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Different raw material such as dried spent malt, wet spent malt and raw cane sugar were
selected and used as carbon sources in study of low alcoholic beer fermentation by varying
concentration at 5, 10, 13.4, 15 and 20 brix. It was shown that the raw cane sugar at 7 brix with
10% Saccharomyces carisbergensis inoculation was a suitable procedure to produce 0.2%
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avsriiniluansetuitmudovedaditidlumsndnuazannsil¥lumsnsn  lager beer 93
wanTaonssuaumIniniden bottom fermentation 62y ale 9swAnTavnszuumInsniliSen
7 top fermentation

bottom fermentation (SuM3¥MN lager beer TaoldBadaeids Saccharomyces uvamm
(S. carlsbergensis) efuiinftounanlnlszmmessiuues huouwhlensnunile udlu
ﬂwﬁusﬂu{ﬂizmni{ﬁwuﬂnﬂﬁuﬁ'ﬂan Tussriumsninidestadozuvauaseegludaniin
uezlhhmaluredn  idedmaluaemasaufeunusdadssumsfuiiunguuasuasgi
fandn  memnmeneuilifend foccustion Jadianazneui sxgnueneen lilwdsnnnszuau
msm‘i’nz?'uqﬁmué’a dmiuguugdf ¥ lumandn ager beer A0 6-15 ssrmuwaiden wazm
i lumsnsinosiiu 712 $u

J @ g Q ﬂ’l =
i 3 dmdnnuuidle Wlumsndn ae munssaFiuuusudy

Co,

d o o/ 4
Ui 4 ddnuuvila 1lunsnsin ate uaz lager
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co,

4 . o \ 4
U 5 dandnuuning #59n52UeNNNTIY (cylindroconical fermenter)
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o Q/ A
dendnuuugld 4 uaz 5 awsanumemiveuleeenlod ldmeduuu
uaziuded Idmeduans

YD TEAUYBIBIN

d = 1 Q/
................ HUBd ﬂmmnﬁéuszmwm‘mun

top fermentation lumsnsin ale Taeld8admede 5. cerevisize urlunenseonid
e Brettanomyces sp. 1umsnan ale iRem3dinen zﬂu%ﬁﬁdﬁunwﬁnﬁu‘luﬂizmﬁﬁmqu
unzlodunud lusewiemmnindedadesasedumnegimiwenein dfnuasfuhidadd
mn qugdinlFlumandn fe 1822 ssruniden nadlSlumsndn fe 5.7 4 wdon
nszvaumInnAugaasuvesBadidmihesgausnsenlyl

‘I‘N»11uﬁ'lu‘3'mamr'ﬂuan%’gam?mﬁznﬁwﬁ’q lager beer UAY ale TrelBadenede
S. uvarum 1ﬁmmm§mﬁmsﬁ‘aﬁﬁ'ﬁ‘ﬂq}mnmwmﬁn%’nmaéaﬁaé 2 %1 ale InGaTd0N
S. uvarum 92139071 bastard ale

osadit i lunndndediiu wiivmnluemmidsade NAwBTOR-1TY
( glycerol-serum medium ) Us3luvnududnTaainuasusluluTnsoumariiqungd 196
ssrwwaiden  maiusnuudedadlafion1953 yphilization ( freeze-drying ) ilesnnmaddad
fifuinunTnet3ilissnagrenton uanwaddlnginfamanaeniug

Sadi lumsndnezumnehafugiunidildlummdndun  TeeBaddldlusandn
s Badnndminmidlisulludounion  waddadlninnadunfousumemiindun
Tumsniniflofoziniodadinilunsdlidadimiqfuniddulalueg  wie Sadiduiumens
uAneuiezidadiiundnindessdoaidadindiudeasmmhufouvewniBouaziiums
ineynm Tilsiunazasdadimendasentlyl  Famsdrdadludusnesih siory vesdad
snfuiiesitanauil 2530 &wniadeanesavdensadaiiain uasthindrdanh e
{#u ammonium persutfate a4 l1idaeilesiide Tsnduaquaey luldorSus ldadlihdedudams

wigvssuuaiiFe

a o 9 A o od o
Wunddn S lumsndndesidelifausanesed Ao Bad Femedufiflumandn
) b QU J (-4 A
flefileg 2 tewuf Saccheromycos carlsbergensis FasiniunT vottom yeasts Aausraslugalil 4
A - [} @ @ A o/ 3 1 2. L
mmmnﬂﬂﬁamﬁifﬁzwﬂqﬁ’unmun Wenszvoumanindeidugans  dndaddnaeiug
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fle Saccharomycos cerevisiae W30i3NT top yeast Faaaslugulil s iflenszuaumsnsn
Fugens Sadmoiuddezasedugioun

Badit 1 ugamnnssunindofosunndeingiunidn ¥ lugaamnssundndueg
dadn ldasTudandnes [dadondaninm 'Iﬁu'laiﬁhxﬂmzﬁam%uﬁaﬁ“lnﬁqnnﬂi’«mﬁnu
fugaamnssuninesndy  mandndefidesmawioumaddading o Adededaditund
fuﬂqﬁuﬂ?ﬁa‘uﬂzﬂua;j wiedadituTumens udedalsfimy  deuflesiusaddadiinld
dondndefmitfy  sxdevhmsdrusadvedadmaniudorey  Feorwosdndansa
weareSa nsammin ve uenTuideudamin udahliSadiusudiudon madrideshid
pH liowTilegit pH Yszanm 2.5 uasflumsusnuuaiiSefusluan

aldndrvudrh  mandndediusdenlBaddugdunidisusndonhmatd
Fhuueaneeed uasmiuewlasenled  dehmeufiudnusznoudiyveuiedFiquaniia
vesdadifosuadl Tilsmepaitesdedss  fezdadendadmotudiummingded  onituh
muﬁ'm‘fﬂlaeﬁa&ﬁ‘lﬂumsm‘i’mﬂﬁﬁ"n fie Saccharomycos carisbergesis WA S. cerevisize WA
'lai‘laf'?mﬁnn%ﬁn‘luammuﬁ'uﬁﬁ%zﬂmmz‘i’mﬂm" mqmﬁuq Hezdosfosanlumsnadon
viufdad fAe anumnsovesdadesiihilfifaves  dadauednaugaduss minor metabolic
products 1%U acid, ester, higher alcohol ItA% ketones msﬂsznnmhaqmﬁﬁtﬁmmmﬂu'lamw
oz luTasouumueddy Teedad  asthiladeiaseqesniamatlsznemmail S
uandsfusenly  inewiiaevesnBnaistsznousinan mercapans Fuiluensii ludeams

dmfumsngndled
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A A
uaRImInanntesauusanesad auldifedad uay actic acid bacteria

siinvsundasAuueanssnd | JagAuildudn Ussmeaduan

3 )9(burukutu) dnhaesiudnlinds | Tudde

1J(busa) imn Turkestan ¥4 Krum
Svhauasihma

)81 (bussa) d1Tne AU

gueuze beer dndiad iadey

gueuze ‘beer ndauazihma Uszineanige

Weduaridefaafeir beer) | wlaRaweg uaHim

ANad(vass) wuuilelsed Fadouasylytnziusen

lambic beer frndiad wadey

1wB3ae (merissa) dnh AU

pulque whwa'ld agave dindTn

fu mmhmanndes aSuiiley

aun dnitdud gilu

sourmash bourbon S (TR R alim

stock beer d$r1andiad gangy

i (tibi) WhmanseuasHauzde | dindln

San $1ndiad afleAuaus
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tad (YEASTS)

sardiflugdunddidanudifyfuysenaduduiithalss Tenideyudunnuiige
vniidadaumanliemhmaithusaneseduazarfusulasenladedead @ dadesnlion
veumaiihmadiuesduszney 18ud thwaldeg Wilhueanssed dndngruniinglé
Sadlumshindesduiidusaneseduncdadlumarhvuuilidus 3000 Treunsadma

TuiligiugammnssundnfliBadlumendn Sadlugaamnssundnillngilqe ded
SrunSunyudonnilae qevnssundnit li8adlumnaadael

1.m§mﬁuﬁﬂ;manaaaﬁ (Alcoholic beveranges) Iannidesuasmaiianee

2. dadlumshuuuil Bakers yeasts)

3 SaADIMITAUNATEIMITHAT (Food and fodder yeasts)

44100N08HFBINGS (Fuel alcohol )

iflosmnanuddgusddaddegammnssudenan '1uﬁifs)z'lé’ndnﬁmmﬁuﬂﬁﬂmﬁﬁé

aeimiaqﬁ'ei‘f

AMIASIHIN(Classification)
dridadiudi ludamuddgudoynanion  tilnueds Heluraderitimsdy
Wufuuanyue (udding) wieWadu (fission) Fed@amuntsdaues Whitake une
Margulis, 1978 udadanglu
Superkingdom Eucayonta
Kingdom Myceteae
Jawiitonun 60 e 350 ailfduaslssue 4300 seWuf (strain) Badunieoniy
ngusnaq TaeRnsenmduiufimerommundn 188l
1. Ascomycetous yeast @hidadiimsadrealodnelugefiFonueade (ascus) ¥
ueasailifhuwasnirnmsfuiufiuneumaTasnougndu (conjugation) veuwad Badid
ﬁnnmzsﬁuﬁ’%zﬁﬂaqﬂu
Division Amastigomycota
Subdivision Ascomycotina
Class Ascomycetes
Subclass Hemiascomycetidae
Order Endomycetales
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Family Saccaromycetaceae
Family Spermophtheraceae
Wanund) 33 il
2. Basidiomycetous yeast rﬂuﬁaﬁﬁﬁ"i’gﬂ"m%ﬁmmmﬁmﬁuwqnaﬁ'ﬂ (smut , Ustilago)

Yadmnglu

Division Amastigomycota
Subdivision Basidiomycotina
Class Basidiomycetes

Subclass Teliomycetidae

Order Ustilaginales
Family Ustilaginaceas
Sfanua 10 i
3.Deuteromycetous (Imperfect or Asporogenoues) yeasts sﬁuﬁﬂﬁnduﬁ'hiﬁ%'mmaﬁxﬂu
mled Wunadninnmsfuiufuuuedeme Saeglu
Subdivition Deuteromycdtinia
Class Deuteromycetes
Subclass Blastmycetales
Order Sporobolomycetidae
Family Cryptococcales
Sanun 17 e
3y Order SporobolomycetidaeifenBneganila ballistosporogenous yeasts 1i18491M
naalefgnildesssnnnanesinun (sterigma) adwiuiiuzsiali1dlnaq aedunyiliadon
ilofmmeniled (ballistospor) ﬁﬂﬁmjuﬁmwﬁﬁﬁ'mﬂumnﬂﬂizuzﬁuﬁuiuw'laimf‘fumﬁ
484 Basidomycetes Hanua 15 e
diiSinflndredad AviTiafindedad 18us amdewadennailafifamswiou
wlaamedudi W ludaae Tsfad amdwi ludduiliowulusssunaaue fuly calorelia
AiRamanldoualamsdudllessa vt Prototheca umy wanilezsenndadid
msfuiufuuuliodoma szl ldnmunnmieneflady  udssiuroudaneluaria

1FAYNUINUIY

25400
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flalouneiialu Class Zygomycetes (1AuSABElU Class Phycomycetes)vzgniSuniniiu
t A
Phycomycetous Yeasts I¥4 Mucor rouxii ailidesoniuanmifosndiouuaziimdueulasen

ledegunezimauanniendrewatad

ninmanimflunndadwondadluizsdfanesailsd
Taemafinsandesde il
1. msduiuguuy ldewameinihuswuuanmie wie Radu detoiliinsatimandad
vnnudeh liddy
v o
2. myfuRufIUUoIIme
oy [ ' o
n. Amsadueatauasglivesmenda
v. Sruauduazginussaesluneada
Fmssenvesaled
3. mamleSiuduasmsdunsisianseeg i’affé’mﬂuné’nﬁﬁmn&mﬁmﬁuﬁﬂﬁhmﬁ
Sasmanuuaitise 19y Ansan
o
. anuausn lumslhhmaunila
[ -] o L4
9. SasusvsImesiuua
. d
a. unasafusundnsduassiiduls Tanara
' o
1. unad luTaneumhundusneiilluhils Tanaa
v g
avdnmImemuadsinewazunilouq
ad
n. gavgiin i lunsedy
9. aNuABINITIMTY
. aAnunuMuasilTiaiveunionns
4. aAnuase lumsdesnaiay
9. anuawse lumsaaie lvdu
A [ QP d 1] 1]
a.nnegeudy q 1wy dusneumunilvewniswa asiigndsssngnie

uenwiusa gaeuidlumaihueudion uesiSuavesirilunes lsTaduvestiduwe dludu
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dygiinewosiwatian

waddaddvinauandniusen lufiduiquénaedous 15 TuTasuas s 530
TuTanuas daulngiadesiugllvwduwsiafionnd vwsiaduginsanauusazailded
ssildnuaisiamsuenues uﬂ'mhq'lsﬁmwmﬁtm:';1]5"1wzsmn¢inﬁuann'lﬂifuagjﬁumquaz
anmindey Badlifi Tassatrail lumandouiigaiidundewitild

(v} 1 dd 4
Ta1edTredae 9 navinaasde

cell wall

vacuole

cytoplasm

mitochondria

nucleus

W6 tnnlszneudn o veuvadtad

umlen (Capsule) HuTnveadniviedurn Taefidaduneainestldesmsntidnyus
dhudenwila wiemileauvieduae unlyadniiimswinTduynalsd antugmneTs I
duanlad uuuuu wazmsiadwouth

AUYD (cell wall) Nﬁ'awaﬁaéﬁzumﬁmma'a'mqé’qﬁ'amwiﬁznmﬁumnmq ANUNUI
yoemtalszina 177 veaduiigudnaruwad dauilszneuduluguswmiiuead 1dun

1. NQUAY (gluican) wTBiToniag TaavesdadmssuagTaadifly B-13 tinkage n3o
B-1,6 linkage uisaqTaaiiilu B-1,4 linkage & 30-35%

2. UNMUMY (maman) 11w IndwefvsauuTuail 30%

3. 8ta U 6.5-13.5%

4. TusAuil 6-8 %(S.cerevisiae)

5. lndull 12 %

6. fmdaidlumabunid wu inderlamidn

douad (cptoplasmic membrane) seflssneumBoudofuwadvesdldintu e
Bl T TdsAuuasinhitruqumasiushesnvesms

leTanms Sdnussadunaindaude UszneudrwesTudusam lsditasaveg Ao lna
Taou wenwnilll RNA uazTusuegun wennniigeillsTuTen uazeenuuadu wu luln

A
“aswnde uaziiszuuee ulaTanara
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funfen TassadroirlumbouiinnfvavesvadvesnangmiToans qliludonms
Anudrendesqansimisisnaseu nuhlassaduneluinsednamelyl wu

' A '
1.15flmsade spindie Welimsunnnie

A4 a A w y ' ¢
2deuiiunteadnsegaasanavazimaniayad

) () [ (. 4 d ’

3qaeimauanmie  fdundeaezneaduasdauniiestathuradifivmie Sndau

nitsozegilisadify

uanfalen (vacuole) ivaddeaderndiuandalon 1 vSe nawsy udawunilnseadh
Bun '

Bungiu Gnelusion) BarvfineaiSdosdl vomen granute HuflunsryavesTifivioavia

b d
vewilafinggaludiu m3Tulemsa wie Tisdiu vwaiBdasauloiuis somveniminus

1 4
wennniliid InaTaiou teu lanfGmiiu sendaqdeoradiuBinbos ddy Aauy viofina uen
anildeerenulsTalasy, §TuTnadu uasiadu
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ﬂ‘l‘xaﬂ‘ﬂﬂi (Reproduction)

Losduiuquuyliedema Sadduiuguuylyiodoma Tae

1.1 mIuenwie (udding) Trediasjuiiing ARauenveusad deanifuilozvene
“lwqjifu uazeziifiunden uaslyTanaraonaaduidliluijy ﬂuifaztﬂﬁﬂmﬂmﬂuweﬁﬂ
swnlngjifeuviradud delufvsusnsennnisad wanfiduiug Taemauanviseehauieds
wadezneadudmieszngaoen  luimsadmistussnienissuraduiidensy  fufa
mauanvsudamis lungasennnwaduy  uasfimunsaldmislndenlullden sufad
pseudomycelium

12 Rady Sadesduiuuuyliowommden vinary fission afefuiliialy
uvaitide Troiiwaddadeenesanuioaneen Tundeaeziimanns il dsad Invnan

[ ¢ n J
AU 2 IFaANAYY

1.3 MU 1 53130 bud-fission Trewaddadesadng

1 v @ ' Xy '
“ua‘“uunlﬂZﬁzgﬂu‘iﬂu33ﬁ'31ﬂ‘”ﬁﬁll11ﬂﬂ"uﬂ

2. myfuufuuuedemn Sadeiia Sacoharomyces cerevisize ImyfuMUfuVLOY
¥ o = LA 5 () d o 5 3
e Taeliipdndiauuuadurndiafifluiannacsd uazdinased weq Mu Maresndiad

A ' o o - |
v Taemsuanne 3dns¥iadhiladmugilii 7
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O
Py

Sprout mycelium

91U 7 myAuRufuULWIINA YB3 Saccharomyces cerevisiae
- o < d
a3Tinevesdan

A a4 sa " w ' 5 ' v d a4 a <
weanndadtinnuuandiu lilinnmszuiesn1dts 3 nqu Asnanudiaisinen
' ' (Y o A d <A - [
szuanaeen ldunsuiu a3sinofisnhindnynde nszuiunmseaandaau
‘l P a
faamhufAnyniAe Baker's yeast (@agvivunily uazdadnldwdausansaead
4 o d -
(Brever’s yeast) muﬂuﬁmﬂu‘%uﬁ Saccharomyces (‘t‘lﬁﬁ'ﬂ1ﬂuﬂﬁﬂﬂﬂhﬁ’ fio Saccharomyces
L. a i 3 4 d a  od = o
cerevisiae Hanaen W30 S. oviformis Osterwalder) Fulugaanaunson/asummusagsunnms
o~ @ J 1 o 1
mosiuud liflumsmelasuuulfeengiould uasndinunldenduts 19 1 nqodihaoed
dd ' < Y A
(Louis Pasteur)iiuauusnnafimundaantduresmudiionuemmir lunmsiesinudozan
o o 2 4 { ' s
aanazng Insanznfdoudiumiveulaeenlanimh Falsingmseiiifondn “Pasteur effect’
1 d
- o ' ' '
anuihh limsnandadn dheusilunsis hidesamsusansgseduadesmsisadung  ue
o 2 > ” 7w y
Foatianududuvenhmadia faesh Idihaman/deuiiuaisveulasenlesrui Seanudy

o ¢

9 v 9 d:l - o - - o 1 [ 4 J P o
‘Ju‘llEN1]1911&1?141\'ltjlﬂﬁn'lW‘YlllBBﬂ"limuum]:lﬂﬂﬂﬁﬂﬂﬂmlﬁ‘lfu VaUYsa  PINAANBTNOUNIN

¥

A a a add 4o dqud o i A R
ﬂﬂllfniﬁ:ﬂllﬂiﬂﬂuﬂ?U‘HQlﬂuﬂ17‘n1‘1ﬂﬂUﬂjﬂﬂ141“ TCA cycle ﬂi’lﬂgﬂ’ﬁmuliﬂﬂ'ﬂ Crabtree

99 | 12 P 9d ”
effect 38 Glucose effect



MZUIUMININvesBad

4 ' o4 4 ] '
e leing Inmasluemsilides s. cerevisise ng Inaozidrgivad Tnessuumaiudideeg
A ' 4 @
Tuderfuwed WedhdwadudaoznlBounlaedsi

glucose
ATP hexokinase
ADP

ghicose-6-phosphate

Embden-meyerhof-Parnas

Pathway

pyruvic acid

o

2CH,-C-COOH
decarboxylate
2CH,CHO+2CO,
NADH
NAD

2CH,CH,0H
C4H,,04 > 2C,H,OH + 2CO,

nssraumtishifansdunned TP Suw 2 Twiaga e aTP T luvny
madanaizd (viosysthesis) iftnlfiwaiTasie ludwiaunds TuTnsioung Tnaresgrasausgne
Twwad Aedszuna 70% vesnglamezgnidlun 30 wezqnasauerBuasdadesltomsi
azayHednd 9 swiumasumiemamsiies  Sendudamsnsnaeiu (endogenous
fermentation)

hill a.n. 1926 AJkiuyver Idiingrafumaviesinndls 3 do deileqiuidedadels
ot JAun

1. Sadit limu9nld D-giucose 92 limunsalhhmariiadu’ld

2. S laieunsald D-giucose 9511150 1¥ D-glucose 1A D-marmose 1éae

3, Barefii 19mattose 95 Taiea3014 1actose uazumendufuBadiild 1actose wnsnld
flaiernunsnld mattose



mauaiiivatung sdeilde

ngde1 Tumslnieteuany ariri 13 polysaccharides 9zABINMTUATIM hexose 1y
ﬁﬂuﬁﬁfuﬁ‘lﬁﬁﬁqﬁ D-glucose éuﬂuﬁ’mm hexose 1414 Alunisesldman dri,tri ¥30
polysaccharides'H

ngﬁﬂz D-glucose,d-fluctose ‘H?ﬂ D-mannose 1%&514‘1‘]51‘1’5’215635“?‘?0 hexokinase ﬁ‘nz

E o a
sl glucose-6-phsphate Y138 mannose-6-phosphate

D-glucose D-fructose D-mannose

veast hexokinase /'l l o l

< >~
glucose—B—POa \ / mannose-6-PO

f ructose-6-PO y

A D-galactose galactokinase

3

galalct.osei- 1-PO,
¥

fructose-6-PO A

4 Q’I d 1 1] [ y Q-I
faumsnded laiil galactokinase 39 Tsie1u1301¥ D-galactose udldihana 3 wileiu'ld
o
ngde 3 bulyiiidlumaaszate ditr uay polysaccharide 11U inducible enzyme Ao
-t ) > ) ; 4 v & A P
Tufivhamasiiau 9 egezligndanseddumndniuiiel malose Sedunsrzviowlanifioars
.3 1 1 o I's ¢t
maltose YU A luduasizvioulaifiane lactose
e o = = = r ada s 3
mu'lqm‘na 818 sucrose, melibiose, raffinose, inulin 1A% starch llﬁ'llmu»iﬂQYIN’JWﬂﬂ 1
} 4
] P ] 1
mamariidesaawiu hexose Fuilu monosaccharide (Hunouseszduradld @u maltose

»
a ] 2 ' ¢
UAg lactose uuqnmn%qwaﬁ‘luamw disaccharide 18 zm:qnaeaamsma'luwan

USnmesueaiBadausonanldiuediumenufvestad  Slmhbmaiomossid
upanseed 12-14 % TewuSues Fefinadenieduldessnds uidledueanesoduing
fudrwshWnmindedias Yinagegaihld fo 18-19% Tae§ias Fasvavildesorde
SadunmeRuidedmBoniuf 1Ay iazdeserfornammoidiou gumgiivasanuidudy

1 4 ¥
ypsthmadenuguidinunziudadeoiufiu q



wawasslf (by-product) :mNn1Iniin

< v ¢ 3 y a/
munguiudmadninnmavdnaasidiensuea s11 % Teehiniin uaz
' wa =y P e '
miveulasenled 489 % walumalfifudnSunuensmeniildezdinimyuife 14
1 4
<2 . =) 4
51a 48 % uasiinawaseldvarwedn uazlfnm 1 % venhmasrgnifouliiluesd

dssneuveusad uenonilusaneseddinelulremssuneinge
do '
asasafhunanaseldnnmaediuud 18un

d A
1. nAresen (glycerol) Ussusl 2.5-3.0 % zflunawaau'lé’ﬁﬁmnmqﬂ NANNMIIAY

o &4 o
ToTasiouldfuens dihydroxyacetone  phosphate  @utluesitifiudanarenssuaulums

wedud

2. nABundd dssana 0.020.05 % nsedunidiifiuwanase’ld 18un succinicacid, acetic
A7

acid, lactic acid uasluafiondanll palmitoleic acid

3. §ofleduasiTan (aldehyde and ketone) flalyzu1as 0.01-0.04 iwua1n A8 acetaldehyde

4
saf lssiianinmuemiveulaeenofpann oxo acid 3¥¥IMIIAA higher alcohol Hdwue
PO A

formaldehyde l1loud hexanol, isoaldehyde W3nSadladih IyaveunIesduLlszan

usansaediiylyl

dalszinnfToudaidly  organoleptically compound @3fiSen  organoleptically
compound  ifuensfivaeldndy s wewmatumdesdy  mmmerilezgrndndutesun
(luTasnfudediag) udmsi‘ftﬂu&'a%ﬂmmmmm?eaﬁu astinedlu luendadins uein
nnfagduitihun miansitfiannadousagaulyl niennndamdniifiuld wu S8
Ton ifllsa®  asUszianfiTau 199U diacetyl, 2-3-pentanedione, diacetyiirlfifinsanue Ay
“butterscotch” 1as “toffee” ANWITUTUIY butterscotch TTe 0.1-0.5 findnTursiag

4. higher alcohol or fusel alcohol or fusel oil imsdnnmassnnilfunamasd
' A a
nadoRainveuniesAulszianiiuonnesed nigher alcohol WAvINMuBMTUEUlRBEN|Yd
< a - o )
98NN keto acid Aozildowmilunsaesilu udiimeRulaTaou nigher atconor finuldun

1. propanol
2. methyi-1-propanol (iso-butanol)
3. methyl-1-butanol (isoamyl alcchol) LA

2-methyl-1-butanol (optically active amyl alcohol)il1l3za1181 0.01-0.04 %
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5. ester  WawnoolfUsion ester MAUA  ethyl acetate, iscamyl acetate Fedmuiiu

organoleptically compound

mnlaznevdufiadisamIviinvestad

TaTasioudalrd umBameueuumy  uasienfaweuauuny dhuemsfifinduseluds
dssasditosnuludled  iendfufnavessiffufuaniufvedadild  wSemmneitia
wuldiuwe lfifeshiden ienFameuauumuiannlgisenssnhale Tanousa lidfuezan
mitled aaildiiles 1-5 ppm. MvhIdAanduluals $laTasoudaliddeguuSuashenn
mdnsenTaenuviuemmdrll  $iSumgetialaelddameslaeenladasliitidsmod
¢liloondlad la Tesioudalna ldidudaiod

tmsﬁqnﬁﬂmwﬁaﬁ'ﬂﬂuﬂnﬁmﬂn‘i

ownie media  dwdumaeiyveded  degiuiiaveshmaitosniinld
(fermentable sugar) Suihumseandssn  indouey TuiledifuunasvesluTasion uenNINIIf
finfous uaz growth factors simaeuaacdadel  dufu awemnsie q dwiudadss
Suun'lddsdl Ao

1. adTuleiesn Seddlusdnideddozndyuasndmhmeiifiu monossccharide #4'4
uhenafidardusy 6 esmey iy D-glucose , D-mannose A% D-fructose dnnhmaiti
mfueu 6 esmoutiu Badlimunsoos I8 whma disaccharide HORAITIA e ylava
1oz D-maltose (Tauftiowladoindad Ao mverase scdoeglnsar ) daveuluiuealnafiosdoe
D-mattose 1W1&ng Tnrd iy isomattose tu  Bartlaiusoesthunldld Sufudeiiandong
Tuhesn

2. lulasiou  BaddmlngjeneSyldaluemsiiindoussTuile  Fuldiluunas
s luTasou amuennselumsiduenTuilovedadidiuihivut  iesninluinedn #
WumsnindefidmlszneuvesnsnesiTu nhllndddbwiinluagadh wennnidadl
aunsafiecnamowley proteass AozuIey poly-peptide  AariunaniiseSandreegludes1d
st lafeidadidemuse il IndiihminTmangash14the

3. Growth factors 81591915 Growth factors YeaeAe imositol , biotin @13 biotin 1Ty
msidaddems snhideteudunsllluomsvesdad  Sadnexiinfideans antothenate
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, aminobenzonate , pyridoxine 1oz 'Tne1du dwmiiBadildmindeniu #osmy Growth factors
egun Aamsiluaag

a. uitg uinwidaddesmusudsatuaduededdindug wu min, Tuunedeu
wunilidon , dansd Famile , nesuns uenondl Saddedoams (50" uag (PO,)" ions

M3 A 8  Defined Medium for studying yeast Growth and Nutrition Zrainbow ,1970)

Component Concentration (g/litre)
glucose 40
(NH,),HPO, 4.0
MgS0,.7H,0 2.0
KH,PO, 1.0
CaCl,.6H,0 025

Lactic acid (syrup) 10

Trace element sol 1.0 mlitre
KOH Sol to pH 5.0-5.2 2 mgflitre
D-Biotin

Ca D-pantothenate 1,000
Thiamine HCL 1,000
Pyridoxine HCL 1,000
Myo-Inositol 10,000
p-Aminobenzoic acid 100

KI 100

* Composition of Trace element sol. g/litre
HBO, 1.0 ; MgSO,4H,0 04 ; ZnSO,7H,0 04 ; CuSO,.5H,0 045 ; FeSO,.7H,0
0.25 ; ammonium molydate 0.2

4 I - ﬂ d
Weflszneudiemsinqunni 400 ¥iia ueniwileninansTuanalvainan Talshu
a _as w < d H 4
nailnddn milulewmsn uazludu danlszneuveadlesnlinniige fe vwazesdu Wy

1 3 ' ¢ [T - < 4 '
Tessudnq 2 mfusulesenled (3.5-6.5 nfudedng) YSurauemuealwileiezunnsg
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fuhiudwssiaveadefinga Taeviaq liudnSuaenueaesegsznin 3642 nediud
@S de WSumy)  dwfumilulemse ﬁﬂgj‘luzﬂﬁmmnq‘lﬂa dextrin uasthmaduadn
finfes

msduqit liszmeiinuludeddud ndwesea (1535 niudedns)  luiw (.5
fiafnfudedas) wuaznsaludu (0.5 Tadnfudedns) i IndAuealulSuna 80-160 fiadnfu
pdns 1suvessorfiivhIdilsawy 3040 fafnfudefins  esalyznenlulmsion 300-000

8.

>

©y

fodndululasoudedns  wenoniliged Tstufulasanmuds nsaimasniudasanin
udr nsmeziily amide , amine UAZE15UTENOY heterocyclic

msuqflszne 1&inuludeduennnezdienusandrdsilueansssdsuqiifivuin
Twanalug) (100200 Hadnfudedng)  1eamed (2540 fiadnudeday) uazilau
alyzwa 3 Tadnfudedas) a1wldndy Wy diaceyt WS 0.1-2 Fafnsudedas uas
dimethyl sufide Tui/Suranites 15-150 lulasnSunedng

Bunaunaedveaiesozinnnienuen a1 Tulawsauas TilsduinBesd uiled
dled 1 dmsezI¥unaed Hiu 300400 Alaunasd (Mo 1200-1600 nlaga) wennil Seilimiiu
unwiialudlesde 1wy luTeAu nicotinic acid , pantothenic acid ,pyridoxine, thiamine ,folic
acid, riboflavin 418y A8 B-12

dlefiiiunanith

TuilegiuTssnudednareura 18 mmadesidunaeTdudoaunsnnudesmavesd
wWiaa  Teeiludediindaldedunaedquilosmmbmameday 9y matoterose  uas
dextrin iwiinTuianagauasufluneriia Tuawnsogdee i@ lnedad deasiliszana 3040
wedirudvesiedn uasdalssneumarilesi ¥ dedilunsedqe

TunsaedSuandTulawsaluded szdy ouled gucosmylse  aslihflenlioy
dextrin Iifhuhmang Tnadadeunseh Wi idesindald f5maunneddhaslae
1mﬂuimq'h]ﬂmswqmmﬂ 12 saudezilunand 150-160 unand uadledAiunnsidh Tuvom

o o d @
m‘iq}‘ummﬁmnu wilunasTifte 90-110 uaneSImIvY

P a ﬂ d
A ¢ i o A ) ] s
sa-niuveudefifeduldvarems  SuilsanninlfiFeuniilussvinvuiumsndn
' A P @ ' a o
vosdad uazmmuudled sa-ndu Adngldus mufmeamed mafia diacetyl Uas aceton
[y Q2 d
uazmatieasdseneunnwandaines
A et o
L.m3faeamed nmﬁmﬂama%’mmumnﬁmnmwzmmnmmqmff
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(1) mamafﬁsﬁmmm‘imﬂﬁﬁ?ﬂﬁzninnimziﬁmmzmmnaaaﬁiﬁmzsﬁﬁ
Fumendewssvuaumsndn
(2) 19AMBAAANINNIIMIINTBS enzyme-catalysed A esterification VBINTA
szdAnuazunaneaod luemig
3) teamodiRadunelusadvosdad ué"ﬁi’uﬂanmz;t:muuanmama%'ﬁnﬁm‘fu
meluraduedad swsufannnahauveueuless endoesterase
nmﬁﬁmﬁma%ﬁ"uﬁmwﬁ’uﬁ'uﬁ'ﬁ'umm?ﬂgsﬁu’lmmﬂaé iormedaziiatulufune
Yoo iilowaduesdadainmansy dmsunalnmaifaemmediuiisl
n. myaeamefilesnnnnsa
(1) Direct esterification AIgUMT
R-COoOH +R'OH —» Rco-0R' + H,0
(2) Bster formation IA8IAA alcoholysis YBIAIIUIENOY acyl-CoA AIAUMT
R - CONS CoA + R'OH —> RCOOR' + CoASH
v. mafewamedniesnnueansseduas fusel usansasdiAnty lusEnINIIY
mansin fusel uennsaedmadutiuiiunanaseldves uTasouumusaduvesdad usnun
i fuset usaneseddinwszfatulaeriund ulamsawmusadyidsnde
2.M3I0R diacetyl UaY aceton sauasnduflegluded wenminfannsen iommed
4oz fusel uBANBEBALA dicetyl A acetoin Milumsiituegluiled uazewesidauilifuaiy
savunauveuiled | &Tuiery
nalnmatfin dicetyl YINBadifl acetoin UAy dicetyl siATUMINHANADE IdVEIMS
FunneininezfiTuvatine §9 pamwam $hesnei] $rludmsdannesd Vaiine feeluil dicety!
iRndu
emlsznevdaed marlszneummilihidifasa-nay Tudledouiioatu 1dun
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H

CH,-C-COOH + H;-CHO —> CH,-C<OH)COOH

CO-CH,
Acetolactic acid
Co,
CH,-CO-CHO-CH, (CH,),-C(OH)-CHOH-COOH
acetylmethyl-carbinol 2,3-dihydroxy-isovaleric acid
(acetoin)
-2H (CHy),-CH-CO-COOH
2-oxoisovaleric acid
CO-CH,
CO-CH,
diacetyl (CH,),-CH-CH.NH,-COOH
Valin
quit 8 uAAIMIFUATIZH Valine uAZMIIAA diacetyl

v o a a A
Telasioudalld  owezldnndamadosufiduadlihfomaniguedad uasern

L et o H
suiannnsaesi Tufiidamodo
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Sulphydryl 8% Mercaptans mstlszneumarilszfatu lussnhanumandnuas
MIfL  uazARNIN S-amini acid wie TusAudamedleeenludludediu daulngjfeziiy
druiidvas e ifumstlesiulildquamveadefidowde Seinosididleditlaldhms
shifeTaemaedlsd  ustiidaniedlasenludifannmlgisemedundlussnhevuaums
wain
niwsaiez EianmIduBda
msdusiaidentifiumsandoussmahaeewled  Sniduiiumsasaemsi
azeh 1deennnes@uiumsshide ludauasiled Taanmisusarusdu (alpha resins) 82
#1718y (humulone), TRd2%2Tau (cohumulone), HaSHUOABIUI AU (adhumulone) Sednadudams
WIYIBLUANSENTVIIN uanonilgeldud nyeluduiiduihuasnsavy (bitter acids) 71978
iddefinduse  mInsammUasMINI (head retention) A aunuiiuitidonsstesh

A ® 1 P
Wdesinausalufuazgu Ssdesweneueumuiiuesnninisalduniige

wenondl  maduidfndienneshdisaddidudu Swilesnonmaifalgite
msuvalowduveshmeluddn  uesmndesmandadieddidy  AvuduhmaitidesIndou
fhumsuun aramen) 1lluGdn weneniluseniumaduozia Wa1useRY (melanoidins)
wesfesondinduveumuiiy uazh IdTusdu lesswveslansuazans@u 9 sawdiduan

ATNBUNU

wenvniindnuudaiimsduife  SohitiEalitnslumsdmdgaiusuiesnnn
miAeddnTnud (reductones) minmfTulaimsaunsninmsszmelilveseendion  uenonilds
wuhszniemsduesinlfnsen s Tawe lnwsuvedrir Tauwdlule Tx-8282Tauiy  weaTa-
loTesd25i2Tau  (allo-isohumulone) leTe@fiaTawineduesgnoeuilunyagf28iin
(tumutinic acid) i liflsavy @gUd 93) WhuewfeatugyTau upulones) szgnleTmwe
Y5iidaenas uunndinsatannaetiivzgnle Towe lsdiflule Tadai Tawsudu  dleTad
faTawdegnuasuanszifnd§isor Td Tandfanldowdiule Tamumidawe fununy
(isopentenyl mercaptan)  vh Iiledignumauaaidindusalirufudisuiivdesussqied 31y
yafrmSedon q Amwseflestunmuesald  weerncsudlelremaiy Twdenlulsls
'|83# (sodium borohydride) G99z 113A14 1o Twdada Tauldidenluifiu T3-leToasiaTau p -
isohumulone) Aiflsarwu TaelufaufAsen T Tamilda  dumaslu 31l o
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1 'c': | 1 1 " 1l
> R 1 A o O
OH HO~ OH = H
HO OH isomer, C=0 isomer. C=0 °
—_—
. hY 5
HUMULONES (x-ACIDS) ISOHUMULONES AL T - ISCHUMULONES
l HOH
o]
1l 1]
N ] ~“ R
HC— OH
H .

O O\ %0
TR [ TR
HC ———L0OH HC{——‘LOH
c:0 Mo HCOH
X
ISOHUMULONES p- ISOHUMULCNES
lhv
CH,-SH
H.: 27>
>_/C 2 R-SH
3-Me-3UTENE-2 ISOPENTENYL
FREE RADICAL MERCAPTAN

o
qun 9
o
NUY1 Reed (ed.) 1982

- ey a o o R
U§iTen T Taaiinaues isohumulone 10213372410 borohydride
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ﬂ’wna"lu'mi'mhu‘lmjwﬂu woaloer  Fedadozi T4 Tnunszuiumsy active
transport Taemaimhmadigisadeed

1.maltose permease sphmdilumsdeinnhmoveaTes  Anasamumsy hids
T Tananadu

2. maltase (Ol-glucosidase) %zaiamf'lmauaa'[m‘lﬁ’si‘lunq'[ﬂﬁ geanvisedassgnir uld
Tuny phosphorylation

nisnnituea TnagnildewiiungTaauds dadesthngTaalild Tunssuoumawmue
adu Fumeldaameiimnzay Wy aeiufuedadiild gunglvesmandn ssduvesiyfis
fifuasly f1 pH vevrednuazanutvedredn Seosh I ldnandafidesnts nTsuumI
musiduitidetuneluzadvedadlfimndig  urmsmsidihmangTnalnowaduosdad
o Fuaralugalil 10

GLUCOSE cell membrane\

POLYSACCHARIDES .
gluco LIPID
N\ /— ) €
> PYROVATE

GLUCOSE‘ 6-P

pentose phosphate

cycle

ETHANOL

11]‘?; 10 uamnn\i‘s'ﬁmwnﬂnﬂmmaaﬂumﬁad (Stewart , 1987)

) A a o e
pitching wuede myladedadachineimdeifamndnded luneunsndadesld

o A 4 y 4
sondimunemanigveussd uazorhmagnlFluifeunuaih WMiSumesendioulueinas

< ' ' ¢ A a a @
iR lﬂﬁﬂuﬁﬂ1w1ﬂu1ﬁﬂﬂﬂ iﬁmu aﬁﬁﬁzaﬂ'ﬁuﬂﬂmaﬁlﬂﬂ mitgg) ‘L’l’ﬂﬂﬁquﬁzlﬂﬁﬂ'ﬁﬂ in



34

hmalifluueaneseduasmandusylasenlad wennnildelmsdugfadulufing
dntes Samamariliiud Wnausasuiles 18un fusel alcohol (fusel oil ) Fufluusanssodil
suneldsniueniuen fusel ol 921/58n8URW isoamyl , active amyl alcohol , n-propanol 4AS
isobutanol UBNIN fusel oil UBINTMNIBUNTN 19U 1wamey msrlizneudaed nazasdunsd
wiingheq Wuduil Defindn1dozident green beer BedashunminTuduitaes myndinludy
fierei3undy 1agering
Wefininl8luduusnesgndondu B ludecdquide Wil lqamgidaatiu 3
permaion green beer Mihumivludendnuuila sxfliwadiad 6-10 nuwadindoagnn
mandinludhuuan nizmummﬁ'n“lmfuﬁamﬁaﬁaﬂ%’uﬂxq green beer IflsaanAddy  dams
wiinluduitresssfiumsamiSumwosmsitmiditanduman diacetyl oz o Iasioudiald
sﬁa‘lﬁ'ﬂej‘luﬁzﬁuﬁwammz Tuefita 1Sy diacetyl szAesanasoudind) 0.1 ppm siteld
fef i Idsanathuiiosnsu  $mn diaceyt gand1 0.15 ppm sxihIidesdndunersudhe
i FeladidmaninluduilresszaniFine diacetyt Taemath /i dwsusssule Tesou
Falndludlefosdosnglugan s-10 ppv laTasiousaldidegludesozdesqszmelundouty
maaiueulaeen lod lussniwmstuies
Wefininluduilmssssimamivoulasenlodidudy nn 15 WSwendh 28
ey memduenlasenladitafussidnuasfiueudnaneiunidmiweades
SownsfuduatuduniiBonds woen  sozneitidlunnindedfuiinosdldiom 34
dilew sshididesisananiu Lwimws‘i’n‘lwf;'uﬁaawznﬁmifl%huqa gl Tasenudled
dnlngReldiimadunenifueyleesnladad i imumsndinie Ididams e
miveulaeenlsdiduachlundid  Idvinmafnmamsueulaeenladi idnnmandnlu
afasn muRumendueulasenlduFamiasluludesfimmnseuds
lunsdimswinuuy bottom fermentation Hu mtmﬁ'ﬂ‘lmfuﬁaﬂwzmﬁqquﬁﬂszmm
8-10 ssmwaden  Wemandnduitaesdugans sxhidefinhiBussilgangd o eem
waiden uazitiflusseznamils e liiaduasmmlizneuTalsitu wie unuiwmedudiu
founazanaznou m'ﬂhmﬂﬂﬁsﬁuifﬂ:‘zbuﬁﬁ'ﬁmsﬁm‘lﬁuﬁuﬁu ( haze ) Idwualy uas
lddeddanuasdanniy
"luszwiwnwﬂ%’uﬂzqqmmmmsﬂuﬁ%zﬁnmﬁumiﬂmﬁ'umwsﬁu 19U papain 841
Soiedwlhifeifanunsdunstlostulildidedjulussnhudbude  defiqudning
innnmasaumiiueesenstssneusenin TsAuuazneduea( polynol ) Naunsafdaned
wealfaatesaslddsmsldgniln  polyvinylpyrrotidone ( pvp ) e luasu 66 ushgady
wodaRuoa
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wansustesindalfoshunseuie W idsnvaslaazen uastronmsaqludalu
awdouussglumousduquasdadimiedely unudamsndndes 1 fuand iRsgunaumy
Famswdnided Fudeddussquaanienssileadeudeoudresiunsindouuy theumed
TreMhamadvszinu 60 swmwademihnm 20 wil ufnfuins38mlssana 10 wid
udSahunhWiSunsilgemgiithzine 30 ewwadva Feeslaniszine 20 it fafu

P ' > &
nm A8 lumsashidensnunes 8oy niledaTus

Eﬁaﬂ uﬂl

J Q7 d y ~ o
Tuszvinnuninded s wvaum  slaewhmaludfalfifluueanssediuuia

d s Q g Qr
miuoulaeenlyd uaznlaouTilsfunazoyiuivesluduldiduueanssedsugetunia
o P ¢ » o ¢ a a ¢ . |
Swauandes nsedunidezsrudatuusanseadinallues Tsufineamnod(aromatic esters) #

2 [ ¥ d a o i a
W nausaunmies danufansusulesenladfifnezii Ifinianes dunauia
- ' ' . A
ardueulasenladinnfissdinesuin witsuavesnifueulaeenledeznseqanason’lull iile

9

@ d @ v @ ' ) LY ’

msnindugens lufigrtadesuandime Sudmruiadudeunnazneusgfudendinedinlsh

o
musenamndndes luduuaiiSeiuileu

& ] 3 o/ @ ) J 1)
Tuiigresiuldndsddgudnlumontinded fe Am uasdad Fsozuwnnanetrs

azBenssdn il
Ain
o | o o o
Giafuemsiididguedadiidinded  uasdiuminif1ddeditIdqenmd Tae

Afnllesmlsznovdungifums Tulamsn uasdwdeaiiumstsznenlulnsiou nedfluea

auszneudnvesesy ey Fmiu sendiou a4
milvlaman

aTulamsaludindiuomsildwydemaoiyuasuuunuedduly  brewers  yeast
miTulamsaidadmuisaden]d ldud woalna ueaTnlnsTon nglae dyalna unsglasa
Teevga Inauazylnsaldnnuead daunglea wealna uazwealnlnsTemfassnirems
aqninduuy  wievinlesulitRudludiuiagiu Teewea Tnenilumi Tulamsaitdeguinilga
myhdTulaesatuegfumenufues  brewers yeast usinaeufawzelduealna
nglag WgnTng glasa wasnuwanTnald daumdTulamsaiiidlunsdeslil@vzdsnande
eglusendn seldanummuunded  wenmniinndmiu nhlindudeTsAusshldiiedd

anuvilansgleglda
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amlsznoutuTasouiifles 36 nlefifudvasvewdotmunluida 18un nsreziity
fasz uhflnd Tustu  waseyfufnsaiindsn TaonseesdTubaszfluuvasluTasioud
ddguesdaduasWnawsauided drnulIndunsTusudeswfufndiy so% veaddmiu
TusAudmifunsaftesufuunuiuosiadiversdszneudedouii i nausalya
TuvasitlnalaTsdudniifiunaraflesnsumslsznenvessetifaiiuvensdssneudedou
flaeldnsngd uas brewers yeast musoldilindineg®s  daunsaiindsnluueades
gngselussunamangrinduwumiluiindTelnd (ucleotide) fianaTe'lesd (moleoside) R5u
(purines) WASAINAYU (pyrimidines) MWUEBRIITUR  browers yeast aungaldldly
gwinumandn uasdudiSuravesiied TeIndecdegiesiinadentusaveuiled

uanmn%ﬁﬁ?mmnﬁa (browning  reaction) fidmseniensaesi Tufmhmasiiasaad
(reducing sugars) 19U ng Ina WyaInauazueaIna Wadluamlsznoufedouveauuarusedu
(melanoiding) Ful¥Aunssaneunmumniied luvasfiodunfiogd  (secondary amines) Wh
UfiServuusaIna Imsilseneuitindusavesimalud (caramel flavor) 194 maltol
[3-hydroxy-2-methyl-4h-pyran-4-one], isomaltof1-(3-hxdroxy-2-furanyl)-ethanone] ﬂ?eﬂuﬁuﬁ'mm
o wennniiefluyfegidehufiTertuenTae mexoss) WerdTuanlwaddn
MY (aminohexose reductones) FaiiludaiAdi ldenasaudafusendion uashufdsendu

nameedTulamsaima
otivn3dlosoy

eflunidlesouftdigluida 18un unaduuleseu Tudenleseu anelsdlessw
Faialossufitnuomhilelumsnaaded  nriunadeslessusuiiusenssuduazan
ATNBY (flocculation) ¥BY brewers yeast aauuunilifeulesey uwimilalessu danzd
mn newes Euilesesan cofactors) ASuTuveuewludlama (enzyme kinases), #laTns
uer (dehydrogenases), luTeAudwiRaaiuendion (viotin - couplecarboxylases) 8 TuTtlsdu
(hemoprotein) HazsuiinTaTulsAu (metalloproteins) mudidy Tuvaisitdanz? min uasnowas

sufludomseTgudnInues brewers yeast

Fadlu

d A L) 1 -~ g o~
v ludfa 18un Smfiudlnouming  Feilvialneriy (iamin), l3Tahwladu

(riboflavin), TUBZFY (niacin), UNU INTIUA (pantothenate), TuToMY (biotin), TwTABNFY



37

(pyridoxine), 31 T#-8Tu@NGA (meso-inositol), Hasw1I1-0si Twiuulaen (p-aminobenzoate) lu

o < a » ™
UFnannifunedmiunnTgues brewers' yeast
noiflues

onusaduazesl  ewidendt Afaunuily  arenuneddusanarewiialudiauas
ded Fehitideditiddnenmlin wu nedfueanwiah Widefuuecilsarha  udne

siindevasmsieveuies Tnededu (scavenging) 8YYadase (free radicals) HFoaondiou
m3iszneuvesssy

WunedfusanudluilSuad ludfauazdefinlfisofuTusdunazamlszney
nd 5«1 < ) R o 4
TuTasiouveauisn uonnniidanediue 'ty (copolymerize) fuwadiiuandu

Ydiu

Tosfueulng huidamnnuead  uderndthinnneey  fiddgldud nsaludu
fass lasnfivesen (wiglycerides), dmsnn (sterols), uasWea INdTa (phosphotipids) Tusiud
anudhydemsnsndusavesiled msnsoguessaddad mufeeamed myrsveuded
mansdaveses  uasmmiandusalid  uenvniluihudesiioed Inmasen (ergosteron)
w3 ludu liguddmiumsuanmisuasmsnseguesaad daunsaludulisudaesilmiies
Tiedu  mssfudunsalviuduiezseldidediud wennnifSonuilasndielsdly
Feavehidedlifares  uazwuidadledlisusifannmseendinsuvesnsadTudsn

< a 4 "
i idesfidu unfefuieungigaiindusals
GL T

Py o ' P o ¢ 3 é ad
ssndoudfgundemseguasmandnilodues vrewers’ yeast #elumsduisaesh
Y o o v o
¥sendiousen linndanindsdosiinigIfasndouTaensauilu w3o lnemsidye1man

Jasadadh i luitin
dad
i
a1d Tulewsn luszwinmandnded s avarum 9z lhbhmaihuuvasvesndsaumy

50 lnalndda (Bmbden-Meyerhof pathway,EMP)Iatld 2 ATPs Tumsldnglaa 1 Tuwanouas
»
1 L4 5] A ,
adwaatps  oafl 2 aTPsilecMifluumdendean  Sufwihmaaiiadu Wy weaTna
) 1, LX) A
wealnlnsToa nuenlng  ssdewrfdewfunglaaneussdigidlnalndde  uasilosnn
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"~ o~ C‘ g
brewers' yeast linanIngndsRnifusndiian (decarboxylate) nlouingin Fueziaiailed
4 - ' o o
Favegninadee Iithueanseed Awaselupit 11

Glucose

ATP

ADP

GeP
MD/ \
o 2 NAD
ij;?)l Coz‘{ 2 NADH+H
XubP

A P [PK)
DHAP G3P AcP

NADH+H* NAD" D 2(ADP+Pi) Pi‘i
NAD" NADH+H* f

NADH+H
l» l»z ATP 1C NAD®
Pi
ruva’rev»Acetcldeh de
Glycerol NADH*H‘Py NADZ*H
NAD* l J NAD*
Lactate Ethanol
Acetyl-CoA

AN ABBRZVIATED REPRESENTATION OF SOME IMPORTANT FERMEN-
TATIONS (——INDICATES THE OMISSION OF ONE OR MORE INTERMEDIATES)

P ot P
7 11 wamsmsagums Tulsmsalumswandos
P
#17  Reed (ed) 1982

Tusennamandn mndmmiidethudiouTremmsnansnuedauuniidorinle
Tuedfuumitd  fozuldoungTaaludindunseuandn  TaonldoungTamiiulngom aw
58 lnaTnledaon 1 Ingimdessgnimdediunsaunndn  hiddeddouvniisanFeauasd
nawlid avstudin mnduunitGeudeudhuame Tavemumid mendamanimhmalu
Anez 1dusaneaesduazanfueulaeenlod lnsiuiten TnA Taias (phosphoketolase(PK)
pathway) 1A8¥39INYBY PK pathway nQlnd-6-Wemine (glucose-6-phosephate) sznlfewiiy
g Toa-5-eainn (xylulose-5-phosphate) Faozgnvien T lsianl&iilundiwesarlad-3-ean
(glyceraldehyde-3-phosphate) fieegnimdniluesiaion lesuaziemusaluiiqa adiedudauusn
VY803 phosphogluconate pathway M?ﬂﬁﬁﬂﬂ’h pentose phosphate pathway M58  hexose

. v d
monophosphate stunt (HMS) ualTatewlwsf NADP" unu NAD' gwamslugilit 12 Falu
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myl¥nglaa 1 Tuagaru HMS pamway Tusnmildesndioussidndannds 35 ATP usies
Bifes 1 ATP windluanmitlifloondion  mandndefdivanmitlifloondion  msld
nQIAAHIU HMS pathway Y84 brewer's yeast 341a&yuieifluundsveandenu udsjuinld
Whuuvasveany Intpentoses) Tumsaduerfibue RNA) uaz@iBuie (DNA) U8 brewer's
yeast  tWI1Edad lannsa MwuInannunadanisuen’id uazldiuunasuesditng
NADPH) fisuflusemsadamaesen uasnselusiusn q etrelsfiany brewer's yoast 1

o )
mang Inamuid aMs TurlSuaiiteonda 20 nleSirud

/\m

cHo(®) _wHo .
0. CH.OH H OH H-(‘:‘OH
N % giucose 5-onospnate e MR
H OH lructose ]
CH,O@ OH H 6-onosonate g;::::::o' H-C-OH
gallih  \ H=-C-OH
O. CH.OH EMP sathwav ;
¥ A
Ko v : : C“'°®
S i =l
H—(;,-OH H-C~-0H i Y -
)
H-C-OH H-C=0 nouIose CH,0
CH,0 GLYCERALDEAYDE | 3-pncsonate C=0
ervinrose 3-PHOSPHATE H- (IIOH
4-pnospnate
e CH,OH . H- c OH
xyluicse
CH,0H CIO 5-pnosonale CH'O®
C"O HO-~ C H
HO-C-H -C=
; H (.: OH CH,OH
H-C-OH cH0(P) !
' C=0
SeconeotuioseH - C-OH v cuo@
7-cnosphate HO-C-H i
gnv*e'alaenyae CH,0 H- C OH H- é.OH H- C -OH
3-cncsonate CH,O H- C OH  nocse
H-C-OH ® / CH:°® H- C OH S-oroscnate
H-C-O

- CH.O

‘zﬂﬁ 12 Hexose monophosephase shunt

ﬁll’l: Read (ed.) (1982)
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Tngraiiuesdszneundnidrwgyiosnfowdihuumlulad (metabolites) #ive 4 wn
we 19w nliswihiesifialae (acetyl coa) filleidigigsnslnsmuenandin (ricarbozylic
acid, TCA) uaziginglnasendian (glyoxylate cycle) vsfmiluamTuladdn q Weldlums
adwlefy  ueninil Suvarum swifmsdinanvesiginglnsmsuenandn ( TcA cycle
intermedietes) iftailunIineirnd (precursors) T Tuddudn 9 waslumsseenseesiiTuil
sufludemmuedduvesdad uasndusaiiaveuded  madanarevesiginglnsmduenandn
vsgmh I uudusuniedFuanabotism) Feduiludosiitginglnnoendion fiRaninmades
nseeiiTuene o dwumaelugi 13 ua 14 uASYIN noncyclic patway 8w 9 Taelu1414
SpSnsinsmduvenanin iefuuvdivemdsoumfeudinsdiiall  iesnnaawitlaid
oxmrvssmandnied T lifassuumsdienondifinasey (electron transport chain) LAZ
gandinfiiieanediadu (oxydative phosphorylation) Asuihulumsadhandean
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Pyruvate

\/
Oxaloacetate Acetyl-CoA Citrate

NACH + K+
\
v .
Malate Glyoxylate Iso-Citrate
NADP+
L {NAD +)
."ADHZ
co, NADPH +H+
i’ (NADH)
Succinate a-Ketoglutarate
co,
G7TP GDP NADH +H+ NAD+
+

Pi

NADP™ and NADPH = Oxidized and recuced nicoinamide aderine dinucieotiage pnos-
phate.

GOP and GTP = Guangsine diphosphate and triphosphate.

FAD and FADH, = Oxidized and reduced Havin adenine dinucleotide.

iﬂﬁ 13 Tricarboxylic acid W% glyoxylate

#Ill’l: Reda (ed.) (1982)
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Try
Lys
Hyp—»Ala [Leu Leu
Thr —»Gly —s» Ser — Pyruvate lle Tyre«—Phe
Cys,—Lys l Try
Acetyl-CoA «——Acstoacetyl-CoA
) Arg
Oxaicgzercte a-Ketogiutarate Giu |4 Z’i:
Gin
TCA
Cycle
Fum:n;uie Succinyl-CoA
5) v
\ Val
P Tle |

d o o [
JUN 14 Catbolism vInIRed TuHiinu1¥84fY carbohydrate metabolism

P
NI Reda (ed.) (1982)
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nameilunesdu @ wunuedduvesnseesdluiidhdy ussifladestumanin fe
unguduediiudiy (transamination) ﬁnﬂuﬂﬁﬁ?mﬁnﬁazi‘lu (amino group) ¥BBaN DA Tuue
Fa(oc-amino acid) grildewlilegituyjuear i Tnueda (oC-keto-acid) Taeioulufumsudue
e Sunmsuduediuaduinguearinngmisn  (oC-ketoghtarate) Hudaiumy
0¢fTW (aminogroup acceptors)y H9UNA 4-carbon UAL S-carbon intermediates 183IgIng
Tnsaduendan IdiunsdesnsaesiiTy (ﬁ'«mm‘lugﬂﬁ 149)  #Flumandneziimsdesves
nsnezd TuAadundey q fumsadennesiily Rouietuluauasiuvoused  uaséell
msldowlasndultn I brewer's yeast liviansnesiiTusrihy

nmazﬁiuﬁﬂ'?wﬁuiuszwiwm'fmﬂ'mﬂaﬁ'umnmsﬁanmwmi’gﬁ‘m EMP Uag TCA
(EMP and TCA cycle intermediates) IneiialfinTeens Redusautaumsuduediusy  nanie
ueavhiTausdaflifarenianunuedduvesnsaesdily  fuvesmsTulamsaszgniiniduen
Foadhueniled it 15) uasifdifluueanssediidunhiluvaueaneaed (fusel alcohots)
Yuegluiesdslduntmuen (ummo)  Twswinea (propanol ) 2-finimusa
(2-metylbutanol) 19ilaLBANBAA(amy] alcobol) 1o Iweiiausanesd (iso-amyl alcohol) LAZILM
Milaonuen (B-phynylethanol) uennniionsilseneuduilifeadestuuunyuedduusansa
pziTu  1dun  leeziwfia (diacetyy wSe 23-fluwulalen (2,3-butanedione), 2,3-Mu
mullaToy (2,3-pentanedions) a3 FuualefTny (vicinal diketones) FURAINAITLBLAA®
Tae'li 141ou lenfvesunavhesd Tnusarhlansendueda (OL-aceto-Ol-hydroxy acid ) Taeusavh
uad Inuanma (Ol-Acstolactate) 1ilulaeziiauazusash - uedin - ueavh - leasendi
Ini3m (Ol-aceto-Ol-hydroxybutyrate)ilu 2,3 umulalow @egiit 15unlneswfia (diacety)
fifneN brewer's yeast  e1oidan1ITIud Tnenssvesezsiadled 19w 2-usavhlensend
ofinInerflulnlswoaina (2-[Ol-hydroxyethyljthiamine pyrophosphate) s JuszMIINIHTN
flod Brewer's yeast szdovesdney laszwfia ez 23anumulaTousenunduiiuasld
ndusafiddgyluded  Teededidnausadnasimameniludasau 15031 muddy

ualunnasetudruunuiiosiaueancsed ueavhit Tausdaeuifansinifuendiadu
Hhuueailsduazesndladraiiunsaluduunumsdadreiuuennssed  Funseesdanuas
nseBunIdens q AnuludesiifaduTaeTitonesadadled dnsunsalviuiiflezneuves
miueuwnnh 12 wifannesdialae (acetyl Coa) @amaaslupl 11) 1wy  nsadaddn
(plamitic acid) IAvnedanTaie Tnefliduluslursfuedadummansuning  (fay  acids
synthetase complex) H28 lumsisarlfnen Fansawadandluwdinediwesusnsaluiusie q Wi
#stunsalufududuasnsaludulidud Tuvasfinsamfesn (stearic acid) ansaadiennn

sawadianuazeusahdiflunsnleddn  (oeic)  FumaianielufusiialuTud Tusn
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4
(monoenoic faity acids) A4 <) UBY brewer s yeasts Wudnldvondion uBnNNNiibrewer’s yeasts
o P Py @ oy P '
SsaursnadnamsealdluanmiideenFiounazdaddil St madfountasluanini 14
N A ] Q) la' Qs )
8BNY19U (anaerobic pathway) 84 9 M lumsadrensaludulisudiin q

qRunIdnaeaiia mmmﬂuﬁ’]aumﬁui’wqﬁuﬁ‘mumsnﬁmﬁui «‘ﬁwﬁun?tfmﬁﬁm
Wiled Fammdeudeld Swnludmanuquqmamssingiuild Tundasfuneums
waadefornfamaudiounngBunidenatu

1idfon dntudleuanfuuendifiugiunidiasgiaatudnuead iesvnaumg
fo 11 dmndeditidendy  detunlhiadedinanldindumiy Wesmnmssing
Aidenatredu 1uszwi1qmm§tuﬁ“~zﬁ"u é’wﬁﬂﬁnwz‘lﬁmi‘fnuﬁméﬁihéaﬂm"l‘ff"lummﬁﬂ
ey

12 Sndiedidderdy endmsAviahdulredesnunde  udnnwams
rensshfandiadidmsivnndesunlduiades wui aRussgnihaie wie midaluly
sewiansztumImnsin winnh 98 wedioud msRudi i lumanaaes fe ociratoxin finda
9851 Ampergillus ccsracens

13 deriniguudnuiadieumafiufes  ssvismafundeszuhemahuead
siinavi Iilesfussquanndonsedlosinesnduly edlerhvianTenssilouiloosh i
ey lnavsesnun ot inasudled 1dun Fusarium Rhizopus , Stemphylium H8sIneianiz
8t E. avenaceum Feflodeitvhdidledjsesnni] madifleady Tndmuing awsomsa
Blnemaidy tewled fdeeTusiuasly lunawquszmaezidowlsdwuny  ldasluied
ietlestunsyu veudedluvasudduiiunannug uasvedemdailymmslnarweude
dw

2founedide  weitdeiudovinlussnnimndadedidiwanunsuunuasun
suen  weshanwfufemsufeunnuuniiedaduaedmon Bacims ussuuaiidens
#1NAYeY Micrococs (91 M. kristinse J9hIdifadlymlunsnindedifundinsm

2.1 uuaileunsun i idaeilymlumsndadesidun

LactobacilindeuvniiGenguilifiufansrdyihididefideuqmam deilrunsonu
aemsTavevewel1d uesaansoadhe diacetyl idFanduneundlefuennnilSiadionsa
uondn  wilSnansauandniadidclimnnedesihndusaveudefdouly  udideild
amwnsahldidedideudeld Tnevsdungnuh iediideussddnvasuihudulny
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Pediococcus Addigyfe P. damnosus  wulwiilesuiia lager beer uunidewiiailludes
wulussnhamsldidodad  usznuluszwiemandndugehe wieluiedinandoudes
uda ndeudeveudef Tneided vsadwndsfumadeudeToode Lacobacims sansavh
IWdesdanuilunsage uasldndumeunided

uuniiBeunsuuinduaitnulunwdmded Wy Leuconostos mesenteroides feudihes
wulunwdaded wideil 1y idnedyminsuded desomiFosuq oy Steptococcus lactis
uae Micrococous kristinae séﬂmdﬁfmmmnunsmmznusaﬂ'lé’smzﬁ‘lummmmnméeu
deveailed Woihilesanudunageldud Fouunitdeilatiaed uasnmunamdougs
WIN B. coagulans MA% B. strearothermophilus TeoidoradransauandnTurSuannn'ld
%mn’.hﬁ’nﬂ{nﬁihfmm‘li’ﬁqmmﬁq«i’lunmmu

2.2 wuaiSeunsvay 1dun

Acetic acid bacteria iihuuafiFeunsuaugisaiiuviou aunsanliey wnuealy
dunsaesdanld némmﬂﬁﬁﬂ‘luntiudﬁﬂﬁag @i Acetobacter 1193 Gluconobacter Fatinwuly
sswiemandnided Acetobacter sNTneendledionuen Willumdveulesenluduash
Tat hexose monophosphate pathway #ay TCA cycle swisém"igmmd'ﬁzm?q;'lﬁ‘luﬁmazﬁﬁ
sendiou uaslimumoegrenldmelfanwitludesndion  Feluidedindnlddugatody
wlidesndiou  Seluifatlymundemaril udoswud Acetobacter 48 Gluconobacter 9
Reatlymlunsditied indalfiuSuanandiounnunieny iilssnnanuunnieslussnie
MINEn

Obesumbacterium proteus ﬁlmmﬂﬁﬁuﬁﬁnnﬂusﬂ’au“lusﬂuﬁ'ﬁﬁm Whuuuaitde tu
uwfid (family) Bnterobacteriaceae Lmﬂﬁﬁuﬂawwmﬁm'lﬁ Tuednitdslimugenl uazause
1w3gyl4 # pH 19 4490 @eilazinalumssudamnumsvsnvosiieduasih ssdumadie
Tudlefiruunndu wu dimethyl sulfide , diaceptyl #az fusel oil dedfdoududosnndoil o
findundeonald niedn parsnip

Zymomonas  Hlunva#iFeunsuavidnuaziiuvou wniideinunimstudiouly
myndndedunilaefie Z. mobilis mmmﬁ'mﬂmuéaif fio a1u1snsﬂ‘é‘au13’1manq‘lﬂa %30
ynTealfiflu tomuea uasarfueulasenlyd Tae Enmer-Doudoruff patway sm'séaifvzgn
dudammindo Tretemuon 8 nledisud uazgnihane18fiqungd 6o ssmwaiden Wunm 23
wit Woidwnedeyldluded sl iager beer Tndusalidiuilveniy ilesemans
acetalbehyde uag Ja Tasiouda'lng Mdnilnaady

nunfieunsuauduafivulumsiuiles 18un Pectinams cerevisiiphilis  Fserunao
waansnezdan nsaTwiledn osdTndu ues leTaswudalnd Twrefnwiedediussquan
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ufa Lﬂﬁﬁnﬁﬁm‘néamaﬂﬁm%aifﬂzﬂﬁ'numiju unsiindundrelini vennndeiudadd
punfiSeunsyandug fikade mudeudeveuiled ueliseeunumeddapin Ao o
Megasphaera  dsvzihfidesfifnuasquuncindumiy  ilesninmsadhensadialninly
sEnImIngdnedy

3.iddad Sadinulumandndedifuninwid yeast wueiadadauqilylddadiid
Tumsndnded sndreruguiildlumsndndes endaeerusu  Saccharomyces cerevisise #
¥ Tumandinun top fermentation 11 f1wwd1 TmsiodeIussuiremaniln isger beer BTN
fotuflu wild yeast 1wufu Badeheaitinademufemde  veudlesidun  Candida |
Saccharomyces , Dekker , Henseniaspora , Kloeckera , Kluyveromyces , Hancenula , Rhodotorula ,

Tomlaspora , Brettanomyces 44A% Pichia
v 5 v o A d o
wild yeast ﬂ‘lan‘mﬂmﬁﬂumnum 2 %50 WMGAVBU ﬂ‘lﬁum‘mumﬂﬂi’ %30

p19fRILLYAY 'n?ﬂ‘uaﬂxﬂﬁﬁh’f‘lunTmﬁmﬁu‘ﬁﬂsﬁ'aq'lﬂué"mﬁ'umiﬂwﬁau Y09 wild
yeast lusznhenmansinded szdeallodoudin/Suavedadildasliifeiifamsndnided
ud wild yeast wzinSeyldiidemaninduusndugans Aelerhmegnifliifeunuauds wen
wniinsshifededivumensedortield wild yeast wanimuamudougandyld wid yeast
wavi IiefideudeTaomaididedindusaiifnindlunndy  hmiddedqu  enunns

dn ez wild yeast Unila ldRamtweudesidnuazidiul

1L TudFyvesiod

mawSoiuTnlunsunsnezeglumamiliieandiou Renmmeiyueusa veisReadud
hanfusulasenladilesnnnszuumels Winmeendiouluieinesanas saisdeatusu
maumsuoulasenled  msnzaumdueulesenledilezih Wnaeanmith lifiexmsn
dethusui] wisnudungezldnnuumsimusia vedad Ao Embden - Meyerhof -
Parnas (EMP) pathway .

henaindinldezdrly EMP patiway #9951 decarboxylation 183 reduction 'If ethanol
une miuowlasenled  sandu mmzedinzmstsznodun sufaty ifesmnvuaums
wiin msalssneueznA RN liRANIN biochemical transformation Y84 pyruvate H3®
TurnensdlifannnaveuumTudFuveelulasion hidifandunassaiiddguouies
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Yulagounminddu( Nitrogen Metabolism )

Ehrlich 1&leruemsifia fusel alcohol 910 TuTavioumenuedduvesdad Taonslddad
wiglunseesfiTuamizedns  uasiiudufin  fusel  alcohol WwREUMTAATY yeast

' d a » a
fermentation sauuey Tuflefinaty dades Il numsndopdula

R.CHNH,COOH + H,0 —>  RCHOH.COOH + NH,
Ol-amino acid Ol-hydroxy acid
R-CH,OH + CO,
fusel alcohol
wenunluTasouumTuddu Taedaduds Tussvinuunsndn Ehrlich
18 anuitufleafunsifa wansamination Ta8 OL-aminonitrogen 95qn assimilate Tuara il T
fieendion  M0eMEIAR transamination veelnlsdu i ldifalnTswen TwieiSedsauy

o lailiddnferdaslunaln e tansaminase , carboxylase #RE alootol dehydrogenase

C.H,-OH CH,CH,-COOH CH,OH
I 7 4| - |
CH,-CH,NH,-COOH CO-COOH transaminase CH,-CO-COOH
tyrosine 2 oxoglutaric acid hydroxy-phenyl
pyruvic acid
CH,-CH,-COOH
+ |
CH,NH,-COOH carboxylase
ghitamic acid
WV
C,H,-OH alcohol dehydrogen C,H,OH
I < I + CO,
CH,-CH,-OH CH-CHO
hydroxyphenyl hydroxyphenyl

ethanol(tyrosol) acetaldehyde
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A ! J -~y
iloe010naln tansamination § Favh I luduex Tuileiiady (‘ﬁunﬁﬁu‘lu'lu‘lmwum
[ 4
e/ L4 A o
mluady) dafu mssSinefeafumsiia fusel alcohol i 3smu150921% Bortich  mechanism

4 Q o L] ) o )
Reafy ransamination lleF1ne'd aehugunaife isomy! atoohol faulTersie il

(CHy),CH-CH,-CHNH,-COOH + CO-COOH
leucine I
CH,CH,-COOH

2-oxoglutaric acid

(CH,),CH-CH,-CO-COOH + CHNH,-COOH
2-oxoisocapro acid I
CH,CH,-COOH
glatamic acid

carboxylase

N/

(CH,),-CH-CH,-CHO + CO,
isovaleraldehyde

/

+NADH,
alcohol dehydrogenase

%
(CH,),-CH-CH,-CH,OH + NAD

isopentyl alcohol

(iscamy] alcohol)
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. Spectrophotometer

O 0 O

. Reflextometer

10. Shaker

11. waterbath

12. Haeemacytometer

13. Beer Detector



50

anl
1. $auoad
‘l 1 Q =
. madnvsaandumIndnudaiation

4. v a
. mndnusadfidumIndnudavilauds

2

3

’

4. ‘heady
5. WD

6. NIALANAN

7. unaBeunaeln

8. 891

9. Bad

10. thaanse

11.1h

12. Yeast-Malt Extract Medium

13. Kiesergur nafigaovi iideslady)
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TBrhmsnases
o mMunIaudaupEy
snsedeudaunayTumsndndeddail

- ACTIVATED CARBON 020 N3N
- LACTIC ACID 017 ndy
- fauead’ 90.00 nfu
- hene 017 iy
-HOP' 1 04 nfu
- HOP 2 1.0 N3y
- HOP 3 02 nju
- unaidounanlyd 0001 nfy
-ih 300.00 dadang

auedaudiedudu

1. vidodadmumsludy” wudealuoms YM' (YeastMalt Agar) WM
mysndorudy Todudedudy 10 % vesemdoude

2. emslude 1 Tllwerww shaker fgaingides w18 2w

3. thesazmeendensy 18 aTvudumFnade Taeliiiderszina
27x10" cetym1. fnfSmnaudedsludeliihnmiesielyl saufinnaitldideads

4. Maasmedeiiusnudoudeeudaliiem ob Arnwemndu 280 oM

Qs J d A : :
snatiudingr op i ldRe Muinesgulumananesnsade o 1o

fn (% I's X < @
Tdfuanueganzvion 1§ ygsea wned difa
* gitidon 18 lumanuan
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mInaaesreuil 1. = Mnsniindadnf

Fhannaaes
1. thdnusaduuaneunan
2. 1h $1ueed, ima, unaidounnslsd, Activated carbon uazth 1
Waruiuin1S Mashing TAoMS  Mashing fio
Fuduwaudl 50 esmuwdea w2 Falu
Fuduwaudl 63 ssmudoe w1 dalug
Fudunauil 76 ssruwwden w1 Falus
dussuilifhumsdesntanas Ty Wuldewdhohma  Teewwley
camylase 4D B-amylase Tusunsuiioniiminaneudiele Toauidudimas
mfinagnie lai)
3. nyeuenduilifuvesudioen (spent graim) sonINdway  Tee
W veunaalaiingesidezfen hiddn
4. Mmsdunhi3dadai fe
Fuhided 100 semmuden w60 Wi = (fw Hop 1
Fnhidait 100 semusuden w80 W => 1Ay Hop 2
Suhi39af 100 serumwden wn 60 i = 1Ay Hop 3
Audeldnuw 25 il
5. nYBENASNBURARTLBEN
(1wi1:umu'ﬂ' TusauitmAsnimsdeszsudaiy  ifadluazneu  des
Thmansesenewsneufifietueen  Slihmauensen sxvhididedeu'ld)
6. Urinhifariumsnsssusnazneusenudalude s Wilanududy
Gududly 134 Brix  Taehmananes 2 4
7. 150 pH Suduvenhdialdtisuiiu 3.
8. ifwhiidn Teeldhudu s ssmwaden Whividaliqamgdiiy
10 sarusaiden
9. Mo uduiion it rduindvasludumay 10 % hmsndnd
qavgll 12 semusaiden W 2 ddemvd
10. h'lilasrovmSinaieanesedifndy  Taeindes Beer Detector "

o P
wiluinnanmanaassild
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@ <
11. M1 linecreun1e Oganoteptic TufinnamInaassd ld



nanagesneuii 2. = minghufiminzasiildluminda Low Alcoholic Beer

Fhnimases
1. himyeaduuansunan
2. 1 $1auead, e, unaideunanlsd, Activated carbon} uazi an
HANAUMINMS Mashing TREMI Mashing B
Fuduwaudl 50 ssruwwdea wiu 2 Fal
Fuduwauil 63 ewwuwwdea w1 $2Tug
Fuduwaruil 76 serumwdes w1 Falu
GuneuilifumsdeeutlauasTalsdu Waldeushahona  Taoewlad
oamylase #AY P-amylase Iusumpuiienimenageudasle Toauhdudinag
weagnTe lu)
3. nyswendaufifiuvesudeeen (spent grain) BBNVINAIUNAY  1aY
e veunanladingesidezdend Thiddn
4. fmsduhiddasedl Ao
Hnhisdait 100 ssmaudon vue Wit = By Hop 1
Snhidedt 100 semeuden wuso it = iy Hop 2
Fuhifad 100 esmusudon v s i = @ Hop 3
dugie ldnu 25 wiit
5. nIBaULNAZNEUTRATUREN
('lm'i"'uﬂaui'f Tsaufimdeninsdeoszriudafu  dhadlunsneu  deq
mmsnsesusniemsneuiifaiuoen &1 lihmueneen szvhididesould)
6. InhBafinumsnyssuenazneusenudatude s Wianududy
Guduidly s, 10, 134, 15, 20 Brix My TaethmInanssagas 2 4
7. 150 pH Suduvenhidaldiisuiiy 3.5
8. idwhiidn Teeldhindy s esmwades Whhfailqumngdidhy
10 serusaden
9. tidaSuduiedoy dhedunduasludumay 10 % hmansind

gavgll 12 swwwaiden W 2 didend
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10. h'lilasrovmiGnauoaneaediinaiu  Taeindos Beer Detector "
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fnhidadt 100 ssmusuidon v Wi = Gy Hop 3
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5. 1§y pH Fuduvenhifalditawiiy 35
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10 sefuvaITun
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paminaaenaui 1 msniidesng
'SPli]a m‘s‘-mﬁ'u SL UG(%PL) Alc(%wiw) | Ale(%v/v) | Real Extract (%PL) | App Extract (%PL.) [Real Ferment (%) | App Fennent (%) —(- »ix;j‘ (K1Y pli
WA 134 Bris (1) 1.03259 11.29 1.38 8.04 24.2 820 293 178 18.1 175
w134 Brix (2) ] rossie ar | o128 8.92 2138 $.33 27 (.67 150 486
wnai 134 Brix 3) 103131 | 1135 1.45 8.54 248 "7.88 30.6 1.89 17.2 166
i d of 1.00709 134 4.8% 4.02 70 1.82 6.4 6.21 58 4.02

69



70

ri@mmmm&cganglc.plm_ﬂﬂuﬁ_l

0
w A A

)
I AUTUAY HOMIINAaaN

1

-

uBad 13.4 Brix () |nausandsiiissy

A ¥ 2 =) 1 3 ¥
ll?)r‘jﬂ 134Br1 ﬂﬁuﬂmﬂmﬂ’l UANITVUNINANUDY

Nﬂﬁﬂl 4Bnt(3 ﬂﬂuaﬁ'ﬂ SEIEE

A Za 7
UM -




HaNINAGRINOUN 2 m‘:nﬁnqﬁuﬁmuwau‘lumw‘i‘m Low Alcoholic Beer
“E'G\l]g‘lllémﬂuyr SL OG(%PL) |Alc(%w/w)] Alc(%v/v) | Real Extract (%PL)] App Extract (%PL)]Real Ft;.rmcnt (%)) App Ferment (%) [Color (EBC)] pH
Malt 5 Brix ) 1.01019 7.87 2.14 2.74 3.61 2.61 54.1 66.8 9.5 3.63
Malt 10 Brix 1.03176 13.19 2.19 2.85 8.90 7.99 319 394 9.6 3.61
Malt 13.4 Brix 1.00871 9.49 2.99 3.81 3.62 2.23 61.9 76.5 8.8 4.16
Malt 15 Brix 1.01563 13.78 4.13 5.31 5.85 3.98 57.6 71.1 12.6 4.31*—4
Malt 20 Brix 1.01596 17.40 5.75 7.39 6.58 4.07 62.2 76.6 13.1 4.08
Wet Spent grain 5 Brix. 1.00344 6.89 2.39 3.00 2.04 0.88 70.5 87.2 6.4 3.75
Wet Spent grain 10 Brix 1.01767 10.28 2.44 3.09 5.60 4.50 45.5 56.2 6.2 .77
Wet Spent grain 13.4 Brixj 1.02990 13.35 245 3.19 8.64 7.53 353 43.6 5.6 3.76
Wet Spent grain 15 Brix 1.03932 15.39 2.47 3.22 10.88 9.83 29.3 36.2 5.0 3.78
Wet Spent grain 20 Brix 1.05077 18.32 2.49— 331 13.65 12.57 25.5 31.4 1.8 3.82
hDry Spent Grain 5 Brix 1.00381 6.62 1.97 2.45 2.06 0.98 68.9 85.2 16.5 3.81
ADry Spent Grain 10 Brix 1.02705 11.69 2.03 2.63 7.76 6.83 33.7 41.6 17.2 3.78
Dry Spent Grain 13.4 Brix{ 1.03814 14.87 2.36 297 10.55 9.54 29.0 35.8 141 3.80
D;y Spent Grain 15 Brix 1.04108 15.63 2.30 3.02 11.27 10.25 279 344 15.7 3.78
Dry Spent Grain 20 Brix ’1.05935 19.61 249 3.24 15.53 14.59 20.8 2567 | l ST— A ;;r
1f1maﬁu 5 Brix 1.01737 5.06 0.26 0.33 4.54 442 10.3 12.7 5.0 4.14
151911’(13‘1] 10 Brix " 1.02767 8.63 0.68 0.88 7.30 6.98 15.5 19.1 5.2 379
‘lf’lﬂ'lﬁaﬂ 13.4 Brix 1.01255 7.86 1.90 243 4.10 321 419 59.2 8.6 3.64
1f1m1n§u 15 Brix 1.03970 14.76 ‘ 1.99 2.54 10.82 9.92 26.3 325 104 3.76
ﬂf’lﬂ'li\ﬂaﬂ 20_Brix 1.05736 18.50 203 2,66 14.95 14.12 19.2 23.7 11.2 i
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venafy 5 Brix Iﬁmumﬁnuaﬂ
v
WIMaAY 10 Brix Iﬁmmm‘ummma
¥ (4
WIAaAY 13.4 Brix |ﬁsﬁm1wmﬁ1mamﬂ
Ed 4 7
UadY 15 Brix |ﬁmm1ummmmamﬂ AREUIN Y
o a . A v L} % 4 a
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Hanlinadenui 3 mamudidudaduinnn: mlumawin
’ Low Alcoholic Beer
'Ym]ﬁm‘s"mi’u SL | OG(%PL)| Ale(%w/w)| Ale(%viv)| Real Bxtract (%PL) | App Exwact (%P1.) |Real Ferment (%) | App Ferment (%) | Color (EBC)
HE 1.00467 { 3.28 0.26 0.33 158 1.18 519 64.1 4.3
tfmmﬁu “ 5‘""1“3!“ “ .1;01‘1952» 5‘:0'.7. | ().3'.;, 04 l Ny ‘;4; ‘e 4 ' 3.04 2_321 44.7 4.8
1fm1a§u 7 Brix | 102212 6.86 | 0.53 == 068 \)/ _585 5.61 1;8 18.3 5.1
iy 91'1;:1'; 102866 | 876 hO?68 _ 0.79 s 7.23 142 17.5 5.4
vhmod n;sm 153128 “_”16-.0'8_4' Nmo74 _ o'.ngFlw 829 7.865 1738 219 59
imafu3.4 Brix vowst| 1267 | ost | 125 | ues 1180 5.5 7.0 o1
Gali (low alcohalic beer) 1.04056 | 10.90 0.32 0.42 10.27 10.13 51 7.1 5.2

€L



Th

TngauSudu

HANMTNAGOY

WNABAY 3 Brix

+
a o

TndusmySuaneuthaquuss dravuruths

rd
NA1aAL 5 Brix

»
a a [

fnduthmans 4 sananmudndes savuthunats

14
UIMAAY 7 Brix

finawdesans q samAndodes

»
HIMAAY 9 Brix

a a a 2 Py 4 ¥
UNAWLYTUINTY  FTFIRBONUNUANUBY

WAady 11 Brix

a A a &
UNWBYT TTFIANNU

WAAAY 13.4 Brix

a a a & -4
UNAULYT imnﬂn'nwmﬂﬁ'wmwnu




Sheetd Chart 1

v v
e

dow® 4 da¥ e a
AN q fidalaainindes Beer Detector tislyueanluingiu

80.00000

70.00000

,,,,,,,,,, Bl Malt 5 Brix

60.00000

M Malt 10 Brix

50.00000 [1 Malt 13.4 Brix

40.00000

[ Malt 15 Brix

30.00000

B Malt 20 Brix

20.0000( Malt 20 Brix
20.00000

Malt 15 Brix
10.00000

Malt 13.4 Brix
0.00000

Malt 10 Brix

SL

Malt 5 Brix

OG(%PL)
Alc(%w/w)
Alc(%viv)

Real Extract (%PL)
App Extract (%PL)
Real Ferment (%)
App Ferment (%)
Color (EBC)
pH

v

Hu 1




Sheet4 Chart 2

Ll '
b

dew” A da” . S
AN c]mm"lﬂmmmm Beer Detector 110lvwet spent grain !ﬂ‘lﬂﬂgﬂ‘u

90.00000—/ ——————————————

80.000001 R .
70.00000 1~ Bl wet Spent grain 5 Brix
60.00000 " M Wet Spent grain 10 Brix
50.00000 ] Wet Spent grain 13.4 Brix
40.00000

30.00000

[ wet Spent grain 15 Brix
Wet Spent grain 20 Brix

M we Spent grain 20 Brix
20.00000 Wet Spent grain 15 Brix
10.00000 Wet Spent grain 13.4 Brix
0.00000

Wet Spent grain 10 Brix

-

B -~ Wet Spent grain 5 Brix
3 & &
& ® ¥ G
5 ~ 3 Q
< g g &

g : 5

= S
3 3
o [+

v

Hu 1




Sheetd4 Chart 3

A4 q 717a1A00 Beer Detector 13101y dry spent grain 1luTngau
it N R v T e S ——
J T
90.000001 NN e 2

80.00000 — & y ! S

Bl Dry Spent Grain 5 Brix
70.00000-

M Dry Spent Grain 10 Brix
60.00000-

(| Dry Spent Grain 13.4 Brix
50.00000 -

i Dry Spent Grain 15 Brix
40.00000

30.00000

M Dry Spent Grain 20 Brix

Dry Spent Grain 20 Brix
20.00000 -~

Dry Spent Grain 15 Brix
10.00000 Dry Spent Grain 13.4 Brix
0.00000 Dry Spent Grain 10 Brix

SL

Dry Spent Grain 5 Brix

OG(%PL)

FEE
\.(’“
-~ e
s & §F & & o L
g 8 ¥~ B TN “¥UNagrm
< < 8 4L 00§ BWegy VAW
Fp o o1 &
[V}
ol R
g &
x B
2R 2
v

i1




Sheet4 Chart 4

L '
w

M q 131A0n Beer Detector tialmhmanuilingiu

[ ————
1 I r———
e ————— e

60.00000

50.00000

40.00000

30.00000

20.00000

WIMady 20 Brix
v
10.00000 WImMafl 15 Brix

WIMafA1 13.4 Brix

v
0.00000 WImafy 10 Brix

v
IR 5 Brix

OG(%PL)
Alc(%w/w)
Alc(%v/v)
Real Extract (%PL)
App Extract (%PL)
Real Ferment (%)
App Ferment (%)
Color (EBC)
pH

v

i1

i v

Bl vheadu S Brix
i 4

M 0@y 10 Brix
v

Cdhea@y 13.4 Brix
:’ @y

Clheany 15 Brix

v
M henafdy 20 Brix




6.00-

5.00

4.00-

3.00

2.00

1.00-

0.00-

¢ d d v v v 1
wesiwuaueansaeaitlaninmiminlaslyingduiiama g

Sheet]l Chart 14

Alc(%w/w)

v

nul |l

B Malt 5 Brix
M Malt 10 Brix

. Malt 13.4 Brix

B Malt 15 Brix

B Malt 20 Brix

Bl Wet Spent grain 5 Brix
H wet Spent grain 10 Brix
B wet Spent grain 13.4 Brix
H we Spent grain 15 Brix
B Wet Spent grain 20 Brix
B Dry Spent Grain 5 Brix
Ed Dry Spent Grain 10 Brix
B8 Dry Spent Grain 13.4 Brix
My Spent Grain 15 Brix
£ Ly Spent Grain 20 Brix
M hafy 5 Brix

M w08y 10 Brix

W [1m0fu 13.4 Brix

W mafy 15 Brix

W madu 20 Brix




Sheetl Chart 6

d o ¢ “; v o 4 d v v d - ”
nlesidunueaneasaiilannmaiinideslaalyviveanuingdy

6.00-

B Malt 5 Brix
5.00

M Malt 10 Brix
4.00

[l Malt 13.4 Brix
3.00

[ Malt 15 Brix

2.00
Bl Malt 20 Brix

1.00

0.00

Alc(%ow/w)

Hul 1




Sheetl Chart 9

Jd d é v v v
nlesriunueansasailaninmaviinlaely wet spent grain 1hiTagau

2.50
2.48-
Bl wet Spent grain 5 Brix
2.46-
B wet Spent grain 10 Brix
2.44 -
Wet Spent grain 13.4 Brix
2.42
M we Spent grain 15 Brix
2.40

B Wet Spent grain 20 Brix

2.38

2.36-

Alc(%wlw)

v

il 1




Sheetl Chart 11

wlesdunueanasaailaninmsminlaely dry spent grain Whudngdu

2.50

2.00- -
3] Dry Spent Grain 5 Brix
Eid Dry Spent Grain 10 Brix

1.50 [ ] Dry Spent Grain 13.4 Brix
[ bry Spent Grain 15 Brix
Dry Spent Grain 20 Brix

1.00

0.50

0.00

Alc(%w/w)

v

Hul 1




2.50-

2.00-

1.50

1.00-

0.50 -

d d d v v v
wlesiwunueansaaaiilaninmasminlaslvinmaduniuingdu

Sheetl Chart 13

0.00

Alc(%w/w)

v

Hul 1

v

B iheadu
v

M vioadau
¥

Himafay

¥
W ihaadu

v
Wimadau
1

5 Brix

10 Brix

13.4 Brix

15 Brix

20 Brix




Sheet5 Chart 1

Al Al 1 v v

U

A q iTalaain Beer Detector tiolyinmaduauvavums 4 whiiaghu

nSauieudy Cali

A/ T o Ly e —
H -
o] | et L L N \T“ B imefy 3 Brix
et WO i ey £
// | i B ha10Au 5 Brix
L Zy= N v
70.00000 O 0 AV e o8N % Sy B O henedu 7 Brix
/ / % e Ad<17% H a
60.00000 -} A LT [ viheady 9 Brix
S L bR £
50.00000 - T T i Ll B :@afu 11 Brix
TTT] v
B [ w10A113.4 Brix
40.00000-
. Cali (low alcoholic beer of Singapore)
30.00000- | PR - T

, Cali (low alcoholic beer of Singapore)
, WMaAy13.4 Brix

1W1af 11 Brix
¥

WIMaAY 9 Brix
v
Wimafdy 7 Brix

20.00000-Y

10.00000 -

v
0.00000 W@afl 5 Brix

Wmadly 3 Brix

Alc(%w/w)

Real Ferment (%)
Color (EBC)

Real Extract (%PL)

i1



0.90

0.80-

0.70-

0.60-

0.50

0.40-

0.30-

0.20-

0.10-

d d [ ] & v A v :' -
Iﬁﬂ?l“ﬁ}!ﬂ!laaﬂﬂﬂﬂﬁﬁ?ﬂ1ﬂﬂ1ﬂ Beer Detector Hlﬂl‘lﬁﬂﬁnﬁﬂ‘llﬂ'nul

SheetS Chart 2

niwingAu nliewiieuny Cali

0.00-

Alc(%w/w)

%)

v
Hul 1

VHYHAN 9

v

B vhmafy 3 Brix
:’ -

M vhmady 5 Brix
r -

B viadu 7 Brix
:‘ -

W hafu 9 Brix
:’ -

M vieafy 11 Brix

v
W ha0Au13.4 Brix

M Cali (low alcoholic beer of Singapore)




i 5

ajiwaminaaes

* nInAReAeuil 1
nnmsnaaesesiulén
wrensandndedamnindld Treludmaudeula 9 iRedy Snvade
h'lnsoTaTanindeq Beer Detector udadaldrin 4 Indidestuidledidveegma
fisenan adeddar)
® AmMeRBABT 2
namsnaasssziiuldh
- SogAufilfilesidudusanssediaalyl®iingduildndusadiiqea  Tums
nenesiidosmsafrwdnsusilnaid Id5unsseufuidnau-sandrededunned
wefidudusaneseddh é’qﬁ"um'%'uﬁanﬁ'wqﬁnﬁ'l%‘lumsmnmﬁ“hfﬁgaﬂ?mm
ueaneasddns 1Ny Organoteptic Mindu-saadeidleddre  udssdunmiiui
nlefidudusanessdussingAunnegnihunldlumsnaassldiSuneusanssedan
é
. winwantmeasy  “thmadu”  Ae Sogavidanuin iy I8 lumahwwda Low
Alcoholic Beer ¥0ign Suluhmeaduumhmanaaesluduneuse
- Wet Spent Grain UA% Dry Spent Grain fiiluingfufhieulnilesniiesiFud
usaneseddann  ualesndndu-safilildfumseensy Aefinduvewmgudarly
wdre Felimnsfoshunlifiuingfulumanda Low Aleoholic Beer
* MinAnBIABuil 3
NANaMInAasziu I
- fianududududud q wldiSuaueansssddde
- deramududuSuduitnduilndfiessudedinfunitge  aniesdessana
ansadgaudie1§&eldimaiiani Favor) SeerveslileingAufialfuameanssad
dhaanld umﬂui'ﬂqﬁuﬁﬁmmmmzaumnﬁqﬂ"lum‘smnmﬁ Selumananesil

v oA e H < 4 ¢
JagAudsnanfe “dimaduiinnududuiudu 7 Brix” Wwies



HNANUIIN
’c:l,ﬂ":’ﬂ’lﬂ‘l‘itgmléﬂ

1.Yeast Malt Extract Agar (YM Agar)
nglaa 10 niu
ulillau 5 niu
MTARANNBAR (Yoast Extract) ’ 3 nfu
MTARANNUOAA (Malt Extract) 3 nsu
nelu 15  ndy
vhndy 1000 indtns
pH 6.5-7.0

1.Yeast Malt Extract Broth (YM Broth)
nglaa 10 13y
ulifTau 5 lit31
MIAAANNTAR (Yoast Extract) 3 iy
ATANAIINUODA (Malt Extract) 3 N5y
thnéu 1000 dafang

pH 6.5-7.0
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