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Summary

Malting of barley produced in jeju were prepared In germination
temperature at 15~30C after soaking, and in drying temperature at 50~
65C According to prolong soaking time, rooting and reducing sugar
content were increased. It was proper to germinate barley at 20~25T
after 25~30hr's soaking. Microbial growth was prevented from malting
over 30C, and germination ratio and period were lowered and prolonged
below 15C Reducing sugar content of raw barley was below 1%, but its
contents were increased to 25% in malting. Protein content of Hopum,

Doosan and Daeyoung, barley varieties produced in jeju, was about 10%.

B-glucan content was 5~7%. B-glucan content was decreased in higher
germination and drying temperatures. Activity of a-amylase was the
highest in 353 unit at 25C germination temperature. In preparing of malt
from jeju barley, it was obtained a good result for drying to 8% moisture
content at 50C with germination at 25C after soaking of Doosan barley

for 35 hrs.

Pilot scale of beer-making with malt from jeju barley was carried out.
After mixing crushed pilsener malt and caramel malt(30:2), wort was got
from the saccharification of malt and water(3:10) at 65°C for 2hr. After
boiling the wort at 95~100C for 2hr, Ale beer was fermented at 23C for

10 days. Aging of young beer was carried out at 0C for 1lmonth. On the



other side Pilsener beer was made from pilsener malt and water(2.5:10)
and fermented at 9711°C, aged at 072C for 1lmonth. The taste and flavor
of beer were different of adding time and amount of hop.

The Specimen of Pilsener and Ale type beer kept good flavor and taste
on sensory evaluation. The degree of preference for Pilsener-type and
Ale-type beer were 63% and 76% above average, and more than 70% of

panelists had a mind for purchase these beer.
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2) wol&

ASBC hydrogen peroxide "% (Barley-3,B)ell ol& =A3 it Hel =¥
100712 0.75% H:0, 100mlel 2i 48417k Fof wholwl  ®W 2]+ (chitted
barley kernel)S %= YEIRIT A= EHAEE color difference meter

g Agatel AW AR e S

3) B-glucan & F

B-glucan & McCleary9} Glennie-Holms®] W o] o 3te] =359,
EFHE ¥ 05g2 polypropylene tubed] ¥il Alm7F ZF FAFEE=E
50%(v/v) ethanol €< 1mlE ¥ o oSmle AAAS8EN(20mM sodium
phosphate, pH 6.5)< 7}3t¢d vortex mixer® nHksle] A 85 233}
100C boiling water batholl Al FAZ nHFSFAA #S F 40C=2 YA 7]

< lichenase(50 U/ml in 20mM sodium phosphate buffer, pH 6.5) 0.2ml&
7bste] 40°C water batholl Al 1A1ZF &b WHEAIZ T 7] T/ 24mlE
7bete]l 30 ml2 A8 thg wHk £ 3000rpmeoll Al 103 A8 E st
27 01ml¥ S 370 Al del EHE v 148 A dele 2AE8
A(50mM, pH 4.0) 0.1 mlE 7}sta o2 2709 Ald o= B-glucosidase (2
U/ml in 50mM sodium acetate buffer, pH 4.0)5 7}3}e] 40Col A 15%%F Hb
SA A, Z+7Fe] Ald ol glucose oxidase/peroxidase A 2F(Megazyme, gluco

=74 kit, Ireland)& 7Fste] 40Tl Al 2023t WES-A1Z1 Thg 510nmell Al &3 %
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B-glucan(%,w/w) = AE x F x300 x 1/1000 x 100/W x162/180
= AE x F/W x 27

AE = absorbance(reaction) - absorbance(blank)
F = 100(ng of glucose)/absorbance of 100 kg of glucose
(conversion from absorbance to ug)
1/1000 = conversion from pg to mg
162/180 = adjustment from free glucose to anhydroglucose
300 = volume correction(i.e. 0.1 ml taken from 30.0 ml)
100/W = factor to express P-glucan content as a percentage of dry flour.
W = the calculated dry weight of the sample analyse(mg)

PN
=

okl

5. Hot2 7t

THH

woto] AP i

A= (Daego JP7200F/C, Japan) S= =438t vlusdr. g4hgddo=z+=
diastatic power (DP), a-amylase, f-amylase, B-glucanases =73} th.

1) Diastatic power

Diastatic power:= AACC mothode] #=3t9] Z=Ha9tH?. Baet ol 5g9

ol\

F4100mlEs 92 v vz w3z wwkslal 20°C water batholl A 1508

b &3 s okt 100 ml starch& 99 (2%, w/v)el malt infusion

of
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(Ho}FZ ofztdl) 2mlE ¥Woew, 302 Fof 10mlel 05N NaOH &9
Yol &3tslgit. wr&8 9 5mlol alkaline ferricyande A 9FS H7bske] 10
0C boiling water bathol| A 203 ¥H-§AIZl o5 T2+ 22 YA o
< 20ml acetic acid®} 1ml starch KI €S 7}ste] &3kt 0.05N
sodium thiosulfate & & Ab&3sto] Aol 3] flojd wj7pA] 245}

g Aol el AEalar.

Diastatic power(°L) = (B - M) x 18 (2ml o} F% oA S AlE)

starch blankol] 3} sodium thiosulfate®] ml

os)
I

M = Wolo] 3+ sodium thiosulfate®] ml
2) B-amylase &4

B-amylase assay kit(Megazyme, Ireland)S A}83t¢] =AHs901”. 223t
Wol 0.5go 5.0ml =8 (Extraction Buffer; 50mMTrizma Base, ImM di
sodium EDTA)S F7bsk & 20TCeA 1AF ¢t &48 F53 o
3000rpmell A 1047 A4l el g A Aol buffers AH&ste] 314t 0.2
ml Betamyl B-amylase 7] &8 NS Al@ o] ¥ il water batholl A 5%t 4
0C= FA3A T Betamyl 7| 28-S x3tete= Alddd a4FZFd 02ml
S #H7bsta 40CoA &3] 1021 dHSA AT jES & 3.0mle] w&F 4
A 2F(1%w/v Trizma base)S 2l & 2§3lo] 4

oA sttt
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lunit®] E48AL  a-glucosidase®t 34 18 B¢  PGPN5(p-nitrophenyl
Maltopentaoside) & - p-nitrophenol 1umoles AAd=dH Q2 3= &4
9] <o Z A Betamyl unito = Y ER ST}

Unit/g powder = Eqo x 1194
3) a-amylase &A

a-amylase 42 Cerapha a-amylase assay kit(Megazyme, Ireland)E A}
gate] AN, EAF Wole] EAFEFS 059 HAES 100ml 44
Zg T Wil 1% sodium chloride, 0.02% calcium chloride, 0.02% sodium
azide® FTHT &0z FZ3ATE 20TelA 1568 Fk 5 HA o2 Ao
THA A4S FEARCH, FEHE 3000rpmol Al 1027 A EE AT
Aol 05 ml¥ F5 buffer(IM sodium malate, 1M sodium chloride, 40mM
calcium chloride, 0.1% sodium azide) 9.5mlE Yo & Astar 2A]7F o]y 9

TA2FAHS =A3Y 02ml Ceralpha a-amylase 7] 28NS Ao 4

A A Z . Ceralpha 71289 0.2mls 3ske 2h7t

_ﬂ_
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1 unit?] T4 A EXxAANA FESA EA3F= a-glucosidase
9} glucoamylase®} &7 1& &< PGPN7(Blocked p-nitrophenyl
maltoheptaoside) & Z 5B p-nitrophenol 1 pmoles AAdst=d Q2 8+

&40 %o R Ceralpha unit® e QLT

4) p-glucanase &Y

ol 05g8 YAEFEA4 x 120mm)el ¥ 80ml FF buffer &
(40 mM acetate/phosphate, pH 4.6)= H7Fste] &35ttt A4 158
e AAE FESII o, 3000rpmel A 10E7F HAAEY skt 30C= 7
2] Z24d% 05ml Azo-barley glucan 7| Z& NS AAEEFH ¥ 30T

N SR fASg o, MelREEE 30 ColA 5R7 SATh 2H7ke] A

B2 =A3A B-glucanase® FA S unit/kg malt®Z 3™ 1 unit:=
469014 1% E<t glucose LG 3DstE= 1 pmoles XA sH=

C, pH
kel FHo e

Pilsener malt A|ZWHS WFHIYE GAso o] xd AFHsE] &
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2) st 2¢a

Wl =)= pilsener malte} & 2.5:109

SEx FES 9t clRAge AN F 8Y A
el WAFAR WolFe W

_

S Y 95~100Col A 24 7F&<r #w

BaEE 9~11Tsteo] 12 HEE ARG 0-2ToA VLt F

Al sk, vt

o ARWgZEEe FRIAEA G we

vy =
IBUE WFo AAE dupit o)A A9 ppmo 2 HAH T v E ol A
o] AL AYFA LY mgle =z FAHTL}

IBU = (WgramxU%xA%x1,000)/(VliterxCgravity)

Wgram = 33X 9] F 7

A% = hopell & &t T 252 HA

U% = hop9 #< Aol W& o] &=

Vliter = wFx] 9 @olF o] F3],

Cgravity = o] Bt 1.0600)82] H|TS 7KL = ol

oJAZ 1000 ¥ & Hx HlTS 7

2t
ri'ﬂ
el _EL
oM H
Hl

= 1+{(Gboil-1.050)+0.2}
Ghoil = 7} B o] 4o WolFel uZFw 2o},
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8. WFo| 2H|A J|EE EAL

Mf
fol
H

A B hug B 2AE 2] ANH Wl A

/7]
(preference/acceptance), 71 o] § 2 Fu] o]fo ot oA ZF FAwjrbsA
S dolH 7] Ydte] AAETt. F2AFE A d A HAR(laboratory test)W R O &2
2005 79 229 AlFdiEtn st A Aol A FRAAG ] 7

=5Als S8 A Ve Aydy TREe A dY A9uF AlS

N

"

o|

H7] flate], WMo gro] FHE AFddet sz tgd #d 204

S Ao 2 waezio] A A simple difference test) S 4 A 8% th.
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Table 1. Proximate constituents of barley produced in Jeju

b:::if ‘f;i:ty Moisture Crude protein Crude fat Starch Resig:;g Ash
Doosan 14.03 11.73 2.96 63.34 0.22 1.90
Jeju 14.04 12.04 2.80 62.23 0.21 1.43
Samdo 14.15 13.83 2.75 60.46 0.25 1.72
Daeyoung 14.14 12.07 281 62.37 0.23 1.91
Daea 13.97 14.38 2.23 61.70 0.22 213
Hopum 14.85 11.13 248 63.12 0.21 2.20
USA malt 13.15 13.21 226 64.79 0.25 2.09
Germany malt 13.02 9.48 2.10 64.38 0.30 1.98

F2 5RZ} ot Qon TEZ PAd Y= AAe] Fe FHA v
o o
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Fig. 1. Changes of rooting by soaking times.
€®-@ ohr, O-< 10hr, B-M 15hr, (-] 20hr, O-O 25hr, @-@ 30hr

Reducing sugar(%)

0 1 2 3 4 5 6 7 8 9 10
Incubation time(day)

Fig. 2. Changes of reducing sugar by soaking times.

@@ ohr, O- 10hr, H-M 15hr, [1-[] 20hr, O-O 25hr, @-@ 30hr
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1I5CelA ol & wj= 25~30A17FE< A 5 drobr|7]= Flo] dgke A
o2 AdHeh AT FFES WFRIAA = 1% o|sFAAIRE, Wolo| A=
ghddo] Wol tiF-E 25% Aotk AE, "HF ol B-amylase, o
—amylase & 4o 234 glucose®}t maltose, G2EH O ulH A o

Fol S7tskd

et

3. WFEe ESW Yot YUNE

dopAZL wWoks 50TAM 2447 oS Al Az ko] e A
Zro] debA wote] FR7E FEEe], A @A ok(pale malt)e 54w o}
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g Zdew Hd FUlEL BRUF AFsied YA #ZEs hAsA &
T AUtk AF7E 1.35% = FHeke]l i, djobet FEe] v FFC Wl
of Bkttt AFre] Fx&7t 55U FxE&ol vl FrlE FEFe] v
o], F71% Fe] thi ¥ WolZ ol§at: o] de Aoz By
A}
Table 2. Proximate constituents of malt

Variety Moisture ~ Crude protein Crude fat  Starch Rzil;?g Ash
Doosan 8.36 10.56 2.90 4741 25.89 1.85
Jeju 9.24 10.80 2.70 58.00 11.61 1.35
Samdo 8.99 12.03 240 40.20 28.92 1.65
Daeyoung 7.75 10.80 2.70 47.47 26.71 1.70
Daea 7.67 13.06 2.10 45.39 26.73 2.00
Hopum 8.25 9.28 2.40 4513 27.81 2.05

ARe WFERl wolsts HRoA Hadgon FEHPORA, Wl

2atn WAZe]l YYHo] WEe T Ao Aele] HIE Ak P
wolel A4t oF 40%7h U] WEel AFurh FAsE Y BE UYL o
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Table 3. Germination ratio by temperatures(%)

Germination temperature

Variety

15C 20 25T 30T
Hopum 77 81 90 90
Jeju 78 81 90 92
Doosan 33 39 9 95
Daeyoung 85 91 9 97
Daea 73 78 87 89
Samdo 71 75 386 87
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=5, ojuo] MEHe Fo FAXMNES P-glucand Fdst=dl endo-B-(1
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ol malel eduo] ol WA Wl Aow RueAR?,

(1-3)-¢F (1—4)-A23%< 37 7143 2+ mixed-linked B-glucans 3l
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st glucose] A2 M XY f-glucosidase’} A&#E o] 7] wEgd A
o2 HAth PB-glucanasew Yz X oy Hun g o= EAHA] ki o}
WA ZFo W=t gibberellic acid7}b £49 A& & 9IS X0,
Aol WZtete] Wols Hxslr] 913 vz Foll Bol AEHH.

= =d el B-glucanase &4 WFHfe] FF3 Aujx ol uf
M A Fge won wolo] MY A P WolF B-glucan FFS P
~glucanase®] A o3 g&td 4 Uy WFFx Mool f-glucan T
¥ FHo] glom, o] wdtol wER o] %7] f-glucan ¥} ol Fof
f-glucanase?] Aol Z# o] o] T4 A THE H Y AW ZZ
S8tk skl

B Woli= esterase?} carboxypeptidase B4 S 7HAAL YE Ao B

dlo

-

r

(e}

= 2lth. B-glucan solubilase® endo-glucanase &AJo] $lA9H  B-glucan
solubilase 1o)== A EZH o2 RE f-glucano] FEHo U2 £ gla do+=
Aoz kg Aow BuHYrH?. p-glucan solubilase A A
o] A Ausol o Yol nA=] o3 o9 wEel Aoew
A EeR= i

_32_



Bl 8F AEHLE oF 85%9] arabinoxylans X 3Fst=d o= B-(1—

4)-xylose  backbone®Z  Ho]glomw  xylose residue?] 3H A o

2,
arabinofuranosyl groupEe] wAEe Y. TEZ= HEwe  o7te]
cellulose(8%)¢} &l A (6%)S >3tatal glom oA e wpe}l o] uj
f AEE I A

o] A7} AlEHE] arabinoxylan® #38fo] #ojstE=d HolsteE F4d

EAQEE oY EAE FAHE TE = 9 gibberellic acid®}t ethylene

|

of o& S HETH6). Xylosew F 583 60%, arabinosew 40%%1 Z o=
el or, ®wal e 9kl free sugar, glucose, fructoseE ¥3H3skt} o]+=
A ZZHEE GA39l sucrose?] Aol TXHE A2 & F %o,
Az el Fef 7t doju= 60A17H] HiF Foll AlE¥M S F-4d38k= pentosed]
2/37vFo] E£AHE A9E XA

By ZEZ Eo]dE xylanased &%, SA A, AA pHE fungal
xylanases} HlgattH ™Y H# pHE 550|312 ol olF AE EAY
2 29 kDSl Roz AFH A}, Endoxylanase:= glycoprotein®] o}y 7

o7 #HEEJ o sulthudryl A 3]A|Sl potassium bromate, Hg, Cuell <] 3l

foe
M
o\

A E = Aoz HuFEr  o]= xylanase’} catalytic activity
1=
H ]9l pentosan S FFolvf FAF A wWold et zko]rt Qlvhal 3

U}, Arabinose, xylose, pentosan %, arabinose : xylose, pentosan : [

rot

conformations €3 thiol groupe L& 713 AL oA

Fo wr=thY wa EEES9 pentosan

Fe 44~78%F o B-glucan $FHL 3.4~57%°] At} Pentosan, E-glucan

ftlo

—glucan ¥+ 374 2 FA12<

o2
O

FFE AMEA Atole] FHIAATE HIEHJTE 2x2HE S 62K Aol 9
Aol 7 Halgl wh Qlom 63K 9] pentosan ¥R 22K ol HlE] =kt

_33_



Xylanase ¥4 3} regulation®ol] #3F 7] 22 2 & YA &AW gibberellic
acid9} Ca®] xylanase? A< A= o] AA YT,

Helo] A ago A E oshbe] Fa3 A4S a-amylase®] De novo' F
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T 9o oA ] transcription®] Y translation & o= Ao WA E =R =
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FA8ES B wWobrt EABAo] EakTh 5T E FAE
ColdE 5% Molrl $alth 55TANE 4w welrt 4

5C¢ 50 T Wit H=A Ve, 60ToA = v=st e FA8s 7 H]

s 9 odo] AW 8 (pale malt, pilsoner malt) ofof] ek
2 Holm thFEELS = AMwlZE(dark malt, Munich malt)-& "o} = A %3}
= Aol gukrs Ao=w Ho Frh AWML} wolkol 7t F45 WS

we wolrh & Holow, FEAYE w2 Aoew Hol AWAAVE =
o=

Table 4. Saccharifying activity of malt dried at 45C

Germintion temperature

15T 20°C 25T 30T

Hopum 112 124 135 158
Jeju 106 123 145 159
Doosan8 113 130 149 168
Deayung 111 125 150 166
Dea-a 101 123 135 164
Samdo 106 122 140 159
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Table 5. Saccharifying activity of malt dried at 50C

Germintion temperature

15T 20T 25T 30T

Hopum 107 115 135 154
Jeju 106 112 130 153
Doosan8 104 126 138 158
Deayung 108 122 136 155
Dea-a 104 116 134 148
Samdo 108 111 131 151

Table 6. Saccharifying activity of malt dried at 55C

Germintion temperature

15T 20C 25T 30T

Hopum 103 114 131 144
Jeju 100 109 125 140
Doosan8 104 121 133 145
Deayung 102 121 131 147
Dea-a 101 107 124 141
Samdo 103 113 135 140
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Table 7. Saccharifying activity of malt dried at 60C

Germintion temperature

15T 20T 25T 30T

Hopum 93 106 128 123
Jeju 94 105 122 127
Doosan8 98 104 138 136
Deayung 93 103 122 135
Dae-a 95 106 120 128
Samdo 96 102 122 129

2) MFERE FFE ol B-glucan

AF4E MFre o] #5348 P-glucan 2 Table 58 #Zth #FH 7}
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e
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Table 8. B-glucan content by variety of barley(%)

Variety

Hopum Jeju Doosan  Daeyoung Daea Samdo

fi-glucan(%) 6.22 6.78 498 524 510 597

Table 9. BF-glucan content by drying at 50T (%)

Germination temperature

Variety

15T 20T 25T 30T
Hopum 1.34 0.48 0.29 0.15
Jeju 141 0.87 0.36 0.21
Doosan 1.02 0.32 0.21 0.14
Daeyoung 1.34 0.38 0.21 0.18
Daea 1.22 0.33 0.30 011
Samdo 1.29 0.36 0.26 0.11
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3) a-amylase &4
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fig.11 Change of n—amylase activity in Doosan—8 barley by germination temperature
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4) B-amylase &4
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5) B-glucanase
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table 10. Color of barley

chromaticity
L a b
Hopum 58.12 4.60 1752
Jeju 60.10 4.05 18.93
Dusan 59.73 4.19 17.55
Deayung 58.34 4.14 16.52
Dea-a 56.89 3.43 15.81
Samdo 55.76 3.93 15.46
table 11. Color of malt dried at 50C
chromaticity
L a b
Hopum 57.12 554 8.08
Jeju 57.63 4.88 18.42
Dusan 58.36 4.82 18.55
Deayung 56.67 4.33 16.59
Dea-a 57.31 3.47 16.24
Samdo 58.56 3.90 16.53
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Table 12. Proximate constituents of malt by drying temperature

terggzri;ltgure moisture crude protein  crude fat starch rei;c;lg ash
50T 8.35 10.26 1.40 42.87 30.55 1.85
60T 8.04 10.37 1.80 45.13 27.90 2.00
70T 7.88 10.53 2.00 46.24 22.27 2.05
0T 567 10.69 2.90 49.43 14.11 2.10
0T 4.58 11.37 3.00 50.53 11.33 2.25
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A AT YNFEE Adstetr] 9t WFe] A2 AAow shal
hop2 ¢t IV type FEZ A=At

o7 gt wo = wWoleo] o] ofHFzA TS FozH WolRHox A}
AA wEH7E DoluA] FEE ST ATl E WA HelgHdS Hol
o }F& A g tF HH] olrE ¥l AHRFTSE FHsIHA He
o Zh & At

Agel EYue WolFe 8~9°BRIXG o, 73 Holdde & 3]+
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Table 13. Taste of beer added 60g of hop in 40L of beer during boiling of wort

Hop addition time and
sample Aotng Taste of beer
Ohr 1hr 2hr
I 60g - - strong bitter taste, good flavor
I 25g 25g 10g strong bitter taste, weak hop-flavor
m 10g 30g 10g medium bitter taste, medium hop flavor
1% 5 15g 30g weak bitter taste, good flavor
\Y - - 60g very weak bitter taste, very strong flavor

15,

o 7]ol A Aojzl WolFS boiling tank® =7 80T A #ol7] Al ZFste] oF
100C7F H9 241 7k 5ot #Zt) o] Ao A hopE: Y A+ ko] what
W =] ghy) gko] ek th(Table 13).

23~25C 9 & Al#3E= yeast powder == AN GRS Pola 3087F

k3l oS ol YWRlth air pumps ©]&3te] AtAFHo] FEEE F}
Fom, awryt AElHow orAstE = YA AT da Ao A 1A 4
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Fig. 16. Changes of soluble solids during fermentation.
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Table 14. Physical properties

of beer prepared in this experiment

Plisener Ale
Soluble solids(°BRIX) 4.0~42 4.1~47
Ethanol concentration 45~4.7 53~55
Extract(%) 3~5 3~5
Specific gravity 1.014 1.055
Color at UV 4.3 10.2
Bitter taste(IBU) 30~40 30~40
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Fig. 17. Results of consumer preference Test for Pilsner type beer.
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i sum
different same pair(AA) different pair(BA)
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different ) 19 21

sum 20 20 40
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