t = ... <;'_ ,=I .,. t"' _, 11 <;'_ ,J 
Wtl'YI~= 'Vlfl:i'c;}'fl::;:w l.'U'Vl~1LIJ'W~fln15'L~5''!JUr11J 1.1'1"Iltl'1c.l~lJ't LL~::; Vl~1J'u5'::;nmJ b'WW-15'1.'~'W'YI 

~1t1fJJ 1 un1:i'Lf11?l'Vi'El'1"1l'El'1 L'.Uaf "ll'tl L6l L'llia'U~n'flci1'1Vl~'1"llfl'1"n1'J1J1 fLg:iin~'cl I.J1'a L:IJ ~ l?l LLri 

LLi 'J~=u '1 ~NflzjL 'UJ''J-:J•D1'J~-:JUtNnU'"1'l1:W~U~1fl111c.lU'fln L6lri'ElUfl15'L111J L~cl'J 'YJ11-M.:iJii 

n1N'Eln-Jltl-:JL:IJ~~"llru=~'Elzj1un-:i (Warren and Martin, 1963) 

2. 'D'l'l t ?t17'1 

~1:1i'JLU "W"ll~'.i'=f.l~ Gramineae iJf u.ri "il1'l~1~. 'jl1'JLJ', ·n1'l l.fl!?l, "n1'Jl.'~1. 'il1'J 

t-nf?l. -n1'JL~'Elc1 LL~::;-n1'lvh~ ~=~1:w1rntl1l.i1111:wt1~'Y1i.6i'L1uL~c1'lnu-ih'Ju1fL~ci° LL(;J~'lu 

1 t O O :'I ' ' ,J "" 11 ,, -"1 ., 'i' 
.'VlqJ~:::U13.J1'V11Lu'U adjunct :i . .nnn'l1 L".il'U sugars u.~::; syrups ·n1.r,nm.J uw•nmLu..:J"ll1'l 1.'W(?l 

m1.i,wn.tl1~1.D.Yl5.J..'.l'l LY'!-®. 

1. Dent corn ("1l1'l Ll1(?lli"llilf?li'l1J1J) 
q 

., 
3. Sweet corn (•111'J L'Vil?l'Vl'l1'W) il~nfuil:r::;ynue:fn~~ Tuim'i\-n1::; :i'~Vi'l1'1.ci:11l1i;i1til 

I C: t Q,,I" d I :i..nn LLl'1L:IJ~!?nLf1'-l:::Vlrfl1'1'J LL'i'l:::L'VfcJ'l'c.lU 
I o 

,., 'i' .., ,=Ii]-' ¢ t 1 ',., . ., "' 
4. Pop corn ("ll1'J 1.Y'll?lf'l'J) l.JLL -:Ju:r::;1J1'1'1U."11'1fl~l,fl1t.1 U .fl1r.J'W'Eln'Vlfl'~:1.J0l'Jt.lifl1J''YI 

~fl'U°111-:JLffllt.1'lLL~~~l?l~'JL61 
,, .., 

.., 'i' ,., ... .. ... ,., ,=!,di -"1 ,., i1 .., 
5. Waxy corn ("111'l b'V'lf?l0n1'JL'Vf'Ut.l'l) l.:I-J~l?ILVl'U~'l"'7~1cl01Ji:.l-:J LL1J-.'.lli')~1'c.JLL -:!:I.JU 

~1U~Vli..:J 

..d t .., ., ,., 

':il-:J"'1'fl'U".ll1'1 LL VI-:! LL~-:J 

7. ii1'l L'V'l(?}U1 i1~r1u-uil~n11't ~t1n1:rialntl'l LL~~ilfuilt-,:l~'WifL vhau 

ut1n'~1n~ u-:i 1.L1:mil:r~L11'Yl"111'l L"Vi0l!?l1iJ'J(;lt:)U:i':::~-:i"'71un1:i' 1 -nil:r~ L'c.1'11,r ~'El il~n 

L~'cl 1. 1il'i.:w~l?ILLri (corn for grain) L'Ll'U'fl1Vl15'"'7UVl1'cli!'11L!?lai;i:i'--:i 

2. 1 i~uvr1'El 11J 1 'IXii;i1nuL'LJ'Wtl1Vl1:i'~C?l 
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3. 1il'n1L'UU'fl1'V11:i'LL"M'1ihvrfrn[,wf (fodder corn) ID\'c.l(;l(?l~ULL~::::1rn.J1(;11n 

LL'M'1rti'u1'l 

4. 1ir::fnt:i'flu (baby com) 

Flint corn 

U~'el'Vl1'1'l'Vl'c.11~1~l?lf~1 Zea mays indurata L'UU"11'U~~uin'.l!J'ru!':LJ.J~(?l~'flUi11-1tL"n'1 

LLni--1 mm t1'c.lu i'lUJ1.J1J L'Y'l:r1::::i1 LLU..:i"1fuf?lt:it1ut1zj"1Nm=n..:itL~~1uu'elnfJn'vit1~:w ~'lmLil..:i 

"lt'Ul?l LL "li..:i L:d'fl"11flLL 'M-1~-'lllJ 'V((?l(;l') U".llU11?le'.lmL~::~1U'lULLtl'J'U'flltn~1'Y'l'lni'l1.J1J ut,nnu 

:w1n1uu:r::L'Vlrl'V11'1i:JL:i''U L'flL~t.l t11J.Jln1n~1..:im~::1~ 1ull:r::::L'Vlrl1'Vl'c.lf1'Ut,nnu:i.J1i1u1u 

LL~::i1r.ir.ruuiin1:rufuui..:ivfufl,V1:i.l 1 'fl'flfl:1.J1 L"llU ih'l L'Y'lf?lvfuf~'J:i':i'ru vfuif,J1n-rlt1..:i1602 

~'1L'.UUif1'J L'Y'll?l'U:i'::::IJl'Vl~'U'c.ll.J'Uijnnu:w1n L'Y'1:i'1::i1tl1V1i!n~ 'fl1t;jiu 1.:i.l"'1t1'c.1~(?1£-l'J1:I.J~U 

L:dt1LL"M..:J4'1?l LL~::"1~1f?ll?11'1'LI:i'::L'Vl~~'fl..:in111iL'.LIWfl1Vl1:i'i"11 (Warren and Martin, 1963) 

.. .., ,di 

Moisture Ash Protein Fiber Carbohydrate 1.:W~~fif!J'Y'1"11 Fat 

Maize 10.8 1.5 10.0 4.3 1.7 71.7 

grain 

Pearl 10.8 1.2 8.7 1.0 0.8 77.5 

Barley 

d 
'Vl:I..J1 Kent (1983) 

., 
3_ U1 

= ,cl --'i'~ I d '1 ':,' d O .., ,cl ""' ,di 
LL~::"11U(?l 01J1eNL1Jt.lJ' Wl'c.lL'i.\'Y'l1::LL:i'fl1(9J'Yl~::~1'c.l'fl~ UU1'Yl~1rlf!JJ.J 2 "1!'1.J(?l rl'r.1 calcium sulfate 

LI.~:: ca lei um carbonate ~..:JU 1J'Vl1J1'YI 1 Ufl1 J'rl'llJrl:I.J fl'l1:W L'UUfl J'l?ll?l1-:J (pH) "lltl'1 LUr.1 f ~'l'I.JLLi • 

fl1(9J~U 1 r.i::U1J'Yl1J1'V11U~1'1.Jfl~UJ'~ (flavor) "ll'fl..:JLU'c.lf LL~::::'V'l1J~1 lf1tl1i1uhnru calcium 

sulfate ~'1 r.i::::vi11~LU'c.lfiiuim:tru:: strong pale ales LL~t1'11itl1t:i'El1.J (soft water) r.i::::~ 
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I ~ ..J .cal , '4 ~ 9,.t ~ 0 i,1 ,=I a...J t.,_q 
pale lagers ~'lUU1'VlJ~ calcium carbonate l~1n Vl'.i''r.lU1n'.i'::::t?l1..:J"ll'l"'1'.i'1'l r.i::::'Vl1l'VIL1Jt:J'.i''VlUi:JJ 

... 
... 0 

~~2i11 (Varnam, 1994) 

4. Hops 

'fl~t-1i.1:t::::n'fl1J Tutcn~''l1.t1·11-a..:i hops rl~..:i~ ( Verzele, 1991) 

Water 10.0% 

Total resins 15.0% 

Essential oil 0.5% 

Tannins 4.0% 

Monosaccharides 2.0% 

Pectin 2.0% 

Amino acid 0.1% 

Proteins (Nx6.25) 15.0% 

Lipids and Wax 3.0% 

Ash 8.0% 

Cellulose, lignin, etc. 40.4% 

'".I .Jo .., 1 .., "" 'El..:Jf>lu:i'::::nt11J'Vl~1f>l'JJ un:t::::u'lun1:tvr:wn filfl resins LI.IN:::: essential oils ~'lU 

tannins, proteins, amino acid, sugar ~..:iS}azj1mE:i..i1ruu'Elt:.1 ',::::Qfl~f11.?l'fl'flm~11'u:t::::vrr:i1..:i 

n1ivr:wn (brewing) resins ~u'flzj1u hops ~I.?! 9::::~::::2i11•dl.ITTu light petroleum (hexane) LL~:::: 

(nmr:i1 soft resins ~-:iii a acids LL~:::: f3 acids LLl?iLJ1'El hops LLf1119::::1Jn oxidise rh1~ 

filn.J'i.1J~WITTUn1:r~::::~1u1u hexane ~t?l'cM ~un resins ~r:i1 hard resins 
q 

a acid vr1'fl humulones ~..:JLUULLV1~'1~1~'JJ1Un1:i'1~:r'i.1"11:JJ1udjt:if 

f3 acid vr1'El lupulones ilfil'l'1:J.J~1~'1J'U'flclfl':11 

1u:r::::vd1..:in1:i'(j]:JJ hops 1u wort, CX acid 9::::1Jn isomerized ~~1'.i'U'.i'::::n'flu ~'fl iso 

,di ~ 1" I 11..'!:',.j I • a.,.;/ a acid Vl'.i''El isohumulones -n..:i.-,:::: vr:r~·11:wn'l1 LL~::::~::::~1r.1 wtt?lfl'l1 a acids l.?l..:JU 
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/ 

I 

T rans·1sohur nulcne c1s··isohumulone 

' !,::I 

"a'Ul'I 1 Jsomerization of humu!ones 
'\I 

d11 J: a! =- 11 ~ ,,,. 
Essential oil 'Yl uw,1n hops mlf'IN18"11'UiJ1 ~1J.J1:i'rl\N::::\N18 l.l?l b'U hexane :J.Ji:J\NLL\N:::: 

:al1?J'~r.ltl'l'El'~'1 flavor l,L\N:::: aroma 01l'rNt.1Jr.Jf ~-:i1:uu~nJ:rt1t:;~l.'lJ~'El-:in11 Ll'i.'l::::?l1Jn'.i't1111~Cfl 

Yi'fir:irJn11niu~1c11fltl1 
,.,. ., 

5. rl~i?I 

~~~'liflun11vrJJmifofLLu-:i1Jf d'.l-w 2 -ntl(fl ~'El 

1. top yeast Hfr-1~l?l ale-type beer L'l1'U Saccharomyces cerevisiae 

2. bottom yeast 1"Jfi:J;!71 lager-type beer L':l!'U Saccharomyces carlsbergensis 

Lager beer r.i::::1if'qillH.t:]i11un11vrJJn~1 ~'1 Saccharomyces carisbergensis r.i:::::w 

v·1'Y1:w ~1~.J1'.i'ri 1 un1:r·vr:iJnU!~ LL~f19n'J".i':W lwfl1'.l"Vf1r.J 1'•rwt1rm~1 Saccharomyces cerevisiae 

,:j .-d1'f1 .., = 11 J:=1d = ' o o 
8-tllrl'Vl "1l 'Wfft'.i'VfJ.Jfl'°l::::L9'.i'qJ w1Cfl'Yl'i:JillV!JJ:J.J~'1fl'11 25 C (bottom yeast) LL'iN:::: 35 C 
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Brewing of beer 

L'Llcl1l'11J.J 1'-l1fi-n1'J'U1 f Lfi\:J11U1:1-11 L 'Yi1~ 1 '"-:J'flfifl'fl'lJ ~,:i L1'c.Jn~1:I-J 'fl~l'l (malt) '-l1nl!°'lJ 
' ., 

~-:itl1:1-1 'fl ~iii 1,:j1un :i'~1J'Jun1 :1v,:JT n ;,:i-nui;1'flu 1 un1 :i'CJ ;t;1 LU'c.J Ma i-:i L ".Uur.i~,J :1:n'fl'Ll~'J'c.J 
., 
"ll'lJ malting, mashing, boiling, fermentation, aging 'Vl5''fl maturing LL~:::: filtration 

1 ui'lJl.tl'cl'lJfl1 :i'CJ; (;l L'Llt.l :ft-nn IJ.J ~(;Jfil)J~"1!9:::: Lf) 1?1~1 :i'Lfli1 J.J 1nJ.J 1a LL 'cl~ flt} e:lfl ~i-:i L'.U'lJ 

,d ,.. ""',d 11.,,... ' 
end product fl'fl ethyl alcohol LL~::::'Cl19J.Ji:J~&J~[;l'fl'lJ 7 1Dt'flfl L"11'1J alcohol acids tL~:::: esters 

~,:iiJi',,1nn1S':i''JJ.JLii''Jt1'1J'71tN alcohols LL~:::: acids (Hougen, 1971) 

'1J'rlfl"'l1fl;i Palamand LL~:::: Hardwick (1969) 'Yi'U~1i1~111.J:i'::::n'fl'UU-.:J 124 "11U(Pl ;,:i 
"' 

!i"':l:J..111-:t volatile LL~:::: nonvolatile LL~:::: alcohols !Ji1-:i 1 , ketones. acids, esters, 

hydrocarbons. ~1:i'tl:i'::::fl'El'Uluu,i:i'L"'l'W, ~1:i'ilS'::::fl'fl'Ui~Ll-J'flf ~-.:J~1:i'11:t::::n'fl'UW'Jn~L'Vil:.1-:J 

Malting 
' 

malt Li;Jj'c.J:W91fl"r1'l'lJ1fLfifft.flt11.:i..t~(Plfiq}Yi"lffl'U ~t.lfl1:i''W1:1-11'Yh11XLJ.J~IM'fm 1-w 

:t::::w:h-:tfl1N'fln L'flJ.J'lJ1l'fl (embryo) "ll'fl..:JIJ.J;l?l'-1::::i:.J~f?l gibberellins ~-.:JLU'lJ plant hormones 

ns-::::~u aleurone layer 1'"t:.J~i;JLL~::::1.l~'tlm'fl'lJ1'1Iifoh-:i 7 :i''JJ .. rvT-:i alpha-amylase ~l.:U'U 

Lfl'U1".li:W~1il'1'!}1'1Jfl1:i''cl'flcJ~~1r.lLLi1-:i (starch) 1u endosperm "ll'fl-:JIJ.J~!?lfil)Jri"If U?lt.19: 

hydrolyse ~~'lJfi:::: U-1,4-giucosidic linkages LL~'J 1'" dextrins LL~:::: maltose S''l:i.Ji..:i glucose 

L~flU'El'c.1 ~-.:J maltose LL~:::: dextrins "'l::::\)fl'cl'Elt.1!Jit1i.1.l~u glucosidases, f3-amylase LL~:::: 

phosphorylase LLi'l1'" glucose LL~:::: glucose-6-phosphate (Briggs, 1972) 
o ,V I 

IJ.J~l?l'Vl,:j1un1:i'l'11fl'l1J.J~::::'fl11?lLL~'J "'l:U1J..11LL".11 (soaked or steeped) 1utl1:yj 

T_}WVl!Jn 10-16°C L~'EIL~J.J water content 1~11'1JIJ.J~(PIL'.U'lJ 42-46 % 1'1J"11Ul::::LL"n~'fl-:J1-cf 
.., 

,=,, I ~ 'I/ .-=:.. ,=;I CV - d 

'fl'Cln".11 L "'l'lJ'Elt.11-.:J LWtJ-.:J'Yifl L'Yi :i'1::::rt1"1111?ltl'clfl"I1L '-l'U9:J.J CJ~t.J'UtJ-.:Jfl1Nfln"ll'fl-:J IJ.J ~(Pl (Mailes hi, 
f ~ l S, I 

1986) n1:i-1'"'El'flfl~L "'l'W"Yh1Dl~m,J~r.1utl1li LL"11L:uu1::::a: 7 91nuutl11J.J ~1?11.ilrvn:;l-:19: 1-if 

L'l~11un1:i'-:J'Elfll1:i':~.J1ru 3-5 1u Lfr.Jfll.:W~(?)~.:J'ElmL~'l':11 green malt LLi'l~.:itl11u'El'lJI.L\l.:J 

{Kilning) 'Vl1'EI kiln-dried ~'f.l fi1f'Yl11,L'H'1 l~'f.lLf1'Llfm~nJ.Jflrl't1 LL~:::: activity "11'fl'1L'cl'lJL'ii:1J1l'.f 

7 



lfflffLin &i "'l:::: Hf t;1ruV11J:W ~1 tl.~::::1. 'J~1'W1'W lwn1J''Yl1 m~-:i L'Y'lJ'1::::L'El'W1"ll:ir ih-w 1 'Vlajlli'Vl'WCi'l'J1:I-J 

~fl'W ~-:in1'.i''Yl1LL,X-:i9:::'fl11,X1.'El-w1'll:wL?i1-:i 7 L"l1'W amylase LL~:::: proteinase t;Jn inactivated 1i! 

i'"lV'l'.l'1'"lf1'fl'WL~fl 1 -nl:wi-wirifl1ll 'W!ln"'l1ntln1:r kilning "'l::::Yh 1,XLnl?lll,Bmc11 Browning 

reaction rh 1,XJ.Jfl~'Vlvl1Jf:w~ LL~::::n~-w~f-w '.i"JJ.J~'1tl'1L'U'Wn1'.i'~l?lt:"1'"l1:1-J~'WL~fl 1 ~UlUlffl'W1'U 
~ V I 

~ ~ "-' .., C ~ ~ Q; ,c1 0 !'lu 11"-' a., 

·11-w'Elnrwm r.nn-w-wn"'l:::::wn1:rl?l-:i'.i'1n LL~:::: germ 'rl'Eln'·nn1J.J~l?l LJJ'El"'l:::'W1:W'El'G'l'VHu "ll'V!Jm 

1.11 r..1f 11::::~ t1..:Ju l?l ~l?l"ll'W1rtt tL~::::11 f u~fl1'"l::::°L ~ LV1:J.J1::::~w1un1:r11·vnu·11'El'1tt1-w1'I!:i1~'1:::: 

Lll~t.1'Wtti1..:J1.L!utl11rn~ n:J.J~..:Jci'Elt.1'El..:J1P11l:r::::n'Elu~u 7 ~'"lcJ 

Mashing 

1.Llun :r:::U'"l'Wrl1'.i'~lJ'El~r'ltL~:::: adjuncts {lnr:J~:W '.!"JJJnutl1 L ~'El 1 V!!ffl L'U'W~1'.i'~::::~1r.l 

:ifo 1.on·J1~:w~ruV1.1J:W 1fa:::::1J1ru 38-50 ° C Lt~::::{n:w1~faJ I. ~'El u,11t1:w 1 i1-wi-u fermentation ~.:J'"l:::: 

L~rm~1'.i'~::::fl1r.1~1Jf~1 wort 'V11'El sweet wort l(flrJ'fl1rl1'.i'L~JJ'f.Jt1.6Vl1J:W6TI1 1 '"l'Wti..:J 65-70° C 

'.i'::::·w:h.:itl1.1.iJ-:i,1::::~n hydrolyzed L'.Li'W fermentable sugar ~-:J~'J'W 1V1t1)'1::::1.Ll-w maltose 1-w".lllli:::: 

~l'LJ'.i'~'WU1'11:i':1ufJmll~r.1u1.ll L'.Li'W peptide LL~:::; amino acids tt1N::::r11n1 n ~JJ t:"i'J1:JJ }mx1·u . . 
r.::i An f O id d ,;., t ..,. .., 

f:l..'.J<f;JlliVIJJJJu'.i':::::W1lli 75 C L'Y'l'El inactivate enzyme 'l1..:J"ll'El-:il.t'll..:Jlil1'1 7 9:;n:1-Jlil'Jnt.lbtl:.Jfl'Elflfl91fl 

d11 I!! ._, o d! 1 '' 1 ~1jfl;::'.~1r.l'Vl b!i'I l.tfl':l'Vl1n1'.i'fi'.i'fi..'.J wort l'Y'l'El V!~1'.i'fl::::~1r.J ,'C\ 

1 'WU1'19'1r..'.lfi1'-l:W fl1'.i' Hf adjuncts L~'Elllf111EJJ1rutl1[9nfl 1.i:iJ &lu~Vn1-wn1:rv.:wn 1 ~ 

L'Vl:I.J1::::~J.J 'El1'1LLll.:J adjuncts ~ 2 ntjJJ~fl sugars and sugar syrups lL~:::; starch-rich 

1 , ;; .., 1"-' d11 ,, 
materials 'Wf1~:JJ•1J1'.l-.:J'U11rl1'iN JJn ':I! glucose bL'iN:::: other syrups 'Yl 1~91n enzyme hydrolysis 

"llti-:JbLU-.:J•ihr:i l'Y'lC?H1,~'"l'W1lD'Yl1 caramelized syrups !fflr.lf11'.i'~:W ~-.:I caramel syrup ~LLl'W~'J'W 

Vt~.:i·n'f.1-.:i~ LL~::::'.i'~"l11&!•11'El-.:i dark beers ~'J'W 1-wm-i:JJ".lltl-:J starch adjuncts '°l:::: 1-Ifail-.:i'-i1n'l"l'Jfi • 
'i'- ' ' ,d,-,i ' .I .., !'., 

cereal products w1c.11:nun1'.i'r..lt1r.J'YlLJ'r.Jn'"l1 carbohydrate extraction u:r::::ntiuwm 3 ".ll'W[?]tl'W 

"" v-,'El gelatinization, solubilization LL~:::: amylolysis 
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., ., ' 
n1:tt:J;ltlL'elfi~LL'elflfl'eltl'rli l''J:l..l'vi-:iLilu~1:riK-:i~U"ll'el-:Jn1l'Lf1(?lfi~'ULL~::::l'~111~"11'el-:!L'Uclf~'Jt.l 

1u-Kuiir.i::::iJn1:rL~l.l hops ~..:i1u wort LL~::::~J~LUUL'J~11h::::J~1ru 2 off''JI.JN U'i(?)Ji-:i 

'Vl:1..11cJ'Vl~1cJ1.l:t::m1:t ~ti (Hough, 1985) 

0 : .J O ~ 9..r !i,, &' 
1. 'Vl1fl1J':t::::L'VlcJU1fltlnL'V'ltl'Yl11'VI wort L".lll.l<.ll'U"ll'U 

2. l'l1fl1:i' sterile wort 

3. LU'Ufl1:i' inactivate enzymes 

4. ~n1?1~1:t~~::::~1uJ11lf t1t1n'-nn hops 

' 0 'i'ft I ..i ""' 5. 'Yl1n11r,in!fl::::nt1u1.u:i'~u LLf:-l::::~1:tf.lu 1 

6. LUUfl1:i'~'.n..:J flavor LL~::: color compounds 

7. 111911>1 volatiles ~1.:i.i~'El'1fl1:i' 

8. L~'fl~i1-:i antiseptic substances (:wmi1u alpha resins humulone, cohumulone, 

adhumulone) 

d .., 1" _"f ,.. ' "" ~1:i''Ylf!fl'1>1 ."191fl hops r.i::::Lu'U'V'l'Jfl bitter acids LI.~:::; resins '~:::::w:J~!?lfl'.1'~"1111?1, 

f>l'J1l.J ~-:i"1'J"ll'el'1 L'UcJf 'Utlff•nm!u resins 9:::;iJ rlW~l.1~1 'Ufl1l'i;ifl~1'U'-l~'U'Ylffi'Y'l':ln gram-• . 
positive bacteria Lf?l'l!Vtl.'Y'l1:~ntJhcJ 

:r::::w:h-:in1:t~J~ 1tri119::::Ln1?1f·w~~ruV1,Qihh:::::1..11t1J 102° C ~" wort 9::::7Jn sterile 

LL~::::L'el'Ul."1f:JJ9::::1Jfl inactivate J'~"li1~LL~::::~1'.r11'ULitll,il1'1 1 ~:::;rJn~111?1'el'eln:W1'•l1n hops ~'l~ 
., 

LU:i'~'U9::::ltlni;i::::nau:t'Jl.ln~:wnu ,l1r,i1~9::::1,n01 cmamelization tL~::::LfllPl'U:!)f1hnu,iJi;h-:i 1 

f11J~1:t'Vl1t1'El.:if'fll1::::nc11J~u 7 n1:r~:J.JLilu~r:iu~~1~qJ1u~1u stability "llfl-:iLiir.1f 
~ I ~ t 

'°11n'WU'-l::::l111i wort Liju Yiflru'Vln~tl:t::::Jnru 65.5° C wort r.i::::-iiu,iu LLi;i'i:t1n1~i1 
1 -~ 1 

V I '!.I i.l 
.e.,I n J ~J A r-f .- .cil .9.1' C. 9..r ~ Go' ~ i,, 0 CV 

r.i::::l.Jfl1:i'u'ULJ..J'el'U91nr.i~U'YIJ'r.l'-l:::::1..11J1-:JL~fl'Urlr.l 'Il-:J'Il'UU wort 9::::'V'IJ'tll.J ~1Vll'1J inoculation 
1 

LL~:::: fermentation 
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Fermentation 
... 

n1J't:J;IJ1 Lager beer 1-uiUIJl'fl'U fermentation r.i::::1iftaruvr.7Jih::::vr~1-:i 3-14°C 1un1J' 

vr:wn~~:W\jJ'n!t11r.i 1 "11L'J~1 8-10 IJ'U n1J'vr:wn~taWV11Jil ~1 LL~::::L'lf:il1'U1'Un~1dr.i::::rh 1 ~ 
.... ...,J.,. .... d .... ,J. !:. 19,, A O ft"! .., 

L'l.JUJ''Vl:W~ru.fl1'r-1 LLf:il::::J'~"l111Jl'Vll?l 'iN'l'U Ale beer uur.i:::: "l1~WVl1J:W 12-24 C L"u'UL'lf:il1 4-7 'l'U 

I "" .. d ¼ . .. ... 
1 'UJ'::::Vl'J1..:J fermentation U~IJl'"l::::Ltlf:ilU'U'U11Jl1f:il 1-u wort Lil'ULL'clf:ilfit1elt1 ~ LL~::::n1,r 

.- J.t _ 11 .... ~ ..,. • o u 9,, L dft ~ 
rl1J''l.Jt1'U w1'fl'fln 1."Ifl?l J''l:W'VMn~L'li'flJ''flf:il LLf:il:::: acetic acid 91'U'J'ULf:ilnut1u 'U".ll~'VluJ'JJ1W 

I !11 I !I 

n1'lif'11:f'l.J'fl'U1Dl'fl'fln16111?1L'W:W~'U tir.i::::rh 1,,.m:w1ru'V-l'fl-:i (foam) L'W:W~'U~'JU 

LU:i'~'U LLf:il:::: fat derivatives r.i::::i.1t:Jf:il'V11L'"LL'r.lf:iln'Elelt1i, acids, organic acid 1.L~::::~1J' 

UJ':::n'flrnL'fl~n'Elel'fl~1u 7 fol:::: form aromatic ester L~mJ1nfu (Steinkraus, 1989) 

1w1h:m:m 7 "ll'fl-:in11vr:wnr.i:::i1n1:tLtl~uuLLtl~-:i pH 'Elr.h-:i:t'Jl?lLJ'J ii1'fl pH ~l?lfM 

1JJ':::::w1ru 5.2 r.i-wn-:i 4.1-4.2 (1J1..:if"1¥..:i'El1r.iLil'W 3.85) ~-:JLL1Jr1i1L1dW~1:w11mr.i"¾tlJL~'lJL(;l~ 

LL~:::1'W"11W::::~~WVl1JilL~:wfu r.i::::'Vl1L'" specific gravity LL~:::: wort solids f:ill?lfM 

Glucose----/\--~---------► Fructose-diphosphate 

2ATP 2ADP 

2NADH 2NAD+ 

2-pyruvic acid ---- 2 acetaldehyde V ,2ethanol 

'iUv1 2 i''Uv!'el'Ll".il'el~ alcoholic fermentation ... 

10 
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Aging or Maturation 

L1Jr.l~'Y11L~;,, 1inJ 7 5-:i1;we,hun1J' aging ,,:;;1st1nri1 green beer n1i aging r,:::;Y11 

n1nn1J green beer l')'~'f.!U!'M.fJ:W 0° C L'Ll'UL'J(N1Vffl1tJ~tl'711V!t1'1'!,H:nm~'cl'U lui:::;Vf')1-:tn1J' 

I I I !.J !l,1 

di -=l11 - ·' q, 4 0 1 '"' ~ ~ di O 1 ., .., ,=,jdj 

tL~:;;~1:r'clu ""I 'Yl 1.J-J[fltl-:tn1i "Il-.:J',:;;·vn m·uc.1:i' b~i"ll'Ll 1.1.fl::::'Vl1 :vi~nttri..i,.:;rn:m1nn1l"j1?1"lrw 

esters lLfl:::;~1itJi:;;ntl·u~u "l 9:::;i;;inw~(,]iuri11V1iJfi~·n1&1 niw 1,1,~::;n1ntJ~uw1.1.iJ~-:iiu ·1 
.do <j,1,c.:!~ l;Jt ~.;;{ 9J I 9.;' 

,n111v11.1Jt.1'.i':l-l'.i'~u:w1rw lw"ll'U'U Lager beer 9:;;1".llt/Jfn1:wn1:r aging c.111·wiunrn Ale lfflr.!1"11 
' 

"'°' 1 .d 1"" "" %" I .-L '1~1'U1'UV1~1ml?l'f)'U ,u·11ru::::Yl Ale ".ll l!J~1 I. 'V'H:.1-.:J 1-2 '&HJ'711VI 

Filtration 
1' I I I 

1.ilui1.Kn~n1'.i'tl11, fJ11, -n ~ ii8 i:'l ~t1.~::;~1 '.i' 1.1. "ll"J'W~'Br.1~u'V11.JJ Jfo-.:in1 :rt1fm91n !.'.Lit! f 'Yl1 

1/i1Tut..1n1S'nJ'!l-.:Jc.i11..1, membranes 1~1'B1°If'lfl1J'"ll'1c.1'l'Un1'.i'fl'.i'tl-.:J L".ll'W Kieselguhr (diatomaceous 
' ,,, ' 

earth) ~-.:i~11'.i':;;~•vifi.n11-1~'1 'Utlfl'•nnu rJ-:J:W1,11J'~'W 7 ~n 1:.rh; perlite, silicates, silica 

hydrogels 
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Brewing Procedures 

Malting 

0 9,, 9,, 

'Yl1 LL VI-:!, L'El1J'1flLL~::::1,ru'Elflf1, 1Jl?1~1?1"1l'U1!?1 

.., ~ 9J 1• l . I .J d .J ~ 0.. .J 
i:.J i:\J,J J''J:1,J f11J'U1 LL~::::~l:W "1!L 'J ~1u~:W1tu~l'.i'-:Jfl-:JVl'U-:J"1!'J IJ.J-:1'°1'.i'-:J 

Mashing 
.d A 0 

'Yl'f,!tuVIJJ:W 35-40 C 

A • • J ~ ... .J A 0 

L(;JJ.J adJuncts LL~'J(;l:W 2 "li'J IJ.J-:J 'Vl'EltuVl1'1J.J 60-65 C l . -, 
Boiling 

A 9,, 4 I ~ ~ .,._ • d A 0 

Lln:W hops LL~::::(;]J.H'V'l'El'it-11 L ".lit! 1 "l1':l IJ.J-:J 'Yltltu'VIJJ:W 95-100 C l . 
., 

Yi-:i1~LU'U 1 ~'U 

starter 

Fermentation 
.,.,d A do 

Vl:W fl'Yl'f,!ru'VIJJ:W LL ii:::: L 'J ~1'Yln1Vl'Wt1 

(tlt:~:i.nru 16°C , 7 r!u) 

l 
Aging 

l 
Filtration ___ ..,. 

l 
Pasterzation 

Packaging 



' """ 'UYIYI 2 

2.1 fi1'ifl{;!Lfl'elfli'1'J L 'nf?lvi1.h:1,111.iLtiU'lf;lfl~U 
Q 

u .., 'i' .., , d !'l a .., 'i' d11..!' .., %. ..- o 
LJ.J ~1?1"111':l bWl?l!W)'Ell:.11'1'Vl 1 Lu'WLJ.J ~1?16111':l bWl?l'Vl IJ?J',1n:i'1'W"ll11:.l'El1Vl1J'~1'1':l 'W1:W1 

Lf1lll')LU'WL'l~1 30 'l'W 
a .., 'i' .., , d. _!"l a .., 'i' d11 ,!' <j' "°' _%. ,,. 

L:W ~1?1"111':l bWl?l1'l'l'c11:.11'1'Vl 2 L1,J'WLJ.J~l?l"ll1'l b'V'll?l'Vl IJ?l"'l1n b:i"1'11'Wi:.J~1'l'cl1'Vl1J'•eil?l"J 

'W1:W1L1111L'lLU'WL'l~1 20 'l'W 

LJ.J ~1?1if1'l L'V'IC?1i'lflcl1-1~ 3 LU'WLJ.J ~C?lif'1'l 'f wC?l~f 'El ~1:.11'l:r-:ir.i1mm11'1'.i'm' u1:w1 

L111JLl)LU'WL'l2il110 'l'W 

'W1 LJ.J ~ C?lif 11:l L'V'IC?li,J'J'f!cl1-1~ L'f11Jl') LU'WL 'l ~1(;11'11l'W~1'W'l'W 100 LJ.J ~(?I LL "11111 

'W1'W 24 i'lLlN ~'i;)WV11J:Wi'El-1 ( 28-29°C) Lt,~::::1i'El1fl1~1'l~'f.lC?IL'l~1 'U1:W1L'V'l1::::1-w 

~1"111':1111-1 ~m11:.1-1 LJ.J ~C?l 1 iLil'WLLU'l LLi'lJ!r:l-w-w11 L ~Tlfm~n~'l1:w~-w 1,ilm 'J~1 3 1-w u11 

o a d o .., , ~ o , d11..!' d .., 
"'l1'W'l'WLJ.J ~l?l'Vl'1'e'ln 'Vl1fl1J''Vll?l2il'El'1!.fl'l'El1:.11'1~:::: 2 ':lf1 'W1~1'Yl IJ?l:W1 L 'U~1:.IVl1'El1'1J'1fl1J''1'Elfl 

9J ~ ca., I d~ u d 1 

bL~'lL~'flfl1'1'lflt.11'1'Vl:W'fl1'1J'1fl1J''1'flfl~'1'Vl~C?lLL'Zil::::~-:in'l1 95% ( Beta et al, 

1995. ) 

2.2 n1-aV11'6f111'l~vi L VI :i.n~in11. u n1-a~ i f;l :aJ'el~'Vl".n1'J 1 W6>1 

o a .., 'i' .., , d11 .., .., "9 1 d o .-
'W1 LJ.J ~C?l"ll1r) bWl?ll.fl'l'ElcJ1-.:i'Vl LW•nnn1'.i'~l?lbf.'il'Eln 'Wfl1:i''Yll?l~Tl'1'Yl 2.1 :J.J1'Vl1:W'f.12il'Vl 

j:wr.i1ntl1if1'lL'V'll?l 1 rn~nf:w :W1LL"litl11i'Vir:i:w ~'f.!WVl1J:W~'El-.:J( 28- 29°C ) LL~::::1i 

'El1n1~1?1f'!'ElC?lL1:l2il1 Lil-w1,r:i~1 24 ir:it:w-.:i l'111i-.:i'Eln~mL11:i'L'l~11-wn1:r"l'Elmilu 2, 3, 4, 

5, 6 LI.~:::: 7 r'f-w 1'wLL!?1~::::r'fur.i::::r'f1?1n1:r~ry1.~m~'El-1,,1nn1:r"l'Elm·.u-w~wEl'El-wLL~:::::nn 

( % loss "ll'El'1~tm~::::11n ) r.i1ni!utl1 LJ.J ~1?1if 1r:i L'V'IC?1~'1'ElnLLir:i:w1'ElrnL i"l 1 'W~'EllJ~:W f'El'W 

~'f.!WVl1J:W 65°C 1,U'WL'l'Zil1 10 i'lL:W'1 L~'El1iLJ.J~C?lif1r:iLWC?lij~'l1:W~'W 6 -12 % LLi'ltl1 

i;J'l'EIU1'1~Wll'WLLl?1~::::r'f'W:I-J1'Jl?l amylase activity ~1:.11in1:rr'f1?11Jhnru reducing sugar 

( Miller, 1959 ) L~'El'v11L'l~1~ LVl:W1::::~:w 1-wn1:i''1'Elfl 
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<t .., 'i' .JO 1.., ~ .., 
2.2.1 n"l:i'Vl1 %loss "ll'El-:JL:W~~".ll1'l b'Yi~'Vl'Vl1 Vl-:J'ElnLu'UL'l~1 2 -7 'J'U 

• ~:I.J(;J'J'El1:h-:i-n1'J L'Yi~~u-:ibtl~'El'ULL~-:J:W1U:i':::::i . .nru 8 -10 nf:i.J LL~'Ji'-:J • 
S, I 
0 ca, A ~ 

u1V1um:m i.;iu 
I ... 

• ~-:JLfl1~WEl'Eln -n-:i-tl1V1i!n ~1'U'Jfil'V11 %loss ".ll'El-:J~'U iv1'c.Jn1:ril1i~ 

~'J'U:i'::::V1~1-:itl1V1i!n~i'-:i1Jf nutl1V1'Ufl (~:w ~'U ~n.!0\'J'cl 100 
I ., 

• ~-:JL'El1:i'1ntl'Eln -n-:i·w1V1'Ufl ~1'U'Jfil'V11 %loss ".ll'El-:J:i'1fl Tu11:m1:rtl1i~ 

~'J'U5'::::V1~1-:iil1V1i!n~i'-:i1Ji'n1Jtl1V1'Ufl (~:w ~'U ~n.!0\'ltl 100 
., 

~1'U'Jfil'V11 %loss J''J:W 'n1 3 "fi1 i.J'U-nflt:J~LLi'JL~r.I'Ufl5'1'Yfa::::Vl~1-:J 

% loss 111J91'U'l'U1'U~Yh 1 i-:i'Eln 

2.2.2 n1:rV11 amylase activity lv1tlfl1J'1~"'1'J1:I.J ~1:J.J1J'U 1 un1n ~:1.Jlli':1.J1rutl1(?11~1&'h"Jf 

'1l'El-:JL'El'U1"mffl::::U.JLfH:'-lfl1'cl1ui,:w~~if1'JL'Yi~~·vh1~-:it1miluvH:n 2 -7 'J'U l'11 3 J1 

!,~)ti 1-m"Il'El-:J Miller (1959) ('llin1:i'l'11'Elzj1 'l.lfl1"'1C.J'U'1n fl) uuYim-J~ LLi'JU1°11'Cll,j ~ 
., I 

:I.J 1 L~tl'Un :i'1'Vi J'::::'Vl~1-:Jlli':1.J1n.l'U1i.;J1~1~'J6Jf n1J91'U'l'U1'Uviv'h 1 ~-:i'Cln 

2.3 fl1"i'V11ff1l1'l~vi~vi:1.,11~in..11.ui'u mashing 

'W1L:W~l?l"ll1'J L'Yi~~c.hun1:r'flrnL1"-:iLL~'1:1.J11J~~~"ll'U11?1 ~a1-If pin mill LL~'JU1:I.J1 

&,J~:1.Jnrnl11uia(?l'.J'1~'J'U malt : il1 L'Yl1f11J 1 : 5 1i""'11:1.J~'ElULLf1~1'.l'~::::~1tl L~'EILIJJ1a:I.J 

0 .., 1 ~ ~ 'i' ~ 1 "' ...di., J!! ,di 11 .., .., 0 

wort ?11'VIJ'1J "l! bU"llU fermentation w1t1 "l!:1.J'El'Yl~'Yl w1L~'Eln 1/J'-1111°1l'f.l 2.2 '°l1U'1'U 150 

nf:1.J &.1~:1.Jn1Jtl1 750 :n~~~!?l:r LLi'JLLll:rir;iruvi.1J:WLL~::::L'1~11urn:r1ir-ir.11:1.Jf'Elmilu 57, 

63, 69°C LL~:::: 1, 1. 5, 2 oft''J l.'IN(;11:I.J~1i1J lv1t!L"ll water bath 'W1Ll"1~::::!?l'Jflr.h-:i:I-J1'Jl?l 
"' ., 

'lfl:1.J1fil'W1(;11~1~'J6Jf 'Yl1 2 "il1 1JU1111C.J~lL~::::1L"'1J'1::::t-fc.1~'Y11-:J?IU&l 
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., r 

'W1 wort r.i1n-.ifu mashing :U1L~:W glucose syrup Tu!mLUJ'm:w1ruviL~:WL'.U'U 10, 

20 LLfil::: 30 % Tuiml1viumL.«-:i,it1,nl1viun:wt1~i'lii1'l L'n~~1-If LLi'J 1-«f'l'J1:W j'fl'U 'nj'fl:i.J 
., I 

tl1JL~:W hops 1um:w1ru 0.065 %(w/v) vi-:i1~l«L&i'fl~ 2 'n'Jl.1-l-:J nJ''fl-:JL'fl1f;l::::nt1mL~:::: 

hops flflm ~'fl'Yl11.«~11~::::i·nc11~ r.nm!uthc1~11~::::~1c1~-:i"ll'J~V1:wn LL1.J:i~11~::::~1c1 

'i'- - Fr: .J ~ .d ~ ~ 0 ~ ~- 1,J. d I 

:W1 10% bl?l'c.l1JJ':W11,1J' L'n'flLl?l:i'clJ.J starter "11-:Jn1J'Ll?lJ'cl:W'U'U'Vl1 bl?l bl?lc.l 'Ci~1:i'~:::~1c.l'VlLL1J-:J 

:U1~~-:i1u flask ilcw•Ul~'Jcl~1~LLi'lil11iJ1-i1L~'fl~ 121°c L'Ll'UL'J~1 15 u1Yi U~'flcJ1.« • 
d ., 

LU'ULLi'J inoculate ~'lei Saccharomyces car/sbergensis 'VlL~cl-:J1J'U PDA 1u'Vl~'fl~ 

_ Fr: , 1 ."I :,, <j'_ • d ~ ~ .,, 
'Vl~~fl-:J u:i':W1W 2 - 3 loop L"llcl1 'W shaker Lu'UL'l~1 24 "l!'J LJ-1-:J L'Yl starter 'YILl?l:i'cl:W ~'JfM 

1-u"ll'J~'Vl:Wn L"llf.!1L.«Lif1nu 'Vl:Wn1iJ'~t;iWVl.1J:W 16°C L'.U'WL'J~1 7 'l'W LLtlnL"11~~1j~i;f'B'fln 

Tuiun1:i'if'UL'Vl~cl-:J(centrifuge) 6,000 rpm L'U'UL'J~1 30 'U1~ 'W1f;l'J'fl'ch-:i'VT-:i 3 ~'J'f)~1-:J 

:w1'Vl~~'fl1Jflrut11-rl'Yl1-:JU:i'::::~1'Yli:wi:'l'~1u~1u~ n~u :i'~vv:i1u :i'~"ll:W LL~:::::i'~"l!1~Tum • 
:i''J:W :i"J:W 'VT-:i1'~mlJ1WLL'fl filfi'fl el'fl i ~1 fl'J1:U L'LJ'WfiWlf?11-:J m:w1rutl11?11~1~'l"1iv1 

1:vii'flvri-:in1 :i'Vl:W n il1-if t1:i.1 ~~1Jf :u 1'1 Lfl:t1::::vf i:-1 ~'Yl1-:i~ii~ 
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! 

.oil 
'U'Vl'VI 3 

3.1 n1'a'Afilbi'fln-n1'J tl1fil•vh.h1n'tittlu-3"171u~1.1 • 
I ,, I 

1.J.1"n1':l l 'Wv"!Y1ihnt1 n1 n nu lb[91 n rn1-:i fl'WJ.J1bl 'litl1 bbi'H'Vn:::rvh:ivn % f11N'flnY"IU'11 , 

- I «:j 

r.J')'e) ti 1 '1 'Vl 1 

1 68 74 94 

2 ! 72 76 100 

3 I 70 75 97 

32 n1ffl1~111".l~ b'lon~~ ~ 1 un1'a'~ i fil 4-l'el~'Vl'fl1'J i: ~ fil 
tl1~11Jth-:i ~ ~ l?l"n1'1 ll"il?l~ t ~'El mt ~'1 :J-11 u 'litl1 vh 1ii-:i1l mtl'w 1~1 2-7 1'utt ~1tl1:J-11 

M1 %loss vm,-;i1 

b1~1Y11'illun1N'flf1 ('1U) %loss r1n %loss A'U %loss f1:J-J 

2 7.67 7.79 15.46 

3 10.35 11.28 21.63 

4 23.26 23.14 46.47 

5 25.26 21.88 47.14 

6 25.84 22.24 48.08 

7 31.51 21.63 53.14 
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en 
en 

60 

50 

40 

_3 30 
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20 
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2 3 4 5 6 7 

L 'J fl'lffi ,i1. 'I.I n1'i-:I 'eln ( 'l '1.1) 



19 

' V ~ 

bii'tl161fv:iin._,'eln'W1'U;'U bb'U1l'W:W %Loss"ll'el._'l'.i'1n, [91'U bbfl::; %Loss n:wr.i::;~._,;'U '91._'l 
'IJ 

o V ' 

%Loss "1l'tl._'l'.i'1ni'.Jbb'U1l'W:l-.lb~:l-.l;'U bbfl::;~._,~~1-urf-u~ 7 ~1'U %Loss "ll'el._'llX'Ui'.Jbb'U'd 
'IJ q 

I 1,, I !,, I 

~1~frnm1tu:w"ll'el._'l %Loss n:wr.i::;i1~1b~:w;-u t~m~:w;-umh:i:w1n1-u1-u~ 4 bbfl::; 
' V ' 

r.i::;fl'eltl 1 b~:l-J;'U loJ'U~._'l~~l'U'J'U~ 7 
'IJ q 

' ~ ' 
0111:l-.1~1:l-.11'.i'tl 1-un1n ~:wm:w1rwi11 (?11fl~~1611"1l'e)._'l b'el'U1 'ljJj'e)::; 1:wrn~r.i1n-n11 t 'YJ~Vl 

V ' 

Y111 i\._,'eln d:J-ub 1fl1 2-7 1-u YJuci1m:w1rwi11 (?11fl 1-~r:ii~rf ~ 1Ji'r.i1n1Phn1:r~~n~'Ubb~._, ii bb'Ur:l 
'IJ 

br:lfl1~H1-un11._,'eln (1-u) 
V 

00540 m:w1rwi11(?11fl1~16TI (g/1) 

2 1.120 4.48 

3 1.786 7.41 
. 

4 1.038 8.24 
. 

5 1,269 10.27 

6 1.344 10.93 
. 

7 1.226 9.89 

• b°JJ'U"n'el:Wfl91nn11 dilute 1 :1 
'IJ 



I I 

L'l~1·~1-n1.un1:t"'flfl ('lU) 
"" .,. .., 
'rl"'Yl'll?l 

2 3 4 5 6 7 

%Loss 15.46+ 21.63+ 46.40+ 47 .41+ 48.os+ 53.14+ 

0.58" 0.19b 0.42° 0.89°d o.1l 0.246 

tJl J.J 1W 4.48+ 7.41+ 8.24+ 10.27+ 10.93+ 9.87+ 
., .,. 0 

0.08" 0.06b o.1l 0.09° 0.30d 0.26° U1"11~J' 

~hi (g/ll 

%Loss LU')U~ 3 LL~:::: 4 LL(;lfl~'l"ll'lJl.J'lfl 1u"llw::::~m:w1rutl1(;1'1~1~'l'11iJJLL"1fl 

~'l"fl'U ~'1LL~l?l..:i1u1,1111"~ 5 ~..:i,!uq"L~'flm'l~11Uf11N'flfl 3 '1'U 

3.3 ff1"iVl'lt'f1l'l'l:::'fi L 'I.UJ1:-!iUIL 'l.lffl"i rnashi ng 
.JO o,, I .. .., <j' d, ,.., 'IJ d A 

L:l-J 'flU 1 "1 'l'flt.l 1"~1J'~::::~1t.l"ll'fl":W'fl~'Y1"1l'l'l b'Y'l!?l'Vlt:,l1Uf11J' ,VIU'"l'l1J~ J'tlU'Yl'qfilVl.1'.J:W 

LL~::::l.'l~1~1" 1 nw~1'll?llfl:W'lru reducing sugar lL~'l'lLU'"l'.i''l::::'Lfif'f.l:1,1~ ~mHfrjif factorial 

. lfrl .., d6 experiment i:.l~l?l""11J'1-:J'Yl 

J~oru.[_6 ANOVA TABLE 

sov d.f. S.S. M.S. F 

Rep 1 2.45E-3 2.45E-3 1.782 

Temperature 2 7.407 3.704 2,693.46 

Time 2 3.883 1.917 1,393.82 

Temp x Time 4 0.185 4.63E-2 33.67 

Error 8 0.011 1,380 

Total 17 11.438 

Foo5(1.s1= 5-32 Foos(2.21= 4.46 Foo5(4.a1= 3-84 
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Time (hr.) Temperature ( C) 

57 63 69 

1 4.17 + 0.04 3 + d 5.41 _0.01 + f 4.52 _ 0.02 

1.5 -I- b 4.71 ....!.... 0.04 6.56 + 0.05 e + d 5.32 _ 0.05 

I 2 + C 5.12 _ 0.04 6.64 + 0.04 e 5.59 + 0.01 9 

91f1li11:l''N~ 6 roi:Lih!r:i1 rh F ~fl1'W'Jilll0191nn1:r1-11~1 (Replicate) ilfi1u'\:lt1 

nrhri1 F ~LU(jj 1~rai1mw1:r1~ bt~tp1~11 n1:rvi1J1 bJitr1'11J..ltu,1nr,h'1ffU'flt11-.liJirmhfi'nJ'Vl'l'1 

~nm (P>0.05) 'ci'JUfl1 F ~A1u1ru1Ji'91n treatment A'fl ~ru~J;Jii, L'J'i;i1 lL~:'.::rl11J..l 

iJ-Jl{ui:r:M'11~'e'lrutmiJffrn 1,;;n itr11J..l1nn11~1 F ~ LU'°110\·~1 nr,n t1'1 lt ~!Pl'1'11 treatment ' ,, ,., . 
ilW1;if911JA1lliJ-.11ruU.11rn'o'1i~hiY1'10l~ U'i;i:ri1l'.K~n~11:i'.JA11J-JUITTnr,i1~nU'fl!:hJilt!t1~1AnJ 

'Vl1--l~fif.1 (P < 0.05) 

91ni.nr1--l~ 7 V'l1Jr.i1 ~'elruuniJ 63° c iiri1ttu~t.1"ll'fl'1lliJ-J1rutl11n1~i~r;ii.tJ1n~~1?1 
'I ,1 " 

llft:'.::~l'1ft1 1.5 nu 2 ofi''1lJ-J'1 lliJ-J'lrutl1A1~;(91')'1j~')1?11Ji' liiiJ!Pl'11J-JllFlf1Fl1'1flU'Vl1--l1lflR A--l 

iJw~..:it~'eln~n11:1un1:rYi1 mashing~ 63°C LUWl1'i:'l11.5 i1tJ-N 

3 .4 n1 'a~1 m ~ 1 ru th~ 1 ~ b ~,-Ji 'Uffi 111. tm1 ~in 

f..J'i:'lfl1:l''Vl'9l~'el1J'Vl1--ltl:r:~1'VliJ-Jif~ W~l?l'11UA1t1'1~ 8 r.q')UlliJ-J'lrull'flftfl'elfl'el'if. fl'l 

fl11J-J ttlun:r0lt?h--1u '6'1:mJ-J1 rutl1m1 ~ ~~hi LL ~(jj--1W'o'1&i-.l 1UA1:r1--1~ 9 
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... -1 ...... 
f;l'l'i'l..:JVI 8 ~ flft'l'i'Vl,tff'elU flNll'l'W'Vl'l..:Ju'i::!ff'l'Vl'liU.U:Jff 

<a 

.., 
in2-11ru glucose syrup (%) f.!N~fl~ 

10 20 30 

~ 8.10+1.69 
a 

7.90+1.60 
ab 

6.10+1.58 
b 

i:ai'l12-11~ 1.10+0.65 
a 

1.60+0.92 
a + a 1.90_0,64 

I 
A a a + a flg.)'U 3.5o+o.53 3.80+1.21 2.60_1,14 

:i'~Vl'l1'U 6.80+1.18 
a 

6.50+1.03 
a 

5.30+0.05 
b 

:i'~".112-1 3.10+1.oo 
a 

2.80+0.22 
a 

3.40+1.16 
a 

:i'~"Jl1~~f.l:t'l:W 3.90+1.47 
a 

4.20+0.92 
a 

5.10+0.81 
b 

fil'l12-1"1i'fl1J ~f.l:i"ll-1 2.30+0.91 
a 

2.60+0.45 
a 

2.10+0.68 
a 
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f?11'11-:JV1 9 LL~l?l-:J'm:W1nJLL'El~n'eHl'Eli fl1Pl'11:WL'Ll'Un'11?l1?11-:J (pH) LL~::::m:w1ru 

I "" ..,..., 
m:w1ru glucose syrup (%) ~-:J'Vl'Jlfl 

10 20 30 

m:w1ru alcohol 3.85 3,80 4.05 

(% v/v) 

r11 pH 5.67 5.62 5.57 

0 
m:w1ruu1 [?11 ~ 0.18 0.21 0.26 
........... 
Wl'J611 (g/1) 

r-1 <V d ."I dr-1d I <V .J .,. I 

L'1%1-:Jfl'lJ9'l::::m.ru 5 '1l..:JL1J'Ur1::::LL'U'U'Vl~'Vl~1?1 ~'1'U'"1ru~n11ru::::'Elu 1 :w'1'1::::Lrnu~1-:ir.i1n 5 :w1n 
'I • 

LL!,11:w:W '1'1'11:1-J LL~rn,h-:in'U'Vl1-:J~i1&i lfnt!L91'1'el'th,:J~L&l:wn~ li'l~tairftl 30% 1A'f'Llf11'.i'tl'el:1-J f'Ll 

:w1n~~tn1u'1'lruim~ru::::~-:i 3 ~-:in~1'1 
'I 'I 

I ,?I I 16J I O f,:: ':,' r-lA ...d ,di <V OJ' 

'1'111Pl'11:W Lu'Um'tntn1-:J'el~ b 'U"11'1..:i 5. 57-5. 67 LL~::::u:r:w1ruu1~1~:r1?1'1"ll:'Vl L VJ~'flV1~..:in1:r1,mnr.i:::: 

L~:I-J~'U~'ElLifW:W1t"Ufl~li'l~1'ilftJ:w1nfu ~..:JLL~~M1.'U"11..:J'.i'1-:J'~ 9 



d 
1J'Vl'VI 4 

!?i' '1t1t.i 1-:i~ tl 1J.JTVll?lf.lt1-:i Ltlhm L 'Vl t.11Jf1 -wiT -wu Lrn~-:i~J.J1LLf.l:::::r::::t.1::;L'1~1hm1:r 

storage Vl1t11"1'11J.J Lfl11 V1:i.i°1l'i:l-:Jn1nn1J LL~ni;h~n'W ~'191mJ~n1'.i'l'l l?lr.l'i:l'1~1J'J1 I.J..l ~(Wn1r.i 

L 'Vil (?I~ 1 if L '1f.l11 'Wn1'.i'Ltl1J'U'e1t.ln'J1r1::;u"c1ln'.i'1n1'.i'-:J'i:ln~-:inr.hi,1'1t1t.i1-:i~Hfa::::t.1::::L '1f.l11-wn1:r 

uirn . .nnnr:i1 ~-:i L1.lnnl?l1"1'11ntYnJ.J ~1J..11rn lwn1:r..:i'f.ln"ll'f.l..:J LJ-J ~(?l•n1'1~1~~-w(1?11..:i 1 ~ 
"" 11 •;:4 ' "" 11 ' , "" ' di ., ,,.d "" d 1 ' 11 .• ,,,. 

1.n1J L'h-w:r::::t.1::::L'1~1ln1-:m-w9::; 1J..J Ll'l1n-w nf:-l1'1t1t1 "111'1'rl1~l'lLfrrnnt.111 ·vrJ.J 7 9::::-.:i'Eln 1.J.J(?} 

~tl..:JLf11Jl')'f.lE]1..:J'U'i:lcJ 3 L~'El'W LLf.l::::t:11L111Jl.J..1~(?}"1J1'".l~1~L')'W1'W~..:J 11 tffit1-w f1cJ..:J'YnJ'J1 

,,. -=l d :=, , ..;id 
I.J..l~(.?16111'1~1f.lcJ-:Jfl..:JUfl'11J.Jct1:w1:rrt1-wn1:r..:i'Elnl?l ( Hough, 1985 ) '\'lL'u'Wl."Ji'W'Ul:U'i:l..:J''i1n 

L:W ~ (?1"1] 1':l l.1~'91-ir 'W'r.1')'1~ 1'W~ 'U'.i'::::c1::::~ n!?i' '".l'W1'Wlfl'ULUU.f.l::; 1-w:r::;·vr11..:in1s-1.n1J1.J.J ~(Wll1') 

L'Vil?l9:::::W n1:r~ t1J I,~ r.lf"1'11J.J~'W '.J'')J.J'~..:J'Vl 11 if LL:1.J f.l..:J'~~!fl:W1f1Ul.J.J~l?l·n1':l L'V'l!7l:WLfln11'.'l 

'Yl1f.l1tJLJ.J~C?1l~':1 . .nn~u~'m 

4.2 ffl'iV11'6't111'.l~viL V1ir1~~:1J 1 un,"ie.ii~:JJ'iil~'V1°1!1'l L -W'9'1 

,,._~ 1 ff1'.i'Vl1 %loss "11fr-'.1"111'1L'ViC?l~'Yh1.if..:i'ElmihiL':lf.l1 2 -7 'J'W 

,d ' di .. ,d .. I 1 "' l:Ui:Fl91n %loss ~1J.J1'.i'rtum,:m1J'Luf.lrJ'WLLuf.l..:Jl:'l1'.i''i:l1Vl1'.i'l11r.l 'WL:l.JlNC?tJ.J1 

L'Ll'W;{'W'eltl'WU.f.l::::J'1n 'V111.if 1.ncrin1'.i'~t")d L~m~1J''i:l1'Vf1'.i'fl1rJ 1-wl.J..l ~t?l L!YlrJ L 'ilYn::;LLU-.'.l llf.l:::: 

rl--'.l'V111 if yield f.ll?l0M~n~'1rJ 

~'t1Yi91'.i'lli1nnr.JwMMli'l'11J.J i:i.J~'Wfl'.i'::;vir:h~ %loss "llti-:i~h.!flfl'W. '.i'1nLLf.l:::: 

;,:.~ u.r di G I ~,d,.J{ 
% loss '.i''1J.Jl'l..:Jln'ULLf.l:::'.i'1n n1J'.i'::::t.1::::1. '1 f.l1l'l 1 "ll1 -wn1N'i:ln°n'El..:i LJ-J f.lC?l 'Y'l1J119::::J.J f-11 m:w·n-w 

~'fl1ifL'1tn1-wn1Nfln 2 -4 'J'W LLf.l::;~J.JVN~1-w1u·~ 5 -7 l~'Cl-:J'11n~1J'tl1Vl1:i'fl1r.J1'U 

LJ.J ~ C?l~ n 1 -nli.Jl -w:r::::vd 1-:in1N'Eln LLIN~L~:1.J'Vf:1.JC?1LU~'i:l H11.<Jr.i11un1:r..:i'Elm~J.J~'U ~'Ju 

!t,., ,:r;,q 0,.1' I ~ Cl.I' .di q I --! ~ d .d 
% loss °ll'fl-.'.l~'WLLf.l::::-'.nnnJ.J lNnI±lli::::L -nm1nc.1'1nu F1'i:l9::::J.J f'11 L 'Vi:1.J·nui.:wfl:r::::c.1::; L 'JIN1'Yl 1 iftu 

n1:r-:i'Eln:1.J1n~-w L!Ylt.1~ %loss ·11'E!-.:i:i'1n9:::;:wr11~-m11 %loss °ll-rNJi'u ~..:it'i:l1'-lb~'Ei-:JJ.J1 

r.i1nn1:i'-:i'f.ln°1J'Cl-:J I.J..l ~eonr-w ~')'!,\'~ 1.1J-wnnr.i::::..:ir1n'El'flnJ.J1fl'fl'W~'J'W~ l,U'W~'U'tl'B'W 
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I I 

( Hough, 1985) ~'1t,11JJ'Lin~~'flLflf?ln1'.i'-:J'c1n'.i'1nLL~:::;~'Wtl'c1'UlL~') '.i'1nLLIN:::;~uri'fl'W'"t:::;:W 

n1 '.i'Vl11:l 1'-i I, ~:w:w 1nf u ll,~:::;~'El-:J 1."TI?.l1 '.i''fl1Vl1 '.i''.i''J:W J-:i LLil'1~'rlzj1. 'Ul.'l-J tf?l ~-:iirw~'cl't11f11 '.i' 

,., 
,di 

-nu 

I ,., 

4.2.2 n1'.i'Vf1 amylase activity lffl'c.Jn1'.i''Jf?lfl'J1:J.J~1JJ'1'.i'fl1.un1'.i'L'Yi:Wlli':W1n.!'U1l?l1!N 

1~':l"i1".IJ'el'1 Lfi'WL"ll:Wfi:::;1J.J l,i;;J~ 

I I 't,I '-' 

1,:i1r1'.i'::::c.1:::;1, 1i;;i11.-wn1:r-:i'flmJ'fl-:J I.J-J ~r1·ii111.·~!?i 1:w.:iJ;-w ·m:iJ 1ru'lJ'i:M'U1l?n~1 

~ r:iinr-i:::;r~:wf 'WI. ~'fl'1'"11n 1,:JJ ~f)>')<,:::;1A¥1-:i l.'El'WL'i!JJ'fl::::1J.J Lfl~~UlJ1r.lfi'i:J LLil-:J1l1t11 'Wl.'l-J ~f?) L ~JJ 

:w1n~u ,,-wii-:i,Yu~ 6 ·11<rMn1:r-:i-em 'Vf~'1'"!'1n1X-wlw11i~ 7 m:J1nxl11l?n~1~'J'Il'-l::::r.if?)~-:J 

L'ti'El-:iJJ1"!1n 1un1'.i'-:i'fln9:::;y'h 1-t;' substrate Vift:mil--:iqn 1At1.iJ1:wn1'.r~h-:iJfwa·a-w. s-1rn1.1N~ 

n1 '.i'Vl1tJ 1r--i I.~ :w:w 1n~-w r'i111Xm:w')f.ULLU'11,'\,1~!li'.lzj1 'UL:t.J f.l'91'Utl'cJ\:N ri" 1.di'·11mJJ1!U 

L 'tl UL 611JJ,,:::; t:~ JJ f mwinfJ-:J'YJ11 m6\u~:w1ru·J1l9J1 fl~~'J"TI'Ll'Clr.Hl'J1 l'Wl?l'Jtlr.i1-:i~1-n vm11 'W 

n1 N'flf1'Llficln'J1 ~-:JC,J ti~!Jf 9:::;?.ltl (?l fl ~tl'11lU1lUn1 '.i'i'11JJ 'rl f:l'Yl01ltl'1"1J1') ?.l1 ~ ~1 '1l L ':lr.111:u 

n1'.N'rlf1L~JJfu,,:::;1-t;' amylase activity LLSl:::: %loss ~-:iiu( Suhasini and Malleshi. 1995 ) 
., ' ' 

oV" a., di .'1.1 ..::1 -=-I 1 o 1v "' di 1!:t.:4'1;_-' 
f?l'1'W'W9-:Jt,Jfl-:JLIN'tlnL':l~1'YlLVfJJ1::::?.lJJ un1n11 Vfl.:JJr.lf?l-:J'Elf11:l"l'El VI w1 amylase activity ~-:i 

1u·n~~ %loss bJ~--:i1.n-w1tl 

4-.3 n1"i'Vi1~1l1'J~vi b vi..i1~~..i 1. 'l..!of 'I.! mashing 

L'fl'WL"ll:WLL'fl~'W1'rl::::I.JJ L~~ lf?lmr1 h}si::::u optimum temperature il'.i':::::w1rn 
I I 

60 - 65°C 
~ ~ 1 ~ a,., r.=f ,dd a., d! I 1 I"" 

"!1'11.L~'J LL(;]"JlUCol'llfi-.:Jfil!JYf'TI L 'J..\fi,:J<·nnfit:y'V'l"lJ~':l'W Vff:kJ'-1::::J-J gelatinization 

temperature ~'1n')1 60°C 1111-t;'L'i'.l'WL'11:Wi'11"'11UW1'Elr.l1-:i:wtl'.i'::::~'Vlfi1l1'Y'l:J.J1n~u u.~i'h 

~ lliVIJJ n r:3'11,n u1iJ9:::;·n 11-Ci Lfi'W1:n:w 1J n inactivate 11.#f ~'1 L"11U 1.ul.'l-J ~l?l'll1':l1J1fl.f18'iJ 

optimum temperature LYi1171J 65°C ( Briggs et al, 1981) r.nni:J~fl1J'Yl(?l~'El--ll-'11J':l1 

r;iruV1JJU~rn:w1::::~l~~1V1fu1.:1J~f?l.if111.'V'li?l ~fi 63°c zj-.:Jt.Ut.\'i;!U.l'Vl.1:JU~·vh 1:1hfl1nru 



57 LLi'I~ 69 °C fil'J1:W~1J,J1:m1un1J'L~:wm:w1nnl1i;i1~1~'l,l~(?)~-:JL'VCl'1~L'UUflWVl1J~~ 

'fl~U'fl17"lh:J optimum temperature 

4. 4 fl1'7Vl1tn:IJ1N J1 IJl1fl L~iuiuvtl. fl 1.lft1'7VI irn 

r.i1nn1 j'VJ (?) ~'fl'.IJ ~W111'V'l'V11-:JU :t:::~1'VI i:w er~ 'W1J':l1fl1J' 1 r!if g I ucose syrup 30 % 

':;' o., .,..., ~ q o., '!, ... I ,"1 'l"' 
"11'fl-:JU1'VIUfl:W'fl~'V1"111'J L'W(?) r.i::::w~ru~n'l!t'f~(?)1U:i'~WJ1U(?)fl'J1L:w'fl L":il 10 LL~::: 20% ".ll'fl-:J 

tl1vrirm.J'flft'Yl"1J1'l L'V'I(?) Lrt'fl-:ir.i1nn1:r1-if glucose syrup 30% "11'fl-:Jtl1vrirm.J'fl~'Yl-if1'l L'V'I(?) 

r.i:::y'h 1i wort ~i:J1U171:i''Vl:WnLLi'l :WW:W1tutl1f;11~L'Vl;'fl'fl~:W1flfl':l11Ui'l'flr.11-:J~U 'Yi1 

1 '!, A a., .J1...111'!, I o, 1 o., I ,"1 ltJ!:' ,./ ft~ 
'Vl~1:W1:tfllfl(?)fl1J'U:JJ'W.l.l:W"'l117 hops 'YI 'Ct L'lL'Yl117U Uf;l'l'fll:.l1-:J'flU 1 ~, 'Ct'l'UlJ:i':W1W 

LL 'r.l ~n 'fl tl'fl iLL~:::P>i1 fil'l1:W LUUfl:i'(?) ~1-:J".ll'fl-:J CJ ;f;l.f1tu"V11l'li:i1 P>i11n « Lfltl-:Jf11JfilW~:W mh1t1..:i • 
LU1:.1flln~~'fl W:W1WLL'fl~ntllf'fliLvi1n'lJ 4-5 %(v/v) LL~:::R1fil'J1:WLU'Uflj(?)~1-:JL'Y11f1'1J 

5.0-5.6 ( Hough, 1985) 

~'lUW:W1WLL'flftfl'flej'flft1ui'Jtlr.11..:J~L~:W glucose syrup 20% "11tl..:Jtl1Vfirn 

:W'fle:l'Yl-if1'l L'V'I(?) fil'lJ':WtCT:W1WLLtl~n'flel'fli:w1nnr:i1i'ltlt.11-:J~L~:W glucose syrup 10% 

I I o., I .J A qft ~ ... 
LLIW•l1flCJi1ilfl1:i''Yl(?)2iltl-:J'V'l1J'l1 i;J'J'fll:.l1-:J'YlLf;lJ.J glucose syrup 20% :W1J:i':W1WLL'fltilnt'leI'fli1i! 

'!, I o., I .J A 1 .J_ ~ ':;' .J ~ o, 

U'fll:.l17'l1f;l'J'fll:.l1-:J'Yl Lf;l:W glucose syrup 10% U"11W:::'V11J:i':W1WU1f;11~'VI L'Vle:ltl'Vl~-:Jn1:i' 

'Vl:W 17"11'fl-:Ji 'l'flr.11-:J,.r..:J~'fl..:J:W '°111nJ Lfl l:J-:Jf1U ~ L'UUL-rlU~'fl1'-lLrt'fl-:i:W1'-l1fl'IBfl15''J(?IP>11 

lli:1.J1WLL'fl~fl'flej'fl~vl1iif't!ULUUfl1J'U1'-l(?)L~'fl(?)"11'fl-:Ji'J'flr.11..:J:I.J1Lma11LYiaunur.i(?)L~tl(?) • • 
':;' A ,!' 4 1 o., I )t_ !It J!:' 0 0 o, ':;' ~ ,"1 Jq 

"11'fl-:JU11J:i'~'Ylfi 6Ji-:J Ufl1:i''VJ(?)~'fl-:J(?)-:Jfltil11J IJ.J ~l'Yl1171J'fl1'-l(?)U11Jl1i1il'Vl:i'tl~1J''flU 1 'VIJ.Jt:J~ 

fl :t:::'Vl1J i;l tl"'l 1?1 L~'El@l"lltl-:Ji'l'flt.!1-:J'fltlfi i.lln'flu l..:ii!um:1-11ruLLtl~fl'flelt1~1lrr 1?1 ~..:Jt'l1fol:i1 • 
R1~(?)LU"'l1fl~V>itJ:i'r.i:::Lilu 
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.,,; 
'U'Vl'VI 5 

~TJ CJ~ n1TV1 i;t 'i.'l'el-:1 
c; 

,., ~ do o ..- ,; .J 1 • 
1. "111':l b'V'll?l'YIU1:W1'Yl1:I.J'rl~'YlrtlJ!i'Lff1JLfltl'J V!J,J 7 

2. L'J~11un111.Yi1::::if1'JLYiff1L~'rll11:w'rl~'YlY1m:w1::::~:1.J~'fl 31u (~ 28-29°C) 

3. ~.n1'J::::~m:w1::::~~,J1un11 mashing ~'el 1if~ruVI.Qn1un11'Vl1-:J1U"11'fl-:tltlUl."ll:W 63°C 

Llf.l:::: 1 if L tJ ~1 1. 5 i'J L:w-:1 
ft ~ ;;' ~ .., J, ~ ""' .di ,d l1 2! 

4. 1JS'J.J1ru·w1~1~ maltose LJ':l-l~U'Yl b"ll b'Ufl11Vfl.Jfl 1"1f.l 22.64%(w/v) "ll--1 uw•nnn1s-

L&i:w glucose. syrup 30%(w/v) 1111«llii:.i~~.nru~Llltdvl:ihilw1rutLtlf.lflilelfltf 

4. 05 % (v /v) LL~::::'JJff'lJn1mt1:w fu 1 ui11u~. fl'J1J.J ·vr'J1u 1.u~:::::r~,i1 ~IP!tl'.i''J:W ~ P < 

0.05 
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1. 1i.m1'.i'Vl1~1l1'J::::~L'VfJ.J1:::~:w1uiu mashing r-l'l:i'jjfi1:i''Ylf?1~fl-:JL~:WL~:W"1'r.lhl L~'El 

Vl1 optimum temperature "ll'r.l-:J Lfl'WL61!J.JI.Lfl~Yht1::/b-n~1A 1 'WL:IJ ~f?1'1!1'l L'V'if?1 Lf?1a LL'U'.i' 
~ ' 

f,!W'Vl,1J:W1.'W".!i'l-:J 63 - 69°C LilN::::Lflt:J!rl~'W LLft::::LL'U:i'L'Jf-11fi1ifli?Jzj'.i'::::Vl"l1..:J 1.5 -2 
:_, ~ 1 cv I d_ ~ 4A .J 
"lf '1 LJN Lu fl-:i'.:i1n".ll 'l..:t Lr:1011 (?)..:in~ 1'l ~1u 1 '.i'm 'YiJJWJJ1rnu11?11~'.i'f?1'1,n'W°11W:::'YI 

L 'r.l't.ll.,1:1JLL fl IN'Vi1fl::::1.:w Lr.l~t:1--:J 1.al r;;in inactivate 

2. 1v.n1'.i''YlftlA'el1JrHw111Yrn1-:i1h::::~1'YliJJcJ~ 'El1'-1111n1'.i'~mt'Wit1~~t:in1'.i'L~JJ • 
-~ 1"" ' !' .., .. .., 'i' ,J1,., 
1J:i'JJ1f.U glucose syrup 'VIJJ1f1f1'11 30% ".ll'Cl.:J'W1Vl'Wf1:Wfl~'Yl"Jl1'1 L'Wf?1'YI ".ll LL!N::::l""l'l:i' 

..,iJ 1 .d ,=I • .J ,.,. 
'.i':::'1.:i ryvn 'WI.J''fl-:J"ll'El.:Jfl'J1:WVl'Wl?l°1l'cl·:J wort LL!N:::: osmotic pressure 'Ylr..i:::::w CJIN 

n:r:::'Ylul?ifl~~ltl111 -Ifl un1'.i'·V1:wn 1J.i' 
.Id .. I =d o 1~ -=I ..- ,.,.,:'! =r-i.JA 

3. fl1'-ll.u~t:J'WLL1J~..:J'1fif11'.i''l'l1 wort VI 1J:HL~:::n1'.i'LltlnL'El1L"ll~!Ncl~l?ltltlfl VILu'W')fi'YlJJ 

1J'.i':::~'Ylfi.n1Y-t~.J1f1f1~1f11'.i' centrifuge L iiu f11'.i'f1'.i''fl-:J !Dlt:J 1if ~1'.i'-rl'J'rn?lfl(.J]:::;f1'fl'W "1~"1 

' ' ., 
;i-:i'Cl1r.i·n11 im:w1run1"llr11 frn:l'WIDl'rl'flf1 L"JlC?1L 'WJJJJ1fl~'W 

4. fl1r.i 1. ~ :iJn n:1l:ifllun1s-,J11.~'Cl t ~'flUf?1t11a•nfl-:it.1~i,i.nru"Vl1iv.1un~1 t~:w nJJi-:i • 
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1l'lACJ'U'Jfl n 

';'jwj LA"i1~'".J1 lrl1~~~'J"lfL(?lt11fi"ll'el~ Mi II er ( 19 59) 

1. viirnn1"i 

tl1~111N1~b"lf~::::'Y11'UflITTtl1f11J~1S'IN::::fnr.J 3, 5 Dinitrosalicylic acid 1u 

' ' ' ,cl-~ ., l'f ~ ,cl_>y ., ' ,di ,cl ,di 

't1111')::::·mu'Wl1J'i;q lt\N::::S''cl'W Wl ~15'1N::::IN1c.l ~ 'iNj.J 1,1,(Pl-:J ') !Pl f°l1n1 S'~l?lni:'l'WLL'rl-:l'Yl fl')1:I.J'cJ1') fl IN'W 

540 u1 L 'WLJ-J 1m 'J tr1n::::iillJ.J1iu 11flc.Jfl1'.l'lllit.lrn 111:1unu0i1n1s-~!?ln ~'WLLl;'\'1".ll'cl-:J ~1'l 

IN::::0l1tln~lf"1'rlj.J11?JS'J1'W 

2. ~1"iLl"li'.ilJ.~~1fiL~~fJ:!-J~7"i~~~.ti 3, 5 Dinitrosalicy!ic acid reagent 
"' 

2.1 1N::::1N1r.l~1'.i'~::::'811r.J 3, 5 Dinitrosalicylic acid 'U1'V!'Ufl 5 flfj.J ~'J8~1'J 

0l::::1N1r.1 L6J!L~rnile1(j}'.i'rmL'il&1 2 ut1:fafo ( L"l!L~t1J.Jlfl!?l'J'clfll"i'.!&1'V!un 8 nf:J.J 1utl'1 1 oo 

n \N~~l?]'j' ) lliJ.J11?J'j' 100 i.1 \N~~(,]'.j' 'Vl1~1S'l:'l::::ti181t'.f'l'.im-~'cll,~J.Jfl1J'\N::::IN1t! l~~i'l.\ 
9 

,, ' 
ll.' cv'v o Q/ 

2.2 1N::::0i1r.1 Sodium Potassium Tartrate Vl'Wfl 150 fl'j':J.J (j}<;Jr.J'W1m:rw 25 

n \Nm~ fl 'j' 111 ~1 'Jf.\l::::IN1r.J 1 i,'l'.iu1, ~:w fl1 S'0l::::0l1r.l 1 Vl~~'W 
' 

2.3 i;J~:l.J~1'JIN::::fncJ1'W"ll'tl 2.1 LL0l:::: 2.2 1u·11ru::J'Clu 1.1lhllfumJ.J11?l'j' 

1,'.U'W 500 n01~~1?1'.l' ~':mJ1niu 
_ _..,. o' 

3. 'J fi';)L fl"i'l~'V! 

tJ L'Ul?l~1rn::::\N1i'.1'91'Jflr.11'1 0.5 n\N~~flS' 1N,,'.J1'W1,!f\N'Cl(Pl'Yl!?10l'tl,,'.J L~:l.J3,5 

Dinitrosalicylic acid reagent lli:J.J1flS' 0.5 n\N~~l?]'j' vi1lmffw1utl11,&itJ!?ll'Ll'W!,')~1 5 

'W1)1 Ll~ <;}'I.J 1v10l'i:l!?1'Yl!?11N'fW~mt•ritl11,tJ'W 1,~'cl\N!Pl"qill'Vl~n i,~J.Jtl1niumJ.J1flS' 10 

n IN ~H~ fl'j' L".llrl11 vim1:wnui1 'U11:i1S'IN::::IN1r.JI.UfJ(?lfl1fl1S'~l?ln~'WlL~'1~~•)')1:J.JrJ1'Jf°l~'W 

540 in 1 'Wl,j.J i,i 'j' L!Plmm c.l1J L 'YI tl1Jf11J Blank LL~':l&111.'W'Wfl1J'l"Jj'WL~c.J<;}f11J'91':l'flr.h-:i 

rj Lf°l s-1::::iillj.J1ru ~ltl 1.mrJu L 'Ylc.Juns-1~:J.J1 i,is-31u".ll'cl'1n~ lf"l~ 

4. n1"i~1n"i1~~.1rt"i~1~ 
d,/l 

ilLu(71~1S'Bi~incJn~ lf°l~:J.J1i,i:r31uf111Jw11:J.Jiu o, 1. 2, 3, 4, 5, 8 1.1.1N::: 1 o nf:i.J 

[7]'f)fl(7lS' lliJJ 11YlS' 0. 5 :WIN ~~"1S' IN'11 'WVI\N'cl(?l'Yll?l\N'fl'1 Ll,[7]\N::::Vl0l'cl (Pl'YI~ IN'i:l'1 l&J:JJ 3, 5 
' ., 

Dinitrosalicylic acid reagent m:inf?l'.i' 0.5 :W\Nfl~i,JJ' l,".1Jch1~e,i~J.Jf1'W'Yl'J ·v'h1~1t:rw1uu1 

l&1'fl~1,ilu1.'J1N1 5 'W1'Yl U1'VI\N'fl(Pl'Yl!?11N'fl'1'~J.J 1.1.".ri1utl11.iiu1.~'tl1N1?1'flrum-i:w 1.~J.Jtl1niu s ., ,j 

' ' ' 
lliJ.J1(7l'j' 10 :w \N~8l>l'.l' 1.'llr.h 1 ~i;J~:J.Jf1'W'Yl'J u11.tlirir~1f11S'~An~'Ul.l~,,'.J'Vlfl':l1:JJ'cJ1'Jf0)~'W 

540 u1l'w.t:J.Jf;l'.i' T.~1rn:tf:forn:Y1u1Jil'U Bl<1nk 
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Vo ""' 

1l1At:-JU'ln 611 

PROPOSAL 

S'UJa:::1aaCilTltls\lfl'lSIS8Ufl'1Saom6101asuus:::aun1sni 

uvut.ls:::mru 2540 

fl'llll:l'lf'l[nfil Tu Taa n1.oa'111.'15 

111ru:::5 na'llrl'lams v W'laonsruun.'15 na'laa . 
·"" ,, ,, -

t'Utl'l'IJ11 l Yl'fl (Maize beer) 

~fllll-!'I-H11'i 

,cf,~ Q a::,, ~ ' 

2. 'UH"''11 fi'icJl tfltl'l\ol'lfU~ tl"f!JM 

ijlill'i r1ihl1 fl'Hl t fl'i-3 fll'j Nff. fli'llirtni m11ut1t1il . . 

;J1ll'tlVJ~~1,i11rn11.LIDl~Innm'l 
Q I .:'I .d .d - I ., .d 112"' ... :, 1 I "I 1 

!Utl'i 1u'Utfl:iel~\Plllu'i:1flTIHeltlfHleHltl YI !'t'l'i'Ufl'Jlll'Utlll"!·HM 'W\oll·~u'i:!'Ylfl m,: 'U 

.I ~ Q 1'J/1 ..,. J il.J., "',.,J°'.d"' 1:i!'!:1 ,.,:,,,, 'JI 
u'i:n1fl' !Yltl Ll'cl:1JH'U1 'Ull 'Unl';if-ltl1ltl~'ll'U'fltl 9l''31'fltl\Pl1Jrilflt)JYl'Wtlll "lf 1'Uull~Ul.rnUfH1 'U11 

l • 

'Ult~U 9f ,l, U'l:~'Uel'flfll'H n'i'illl.1JcJji i'lm1ua~~e:i-nhl'Ullllf1~l~il:i:t'Ylfl Yi11tt~l.J'Yl 'U LUf11'jf-1~1l • • .. . 
QI I QI QI O QI ..::,. " .c:i, 1 -J y I 6',di ~I ,, 
cl·~"l -~ fl~ \Pl~ uu f11'l'Wl11ltl\i!U'YI cl ~fl UJlltl 'Uu'l:ll'lfflll'Vl\iltt'YI 'W'U111JlHH:JiNtu'W f11jcl\il'flU'fl 'U tl11 

~~'fl i~f1111~'11rl~ 

.A 'JI 1 .,. .., Q .:'! ., 1.d "" 1 . I ... • I ., 
Utl :1'1.Hl'3lllf1'U11 'Vt'fl"lfU'fl'l11U'U~ (flint com) tuU'VIU1i'Yl f1fln'i 'Uu'l:tYlff'Wclllu~ f1f1Ulllfl 

.. . . 
t YI :il:'111'111!n~t1'1 :mcfff'U a mi ~\oll:l l'fl~l-n.h:rnff~tl ~ m·nh hJtih.J rJ1111';iff'fl1 Itel :l1111t1~ nn • 

QI o 'J/ aQ J A ct ' SJ I ' d :'I ~ f 

r1 \lll 'Wl'Ul'll 111 'Vl'fl"lf'U\ilUlllr•Hl'flL'lJtl'itt'Yl1J'lll11JllfW 1u~\olfll '11 f1'i'ill nll:tuu tll'im JJfj Wfl 1 mt::: 

• 
'llrll 1 ,r f1UTI"lf1 icirii,iiM1t1 

• .« r1 l,! a l1u11u 1um1,m1tJr1111Jfl ,J~1:~'\Jfl~m'H m·n.1~0 i 111 'I./ a mfl1o1 

iJ • .., i fl'.ll;J!'HtlJ llt'IZfl'JJ;Ji1:Jflq,:U3-;I fl1'-;IOJ1' 
cv ~, 0 d.ct Q.,' 4' .Q .. , " 1 1 4 

ill'l'HlH1 (fermentation) 1uUt11Ylll'Jlf1ff'l'il'llllllliU111:l1'1'l~'U fervere urnn1 t'flV'fl 

~ ~ r'lf ~ tl'ifl l'fit viti 01i'IJ1tli;l fl'HW:~ lf1~'Ulflf11';i m:;Yi1,i tl ~~ff ~1 U J1flf1'fl\llrlN ~ ilr 11 ~ t.H1l ~,i?J'11 

o' .d. ,ct t/ t : , j,I wt Id, ..::i, 0 1 j/ ~ t::'J d' 
lJfl ft l'l !t.J fl-:! lllflfJff ~tlElcJfltlltl'Ulmt1.mc.1 \Plff m1: &11 l.J tlf.l f19ft;)'U l'll '11! rl~,~ EM f119ffl1:iUV 'U 1 'fl-

qr .J 4 :4 ~ a;o o'"a,''td .ci • 

tltltl i9i'fl fil-l'll'UlJll'HlJtl'U'Wltrlcll>I "ll'-~!'l-!'U1l~iJ'Wfl11lJ'HlJlfJ'llfNfl711 lfllfl 'U'U f1'i)~'UfJ7lJ117'3 
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o, It• '1 I A I o, • • a, ,:I 1-' 'JI .1 ,,l 1 ,c\ nu tu Ull~l;l::tn'll11"ll'1 ff1'Ufl1'j'VHW'U1'1Jel·H}~ff111fl'j'jlJfl1'j111lflfltll111~1'11'1..11'HW '1 vlf.J11 

11 \l3J u1nu111lm~neJ uil tl. ff. 1900 :J-.1 iiN t1N;'fl~1n~eJ~1rla-.11fl~M~1HteJ1;t mrn 6 ~ tm ::Ji-ff'11 

~ ' A .ct A ct Jd," a., A .c:::t., ~ 
mv,r '1un'j::rt-.1~61111'j1111 fll'jfl 1;t'fltiff'fl'Yl "ll'l'i1'11u11 t11J mi ::~1l'i1-a::-a1t1fl'l..l'YIW fl1'jfl"1'fl 

A AA A ,I A ... ,I 4 1 "ii I 1• 1 ... , o, ,I , 'JI ... 
t'Vf\..l'U9fl;l'I..I fl1'jf-1"1'fl19f"1"1~l;l'U'YlW1'VHl "ll'1 UU11"1-.1 lJ'j'fl'I..I 'l..lel111Uff'fl1 tm::ml '}H'Ylfl'l..lflYIH 

tfo~1ff'Jf1'j'jlJ'LJ'j1J'LJl~~~U'Yll6rr1mil11Nl;lfl~'fl 1ilu~u f-.1t'H'U ,~-h 1'Ylfl 1 'U 1aafl1'j111im!u1ilu 

,Id, I 1 ... .el 1 1-' ,,l ,,l ... ,I I "" ,I .el ... .! 
fflffm'Ylmffu '1eJf1ff1'11111U-.1 ~murn:: 'Vl1-.1'1'11'Utfl'jfl-.1~1111ut11;tfHleJ6ft t'lfl..l 11JtJ'j 9f-.111'1JU'fl6'U 

, A d.l) I I · a, I 'JI "'- ... 1 o, .J.... 1 'jl 
'U fl1 'j fl "1 'fl 'YI 111 t'J W1 fl 111 f1 lJ f1 H 1Wl6 -.111 l'Yl fl 'U fl 'U fll'j 1111 fl'Yl ~ U ft ::fl 11Jfl 11 ff fl11:: 11111111 :ff 11 

:; I Q.I .c:::t4 ., d jJ Q <I-" ,c( ~ -JI ,: .:,. ~ A <I-' 

'fl-.1H'flff1ltrnm.J~ 11J11uuilu'flum 1J fl1'j1111 rn1JtJ'j 1~v h1"ll'eJ~lfl1i'j'j1J"ll'l'fl 'lf-.1 tn'1'fl~111nu 

,:I 'JI ,1.J,, 'JI a, ,'I ... d. "i I ,S ,/d, )! d. o, ... d. ,I 

!1Ji;t'Pl'll1111ell;l'Yl'Yl 'lf111Jf1 11'jfl,ft'U'Yl'jtJ 'U61fl1ff 'fl6111111el1J'4llfJ11tl111J ~tf1fJ1f11J,ft'IJ'Yl'jfJ 1m::1J'V1 

.., .c1 " ,1 ~ IJ _11,.cl .., .c1 " 11. '1 ,! "" .., It ,1.J IJ .Y 
1JTl'l'IJ6-.1~ft'U'YIW111fl'lll..l \H t'fl1Jfl1'j!'fl1ltlff'fll;l-.1 rn 'U'IJ'U fermentation 11'jeJ61'11'fl1ltel'U t9f11~1 t'fl 

,I A It ,: A ,c\ ,I "" .el ,1.,j 'JI o, O 'JI I ,I ... 

'11n11 eJ ft VI Ji'j'j 11"ll'1'fll;l-.1 1 uuY1 ut'tf6~i'! u'Yl'jtJ'11n1i'j'j1J"l!'W1 CJf-.11rn -a11 VI 1 'lf11 nV11~1 n'll111J1m v 1 w 'j1::11 

• I"" 11 " 1· I .cl ; '1 . I cl .cl 1 ",i 1 ., "" .s ,i u'i117flH6'U t'lfll~-.1 mi:: 1J'j'fl'l..l'fll u~1 U1J1-.1u'j::rnffn11m1 'lf'IJ11 Yi~ ua::1if!!'Vi'lHl'U '1 ~1tl 

i !1 . ., 'I)- ... .d d. ,I~ .1 ., "'It" ~.: 1 ... 
'l..lu~~'U'U fl'U rnt1tW1l'Pl1J11JfJ'j1'11ll1l1f1'1J'U 'Pl-.1'1::111'U 1~'11flfl1'j1Vnl'll'l..l'llel-.1 l-.1-.11'Uf-li;l'fl 

.co. .::t .,d ,=:, '1 ~ 1 ~ Q.I ! ~ ~ 91 GJ " •., j/ 'JI d cv .IQ 

m1::iJ1111W11J!:J'j'VINft'fl !'fl !'I..IU'fli:i::il 'Pl-.1'U'U 1h::mff tVltl~-.1'flel-lff-.1'1J11lJ1mm'll11111':!HU'U11-lf-l'Pl1J!i.J 

A 4 ~ ct ~ Q,t tjJ d. 1 d.c:::t A IQJ' 

tl·nnwmn m1::t'Vf1J'll'l..l'Y1fliJ 'lltu::1Ylt11nu 'UT'J 1 W\o1'VIU~nmv utl'j::rm,m.1iJ'j111wmn 1rn:lln . ., 
1o~ilf!!111'j1fl1'flfl~1tl~lleH'.I ., i-.1uu mni1-u'111-w~m1i1ilu1'flq;i1J1unnNil~uuc11 flil~tihrnn 

':!hmnlJ~'jfl'j~U~ mr 111 l'il-l 1 U~l'U!ff'j}J]'fl~ ua::6-.1i1t1L11-1ilty '117fll'j"!fl!1ffcll~'U~l16 fl fl'l..lfl f) 

1h::rnn1~m11-.111~-.1 

4 ~ -1 ... .cl ,I ,, 1 1. 1Tfflfffllflf)'j';fl.J11i 'l..lfll'jf-lL!IP'll'IJcJ'j,llf)'IJ11 Tf'Pl 

2. fffllllff fl11::fl1lN il'fl~ 1'11111::ffll 

,A ., ""., """ .IV "I' 1".c1 :"Id. ., ~ 'd, 
3. 1i'rn'Vi\l3JUlf-1"1~ilWCfl11Jtf'j'IJ11 t TI~ 1111f!Wil11~ ml::l1J'Ul'Wtl1l'l1J1l1fll'lf{l-ll'Yll'Ylil:: 

l'i1 iiA' 

1h£fviri1~ mvJi1,u~1y1:r u 
1. 1il:ur1wr11Y11-.1m11J1n~ 1 Mt11Jf-l~'flilWC\'lil1n'lf 111 Yi~ . .. 
2. 1ilufll'j'IJtJltl'IJ fl'Ul'IJ~fl1'lt11hiur-1ii~nwcri'~1n-u'111 YI~ 

3. 1ilu'tf t:ilJL1 lw m·nw1t1m'jr-1;~ hlzj'j::~u~~m11m111 
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,c:v:::t o .ca. ..:t 

Jli 011€l11 'H '.H OlUJfl 'IO 

I. "i~tl~n,n1"Utn"i~1L'U'IH1'U 
,, ., . ... ... .cl 

'll '\.J.~8'Ufl1'l\P11L'\.J.'IH1'\.J. 11.!:J. fl.Tl. fl.Tl. fl .ti. ~.Tl. 'VUJ. 1i. Tl. 11.TI. n.w. 11.fl. 

l. 'l1iJ'j"'Jll,r fl 11 l:l'il1f1'l1tl-l1U 
'II <----------> . .. I ... .,. .... 

ff-.11,mm'l rnnt11'i~n...i '11 

'1'flrl1iu trn:11-m1ww 

f)l'jl'J'fl'fl 8-:J 

2. '1\ol'l111fl'fl8'UmtU1Uf11'l •• <-------------------> 

l'I\Plfnl~ 

... 
3. ~ll'U 'U f11'l'Yl\oll:lfl-:J <-----------------------------------------------------------> 

- malting 

- mashing 

- fermentation 
<( y 

Ul:I :tf1iJ''.i11J'l11l'll cl l,J 1:1 

il1f1fll'll'l\oll:l fl'1 

.cl 

4. t'llc1u11t1-nu u1;1: <-----------> 

tirw m-rn nu. 

.cl O "" 

Il. 11rrn~m£.1Wlltl~fll"l'Ylll'UU-:n'l-! 

,, .d ..,., ... ,,1 .clo' ... -
1. 11iJ'l1ll'llfll_\l:ILnt11nu1~q?tu('lll1 W'fl) mH1 m:u1um1r-rniP'I u1:1:11ifl'l1\lflcliJf!tUml'i 

3. ri1t'WUf11'l'Yl'fll;ltl-l 

3 .1 011ti1 malting 

~ .dl ~ • " 1 . fftl1:11flfl11:l'I 'l1 L'Wf11'Jl'l1 malting 'il1tl'll11 'Vf\ol 

- 'l:m~nmlum1ucii 1'flc1n1i1U'FILTfl11urn1u'li1ilu 16,24 mi: 32'11'11ll-i 

' .cl ... .cl 

l'l~tUi11Jll 25 8'1ffW:lfl;ll9:H:Jfl 

- 1::c1:ninlurn'J1m:; 3,4 1rn:; s iu 

- ,.. : , ,, .d ~ y 
- tl1'J\Pl'J1,)1J'Jll1tUU1¥11l:I 'U'll11 malt l'I !IP! 

')J ,,, "I J ... -=I 

- fll'JfliJU'l-1'1 'If oven '11'lfl air d.rver l'lfJ'ill'H.flll 50-60 tl-lfl'1t9HH9Wfl 
• • 'II . . 

~ tJ} 41=! t] I c I 

'il'Wf1'J:'YM'il11 malt l'Hlltl moisture content Lllvl1f111 6 % 



o ., i" J! 4 .I ::'I .,. .,. J. Ji ., ,% 
- fl1'Hfl1J'ffl1fl 'lf.fl1'lf'U::Un11JN1u'fl1!'fl'lf'fl 111 f.lUfl lfl'Ufl11ll1f'U 

.,, 
- fl111J~Hl'fl'll'U1'flflt'l'Ui~'U'U'U mashing 1,1t11~ blender 

,, 
3 2 'UY mashing 

- fffl111ff.fl11::m·ntl~t1'UU{1-31iJuJ1~1t1 1'flt1i-Nt1~';i'1ff1'U malt : water 1ilu 

100 g : 300 ml , 100 g : 400 ml Ut'I:: 100 g : 500 ml 

- ffm.mi~'j1ff1'U'llt'l-3 malt: hop 1'flti1-N hop 0.45 mi:: 0.65%wt of malt 

d~J! " .,., ,1 
- ~'j')'11;Hl1Jf>1Wfl1Vf'llfl~ wort YI t~l i'flt1i'lflflWCVl'fl-3'U 

., 
tlj111tuu1~1t1 0.10-0.15 %wttv 

pH 5.0-5.6 

tli111w hl1~u. 160-300 mg/l .. 
3.3 01'.UB'.Wll starter ':lHI~ yeast 

i 4 OJ'i]'.t3fo 

., .. 
ffltl'VI 'U~ yeast 

S. carlsbergensis 

S. cerevisi.ae 

S. uvarum 

4 

3....5. - f)1';f'J'flr}fllfflJU~'IJfl~lUtl'f~1~ flt) 

10 15 

alcohol content, colour, head retention, clarity, pH, tlimw 1tl';i'~'Um'l::fl1"11' 

f1·11ua u 1,1 van l "11'?1 

- fl1'jUJ::1fi'Uflf.lJ.f11'Vl'llfl~lUtll~l'A'l'l1~tl1::ff1'1'1tllJr-i'ff ftf.) • 
sweet, salt, bitter and sour 

4 ., .. 

5. fll'j !'llfflfiltl~ 1'U 'iliJ1Jffll'l,J':f W 
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I 
~ ...::I, Q," ~ 

6.ll'el e-1 ~ 1?111 ru6Vl •••••••••••••••••••••. 

I -

0 

0 

0 
3. n~u . 

n~'\.H 'Vl~U / LLUi:1fl'Ui:1'i:Jl-J 

0 
4. :i'~Vl'J1U 

'Vl11Ul-J1fl 

5. :i'~"ili.l 
0 

'lll-Jl-J1fl 

0 

1frnm.J 

9.1 

11'1 A tJ'W"l n A 

LL1J1J~'el1J'11i.l 

I 
~ 9.1 

°.ll 'el~ 'V1 ~ ~'el1J •••••••••••••••••••••. 
I 

..... .c,I 

'JU'Vl ••••••••••••••••••••.•••••••••••• 

5 10 

5 10 

10 

' "" ,I 
ni:1U'Vl'i:Jl-Jl-J'i:Ji:1Vl 

5 10 

'Vl11Ufli:1l-Jfl~'i:Jl-J 

5 10 

'lll-Jfli:il-Jfl~'i)l-J 

5 10 

fli:il-Jfl~'i)l-J 
,., ,., 

l 'lll-J'llU 

10 

TI'i:JUl-J1fl 

61l'el L~U'el I.LU:; ......................................................................................... . 
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