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Abstract

The aim of this rescarch was to investigate the optimal condition for brewing processes of
rice beer. The malting conditions were investigated in terms of temperatures (20, 25 and 30°C)
and steeping durations (24, 48 and 72 hrs.) on Ol- and B-amy]ase activities of six Thai rice
cultivars, including three non waxy rice cultivars (Khaw Dok Mali 105 (KDML105), Pratum Thani
60 (PT60) and Khao Chao Dam (KCD)) and three waxy rice cultivars (San Pa Tong (SPT), Khokho
6 (RD6) and Khao Niew Dam (KND)). It was found that amylolytic activities of the rice malt were
increased with temperature, better at 30°C than 25 °C and 20 °C; and those activities of the two
enzymes were higher than 25 °C and 20 °C, respectively; whereas long steeping duration for more
than 24 hours inhibited the activities of B-amy]ase and retarded Ol-amylase. Therefore, the
steeping condition was modified to the short steeping-air-rest switching regime. The black non-
waxy rice “KCD” and black waxy rice tultivars “KND” were selected to optimize the germination
condition under the different temperatures, steeping degrees and durations of germination.
Response surface methodology was used to design experiment as face centered composite design
and to establish empirical models for each malt properties.

It was also found that both cultivars of rice had satisfied properties, high cold water extract
(CWE), extract yield, Kolbach index,, free alpha amino acid (FAN), apparent attenuation limit
(AAL), and OL- amylase activities by germinating at temperature 30°C, steeping by air-rest switching
until the degree of steeping reached 44%, and germinating for § days and dried at 50°C for 24 hrs.
The cleaned malt had malting losses approximately 12%. These malts were further used for
mashing analysis. The 4 mashing regimes for rice malts were investigated for improving the wort
quality. The results demonstrated that the temperature-programmed which focused on glucose
production in a range of 52, 55 and 57°C was suitable to produce wort from KCD rice malt., The
temperature-programmed which focused on -maltose production at 62 and 64°C was selected for
KND rice malt. The pH of mashing-in and divalent cations strongly influenced wort soluble
nitrogen and FAN, and the optimal mashing-in pH for both rice malts was at 5.2 supplemented with
Ca’ 150 mg/L. The method of grinding using two roller mills influenced FAN content
significantly; therefore, KCD was milled at a gap distance of 0.5 mm and KND at 1.0 mm. The
selected mashing conditions were used to produce wort by using a brew master mashing unit

and 39+0.2% of brewing yield was obtained by KCD malt and 38.4+2.8% by KND malt. Beers



were produced by using Saccharomyces cerevisiae 34/70 and S. cerevisiae 60/120 for bottom
and top fermentation processes, respectively. The yeast strain 60/120 consumed FAN in wort
(215 mg/L and 168 mg/L for KCD and KND wort, respectively) more than strain 34/70 (125
and 109 mg/L. for KCD and KND wort, respectively). Consequently, volatile compounds such
as ester, alcohol diacetyl and 4-vinyl guaicol in ale beer were higher than in lager beer. The
sensory evaluation of beers indicated that the overall impression of ale beer from KCD malt was
undrinkable, ale beer from KND malt was drinkable but not preferable for the next glass, whereas
the lager beers from both rice cultivars were judged as drinkable and preferable for the next glass.
The results obtained from this research clearly demonstrated that black rice malt could be used as

raw material for producing beers with an acceptable quality.
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Uswa 1 n¥u daonisidn 9 Taddas voe 50 mM TrisHCL fiildunauvoq 3 mM CaCl, tag 4
mM NaOH vhmiswan1fidhiuudatnd 25 ssnmadod Sunan 30 uis LAZIVEIHANND 15
RGT mﬂuuuﬂﬂi‘]mmmwmmmsau 4,000 59UABUINA 10 W1 uazuomordu iy luf
wumammmﬂswwﬂfoﬂﬁﬁmauhu mmmmbmmﬁ’]ma?ﬁﬁqﬁxﬁﬂmﬂmstiaﬂﬁmﬂa
1% (Nandi unganig, 1995) pipette e1sanaon lanl 0.5 fassas Lﬁmﬂu 0.5 Undadns Vo9
arsazmoriudls vy 70 vsruaidue lunm 5 1 viniudy 0.5 asaas V09 1%
udlaftazarely so mM acetate buffer 713 0.003% cacl, werw1fidaiy nazainlugrnda
MIUANGUNYI 70 U arToe 11981 10 WIH udahmsngal §A5o Tawidu 1 Gndans
013 3-5, dinitrosalysilic acid @145 uiow 31 B-amylase HimsafadioinEes o la o
amylase wAn1snAaR VAT Taotud ssesrumaion unzldduiasmiiy 19 tudls
aza101u 50 mM citrate buffer pH 3.6 ﬁﬁ 1 mM EDTA 15 reducing sugar ﬁlﬁﬂ‘ﬁumﬂ
Unsnmsiaveon Tasf ginnaisusuasazatenasgwhmavenlag uasuiiy
ﬂ"i'mtuﬁ%ﬂ'sﬁnﬁawﬁwﬁ’miﬂﬁﬁuTﬂﬂmifjms13ﬁmﬂ'§mmTﬂsﬁu“lufmﬂﬁmau"lcﬂﬁﬁ'wﬁ%‘
U093 Bradford (Bradford, 1976):
3.1.6 nsvlSmalulaswiludhiaziear

UN312¥A2055 Khjedal (Enari, 1975)

3.1.7 InszniSuaddsay

fjm31$ﬁﬂ?mmiﬂsﬁu1umsﬁﬁmau'lcmjﬁnﬂ%'nﬁ'w?%‘ Bradford (Bradford, 1976).
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=Y d = X =y
3.2 MIMENIZIUMTHAANBANA 8B MSNBUAUD IUUT R
o =1 P =t A I'd = @ = = =1 o
T¥tdrduiuneail 2548 hsuumInodomaTuTabasuis uazdramiioasinn

1 3
DUNDWNIY JINIAUATIIFTN Tasdvunouuaz 35S

3.2.1 MIDDAUULNITNARDY
.:‘.y 3 | = ac ] : ad 1 :} ] us: @ o ar oy
Tumsnaaosdl IdUSunldonisnmsugihuniuisumiedy asudumsinii
g aa E :t? o g o g’ I d%‘ ¢ @ da
1AM I msuAud1 sazimamnzdnnio18a anusudningd 950% waaalumaisis
A a e 9 9 - o A w oy ° = )
3.1 msmaanzlumseaauoaninuiid wazdrmilordiiidulsfigostinsgnm 3 69
o ‘dy =y dly = ' o Y] o 9 s 5
uils Asil UTmmanuinlumdad (steeping degree), $10m 505919980 (germination
time) uazqmwgﬁ Tﬂﬂﬁmﬁmaaaamu response surface methodology D9LULNISNAADILLL
W I '
face-centered composite design Taofmuamsumitdsosumanusuludiiseni 38, 41 uag
= c:: =3 = o
44% TavAnuigungil 20, 25 uaz 30 osrraIFoT WATUTLOZIIAT 6. 7 uas 8 Su Tag
" I ¥ ¥
Amuadaumiviimsnageudeansluglf 3.0 59uedu 24 nM1INAa0IR099 1 a1
o d iy ¥ = r o el 1 I~ o
vwug weani ldvzgrinudiedieluui 6, 7 uas 8 uazeui 50 oamaivaiuna 24 497
S - ¢ v @ viail b HAy v < = ¢
MoUININATIZHAUNINYDIVIINET NimiToyah 1aTeuluTsunsuSins1zina
ar s o ar 9 == = Qe = @ o o
ANUALNYSV89AM5A035N19a8R TaoldTi/sunay Design Expert (v.7.0.3) A13duius
Qs = = d
vosnulsezuaasldluglaunmsadinmans uasTinszdainmwnlslsnu (ANOVA) uaz
0w g o o =) o o
regression coefficient MWAIAY 1NN HuvusaesndiamansnI1au11911015%7 numerical

: A o o & o a
optimization ieMmIEAIEIINanlunsIziTITesmeRuT udhmInanDIRERdY

4 H =) r? ¥ [ ﬂl
ueaNAWANIEAMINZaNDn 3 FuNetuFuNaNI AN ML Tl

' 4 ¥
3199 3.1 Tdsunsumsusiiadusunissing

UM AINTIU

] 3 » F4 [ 4 * EY ]
un 1 it 5 F e Wi 4 $2Tue e 5 52109 waz %l 10 $9 714
e R Rk o o & v = o v
wn2uwaz w1 s 9 Tue Wimi 19 $2Tug 'm"lﬂwmzmmmw”lumnmqﬂmmmi
AN 38,41 1Az 44%
v dy ) Y ad ﬁ':’ = :’ pu d’cg (Y] 3 @
2 Tanududndeisanlsdi TaviFinahiasdiueginimming
2 Tudem S LI R
qigmﬂ"lﬂﬂaamnmmmmwmﬁ;ﬁmmms
TUN 6, 7, 1NUA081991 uazeUT 50 seruwaEYa 24 T34 NONgANITHIILYD4

4
Az 8 1o Tasad




1f

44
* 41

38
C: YSinaumnniiu (%)

(¥ ]
l—

Az IZHZIAINT

1112917 (days) | I E
20 25 30

B: gl (C)

¥
uHANBISOA (factorail point) = 8 90 x 2 1= 16 N13NAADS

X @

¥
YALDALTHYA (axial point) = 6 A x 1 H1 = 6 NINAADY

-é : Y
PANINA (center point) = 1 99 x 2 1 = 2 NTNAADI

g'ﬂ?ql 3.4 "lﬂamﬂ'suﬁmmmmwum‘i‘wmamgmu face-centered composite design

a d
3.2.2 InNzvigumnuean

3 o

N@ﬁ‘ﬁﬁLlﬂgﬂu'lulﬂ%lﬂﬂ::ﬁ’ﬂ‘mﬂﬂNWWMiﬂﬂ‘ig?u European Brewing Committee
(EBC) (EBC, 1998) uag Mitteleuropdischen Brautechnischen Analysenkommission (MEBAK)
(Pfenninger, 1997)ﬁ'ﬁ€moisture content (EBC 4.2), cold water extract (EBC 4.6.2), extract content
(MEBAK 4.1.4.2.2), soluble nitrogen (MEBAK 4.1.4.5), Kolbach index (MEBAK 4.1.4.5.3), ung
apparent attenuation limit (AAL) (MEBAK 4.1.4.10)
3.2.3 A3 wﬁﬂ?mmzau‘lmﬁ o-amylase, B-amylase, limit-dextrinase 118z O-glucosidase
A9819917 uazdraneadt 10 a5y giuualdaziBon udaseurunzunss 0.5
LGN mmfu%’wﬁ’nnaaﬁumfmﬁ'ﬂ 105y e s ziS e ) OL-amylase, [3-
amylase, limit-dextrinase A20%4ATIA512HYDIVTEN Megazyme  (Uszimelofuaud) Smsy
1o 1937 o-glucosidase 193501 Twata uazanz, (2002) i Farothairiumaun 1 0%y na
U 10 mM acetate buffer (pH 5.0 ﬁﬁ 5 mM dithiothreitol (DTT) 1482 90 mM NaCl) USuas 10

a g

" ¥
aaans wingamgiveuiluna 30 11f vinfurhuiune cude enzyme AIUNIINTD4

a

b}
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phdaiag centrifuge 3,000 xg (Tu9a1 15 WA figannd 4 owmuwaiFon uonordwla)
da ¢ w a:ly

Sinzrinenssuueueu el deil

U1 crude enzyme 1 dadans waudy 1 Naanas voq p-nitrophenyl-O{-D-

3 =i '
glucopyranoside (PNPG) ANUANTY 6 mM ‘ﬂa:am@g“lu 100 mM acetate buffer pH 4.5 1an
W 1 1 : A = = = 3 aan a
i iy lueraihnugueuvgiin 40 osmewados iunar 10 17 uamgal gasen laoiay
a aa " o o - 4
0.5 iadans Y99 200 mM Na,CO, udrldeslfiiuuasIam absorbance RAMVHIIAEL 400 U7
' - Y] a = 1 aan '3 a
Tuiuas A1 absorbance M 1A9EWNAVUAY blank nlitUgAsevevoulyy Taonsidy 0.5
NANAATVDY 200 mM NaCO, NBUNTSIAY crude enzyme
3.2.4 NIADZNIUDATE (Free alpha amino acid: FAN)

Ysuiunsaezii Tudase uazunuuiezi Tuifise loda (GABA) Tludhiveant
- 7 ad A 5 v ;
3512101350 18919013 mashing #20T1J51033 standard  congress mashing (MEBAK

= a ; : y = i < o o
4.1.42.2) lauiay 0.02% sodium azide taziumIBaNA15T2 10,000 xg Funal 3 $2Tug
¥
VMuoIA M AU AN intemnal standard A9 norvalin T8TaMATY 1.25 mM nazSaii1a
ninozii ludse d20735 HPLC Taoldnodind Spherisorb ODS 11, 5 um, 20 x 4.6 cm AIUAY
'r‘JﬂA‘}‘iﬂiJ‘ﬂ 30 E}&ﬁnf‘ﬁmﬁmﬂ mobile phase "ﬂcl‘lf A0 eluent A ﬂi;‘:ﬂ@‘ljﬂ?rUS‘}Jaﬂaﬂi VDI
tetrahydrofuran aza1014 10 @95 actonitrile 1@ 485 UAAaN5 Y04 phosphate buffer pH 7.2 18y
eluent B 1J52n0UR20 250 JadAnT acetonitrile Az 250 UaaanAs of phosphate buffer pH 7.2
EFLGE awmﬂmlwaluaﬂymw gradient concentration ﬁ?ﬂﬂ’JWL‘E’J 1 dadans/ui Y
fluorescent detector “nll excitation wavelength 355 nm L9 emission wavelength 450 nm
g d
3.2.5 WavergumgilumseuutanenumNvestIuRa
& Ay v a W 7o ar, e g2 o &
"Hmmﬂ"n"lﬂﬁmax‘lumﬁwaﬂmnuamﬂmaamwwuq A9 WosITuAnINAY 44%,

o

=) = o o 9 = csy
QUMY 30 DI IFAEY sToziianlumssen 8 Yu thdhvead leufian izl

a

- guugiial Ao 50 esruvaFvaiunm 24 $2Tu

=Y

2 a o 9 = =
= Elm?muﬂmﬂmq 1?2 50 DAY DLHT, 9 ‘]f'ﬂiil\‘l ATUAY 65 DIFANYALHYT !‘]Ju

Q U

v
as

181 15 ¥ 139
- unQiige A 60 pemmiFo, 2 %9 Tue audae 70 esrmaed, 1 9211
iaz 80 BaFMITYE, 2 32114 LAz 85 oA 1 52T

2 o w o A o a o o1
nmheninuensntazseaiiot s wigunmueasiae 1)
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3.3 MIANYIM AT extract content and soluble nitrogen 134 wort §38n5UI4M5
mashing
= a o A 3
33.1 aAnwgamgiinmanzanlumsifia3unal soluble nitrogen naz FAN lu wort
o 4 o [ a wa z
f11304 ngauadlunsesuadiniu el §iAn s (Bibler, Braunschweig,

a s o

& Y o e . N oh
Germany) B lANvIAOYMAMALRYN 0.2 Hadwas uazyinig mashing  Tu1inaudiy

u

Sns1a7u 1:8 4111901 30 uaz 60 W1 figaingd 40, 45, 50, 55, 60, 65 UAL 70 BIFUTATYE
Hﬁ’ammfuaﬂqmﬁgﬁmm wort a1 20 srnwRFuE USimTARanuAYes beaker 1
450 N5 HAINTBIHTUATLAIMNTDA (ribbon filter paper) UAZIATIZHIIUTIIA soluble nitrogen
uaz FAN @135V04 EBC (Enari, 1975)

332 Anwigamgiifiminzaalumsaia fermentable sugar

WIN15UAD12 ALY mashing AN wort M1z inn3iaseimdSuTa extract

content AT EBC (Enari, 1975) 1182 fermentable sugar J@u 'Emmﬂgiﬂﬁ, ‘f;mmw'a;ﬂ%ﬁ
ﬁwmanaaiﬂﬁ, WA AR maltotriose Lmzﬁymmcﬂﬂﬁﬁ

3.3.3 nfSBuMeunaues mashing 3549

ﬂﬁaaqmwgﬁﬁmmmﬂuﬂmﬁu soluble nitrogen, FAN, IR extract content 1§l

.
=1

¥
a1 Tsunsulunsvin mashing TaovmsnlSenifienns mashing siavua 4 33 &
’ o r : u’; o aa
1) Temperature program 10N 50 AT ATUUINAU 250 Yaaans 40 Bam
= [~ = =) [~ =] =1 =] P=1
Iaua 1uan 30 W, 50 esradoa 1Wural 30w, 55 esmasoa 1Suina 30 UIN,
60 peraiFoe 1511901 30 WIT. 65 esrwaTYE Huat 30 W LA 70 DA NBAITOA 1T
= :’ A a an ' = u’; =
WY 100 H0ada35 tazAuAREuMA1 60 UIT 910171 cool down T 20 BIFITAISHE LA
o :’ ar 9/ r rz o :} o =2 .:; 9
USmimdngameiiu 450 nsu 91muBInITATeU01 wort Tunnainlslunisnsos
' 1 =1 P o = s =y
NINNMFRTIDINT 60 W1l wort i IANTIATIEHRUAMASE EBC
= [ o @ [} [ ar ' H
2) Decoction program LUU110aM 50 n¥useniduasadumig sy daud 1 wew
v ) M
1N 125 Hadans Aud 40 ssrugaidoe unal 60 uidi, 50 seraioa Sunal 6o wad
G’.: ] P o" a an { = [~ : 4 o
MNUY TUH 2 warwndl 225 Tadans auh 95 ssrmamomiumnal 15 uif e 1¥udele T
] 4 us,: = = o @ ' —
ADYNANYTN VNUUIAYUHAUAININ 60 Dsruvadon huwauiudIuf 1 udr1¥anudou
i 55 peraraiFoa 1Tuai 60 wifiuaz 70 ssrTaEIE 60 11T 1B cool down 20 DA
£ ' v
waFvd uazifuihmingaiiodu 450 n5u fuiinnadldlunisnses wort 71duaziiun

a o A
amﬂzwqmmwmun EBC
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v
~

3) Temperature program ‘%’nma‘n S0 AN HENUINAY 250 UADAAS G?M‘VTQ‘EMT?{]&J
=1 = - = e 4 o
45 AANTLTE 1WA 10 U, 50 per o Wure 20 1#, 52 e usaFea Huoa
= =) 3 = = 2 o
20 W19, 55 BaruwEEed 11U9a1 20 IR, 60 BeruaLFue 1Humal 20 UIN Uag 70 898N
o~ Y a :‘ a a an o = =t l]cj =
e 1@minwyg 100 Jadans dutlunal 20 UIN, 78 D9 Ao 11UI81 5 W LAy
= = o °y o 3 o w LY ] a E
cool down 1 20 psruarysed uazlsmihmingameilu 450 nsy Yunnnanlylunisnses
- o a L3 o
wort 1 Idtaz N Ins 1z iaanmen3s EBC

=Y

4 a c';v o a Ao —
4) Temperature program ‘1?1’;11[6?!1’] 50 AU HAWUINEU 250 Uaaans ﬁ’wqmwgu
= ~ =] ! = =
50 perniwaFoe e 30 wif, 52 esmaides [Hunan 20 W1, 55 DararFoa (v
=1 =) = = =
20 1, 62 BIRUIBLFOT 1TUIA1 20 WT Az 64 BaruEaFod 20 U uas 70 DR AL
a :’ A o aa = =1 =
Tidaniwi 100 T0ddns duduna 20 i, 78 vsrumade Wua1 5w uag cool down
- =t I 1 y g v w e —Hq Y Sy oy
120 osrniraoa uasdimimiinganodiy 450 5y Sufinnaildlumsnsos wort 718
HAINANTISHAUNINAIWTT EBC
33.4 AinIAY pH 34AYY9IM3.mash (mashing-in pH)
v 2 A =~ @ & A, bt ) -
A1 pH Y949 mashing-in 1udulsuilsihuindnuiraves pi Sudulunts mash 7
10 soluble nitrogen, FAN, extract content, fermentability uaz pH f‘gﬂ‘ﬁ”lﬂ"’llfm wort AI1UIFUDY
EBC
= = 5 2+ 2+ 2+, ai:a 1
3.3.5) ANYINAVUDY divalent cations: Ca »Zn" and Mg " ion NUAAADNUNINUDI wort
3nqu divalent cations finglugvosasdsznovaanlses 18ud CaCl,, ZnCl, LAz
2 e . . =
MgCl, laonTomilumsazatonifinnududuues divalent cation & 50, 100, 150 1A% 200 ppm

o w o an o @ a o - -
AN D502 250 WABAA5 Y1IN13 mash HU 9190089 50 sy AuTdsunsy mashing $

= s
QAN LAz AN IZHABNIN wort

a = d d Y o d v = °
34 ﬂ'l‘iﬁl'ﬁlﬂlilﬂ‘i‘tnﬂNﬂEI‘VI‘UTJ!‘B'Iﬂ'l!!'l';l:ﬁi-l’t’)ﬁ?l‘ll"ﬁ!?‘l’uﬂ’.)ﬂ?
3.4.1 Jaanaaey
&) Y o o g = o
1) ma‘nﬂmmmua:ma%ﬂunmumm
o
2) ?Iﬂ’ﬂ S. cerevisiae W34/70 U S. cerevisiae W60/1 12 910 Yeast Bank,
Weihenstephan, Freising, Germany

3) aroma hops: Hallertauer Spalter 4.1 % alpha acid



(e

3.4.2 35MInnael
1) MIHAN wort A38ATDI braumister mashing unit
S v a 9 A - . = P
m'smaaau"lﬂmmﬁwaﬂ wort AIUATDY braumister mashing unit ¥IUVUIANTT
a = = o J o =} o T = W
pangegaegi 25 das Tesdweaidhadrduazthaminadedun: 4.5 Alantumuadas
' 5. ot 5
IATOIVALLY two roller mill (Kuenzwel, Kulmbach/Bayern) #arouviiinisnanesi 1éh
MINATOUHAYDIVNIA malt grit NUAFIVIATOIA two roller mill FIVTLHLHIITZHAN roller
i o ' <y Y o q ¥ = A Y o
AU NN WoARTIINIM IANAUTINY extract qeqa AZAUATH wort AGISUTZ0z
[ I~ a a o ar d = o w =3 a o
513 roller 11w 0.5 Hadwas wazdmsvueanidamiiondsudy 1o fasuas
H’c?d’ s o T = s Dy w ¥ o 3 ny
dvearisdesmoiug odeaz 4.5 Alandu wanhdaesasidiy 155 sy Y9140
& = a [ o : o o .
NAY 22 AA3 UAZIAY 150 ppm Ca’ 1oz U$Y pH 4849 mashing-in 151 5.2 11913 mashing A2y
) a o o o = o o o y o
Tlsunsu 3 uagd dmsvueavitnuingr uazneanimiloammudigy Wevins mashing
S d o 1 4 4 y g2 o 1
WIATINNINGNTOS wort MUAZUNTIANBUINNINTIINDAN (spent grain) IAUSIDENT wort |
a s s = < < Y A o allle [ a
ansmeii lTmsziaann  uazifumindauean s00 ndw woth lasavdannlsuna
= =1 ] 5 o L :’ cil. s}c:' = =1 = =1 )
extract MUHADDY MINULMMIAWD wort N1 lANgaIMYI-95 esrmmaiFoa Huan 30 wfiudy
1A% aroma hops (4.1 % alpha acid) Taos Ty hops pellets Glﬁ]l?il}‘]_l?mm bitterness N 25

¥
BU A9aUn159198 1411

AUINHNIHIUN hops NABINS

v

WIMUN hops = |1311013 cast wort(Ras) x (1)x(C) x bitterness(IBU) NABIN13

(% Utilization/100) x (% alpha acid in hops/100) x (1000)

1511035 cast wort = U535 wort ﬁ"],ﬁ' x degree plato

Degree plato gAT1187d04M15 (11.5°P)

% Utilization = 24% 1118399045 hops pellets 13a1 30 Wifigasiy

C (corrective factor) = 0.96
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a o o 8 <A Y o o s
2) ﬂ]‘iﬂﬁﬂ‘ﬁ?mi’)ﬂﬁﬂlﬂE}Gl‘tfﬂ'l?‘i‘illﬂ‘jxn?uﬂ'l‘i‘i"iﬂﬂ

3
1899 S, cerevisiae W60/120 Line W 34/70 1‘1&’0']1’?'!‘3 YM broth 100 Jaaans 1we1

figungineutlunm 24 #1Tus udrweradly 1000 Taddns Taold pilsner wort nda1N

3 ¥ ¥
7 & o P 1 5 ' o
yoanusadiuemisfouio Tennlaskume aquatic bubble pump Wuranat Tavd
) o = @ = @ a o
p 1 pump ¥hamuilunan 1w noq 1 2 Tue iuszezng 24 52Tug TuvazdoaMiussy
4 a o d iy o
magnetic bar 11 flask 1o lriAan1sAszIEnMA It wazadoad luanaznouRAy flask
A < o ) o dq v Y o
WeAsura 24 F NN UYad0aA 1ANADIanssAifAIg heamacytometer HAZAILIN
= Sh it Vi3l - g 1 : A Vi B s
Ysuasvoariadenaesms aaiudenaedlalaluvin centrifuge NHUNITANAOLED 1S
) 2 & A : = 2 gAY & e
Tumseii 5000xg Huaar 10 wifl # 20 esmiaiFoa Tadan ldwzgnaza1vdnaseday wort
(] d a 4 v o a9 9o [y = =t ot
nndMveanrHameInuAunlddmTumsnandos
a <
3) M3 Hanie sy top fermentation 1ta¥ bottom fermentation
Cold wort 6 an37 1A9INNTZVINNT mashing §MPVT590910 steriled keg
YUIA 10 A5 1aIRINITIANDINIAAID steriled air 1L 10 WA (o1 ToanFouazaiy
! .
Uszunm 8 Gaansu/aas) nnh lldSugamgdldminugungiilumsvinTaoiii T nely
= ~ < <3|
cold room 10 DIANYAUFUT (bottom fermentation) 18T 20 DIANYDHUT (top fermenatation) 111

=

o o= ira A A dan Y % ~ Yy A e aa

1381.3 1 TneaIniuiimsauddan lavindo 3.1 faududu 15x10° ivadaeiianans
: ) @3 g Py a : Y o
ATLUIUMTHAAITET 9INUDANYI UMM AT UDANTIUNTOIUY top fermentation IHOAA S.
cerevisiae 'W60/120 WAT S. cerevisiae W34/70 4113V bottom fermentation IHIEHI4
& o a ' :1‘ o [ [ ] a an o 5 o
nszUumMsnInAuiuegiu lavhnsinudI0819 wort 150 iaddns Na 9 24 ¥ luaiiofan1y
o =) 4 4 @ g ]
VIWUBATOEA, Degree Plato, 110% FAN 19n32UUnsHUNTUGA #1004 degree plato 13
= o A da 9 o =)

wWasulasmoluna 24 59Tue 15 1dvzgniir hlasgamailasannin 10 ssmuaraiFoe

i 5 permaiFon uaz 20 ssradoa 15y 10 esrisaEea nindelunar 2 Suielsd

a d ~ = "

7 & i B
dadANAZNBULAZ maturate (D857 18 vinWwilosHaaesriinvzgnuonounmzdinle deam

a e

3 ¥ o o o 1 o a o a
Tuaouildaarzani UINaIRINIT 2x10° 1yadreianans HA211 ke  liSaniw

4 a a  ow Tr

J ¢ o v A Y (& P 1 °
ﬂ"l’i'iJBuVlﬂ@ﬂﬂul“ﬂﬂﬂﬁﬂﬂﬁﬂ‘]'lhﬂu‘ﬂﬁlﬂﬂﬁh"I‘EIJ CO2 ‘VlﬁZfl'lt’JLlﬂﬂU'n 4.5 YaNITUNDAANT LAz U

o
1

- s do 1 g 4 =1 o ¢ A o o
keg NUsspdosoana liinui 0 ssrmwaos 1Wumar 1 ddat Wonsusmuariinisuen
a4 S 1Y @ 3 o A & ] <
1S penINIaAnanAznauBgAuNd keg 91nU T o5 N 1A lnseeru fiter pad Taold filter
- =) :J =1 o a kY = = ' = o =
aids ¥HUANIWHANI 500 HODTAT LAAATOUAIUURIAY filter pad VMLIAEINY filter aids
1 T I Wi 1 @
YdmazgnHaunuiios W 1R UND haze protein UAINTOIFIUUIIAY 1.5 bar 22071

P & e g - ¢ Ll B -
msveu laoon lud Wosn ldazgndamamisuoulaoon lsadnasauaufius 4 esmnwaidon

Q

¥ v
o A

' = T =) o &
Lﬁ'ﬂ'i@Uﬁﬁi}ﬂﬂﬁ]?ﬂ“ﬂ?ﬂﬂ?imﬂ‘lﬁﬂﬂ 90 paF Ao 1umal 1 93119
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4) INNZHUMN wort Haziilys
¥
- Usanimaluniiouns Degree Plato (°P) 135 MEBAK 2.10.6.2

1/517% soluble nitrogen 1A% protein fraction 71475 MEBAK 2.9.3

pH wort 1U35999 MEBAK 2.2.14

1537 4-vinylguaicol #2835 HPLC

- Foam stability by NIBEM 11 MEBAK

diacetyl by GC 13359049 EBC

5) MmanaaeumMelszamdueia (Sensory Evaluation)

A d

a ' | g ~ = o
atedruioiussyvaninny1in 4 esarusados vgmitesnuiaie 13

= =1 L4

=y A B P i = Y =2 a A Y o
QﬂmQuﬁmmﬂiwa‘mwmﬂmﬂmﬂﬁﬂi‘U‘Uurﬂu 8-10 9dF LA ALK oY !La'ﬂﬂ\ilﬁﬁﬂtﬂﬂﬁE[‘LlLLﬂ'J!.UUi

L u

YUIA 500 Hadnns MInadeuIunszihluteshioniatiomazain uas lulindudu q

e

v a o o = o' =) ey v
JUNIU UFNNI 13 Auiinssudesnazuny udlsediugueamifasuuuuaeuainedie
A 9 o q ¥ o ~ s ! wa a
Aotieslagdanai Iiaianiolunar 30 uifl Tasluuwuresuszutinuauiveuios
w o p ' 4 P )
poniilu 5 dnvmz dnpmsii 114uA aroma (Fanainmsaunduminiy 18R malt, hops, ester
uaz ey Mnaudu 9), anyazh 2 appearance (3MNMIFUNA color, head retention). FAHMT 3
* ' ¥ ¥ v
flavor (1403 undaes Idnauiuszmoiu Inssoyn 181A nfiy malt, hops, fermentation
’ v ¥
characteristics, balance, after taste), ANHUEN 4 mouth-feel ('lﬁ’fmnmmi’ﬁﬂwauuazﬂszﬁmﬁ’u
(Y Y. 4 5 5 (Y = o I =
TUNTILYI body, astringency, carbonation) (A ansmeh 5 Azl Tassmiduanufiy
- 1 a Id @ @ a
lavswiildendniual Tnunaanyme aroma, appearance, flavor 118¢ mouth-feel 31n133ATE Y
= &4 = T o 2 o “3g
AZLYY 1 0 63 5 %9 0 MUY "lm@umﬂc] (dislike extremely), 1 B89 1HYDL (dislike), 2
11809 18 ) (normal), 3 WUIWH3 WOV (like), 4 HUIWHI ¥OULIN (like very much), 5 NUIVA
' ' i ]
¥0UNUINATA (like extremely) 11azd MY overall impression TUTEFUAZIUL 0 HUI0HI AU
Tild (undrinkable), 1 nuede au'laus Toveufdalyl (drinkable without asking for another ), 2
= A ¥ Y A . 2 = 2
vuene Aulduazvouinaes (drinkable and prefer one more), 3 H11804 A (good), 4 HUIBDI A

N (very good) HAE 5 NUWDHY BOADEI (excellent)
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(A)

Moisture contect
(Yow/w)

O 24 48 72

Steeping time (h)

(B)

Moisture content
(Yew/w)

o} . 24 43 72

Steeping time (h)

©

Moisture content
(%ow/w)

0 24 48

~1
N

Steeping time (h)

¥ 3/ v 8t [
aun 4.1 ﬂ‘%’mmm‘mw“lu%’nmmumimﬁuﬂus:ﬂmmmNG] NQUWU 20 IR UYAITIH
(A), 25 DIFUBAUTOT (B) UAT 30 DINUFATOA(C), O ; KDMLIOS, 0; PT60, A;
WR, M ; SPT, A;RD6, ¢: KND.
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=) =4 a I v £ 1 = ¥ s
zﬂsammuﬂsmmmuhmﬁmﬁsmaﬂuwmtﬁﬂwu1umnma1ﬂﬂwnq¢qﬂ1u

nen3snvauou laifapha-amylase

Nn3snvouu v lbeta-amylase

MU
20°¢ L 30°C 20°C 25%¢ 30°C
KDML 105 3.6740.3 q 9.63154ab  13.10%5358 3341024 3.4810.6 a 371201 5
PT 60 4.92+1.1q 822t1.1 b 13.4014.3 b 2.96%1.54q 3.611.4 ab 5451234
WR 3.90%1.4 4 6.33%13a 9511264 2.291+1.3a 29212 ab 6.3215.6 b
SPT 2.1530.13 a 7.66%2.6 a 11.68+3.2 5 1.84%14 4 397134 5.16%1.6b
RD 6 6.9612.2 q 8.4310.5» 1327t 22¢ 3.48%1.54 4.33% 1.6a 4.6332.1 b
KND 514%1.94 7.0920.1 a 1199134 b 6.8110.3 q 438%0.1 b 671512 5

o = ' ~ a Fs '
Aav Il uA R 091NN IA5 12T +aanuulslsou

v w = ar 1 v d U v &
GI'JE]ﬂ'U‘iVIﬂNﬂUE],‘L!LLWQZﬂmeJﬂ‘UQTJE]ﬂﬂ']ﬂTlmmﬂ@]'l\'i'ﬂﬂ'l p=0.05
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= 4 = 3
4.2 MIMENIZIUMTHAANDANA 8T B NISAD LALLM

4.2.1 paEutavesih s ey mieam

=

e [ ~ ' g a 7 3 o
VINHAaNIsNATeURMANTAveTIngAuR ldwuh i iaessta Sl Adugns

L]

2

]
U ==t

1 e v o
sonaghunwaifia Aogand 95% uazmiud1anguiiil gelatinization temperature nnats 4o
= a L4

70-74 °C  (Capanzana W2¥ Buckle, 1997) wams'gmﬂwﬂﬁmmmu"lmu (l-amylase Tu

1 A |a z; o ar o o 3 oS e t; 1
denmunifsumdunn wagdmiueoula B-amylase ludrudrdniuii/inadinh

v = o v = 3 and = Ao

Tuvramiisadnnn Taoludrmiloadmunondifgafe 10243 (unive) wazuenaniidany
Usuanou Lol limit-dextrinase gan31A%ns50auluneanninduisiag mwuaa“lmm

500 U/Kg ti'lmmmnlumnmmwuﬁam 3.917+46 U/kg 1ag 3,391+31 fﬂ"ﬂi’iﬂﬂ?i‘ﬂﬂﬁl?ﬂ?

MInN 4.3 uauidvostiuiduazdramiiond

AMANIA 186 unitioad
Moisture content (%) 12.1+£0.5 11.6+£0.2
Germinative capacity (%) 9543 97+2
Gelatinization temperature (°C) 71.4+0.2 73.3+0.3
a-amylase (Celaphal unit/g) 2+1] 1£0.5
B-amylase (Betamyl unit/g) 11£0.5 102+3
Limit-dextrinase (U/kg) 3.917+46 339731
a-glucosidase (U/kg) 8245 21

4.2.2 Model fitting and evaluation

VINUNUNITNANBIULY face-centered composite design 71J52NBUATY 24 MsNARBIA
mmimmawuﬁ m@mwnuaamﬂﬂnﬂummﬂsWWﬂﬂmmwmﬂuuﬂiamamnanﬂnﬁaum
T1)sun54 Design-Expert v. 7.0.3 mm‘mﬂs1°*mm°*ﬂmmanmmﬂsmuuavmﬂs1~wmmm
wlsilsau (ANOVA) vosdaulsusazd lunuuiinesding s & Fauaaalua1seh 4.2 uag 4.3

o w

& ~ o 1 " ° P W

W3 terms  Nsznovlunvuiiaesdrwdy terms ﬁﬁmmmﬂngﬂmmumam NITAVANY
& @ 9 e o = a 9 o 9 = o A
BN p<0.05 o IUTUNTAUUUVI 1989V extract content neia laninueandrumilods 3
terms 3E0LIIMITINIET7 (Br), ﬂﬁnwmmW%u (/%) Ua interaction term sm'mamwﬂmm“
ﬂmmmmw (f23) w"lumwamaﬂimm extract content ammuamﬂm (p<0.05) ¥ 17
UTIn0IAGIATIIASIIAT coefficient of determination & = 0.3766 #aTavial1) #1 B vastleuen

= o = a : . A )
DUV IR0 1A tnzuenINideil predicted B 12 adjusted R T19zR09RT5 047
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30 TavAiadens z@oafidfuandrenu iy 0.20 uad AN 0.20 venlinsiud
uummmuu“lummzanﬂm@ua‘n“lﬂﬂmmmﬂaaamaﬂuammﬂuﬂ';mu'ﬂi*ﬂmum(Ahmad
Uaznue,. 2007) uaﬂmﬂummmsamnﬂaumuma’n coefficient of variation (CV) mi‘!um
standard deviation mmmnﬂuaﬂ@smur-w'aaﬂrmwmmmmw“lﬂfammswmnmf@iammﬁﬂﬁ
18vInmsnanes waza1 v At lify 10% uawmmimaammmumamﬂmmmﬁmu
a1 cv oglunam mumm'umammmﬂﬂumﬁw 4.4 1182 4.5 uuummmmmmm“%lu
MINONTT RSEFUA NS 99.99% ONIULVVFIABABY extract content 7140 INVBATIEAN
miivadmai U 158esihdeanuseiase S uazifipenind & veauuuSansiiaid luns
mamma”!umm‘lw“lumswmnm nay "lu”lﬁmwamamfquwmwmsﬁniumsmﬁmaaﬁ%’n
MM

L'LJEIQ‘H'Iﬂ response variables ch'\??‘ill’]f}ﬂ\‘i ﬂm?ﬁﬂ‘ﬂﬂl ‘ilf’)\]iJ?Jﬁ'V'ltluﬂ"luﬂNG]T]‘ﬂ']ﬂTi

b
e w

mﬁ@u‘lumﬁmaamumwm 6 qﬂlﬁﬂ‘k&muﬂﬂﬂlﬂﬂ‘ﬁﬂﬁ numerical optimization LW@’H'I?Tﬂ’I’J“’

Tumskandueart v l8geo li extract content, cold water extract(CWE) Lfluﬂmﬁﬂymsﬁﬁ

s

o g o o y o v oA ' 4 1
DUALANNEIAYRITA (3zaD 5) iiissnmifuiledeiteveniidiveayiinasuulagun

9 ; 1 @ = 5 1 & 2 g
nooun iuluszndanszuaunisen Sade Kolbach index waziowu land -amylase iy

]
o =

o o  as 1 1 [T o
o laififianudAgdonisnlAeunlag storage protein IAE storage starch 3ALAINE NN

o

]
=

o [~{ = o o & - !
3%AY 4 FAN ihunaanannmathamvoueu g proteinase Lz peptidase Uag AAL 1fua1i
1 = c:i ad o o ° @ =
191008915510 fermentable  sugar nazawludsnintadmusaii 1414 salundana
U o @ = £y [ o w Yt [ '
aanmureInsiianuvousy laingy amylase Whiszavanuddn 13sedu 3 uazdves
[ E 3 v v
AUANYME (response value) AN I9TUgNAYITA1Z9gA (maximum) A 1nsondaldninle
mMsnanoai wﬂm'ﬂmuw°1umsHaﬂaJaamnwnﬂmmwmmmummummamuai
= ] =]
mﬂuuiﬂmﬂm'lm LN mflumaman”lumswamuaaw 'Iﬂtmmawnmmmmgﬂu
7990 amaamwa%“lummamnuaaw FINNNITAINAIIAD 715 wizdNgungiilszun
30 mﬁwﬁamua mmﬂmmmmmwmﬂm'smym@ﬂw 44% ummwmmﬂmwmnm 8 U

inﬂuummsNamma‘na]man';mfrmmﬂ'wuﬁmaimﬁmummm s qunT 5 mamauﬂuwam
“-‘U'IHI'lﬁENV]ulﬂff‘lﬁ?ﬁﬂu'mﬂ%ﬂuhlﬂ%Nlmzﬁ1lf'l‘iﬂ1“]fﬁluﬂ'liﬁ'l optimization 1AHAV59 A

i & i o ' 5 ! a
uaaslunisiei 4.6 PINVNUVUVIRoIIHuamI sl diensaanziu 1dnan 95

9 o =) o 4 ] ] 3 .
ONBILLYTI09Y89 extract content 3NVBANT UM T617 11 18510119 1 1n15 optimization
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/ 1 ~ 1 o = o
13191 4.4 1LAAIA coefficient Y89 parameter nlsznoveglunuudassndinmeansuazmanis

a d ° oY Y o
WA NULYSUs MV uUTIaeveean 8

CWE Extract FAN — Kolbach e AAL

Factor % (wiw) % Gl (mg/100g Index amylase (%)
) (%) (Unit/g)

5 8.44 62.18 73.46 16.40 51.90 82.17
Linear
5 0.26 0.47 924 0.84 2.96 3.72
5 1.66 1.14 18.77 3.40 20.18 14.61
s 0.47 14.93 1.88 4.66 2:1:1
Interaction
Bz -0.28 -0.79 -3.76 -0.73 -3.25
Bis 0.17 0.41 1.63
Bos 0.22 4.71 0.83 3.07
Quadratic
B
[ -1.10 -1.49 -1.11 -15.13 -11.67
i3
p-value for <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
model
p-value for 0.1578 0.0804 0.3281 0.1627 0.7979 0.0013
lack of fit
R’ 0.9859 0.9128 0.9277 0.9868 0.9810 0.9866
Adj. R’ 0.9797 0.8945 0.9076 0.9798 0.9687 0.9819
Pred. R° 0.9739 0.85%96 0.8848 0.9652 0.9506 0.9713
C.V.% 3.11 0.80 10.0 3.50 7.94 2. 72




3 1w a = = 1 ) = 4
MM 4.5 LaAemaullse 509 parameter nlszneveglunuusassndamansuazng

= o o o o
MsunsEnaNul s IuveuunoIveueanII KT e

Factor CWE Extract FAN Kolbach  g-amylase =~ AAL
% (w/w) Y%(w/w)  (mg/100g) Index (%) (Unit/g) (%)

5 9.70 58.68 84.92 20.15 76.17 49.82
Linear

£ 0.41 0.13 4.92 0.96 2.28 3.45

5 1.68 0.55 15.89 2.62 14.11 16.31
0s 0.56 -0.067 8.05 1.78 3.28 7.58

Interaction

Bz -0.26 0.26 -3.66 -0.62 -2.62

Bs -0.73 0.44 1.75 299

s 0.26 -0.069 +2.95 0.55 3.44

Quadratic

B -12.44

5oz -1.99 -1.69 -11.72 -9.85

ﬂﬂ

p-value for <0.0001 0.1787 <0.0001 <0.001 <0.001 <0.001
mode]

p-value for <0.0001 0.9360 0.7681 0.1613 0.4685 0.7278
lack of fit

R’ 0.9621 0.3766 0.9624 0.9669 0.9767 0.9586
Adj. R 0.9455 0.1566 0.949] 0.9524 0.9684 0.9440
Pred. R’ 0.9084 -0.4755 0.9225 0.9299 0.9465 0.9197

CV.% 4.79 2.10 5.35 3.67 3.79 9.8
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15199 4.6 uﬁﬂaffhﬁmﬂﬂzmﬁ]msmu%mmxﬂ?amﬁwﬁumﬁ"l,ﬁ’mﬂm'imﬂam?a

KCD KND
Malt qualities Experimental Predicted Experimental
Predicted values
values values values
CWE 9.83 9.88+0.05 11.29 11.37£0.05
(% wiw) [9.24/10.43 ' [10.23/12.23 ]
Extract 61.5 62.0£0.21 nd 59.3%0.42
(% w/w) [60.4/62.7]
FAN 117 104+3 100 98.3%6.5
(mg/100g malt) 1100/135 ] [90/110 ]
Kolbach index 21 201 2] 2341
(%) [20/23 ] [22/27]
a-amylase 12 1512 73 83+5
activity (U/g) [ 63/81] [64/70]
AAL (%) 89.3 85.5+0.7 82.2 85.5%+0.7
[ 84.4/94.2 ) [ 77.9/85.6 ]

'[95% P. 1. low / 95% P. 1. high]. Nd = not determinded

T

4.3 WAVYD4 independent variables ‘?l ﬂaqmﬁﬂymmmmaﬁﬁ%‘a response variables
4.3.1 Wavd4 independent variables ‘ﬁ'ﬁﬂ'ﬂ CWE uag extract content 149131007

A1 CWE !.‘LIHm%‘U@ﬂﬂ&‘]JSmm soluble substances ‘ﬂhlﬂmﬂﬂi LUIUMITMN malting
%%ﬂﬂmﬂuﬂuumunmawnuaaw 50 n3uildlumsana Saeh CWE fmﬁﬂw"lﬂﬂa 9.8% 1Y
11.4% Twneavihuddazuoanishamilersaiudsy dmsvueanguaninIndnundiad
M CWE 711880 1szuta 22% ) (Gugliclminetti uazAME, 1995) uaziioyuoaraII
HIUATEUIUAS mashing A1M35UINIFIY congress mashing WU A7 extract ﬁ"lﬁ”mﬂwha
ENIN 58.6-62.8 Y%(wiw) FMTNBATEI 1381 uawmmunaamnmummaﬂ“lumq 55.3-
61.4 %(w/w) mmﬂmmmmmuﬂlmuaammmﬁmﬂwﬂ fio 80% ATy ustiearniimn
'llﬂwnuaamﬂuumunmmumuﬂmmgﬂﬁ'aﬂmiuuaammma mumumﬂa@ﬂm 30%
'Umu"munmwm S5 un extract qegait 185 Ay 70% mmumuﬂmawmwmum
1‘Nﬂ1uauumsmmumuﬂmmmu embryo 152N URI0U19dIUE95 10 LA goai i
snazans1d uazdmsuvearunfiadidiuues starchy endosperm U52110 82% (Briggs,

1998) & BI04 S uUndnUS I extract Laz CWE lﬂmmwmmmumaﬂmma
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d1Ay Aaaaslunisied 4.5 ArdussAnintinantentelSina cwe sifyiue
a ] e ' v 2 o @
wunvesidensainedislasdienil gﬂw 4.5 A UM NUFNRNUT Vo a0l Ao
¥ kY ' "
5202NMMIMIziuas S nanus U N MU daaSuns i CWE ludimuvosm
dulsefiniNGAaUveY interaction term ssninszeznmmamzdifuguyginay quadratic
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nuaInyDaN HaaNUIUIA1 UDANVTARHBIAN
eungll  quwgll  qompl  qampli qumgd UNYY
A thunans 74 N 1hunan 9
Moisture (%) 72¢c Sila 545b 6.8¢ 475 a 525
Extract % (w/w) 62.9 ab 62.8b 62.9 a 578 a 58.95a 57.5'a
Protein (%) 89a 9.05a 9.05a 7.8a 74 a 735a

Soluble N (gN/100g) 0319¢ 0.307 b 0.288 a 0316 ¢ 0.297 b 0.295a

FAN(mg/100g) 87.7b 85.1a 86.25 a 96.6 a 91.8 a 91.15a
Kolbach Index 2245 2125a 19.8 a 263 ¢ 24.955b 25a
AAL (%) 85a 85.55a 84.6 b 81 a 8l.5a 83 a
pH 6.0a b 6.02 a 6.01 5 598 a 598 a 6.00 @
o-amylase (U/g) 46 a 45 a 49 a 57b S5la 575
B-amylase (U/g) 37a 34 a 4l a 5la 53a 50 a
Limit-dextrinase 4835 a 4873 a 4,595 a 4,608 b 4,619 8 4221 a
(Ulkg)

a-glucosidase 257 a 255 a 240 a 187a 186 a 165 a
(Ukg)
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4.6 MIANHINISIANNUIINY extract content 1182 soluble nitrogen 11 wort #2805z UIUM 3

mashing

461 finugamgiiiminzanlumsifinnSunm soluble nitrogen 1z FAN 134 wort
namsAnyguvgiimuizenlumsiva3una soluble nitrogen 1A FAN W1/

=S 3 o o ~ L] =Y
17379 soluble nitrogen 1182 FAN 14 wort nnweaniunfgeanniigalurisgumgi 50 -60

=

e usaud (310 4.12-4.13) udilegaunaiiquin 60 esrnamiFoa US1e: soluble nitrogen

K

- s L4 % o as a o

lu wort aaaa madufav oy Lol proteinase 1HYAN N (denatured) T Vueant M iiedm
' =3 s 1 =) = 2 o 1 1

1191 13170 soluble nitrogen 11as FAN gagafigaimgil 45-60 DIFIFAUTYA FedRoglutae

=

gamaiIndiRvssufudhaie Fafimsrenugamgiinmnzaudontsieuveaen lusl
proteinase 8Y11%79 50-60 BaFIIAITUA TApH 4.6-5 (Kiihbeck IALANE, 2005; Wijngaard 1A
Arendt, 2006) Tuumefiton |47 peptidase ﬁqquﬁﬁmmmmgiuﬂm 45-50 DeFBOITOE
pH §1191 5.3 (Noonan, 1996) uaﬂfﬂmf‘fﬁmamﬁmmzmj1uﬂ15ﬁ1awmaa;au"lmﬂwud1

d 1 =
ou laningy proteinase ausanuauiouuse 50-60 ssrumaEed 18unEs 60 i

4.6.2 wamsAnugamginmanzaulumsiiny3anes extract content uazradoyia
vosSnanihimanglnauazaealnalis wort
Ed ¥ "
lumisdooud 1918 i a1a1iu Sund1 saccharification 1911297 amylolytic
o dg 1 =) = 9 ' 3‘ e :;
enzyme MauiedesTuanauils w3 dextrin Ieglugveniata uazao dextrin du 9
o i ¥ . P -
1umazzwaszmuﬂ15‘n1°1ﬁ’1mmqnmamﬂamwmﬂg‘lugﬂﬂdaamﬁaxaw 159N liquefaction 3
a o L4 v a A = 1
navnMsiuveasylanl amylase  uaziinifiafigungiqin saccharification  Wanns

' a < a = o [ o o
MARDINYIIUTIID extract content IHNTUAINGUNATNT mashing FMTV woaRiI w3

= =)

S0l extract content qufigaiigauivgil 70 vsrumATOw (61.05%wiw) 1ta 75 Ber TS vY

G

o ar o o 1 o a o aa ' '
(61.49%W/W) RN RT] N@ﬂﬂ%’l?t’l’?ﬁﬁl'flﬂ'l @U'N‘l'iﬂﬂ']l!"ll'lﬂﬂ'li'Jlﬂ'i’lx?‘iﬂ'Nﬂ'ﬂﬂw‘lJQ'l BN

s v
QunQiiAwe 70-78 saruaaiBun 1HHaYTIR extract content 7 Buaneiuodeiiuss

v

b, o

W p>0.5 (U7 4.14) s9ufunarlums mashing 30 ¥ uag 6011H 1R HaveIUS U extract T

¥ ]
liuansiafy AMURUNYT NNV IZUANS liquefaction A 70 DI DIH T, 30 WIN F1HTU

“

a o o n a 3 1 = i . ’ '
UDANVITLAINUN Qmwgnmaﬁmmzuﬂmimﬂ saccharification U8 liquefaction ADY9

=Y

. 4
QUMDY 65-71 DIAUTALHOT (Noonan, 1996) 3INAMUHNIYUD extract content 43152 U1M
- & X v A a o i y . ,
80% Up91/5U% extract MU1WH1 11A1a UAZaIUNINADAD soluble nitrogen, dextrin, vitamin LA
5 v 2 o = U Ao a o = o
mineral 1WuAy 39111 wort 711891015 mash $uan 30 UG NYUNNTA19911TAT 12 1A

Q L'

3y v
Usinanimanglasuazuen Inaasanslugiin 4.1s
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Temperature (°C)
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31U 4.12 s wluaasnisl
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o =1 o
(A) HazupaNnIWHileIf (B)
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VINHANITNARBINU I wort %muaaﬁ%m%ﬁﬁﬂﬁﬂ?w1tuﬁymmn@uiﬂﬂqqm'q
Usuamealnalunn 9 gungiinis mash um:ﬁymwaﬂaiﬂamﬁﬂﬁamwﬂﬁ 70 DI UBDLT
(25.98 ﬂsmaamﬂm}mm wort mﬂnaawnmutrm11141J5mmmmmaﬂmﬁmm 24.08
nfudedns i 70 osriaEen mmammmﬂammmmamwmiﬂam‘imumﬂammmma

w

na lna H?ﬂ?"hﬂﬂi‘ﬂﬁ WuN “ﬂﬂﬂl‘ﬁﬂh 70 DIMFAFOH Tmhmmmmamammvauwuﬁ

£

€

‘qu'ﬁ ﬁjﬂﬁﬂ‘l'imi! extract content
@ 1 ) <] P o 8/ Y o A |a
VINHANITNANDIAINEY mMAduiluwaninnnisiveananuigiUsyim
Y o - 1 ' a9 I=1 o as =] 2 a 1 o
tou 193] Ol-glucosidase agganiwoaRinumiiondt Sams1ei 4.8 U0 lal -
glucosidase °luc{’f“nmmﬁadaa'lmwmcuamﬂa"1ﬁ'ﬁﬂmaﬁ'mﬁﬁju non-reducing end Haf 14210
A15000A0 u‘mwaﬂaiﬂﬁﬂuinnﬂm}muﬂamaﬂm'ﬁsama dextrin (Iwata UAZAME, 2003) LAY

o et - =) =1 -é
UMMz auaen1siIuvesonlml  Ol-glucosidase A0 40-55 parumaEog Selu

U
]

4

d 4 v o 1 =
woanu151ad azly Pearl millet WUNIUNQUNMMIZAURgRgMT 55 eerAaITed,

a a

Triticale  0¢# 54-56 DIMUVAUTUT 102 Finger millet pgiiguungd 40-50 ssmuwniFoa

¥ o oo 4 or i ' o " o a o
wonnnilynguugidsnanduiiusgungifimzaudensiauyeusy s Limit

3 s
dextrinase c?wzmaummzﬁnmua 1.6-CL-D glycosidic linkage Tu ct-uae B-Iimit dextrin 1M11U
5w < ] o Y o o ' o o Y o o
dmsuou 1o B-amylase v luwoandraumiivadrgeniveasid1dd uazluueas
nstadwuidgungiifimuizay fo 60-65 psmuaIFaua lunidivosueandruniiond
o o

ﬂsmmmmamaTwﬁqaqﬂwum@mwgu 70 oeruwaFon Feornmnodaon ] B-amylase

o =1 o = =
Tuweandrmiivdmuanudou’ldae 70 swmmaoa

4.6.3 naaovNavedlsunsu mashing HUVANY AORUNN wort

11J50n5% mashing $rowenri 4 v ldganadeusuiiiueariaewiia Tag
Tosunsudi 1 uu@aﬂu’uniﬁamwamﬁmaew 4.4.4 dmTlsunsudi 2 enuuyldiiuag
ARLJa9nINTTULY decoction §9 mash BoATEILT | anduldutladdouidusadouiumey
AU mash  daufi 2 dauTdsunsuit 3 uay 4 L‘f]um'sLﬁummﬁmmvﬁwamwnﬁ%ﬂums
mashing 910 Tsunsudi 1 TaoTusunsufi 3 aznse 10UNYIYI 50-60 DIA AT 1)
Luaamﬁnﬂmamsmﬂﬂemmmwmaﬂ wuhiueariiifonssuvesonlan] limit dextrinase
g1 mmu'lmmqumwnmwmnwsﬁmg"luma 55 parusadue uaz Tdsunsuii 4 why
Tufimsiauvesionlss B-amylase ﬁwudwﬁﬁansmqﬂmﬁaqmngﬁ 60-65 DIAITALT T

MIUTIAL HAVDIAUN TN wort 71 14 taaslumisIad 4.9
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191971 4.9 UAAIHAYDY mashing program fiN4)AOAWUN TNV wort

Rice malt Mashing Extract Soluble FAN Fermentability pH
varieties program content nitrogen (mg/100g (%)
(%ow/w) (mg/100gmalt) malt)

Black 1 61.56° 355° 109" 86.3° 6.01°
Homal 2 60.50 ° 320° 89* 78.6" 6.03"
e 3 63.48" 355° 109" 84.1° 6.01"
4 62.98 ™ 349° 101° 85.2°¢ 6.0"
Black waxy 1 337" 327 4 75 oL s 85°
e 2 58.65" 310° 91° 72.5° 6.02°
3 63.68 ° 336° 113° 70.2° 6.0°
4 63.53° 329 103" 71.6" 593"

' ¥
' = =R " o v} o
VINHANITNANDINYI 1T extract content 71 1ddo1IM1TnUR I VBILDAY I

o =

L%’mmﬂ%‘mmiﬂﬁlﬁmﬁu e mashing program 3 W’ﬂ?mm extract content FI¢A UATUANF 19

o w

01951 H A Y IN mashing program 2 Milun1ssaudasninie decoction mashing 11193910
¢ 2 ) 3 9/ 1 " 9 o r o =
namqmawm'lﬂmumwuﬂau%wmﬂﬂaﬂmamu"lmmmmw 2 %93 activity Y04 proteinase
UAZ amylase mm"lmﬂmmmmim mqaﬁuwmwmmm“lw extract wﬁﬂﬂmﬂmﬂu mashing
program 1 Uag 2 U 19131794 soluble nitrogen LAz FAN m@mwuﬂmmaammaﬂ Fuiluna
mmﬂmﬂm'swTﬂiﬂumamaaﬂumumuuuﬁtumﬂf'rmw wlou el ludaudi 2 14
awsamanula niednmaraniiaiie Awnssuvouou Taailudhueandaud 2 §'linnide
w . : Wi ' = o o
(RBUADMS mashing VY temperature program ﬁ%’nmmﬂmﬂmmmag“luunmas;ﬁmnmmz
o @ ' o 3 ~ o by v o oo dy Y o &
1)) mash W50U 9 mumaamnmummlwwaﬂawﬂunuuaammmm mashing program

V=1

3 unz 4 1 Have9 extract content mﬁqwa 9 N mmmmmﬂwamﬂnwmﬂm 70 D9A1

W

AT m‘nﬂﬁTmaﬂamamﬁﬂu%nmumﬂwm gelatinization temperature 9131 70 997N

=

ausee JUTual extract content mmumﬂm 10% LﬂJ@mU‘Uﬂ‘U mashing program 1 ‘nﬁlaﬂqmﬂgu
qeqafie 70 osruvaFed 1unal 60 uid wazionSouifounaves fermentability 199 wort
1IN mashing program 3 (71.6%) uag mashing program 4 (70.2%) WU extract 911 45.48 A1
(63.53x0.716) uag 44.70 13U (63.68x0.702) 04 extract gn1911un19 fermentation &1 31pnEs
S % fermentable sugar 7116210 program 4 g0 program 3 FeAPARADITUNANIINAADIT

4 " 8 = o = 3 e = =
1.4.4 c'%'awuqmeﬂwﬁ?nmumﬂﬂﬁﬂammmmaqwmqqmﬁgu 60-70 DI UBALTUA LAz
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3 1 = . 1 ' :’ ] o ¥
09usi31J517194 soluble nitrogen 1Az FAN #1 14dotiminuiaveaeaive program 3 4NN
Y = . 1 2 ; Sy v
program 4 Tunremsasum extract LIQ¢ fermentability UNUONNY yield Y09u0anogoan 1g
= o 3 4 @ o o =
MINNTTUIUMIHAA AIUY mashing program 3 Tegnidontive 91y veandrudg: uas mashing

o s '3 =Y °
program 4 T3 UNDANIIANTIEIM

4.6.4 NAAVVHAVDI mashing-in pH ABAMMN wort

pH U84 mashing-in Ao A1 pH Léhﬁﬂﬁﬁﬂﬁﬂﬁﬁm‘lﬁNﬁuuﬂﬂﬁﬁU51ﬁ1%1Uﬂ1i
mash c?aﬁmmiamsﬁwmmmmuLlﬁ]jﬁ amylase U0 proteinase 1uﬂ15!ﬁﬁ yield VDY extract
content UAE soluble nitrogen 111 wort fauaasnalums1en 4.10 Tag pH fitminzaudemania
Y84 c-amylase 710 5.5 (Greenwood LA MacGregor, 1965), B-amylase fi® pH 5.2 (Narziss Uag
Rusitka, 1977), limit dextrinase fi® pH 5.5 (Manners 1182 Yellowless. 1971), endopeptidase-metal
A1 pH 5.5, 6.9, 8.5 UAE carboxypeptidase 716 pH 4.8, 5.2 1A% 5.6 (Enari 1A Sopanen, 1986) 91
HANISNADBINUIIAT extract content tﬁlll‘ﬁmﬁﬂﬁﬂ pH A99UD 4 pH 4.7 A1 extract content AAAY

il 51.6%(w/w)

15199 4.10 HAYDA mashing-in pH ADNMNIN wort

iiadomean Mashing- Extract Soluble FAN Fermentability pH final
in pH content nitrogen (mg/100g (%)
(Y%ow/w) (mg/100gmalt) malt)

neaNd1nd Control

b a a

63.5 355 109 84.1 6.01

(6.01)

5.8 64.1° 386" 112" 85.8" 5.84°

5.6 64.3° 440° 138" 88.4° 5.78°

52 65.6° 555 ¢ i 88.4° 530"

47 516° 584° 321° 840" 478 *
wBANIN Eil

e 63.5° 329° 103° 71.6" 5.93°
(5.93)

5.74 64.5° 349° 109 * 751 ” 5.79 °

5.6 64.6° 380 ° 128° A 5.66°

55 65.0° 419° 144° 0.8 * 531°

4.7 66.0° 517" 393 ° 83.0° 4.80°
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dmFvueand1udid uanuNd s uL0anT 1M o8 A1 extract content §anauiiuily

66%%(wiw) ﬁﬁﬁﬂﬂﬂﬁ’ﬂﬁﬁuwaﬂlmﬂ"l fermentability AIM5UA soluble nitrogen 1151% FAN Lﬁiw‘ﬁu

aIusum pH fiaaas Tasmmwiziia pH #1031 5 slumsnaaosiine pll 4.7 WU21A1 FAN

;ﬁuﬁuqmazﬁﬂ?mmqaﬂﬁﬁ 50% Y04 total soluble nitrogen 1 wort Fp19re1¥iAailynde
’

a w 3 A a . Ao a4 s o =
HOANBIINAANIILBIINTUIN soluble nitrogen mfumﬂuiﬂsmumumuniunﬂaﬂmmwm

'
T4

Tnaninanonisng foam LALANMADYS ﬂ\?“L!‘L! pH Y99 mashing-in T’IL‘HiJ”lwﬁ'flJﬂ?Jﬂﬁ mash

1]

%’nmawmﬁmmawuq flo pH 5.2

4.6.5 Wavea divalent cations A9 soluble nitrogen, FAN, extract content 1o

fermentability
F=Y Dy q; g1l :.: = o o 1 1 >
MsAN divalent cation W11 14 T1n15 mashing siufinnudAnaen p veah
A ' o o < 5 . [ o
heananen1siuveuen lal taguonand divalent cation §a5unumlunIsiiy cofactor
0 o ! 3 o @ Y P < oy A
dmuou ledludraneanBndqo 18un tou'lml a-amylase 1a2 protease 15udY F391nHan13
1 2+ 2+ 2+ = 1 =) " é c‘: 1‘_‘3’ d.s A
NAADINYN Ca™, Mg~ 11ag Zn~ UHanSuI0 soluble nitrogen T wort PAUWUUVULNDIWNUN Y
Y , . o ! 24 q W a . 2 o
[WUUHUDY divalent cations AINA 1AL Ca’ IHHANITIAY soluble nitrogen 11 wort 9InV0aN
9/ ¥ o Y = o o o 9 =t o 2+ 24 -~ =9
NuNATIAdNge nazdmivueaninuniioad cauaz zn M uUS U soluble
. P ' = o aa ’ 2+ 1 = YV n o 1 2
nitrogen 1AA HAHAMIUATIZHN9@DATEYT Zn® 200 unAodas Tnaliuand199n Ca
150 iaaniuradas d1miunaves Mg™ @o1311a1 soluble nitrogen 11 wort RHAAIINVOAT T
v ¥ ' v
181 wuh Mg™ fianundudiu 200 un.AedATIMITUTR AT IIRY soluble nitrogen 19067147
F '
v s o 1 o g =) o @ ] 1 =} 1 A o o w G =
noine ualuweandramiioadniulinud Me" Unnogeaidodany lun1siiy soluble
nitrogen (37 4.16-4.17) Dotz fimssenud Mg™ nszdumshanues protease Tuda
WaUDd divalent cation ABAT extract content Llﬁﬂﬂugﬂﬁ 4.18 WU A1 extact
a1 Y A ar 1 % 5 [ a ‘ﬁ?
content :mﬂﬂmﬂmnumﬂ 1AgWUI divalent cations 1UaanaluMIMUTUYDS extract content
Tu wort mnuaawnmﬁmmﬂwuﬁ UATNHAADAT fermentability Taomwiz Ca® Laz Zn

Tnalunisiiuan fermentability U939 wort mﬂmaﬂm;mm"lﬂmﬁﬂ 90% AAmududy

"
=1

Y03 Ca”' 100-200 HaANsuADANS Tuvmezi wort i]TﬂﬂJﬁlf’lT]ﬁI'l'Jmutl’Jﬁ'lﬂJﬂ"l fermentability

gaqa 79% Aanandudu 50 iadinfudedas dau Me® Tudawalumsiiy fermentability 1az

o o

extract DU NINTYT IR DY
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' wa ] 4 @ o
VINHAYDY divalent cation ADAMANIAVDI wort N 1AVINTIINRA AR IENTLS

L]

a7U1491 Ca” waz zn™ daHasoN ALY soluble nitrogen, FAN 1 fermentability 9614
fifodiey (GUR 4.19) Taowud ca® uaz zo™fAnamndudu 150 Sadnudedas Tinalunts
iy soluble nitrogen , FAN lag fermentability liuandneduiifoddyninaniiziiang
i 200 mg/L ﬁ'ﬂfu%muzﬁﬂﬁ’“l%‘ﬁ;m‘mmafusi’fus%mﬂ‘?idawaﬁi@ﬂﬁﬂ%’uﬂqqammw wort
pti)se@ninmgada fio 150 Gadniudodns uazilosain pl AuandiefuvesmInzaty
Ca™ waz Zn” fiseRuanududy 150 Tadndunoaas Fafian pH 5.73 1182 6.08 MUFIFY 919
daranenanmYes wort M iaziuraes cation Taonss SavimInadeunaes divalent

:1’ =; [ T 3 o - . Y 1w
cation M@0 IRANUITNTUAING 198 T TR0 151 pH 199 mashing-in THIAUAD 5.2
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HamsnaaeUlszansnInues Ca® uaz Zn' Annududy 150 Tadnsudoans A
pH 5.2 (31 4.20) wud1 M3 19 ca’ w30 zn™ wondulSy pH Iralumaiiiy extract content,
P d o 1 A o o w

fermentability, soluble nitrogen 1102 FAN 1w wort 7l ldvinweandiuiidesnafiivddy lau

2+ o o 24 1o o an o = o ' o 2+ A 2+
ca Mwanan Zn udd sy wort fildanueantiumiiondmu msld ca® wie zn
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4.7.1 pszVIMMSHANDYS
o/ A _d . g o 3 "
NILUIUMINUNLITUDY top fermentation 1¥3z8zna1lun1snTndun LY
bottom fermentation tif0s9niTunsniinfigungil 20 esrmaiFua Agan3 WV bottom
fermentation ¥MANN 10 vermamFod 110314 3.1 laozunsudiaeanisunumsnaasaiy
o " @ - A
face-centered composite design winii lamsvinuuy top fermentation ﬂUEIﬂciu§$U$1’3m 48
) 3 v . ' 5B >
2 Tua v MMl top fermentation Ns¥VIUMTHITATUAATNIIAT 144 T2 THad My
.o o o o Y
103 0INNEANTINIIAT T suspended cell concentration 1HATLUIUNITHUNUU bottom
v 3 0 '
fermentation 324N 1129 48 2 TaUTNVEINTZUINMIHITN LAIAAAIIUAINT 15x10°
1 a an A ., o g 2 a P ot 4 L") ]
IaaaeNaaaaslonsruIuMInInTuge Fufannmsnradiaaanasgiudsdauily
= i 5 ot ¢ A
TITUYIAVDY bottom fermenting yeast WU top fermenting yeast uumnaﬂﬁmwuqqqﬂiunm
o < ' = =) d = ; =t 5 1 4
24 7 TuauAIanauanes AT SUMAVEITaAYIA 9] budding unuReioudluaonTe
[~ ' 9 Y o = L a w ' et d o 3 o I~ o 1 9/
Wunguasunaninziimstafaduszndaeaataa Mldinadudnyuzaguiou (flock)
o L L4 A =) =
uazsevAngiuvesmanisvonlaeen luafiiaves wort GansasrasouUSuIal suspended
-:syﬂ 'ﬂ aslL Vet a | ] T 1
cell wilumsasvaounnumdullvssnszuaumsninihianudalsnansely uali
3] = sfc:-’ 9 dyd w e o o 3
ansaven lanwlsmanradnvua 14 uaznanisnaasaiiiven 191 nszuaunisuiinfaiy
¥ 'ﬂ = ‘:-.yu = o & A ) a =1 a A P=1 1
pdnuuilng wonainugaldedonilendesanniy Ao USuin FAN 19199910 FAN Tinane
a o ° = L4 [ v a o & 1 4
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o - ¥ A LT
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o dl 1 A 1 ar dl le. 1
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s o 5 = ¢ a ¥ ] o = 4
U0 top fermentation 11111 metabolism ¥oIBAANAYUDI19IIAS uazdoansnsaosd Tuiie
o ¥ ¥ " A o 7 A A a
114 lunszuIums 319 metabolic enzymes uaztiiosnuianimwad salunsdifosan
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d o w ] G — L V) T a s oo a 1 o
UBANT1 MY top fermenting yeast 19 FAN 225 fiadnsuaaaas uaz 125 daansunoans
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4.7.2 HaY®4 bottom fermentation A top fermentation ﬁﬂﬂmauummmsﬁm
A1 v ay = @ o £ o = a wa ~
wonszvIMMIninduge waanmai 1dgnih lddmnziuauidmand nay
o 2 2w Srmg Py
Mo asuaalumsed 4.12 FadSeufounaeuifswd iy wort, cast wort, lager beer
(bottom fermentation) LA ale beer (top fermentation) IANAMTITOUTAOUTU19 extract 11
s o &t o = 9/ Y o o 9/ as g
HAANBINVYSHUINVITNNNIUIA 86% nld T unseuaunsni¥nuny top fermentation
o = = o O J
uaz 74.5% gn 14 Tunszuaumsninuin bottom fermentation uazlunsdivesdefanuoay
T uniieIdn 62.3% LURE 63.6 % Qﬂ“l%"luﬂizmumswﬁ'mmu bottom A% top fermentation
o o d‘i 1 Y a c{L Yt T Q r :1.'
AMA1AY Faa N 1T ethanol A IATUSINMIIAnAM S UAsaasralumIs 199 4.12
v
dmSuYTuIa soluble nitrogen, FAN, protein fraction HUWU31 US110 soluble nitrogen
a a ~ ' o 5 |
Tu cast wort 1inaNYTIIRANY Y wort APUATZUILNS boiling F91192111NA1910 spent
' A < ' de 9 A ' z
grain UNAIWNUVUIAGN 1020DAHIUAZLNTINTBINIIMTIAUONE 1109 spent grain 9O
v ¥
10 wort 111D HAIDINNTLVINMISMITNAUGAAY soluble nitrogen 15231181 500-700 UN.ADaS
Yy g @ o @ & °
enlylflunszuounismidn wesgqudolfumsanaznouuazminses F9lus1191 soluble
- o =) a w o 9 g = a A Ao 1
nitrogen At lundadmsigarie launnsaazi Ty mn'lng uawiﬂmummmniwm GRMRED
uaia Tty 3 NAYAINYIVLIAYBI IUaNaA1u35 99 Lundin &ait high molecular weight protein
Lﬁuﬂammumimaﬂamtm 30kDa 311 medium molecular “weight protein 1A% low
molecular wc;ght protein mumimaﬂamum 2.6 kDa a1 1Aun nsaeziiu, di-ag tri-peptide
mﬂamﬂmmuaanunanwwwmwﬁﬂ‘luwamﬂmmmm'vn YININNTT 80% VOIS0

v 8
soluble nitrogen MANUA 58904MTRE ﬂawwumﬂmﬂammxwmimy salufiofiindn

q

o g ! ) { o = a _ LY
smdtiseanunTlsau 2 viafmmtinlunisita Inl (foam formation) UAZNISANAIVDS

1y (foam stability) fim LTP1 fiflu11a 9-10 kDa uas Z protein NUUUIA 37-40kDa MURIRY
. & e ° o o
(Douliez taznmz, 2000) Falunisnaassil 1dvimsanaznouTsaulufedonueanain
9/ o =) y ad ¥ = ::1-:1 ldr
1a2IMsnen TUsAumuvnd 1035 SDS-PAGE wu ldsauniivualvannulu wort uaz
o ¥ ¥ & o v
osnnueandaiuiivunag 47, 52 uaz 56 kDa #4115V 47 KDa WUy 11 wort 19133u
L] P=1 ea’,’ ] =1 = csy A =t el v 1] a
a9 cast wort tazibosiyluwu TsAusiia FeoruiuTsaun hinunnudou uazisa
Y] n’/’ dy LY (1 A J o’:
MIANAZADUNAININYUADY wort boiling HBNVINT1UAIBG19 wort, cast wort AT BTE1I97g
=Y c’: a 4:11:1 1 n:‘} =1 3 g =
goaruatuwy lsAauntauialszuim 11 kDa UHUHURAFIIANMINTUGIgn (510 4.23)
< =1 'd 1 A
lsiu LTP1 Tudanfinissreamudifivune 11.6 kba  (Garcléa-Garrido UNZAME, 1998) &9
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izt Tsfudaglumaia Ty ludesnueandnn uazennaved foam stability N17@
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¥
1 =

P= o @ =04 o o
YA g vawu”lumﬂsuuwﬂmmmm 0.2 unz 0.3% T4 T lager AL ale 1T05AINE 1AL

a =4 o = "
INHANII AR wﬁ‘lﬂ'lﬂmﬁ cwflummﬂﬂ‘smm aldehyde, higher alcohol, acetate ester,

1

4 ] ' v T A s 4 w
1ag diacetyl mwu’nmﬂuﬂqumﬂanwmmﬂﬁmmmn‘lu ale beer Wﬂlﬁuﬂﬁll'ﬁl']ﬂﬂ'lﬁﬂllﬂ

=

§ o 1 ] o = [ 1 1 a a
I top fermentation Favhiigamgiiqgandi ot lsnamSinadinan lufuseduunsg
a d 1 z & a 9 Y o 1 3 Ao A =] 1
s uml3aum diacetyl 11 ale beer NHAAVINUBAN IR WU NS ageRe 0.88 un.se
=y i a " P=1 P " ]
aA3 diacetyl INADIN metabolism VOIITABITI 19 precursor flo acetohydroxy acidlusgninanis
@ 4 =y = . -:é} 1o o = e o
qUNTINNTADZA 11 UT1I diacetyl  Tungiiv pH, QuUUQN uAzTIm  oxygen T
11119 (Runze, 2004) uagdisn flavor threshold 71 3 fiadnsudosas Tunsdiffinsasawuh
g 1 dadnsudodng iWosidnsaziinisy (maturation)u LA 0d Wnunazas
o = a =Y = ]
diacetyl 010U li11U5£DY metabolism VosBad @15197 4.13 uaAriAveInsAnsl Tun
A329NU 11 wort, cast wort, lager a2 ale beer fmmuuﬂmmawaaﬂaﬂa‘”ﬁiuﬁ IANINTIAD
o q S = 4 o ' @ a
M W15 TaeBad s, cerevisice ngu A vadlunsaerliTufitinnd I dnewusuguisn
" o o o 1 ] g 4 { ) 1
nqu B iuddudeingeezgnldiiio A galdaulndvznua uazgaihofignilu18se ngu C
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proline Ifvavfiafod TS 1manin ser 3o serine uumnm"lﬂiwuuﬂmwmmaa‘lummaﬂ

U

‘u‘ﬂtlll'lﬂ serine nJu ﬂ‘§ﬂﬂwllIuwuﬁﬂu1ﬂ1uﬂ§WMQUﬂ1iﬁ51ﬂ pyrine, pyrimidine 1Y L‘ﬂ‘u
¥
Y, o [ . P
precursor Y84 glycine I cysteine WONINUIINUI met 150 methyonine Lﬂu%’ﬂwuaﬂmaz
a et o £l = 4 =1 = o =& 5
iluiimsh hdmwideunua Wonffouitoudufinuly wort 1ag cas wort @9 methyonine
=l o @ T - e 2 \ A % &4
nunuImHAYlumsswaamsiia visinol diketon (vDK) léun diacetyl 182 2, 3 Pentadion 4
3709131 VDK vzgnai1anntu wort il lysine g9 (Lekkas Bazagiy, 2005) nazims1zdn
' { o a o _ a o "

s tysine fidhAy Tun1snsTnuuY top fermentation vosweartdrdifings 14 lysine g4
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M3 411 AUMNNIuniinazMenmued wort 114917113 mash @901A304 braumaister unit

i a Ay y o Y Y o &) =) o
Lm&’ﬂﬂlﬂ’lWEUBQL‘UEJ'EVI\?fff]ﬂ‘D"Hﬂ“ﬂulﬂﬂ1ﬂ‘JJE]ﬂ“ﬂ‘1]']']15]']@']Ll'ﬂ&‘ilﬂawsﬂ'l'll.ﬂuﬂ'lﬂ’l

gauuianauni) usanaid waani i
AN HNMUNIN
a d =8 o
wort VY3 wort 1183
wort Cast Lager Ale wort Cast Lager Ale
wort wort
Extract (OP) 10.3 115 2.93 1.58 9.4 115 4.33 4.19
Ethanol (%v/v) 0 0 5.0 5.17 0 0 4.46 436
FAN (Un.Aoang) 297 260 173 100 292 272 183 86
Protein Fraction
2.9 1.8 4 0.6 2.9 3.1 0.2 0.3
Fraction A (%)
Fraction B (%) 18.1 16.9 16.5 19.1 18.1 13.1 18.4 17.8
Fraction C (%) 79 81.3 79.5 80.3 79 83.8 81.4 81.9
Soluble nitrogen
- 1,071 1,341 847 637 736 979 464 354
(un.aoaad)
Foam stability = = 367 340 = & 273 165
pH 542 5.28 4.47 4.28 5.43 5.21 4.25 3.F7S
Acetaldehyde
e = 5 6.6 9.6 = - 9.2 9.3
(un.aoan3)
Ethylacetate
o o = - 27.2 55.7 - - 24.15 39.75
(Un.means)
i-Amylacetate
=1 - = 33 73 & = 9.1 6.05
(un.aoaas)
Amylalcohol ;
e e > 76.3 93 = - 59.75 107.65
(un.AaanI)
n-propanol
= = = 14.7 358 = - 8.8 31.75
(un.saans)
i-Butanol
e - - 17.6 58.3 - - 16.1 63.65
(un.AeanNI)
Diacety! (total)
o = = 0.48 0.88 = - 0.33 0.45
(Un.paaas)
4-vinyl guaicol <0.1 0.5 0.4 7.4 0.1 0.2 0.7 4.85
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nqu  ninesiily voad i ueanYImiload
(Wn./aas) Wort Beer Wort Beer

wort cast wort lager ale wort cast wort lager ale

A Asp 14.5 12.0 7.4 1.2 ) 2.7 10.7 3.8
A Glu 10.7 9.9 5 0.9 11.3 10.6 8.3 4.7
A Asn 29.6 23.2 3.8 1.8 30.2 223 Sl 0.8
A Ser 14.9 12:3 2.0 0.7 15.4 13.1 2.6 0.4
A Gln 6.5 7.3 338 33 7.1 13.2 4.0 3.0
A Thr 9.0 6.0 7.4 6.8 9.4 79 8.7 4.6
A Arg 20.8 18.7 143 8.7 16.9 18.2 18.6 3.9
A Lys 223 19.2 7.8 1 234 273 9.8 4.2
B His 6.7 5.9 37 35 6.4 16.4 4.4 2.5
B Val 19.6 18.0 15,2 9.8 20.4 17.3 15.2 6.2
B Met 6.3 6.1 0.4 0.5 6.8 6.2 2.8 0.6
B lie 10.2 9.8 7.8 1.7 10.6 9.0 5.8 2:1
B Lue 25:5 23.1 13.4 3.2 26.7 22.8 10.2 2.1
& Gly 7.0 4.4 5.4 3.2 6.7 4.9 6.8 8.5
C Ala 22.7 18.0 10.5 7.4 23.1 223 18.3 8.9
C Tyr 21.4 17.8 12.7 14.4 22.3 195 18.6 10.9
& Trp 7.3 73 53 4.6 7.8 7.0 6.1 4.0
C Phe 17.6 16.7 13.5 6.5 18.6 15.8 12.2 53
Total 272.4 2353 140.2 81.3 2784 261.3 168.7 73.6
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Y o = '8 P
3N 423 wam 31 SDS-PAGE weaTuls@ulunenyitha,wort ung 1563: M; molecular marker,
lane 1-4 A790814 'w]"lﬂ%ﬂt%ﬁ lane 1; wort, lane 2; cast wort, lane 3; lager beer, lane 4;
ale beer, lane 5-8 AI0H19INVIUNTI IR lane 5; wort, lane 6; KND cast wort, lane 7;

KND lager beer, lanc 8; ale beer.

4.7.3 wamsisziivnamuwmadszamduia
a 9 a A o T o o 1
Hamsnadouiy lavdusadu 7 au Fuhmsnaaeusnidesi 4 §ro619 uaag
~ & Y o =2 o ey

Tugiin 424 Fadumsliszduazuuuanureusinazuun 0 fa s Tasduunqueaiifves
a7 o A g a oA P o wa o oA
Woseeniu s dnumsidesmslsziiuiadudoyalumsiannquaniaveadvs fo

o a4 2 2 a ddo o vy 0

an¥zN 1 A9 aroma HUWHI nauveudusAduda 1aTavnsaunaumiiy

' P et o w r 1 ke
WuNAzLLURAYeszAY 2 aaN wazdedfilinzuuumAsgeaa fe lager beer 11T

o =) kY =1 o = dy ~ ° . 9 Y o o
#7 338901AD ale beer INMNVIUUUOIA, lager IlJETUTUHUEIAT LD ale beer 1AUVAUTIA (Eﬂ

.

3 A . = o s - o 4 &
# 4.24) Fudiothra TS suifoufuguaniamaniiveaudes luas1ef 412 4 ale beer 910
' v 9

Y o a : =1 o A v L= O =) e

Drudidriin/Sun diacetyl g9 #11¥nAUYD4 butterscotch MBI Sany 15U IIM 4-vinyl
” = a a oo 1 A & ﬂ = gl = 5/ A A
guaicol GANEA (7.4 UAANTUADANT) umsﬂﬁﬂauﬂmﬂmuwg (clove) Y130 NAUVDI
» =) '5\.’ = as [ [

phenolics 138 13 DN ﬁmﬁ'rsu“lﬁﬂmaﬂymzmmﬂu smoky beer L181¥ wheat beer AIDU19IHUY

; ; " : : Ly
Belgian white beer, German wheizen beer, blond specialty beer, dark specialty beer @4 U318911
N i s Jdo ' ' ' A a w0
NWUMS 4-vinyl guaicol Tuiflosasnaridaduniniiesnainagluyi 0.053-3.76 Tadnsude

= A = o o] ai = Y aan
af3 (Vanbeneden LAZAME, 2008a) %9 4-vinyl  guaicol iﬂuﬂ'}iﬂlﬂﬂiﬂmﬂﬂgﬂﬁm
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¥ b4

® " & & aan —
decarboxylation U84 ferulic acid (4-hydroxy-3methoxycinamic acid) “ﬁ&ﬂ{]ﬂ‘iﬂ’rﬁmﬂﬁ 18de

o A 4 "

anudounInnsiaveas niedy wort taza@nInmnannmsiuve ey lud #5504
phenolic acid decarboxylation (PAD) "n‘W“U 1ﬁiud’ﬁ§ﬂﬂﬂu top fermenting yeast L‘lJ‘L!ﬂ’J‘Llsl‘Hf,U 1k
Wi T8 NUS107 Verbeneden uaznass (2008b) 5109711 Tuidies, dﬂanuuuﬂﬁmmﬁwﬂhﬁwu
11 ale beer mﬂmnmﬁma:ﬂmmﬁmﬁw %4 threshold fifFuannsoss YNAUYB 4-vinyl
guaicol luifiosudng Ghuﬂuuﬁ]wumﬂmqﬂummmﬂ metric U84 beer H3909AU5ENOVEY 7 U4
mﬁsmNa@1@smummwmuwmmnawul@

é’nymzﬁ 2 fio appearance 1aun & A0 14 uag head retention w?aﬂ?mmﬂmﬁ

as

a A Jda Ve o o
WIS USEAUAZUUUDYN 2.3-2.7 1Ad lager beer 1A% ale beer ﬁ]']ﬂi’l’nuﬁﬁﬂmsmmmuuqaqﬂ

e |

@ W - a o ° = =2 et i -
ADIOUADITN mmmtfﬁmﬂi’fnmﬁmﬂuﬂmmm%’m NUsLADTOYN 12-16.5 EBC unit Tt

cu r P= = o 7= S ¢
nhivoudiedindvia lUfidsuiueesiasenn 6.5 EBC Usavloshinveadosdiign
= 4 9 Y 3w = o a v ) d'dyd
‘]_|‘§$m14]ﬂﬂm‘iL!ﬂ’NLLﬂ’ﬂﬂU@‘Hmm’Jﬁd!ﬂﬁﬂ‘inmn"l@&mﬂﬂ wazmsneaveaos yalunin
o =1 ¥ ~ o (V)

gnszidiulavsanTunguuy appearance tazifiofousunansiy appearance fIUNTNATDL
v @ o o ' o

foam stability W 1e0ARA09 Y TAg lager 1A ale beer 2INUDANTINTIE AN foum stability

9
= v a l

= : a o o 9 =1 o 1 v = A Y Y o =1
ANIUVETINUOANIIUNTUIAT usee1e 15 aa11 AzuuuhgFulniudomadietsdazuuy
= o Vo o = o ' = L8 c:
appearance 1nAifoeiu ufiim foam stability i ldandredudesvinuoaniiaesriing:
' v " h
AN UNIN TUMYIeD977 "lmwamﬂﬁ'smawlmmwﬂ'uﬂﬁwamﬂmuuLmﬁ'ﬂumzmmwmﬁ
c.{ VoA o = = J
Usingheninadonnuroy & Fadlosnd s inoanis vvnaluaidinfeuduveshuiiosan
“llTJ‘iJ’]‘imU‘VIM%HTQLﬁﬂazﬁﬂﬂﬂ’ﬁ
o :!'. - r-‘i ~ o 4:1' |4=; 1 Y 1
ANYUEN 3 AD flavor WNTTAVAZUDALOGN 0.7-1.6 M Fud
1T (=] o =4 o 9 3 = o Y
Traifinnuiiudrliyon flavor VOUVYITNINUOANUIIAINIADIFUA LAY ale beer PINUBATIEI
o : g : 4 .
Widiiszfunzuuudige uag ale beer 9103181180z DYATIA 90193191931
QI 5 ‘é 1 =y o ] a’ L
INNAUVDI 4-vinyl guaicol FINUNMTT 01 ﬁﬂumﬂmamﬂan
anBmMzN 4 A9 mouth-feel 13HUMN uuumaﬂaﬂﬂ 1.1-2.1 uaziredradosn
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INSTRUCTIONAL EXPERTISE

¢ Applied Microbiology ¢ Biosafety

¢ Man and Environment ¢ Food Microbiology

¢ Environmental Microbiology ¢ Plant and Microbe Interaction

¢ Agricultural Biotechnology # Molecular Biology and Recombinant DNA Technology

PROFESSIONAL SOCIETIES AND COMMITTEE
: Thai Society of Biotechnology

: Thai Inventor Association
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Central Biosafety Committee (CBC)

Subcommittee of Central Biosafety Committee (CBC) in Microbiology

- Technical Biosafety Committee

ORAL PAPER PRESENTATION

NRCT: NUS: DOST-JSPS. Joint Seminar on Biotechnology. December 22-24 1988, Chiang Mai
University. (Oral presentation: in “Detection of Polysaccharides From Some Edible
Mushrooms.™)

The 3:d FAO/IAEA Research co-ordination meeting on " Enhancing Soil Fertility and Crop
Production by Better Management of Rhizobium". (Oral presentation in " Using Molecular
Biology to Detect Rhizobia in Agro-Ecosystem"). University de Geneve, Geneva, Switzerland.
August 15-19, 1994.

Biotechnology Research and Applications for Sustainable Development (BRASD). Central Plaza
Hotel, Bangkok, Thailand. August 7-10, 1996. (Oral presentation : in “Using Molecular Biology
Techniques to Fingerprint the Genomes and Study Behavior of Bradyrhizobium in Agro-
Ecosystem.”)

Research co-ordination meeting on “Enhancing Soil Fertility and Crop Production by Better
Management of Rhizobium" (FAO/IAEA). 2-6 Scp. 1996, UN, Vienna, Austria (Oral
presentation : “The Detection System to Monitor Applied Bradyrhizobium in Soil”)

Project of JSPS-NRCT "Seminear on Cooperative research of biotechnology between Thailand
and Japan". Nov. 27, 1996. (Oral presentation : in “Application of Reporter Gene System to
Detect Rhizobial Behavior.”)

JSPS-NRCT/DOST/LIPI/VCC “Sustainable Development of Biotechnology in Tropics”. 3-4
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- The Fifth ESAFS International Conference on Rice Environments and Rice Products 27-31 May

2001, Krabi, Thailand. (Oral presentation : in “The Diazotrophic Endophytic Bacteria In Thai
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- The 14" International Congress on Nitrogen Fixation. Oct. 27- Nov. 1 2004., Beijing, China

(Oral presentation : n “Isolation of Genes for Salt Tolerance from Sinorhizobium LT11”

INTERNATIONAL INVITED SPEAKER : “Biofertilizer Technology” at Gansu Agricultural
University, China (2-3 Nov. 2004)

- JSPS-NRCT/DOST/LIPI/VCC Joint Seminar “Sustainable Development of Biolcchnology-in
Tropics”. 3-4 December 2004, Bali, Indonesia. (Oral presentation : in * 10" Year Biofertilizer
Rescarch at Suranarce University of Technology : from Gene to Farmers”)

- 12" International Conference of the African association for Biological Nitrogen Fixation. Jan. 21-
26. 2007, Cape Town. South Africa (Oral presentation : in “The alternative sigma factor RpoH2
is required for salt tolerance in Sinorhizobium sp. strain BL3")

- 11" International Symposium on Nitrogen Fixation with Non-Legumes. September 3-4, 2008,
Gent, Belgium (Oral presentation : in “Microbial communities of enophytic diazotrop bacteria
in cultivated rice (Oryza sativa)™)

LICENS

- “Cyanobacterial Akinete Induction as Biofertilizer” Neung Teaumroong, et al., 2005 No. 105617

- Patent “Bioorganic Production Pilot Plant” Neung Teaumroong, et al., 2008

- Patent “Screw set for turning Bioorganic Fertilizer” Neung Teaumroong, et al., 2008

- Patent “Motor system for screwing Bioorganic Fertilizer” Neung Teaumroong, et al., 2008

- 11 Trade secrets (Neung Teaumroong, etal., 2008)

FELLOWSHIPS

- “The Royal Golden Jubilee program” (2000-2005)

- “UNESCO” : Post Graduate Programme (1989-1990) in Microbiology and Biotechnology.
University of Tokyo.

- “MONBUSHO” : Rescarch in "Molecular Genetic of Acid Tolerance Rhizobium". Hiroshima

University, Hiroshima, Japan. (October 24-December 23, 1994.)

“AUSTRIA GOVERNMENT” : Research in "Investigation of Siderophores from

Bacteria". University of Innsbruck, Austria. (May 1-June 30 1995)

- “JSPS™ : Research in “Construction of Cholesterol Oxidase Gene for Using as Rhizobium
Reporter Gene™. Osaka University, Japan (12 Jan-25 Feb 1998)

. “MONBUSHOQ” : Research in "Construction of Green Fluorescent Protein Gene for Detecting
Rhizobium” Osaka University, Japan.(December 7, 1998 - January 21, 1999)

- “JSPS” : Research in “Homologous recombination of GFP in Rhizobium” Osaka University,

Japan (March 13, 2000~ March 31, 2000)
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- “JSPS” : Research in “Effect of Rhizobitoxine Forwards Legume Nodulation”. Tohoku University,

Japan (November 7,- December 21, 2002)

ISNAR and W.K. Kellogg Foundation, Training in “Monitoring, Evaluation and Impact

Assessment of R&D Investments in Agriculture” (9-20 June 2003), Pretoria, Republic of South

Africa.
- InWEnt (2003-2004) Training programme
- Bioorganic Fertilizer Production from Agro-Industrial Wastes and Entreprencurship

Development for Rural Women Leadership Southeast Asia

- Technical training on Biofertilizer Inoculant Production



