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Abstract

Twenty four covered barley cultivars of Korea and subsequently produced malts were evaluated for quality charac-
teristics, diastatic power (DP), and enzymatic actvity. Protein, amylase, starch and B-glucan content of covered bar-
ley cultivars were 8.2-12.8%, 4.2-19.1%, 47.9-59.7%, and 4.1-7.4%, respectively. The DP of malt during malting
showed a maximum value in Day 4, when the bud length was 2.0-2.5 times longer than the length of the grain
itself. a-Amylase activity was very low but increased significantly after Day 4, showing greatest activity on Day 6
(185.5-206.1 unit/g). B-Amylase activity increased as the malting progressed and a considerable amount was detected
in barley grain on Day 6 (898.6-1591.6 unit/g). The potential diastatic power (PDP) of various cultivar grains ranged
from 89.7 °L to 169.3 °L. The PDP of raw barley had strong correlation with B-amylase of raw barley (1=0.977,
p<0.001) while the DP of malted barley was also correlated with the B-amylase activity of raw barley (1=0.654,
p<0.001). Since the PDP of raw barley and the DP of malted barley are correlated (r=0.644, p<0.001), the PDP
and B-amylase activity of raw barley are useful factors in predicting the DP of malted barley.

Key words: malted barley, diastatic power, a-amylase, f-amylase, f-glucan

M B

Hele 1970ddol= 23 g 2 ¥ F4 L
2A & %S AAEEA w7 A5THE EE B4 ol§
E Ao FA 71ed5te] gkont, 1980 o] EojAH
Al =RIe] A gEan| 2T HelE ol wet 28020 B
g AH]E FoE v 2o A ¢ 2 715 5ol
AF 7t HA B E o8-8 thFst Al E ATt
o] Fo]A L dtHLee & Lee, 2004; Arndt, 2006; Choi &
Lee, 2011; Lee et al. 2013). o= B AL AHE
she 7HAIE S AESE A AFe] duRle] Vs
of BHA FPH R AZEHUA Ao 5370 4
FA QA FAN o] =] Ut

*Corresponding author: Mi-Ja Lee, Crop Foundation Division National
Institute of Crop Science, NICS, RDA, Wanju-Gun, Jeollabuk-do 565-
851, Korea

Tel.: +82-63-238-5332; Fax: +82-63-238-5305

E-mail: esilvia@korea.kr

Received September 4, 2015; revised January 11, 2016; accepted
November 8, 2015

Hjol] g 7l Ag HE QUledle A il
¢l o-amylase, B-amylase, glucoamylase 5°] U°oH, a-
amylase = A9 0-14-2FS F29H o= 714E3)A]
7= E4F FAH Y Bl EA5HA] o) dholA
o WAETI 3Hh(Suh et al., 1983). B3+ He]7} wold
u] wioll A gibberellin FAFEZ o] A E| o] Hijfrol o]f5]
HA g-amylase ¥ B-amylase®] &4 2 S FXAIZ]
o} SFS tH(Varner, 1964). o] W d¥ = A& zymogen
B-amylase® EA|3tH, o] Wolg|= FHIQ7] wiol
BAagA 2L XA RE Wol, A5 B 9= HPS F
sto] 7} G4 AbolE {aL I Ago] AetEH 2ujjof
H| 224 G424 2838 Eh(Lee & Lee, 2004). o] FA|
ozl A7ES Aol AEAIA Axg Alo] et
I AR Aotk Hie e REE EE F
Zota AR A2 WS QUIEFEEC ol Aud =&
Z A3 A715 59 amylaseol] &]3te] Golzlg-o]
oL} maltose, glucose 52 7v|e} 572 Fn7t A4
H(Moon & Cho, 1978). L2 EZ 23 A|Ze] & JFS
H| X = o] Fslo] dofst= G470 amylase 8432 1)
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Ao AM8-3 Bl (Hordeum vulgare L)E =TH2A %
B F A 20140 AAHE 6z 2 w1
AR FLERE 5/ Table 13} 2t}

w9 o]gsty 54 H AVIF w42 02 mmA|7F
2%l Retsch centrifugal mill (Zm 100, Retsch GmbH &
Co., Haan, Germany)< ©]-83to] gt £4S ARSI
t}. Megazyme B-glucan assay kite} AE-5-2S 93} total
starch assay kit, o-amylase®} B-amylase assay kit
Megazyme Co. (Bray, Wicklow, Ireland)oA] ¢35}
), 71 8] BE A2 17 o) AloFS AHE-EFAA T

FA

A7IE A

Q752 BHEE 2407 FHate] 15+1°0Ce] ol dol A
6A 7 TopA|F ow | wol F 1Y 23] Apste] RS
Attt ol & ASE 7AW FAAXE AXIANL
] BEajste] Aol A3k

2 ARl ARSEE B dHe] SRR 110°C 7t
dAzHOZ =H3A L, 2N AL Elementar Analyzer

System (Vario MACRO, Hanau, Germany)< ©]-&3}o] =
gatglom, ofd @A S Juliano (1985) WHS o] &
g vy o 2 RS ZheRsAl AW sk AlEE 100
mg¥ Z}z} FZEtaTd €e & 95% ethanol 1 mLE
FE2A1Z] B2 1 N NaOH 9 mLZ 78kl 100°C =39
Al 1087F 7Hdste] ks8] sskA T SstE A S E A

]

2olA WA & SRTFE 100mLE A2 F & 4o F
Ak A 28N SmLE FHste] 100 mL F2ka=el] YL |
N acetic acid 1 mLe} 027% QL E==8 2mLE 7|3t
T SRTE MY & E50F L A2l 207 WA g
% 620 nmOIX FREE SH8IAT

B-glucan &2 McCleary WS 3838t Megazyme B-
glucan assay kitE ©|-&st] 4 (McCleary et al., 1991)3}
Aon, MRS total starch Megazyme assay kitS ©]
43t 510 nmolA Y] FFEZ A 519 tHMcCleary et
al, 1994). AHFT2 =4 A7fel siBsle FAE 543

et

&f5l2q (Diastatic Power)

dul 2 Q7S] F3tEe AACCHY 22-16 (1983)°]
Tote] s B4 A9 A71E AR 125 g2
St To €3 0.5% NaClg? 50 mLE #H 718kl 20°C
2 FAE g2z 2547 52 208 HH o wt
st FE3 o AT AHd 10 mLel 0.5%
NaCl 40 mLE #H7}ste] 2 99 9 SU|§ F294&
TEAT F2 99 2 SV)E FEY 2.5 mLel 2% A
g 40 mLE FH713 F 20°ColA 3087 wHS-A|FIT
0.5 N NaOH €9 5 mLE #H7Fst & wwtelal /G
25 mLE 7t 71 FEEC o8 EsliE AT
44 25 mLE #3| 5 mL alkaline ferricyanide A] 22
7haete] HEEAIZIAL 8. 2= ARl &3] 0.05 N sodium
thiosulfate 89 2 A slo] Fsle-g AT

i)

B-Amylase &4 =&

B-Amylase Z4]S B-amylase assay kitS A3t
McCleary & Code (1989)2] Betamyl Wi o2 =433t}
0.5g AlEd 5.0mL & buffers 23 20°CollA 147
T BAE FEoHL D4R (1,000xg, 10:2)8t] FE
22|38+ Tk PNPGS (p-nitrophenyl maltopentaoside) &
roshe 7124 02mLE FHO| B3 E4FFY 02
mLE H7HE & 40°Coll A 10327+ WH-3-A17 2™ 3.0 mLé]
1% (w/v) Trizma base (pH 8.5 ¥ FE U&ES 4
3 Ao gE TAAFHT v & AAE p-nitrophenol
of o]gk o] "k 2 Bamylase®] 2]S+ maltose2] A3
Lo} AHAR] #AHo] glom o] mE ¥ Y-EE9]
FEE 410nmolH S 1wnite] E4A8AS |
%<t PNPG5ZY-E| 1 uM p-nitrophenol- A4 st 2
2 3le g4 oz BAETH

o

fo Mr mot

a-Amylase 24 £X

a-Amylase &4 & g-amylase assay kitE Al& 3}
McCleary & Sheehan (1987)2] Ceralpha W'H O 2 =43}
Atk A7 05 g2 100 mL A& ZTp2=ol B 1%
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sodium chloride, 0.02% calcium chloride, 0.02% sodium
azide §H O 2 &3l 20°ColA] 1585 T4 F53
T AAEZ(1,000xg, 10)3tTE BPNPG (blocked p-
nitrophenyl maltoheptaoside)S X 33l= o-amylase 7]2-8-<)
02 mLE B|ZE FHo| 23 34H §4 FF55 02 mL
£ F7Yste] 40°CollA 10327 WA Z oH REg- & A E
p-nitrophenol®] FF=E 410 nmoA &4 3} 1 unite]
BAFAL 1259 BPNPGTLERE | uM p-nitrophenol-S
Adsted o g sl 820 o' FASI

SHXE|

A A 3E meantSDE X 7]31% 2™ SAS Enterprise
Guide 4.0 (Statistical analysis system, Cray, NC, USA)<
o] &-5to] UYFAHEA(ANOVAYS AABIA L, 24 243k
7ke] 9141 Z}o]= Duncan’s multiple range testZ -2
FE 5% (p<0.05)°14 HAZ=3FT).
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Table 1. Grain characteristics of covered barley cultivars

N FFo2 AEZEES} FRgle 24 F5o)H, U
A FFELS BT 6, WAHE FFECIeH, B o
Wl o] o]3}8E EAJE Table 19] VERHSITH A7 F3
£ dulo] g shake 82-12.8%°10om Al&x e}
7V w9k 77 7P W i S-S e
Ak G o] 79 Tl o ool We PSS v =
AEOZ u$ T3 FF Aoy Tl ggo] o
FZE Fgo| 2 W4T AR T TS oIAA vt
S5k Rk v 84 od ey g A9 =
& Qo7 AR UrhLee, 1989). EFE ofU=E A ek
2 42-19.1%Re™ AR 7P E9ka, ZEE 9 A
AR 7 ol 22 TERS YER AT 3] & (husk

ratio) 7.4-14.0%% R/ 7Y =tom ARt
71 Wokth W S (test weight)S 27.1-39.6 g & SUH
27t 7P BAYeH, teow FUdRE 1357} FAYL
GRE7F 7 7HH T WERE T SRS 4.1-74%2
MEZEY I 7P w9 ARV Y W2 wEE R
b S JeERT F AR TS 47.9-59.7%°10 2
A7 R 7F 7P w9 ZREVE 7P e AREES
YERHSITE Lee et al. (2011)9] AFE o w2 Z4H
27 v e o WERE T3 ghdo] kil HAS=

Cultivars Characteristics Test (\g)e ight Hus(l(;]r)atlo Pr((z/toe)m An(lo}/]ol )0 ¢ B C(}ol/j ;: an szf,l/z():h
Ol Normal starch, 6-rowed 34.8+1.73 7.93 10.9+0.45%4 17.1+0.40° 5.5+0.28%%  58.0+£2.31%
Nagyeoung  Normal starch, 6-rowed 36.3£1.01 1023 10.0£0.01°F  17.3+0.26%"  5.3+0.00™% 56.3+2.57%
Seodunchal ~ Low amylose starch (waxy), 6-rowed ~ 31.2+0.38 8.39 10.8+0.25 ™% 4.5+0.15"  7.4+0.16°  56.9+1.34®
Daeyeon Normal starch, 6-rowed 34.9+0.42 7.38 9.9+0.61%"  18.0+0.12° 5.2+0.20M  54.8+2.14%®
Daebaeg Normal starch, 6-rowed 28.7+3.90 8.80 9.8+41.08%%  17.1£0.25¢  4.4+023Y  57.8+1.87®
Mirag Normal starch, 6-rowed 31.5£2.18 8.51 9.9+0.52°  17.5+0.32°%"  4.7+0.15  57.9+0.50
Keunal Normal starch, 6-rowed 39.6+£3.46 8.61 10.2+1.28%%  16.6+0.23¢ 5.7+£0.25%  55.3+0.77%°
Sanglog Normal starch, 6-rowed 31.5+4.48 9.91 11.4£0.09%%  17.4£0.32%%  4.7+0.135  56.4+1.12%
Daegin Normal starch, 6-rowed 30.3£0.13 9.45 9.4+129°  17.7£0.45¢  4.6:0279  59.7+4.14%
Saeal Normal starch, 6-rowed 31.5+£2.76 8.63 9.9+0.54¢ 17.7+0.12%%  4.3+0.03¢ 57.5+0.46"
Keunalbori 1 Normal starch, 6-rowed 35.0£1.61 7.55 10.0+0.38° 17.7£0.29%  5.3+0.14""  58.5+1.39%®
Geungang Normal starch, 6-rowed 28.2+4.02 9.31 8.2+1.16" 19.1+0.14* 4.1x0.11' 59.742.05%
Taepyeong  Normal starch, 6-rowed 32.9£2.00 1092 11.5£0.49%%  17.6+0.01°%" 5.7+0.28%"  56.5+0.28"
Kang Normal starch, 6-rowed 30.9£2.77 8.09  11.1£0.18** 17.8+0.02°  4.4+0.11"  57.3+0.12%
Tapgol Normal starch, 6-rowed 28.2+1.09 9.37 10.6+0.46° 17.5£0.02°%  5.3+0.02°%"  56.6+0.45%®
Saeol Normal starch, 6-rowed 35.6+1.55 9.82 12.8£1.06™  17.7+0.18%  4.4+0.14 55.9+0.55%
Chal Low amylose starch (waxy), 6-rowed ~ 29.0+4.35 13.98 12.0£0.00™¢  4.2+0.06" 7.3£0.18"  47.9+2.60°
Saekang Normal starch, 6-rowed 30.9+0.50 11.33 11.14£0.38%%  17.6+0.62°%f  5.0£0.04"  54.6+0.93%
Al Normal starch, 6-rowed 32.1+£2.63 12.58 10.4+0.21%%F  17.3+0.01%"  4.4+0.28" 55.1£1.34%®
Oweol Normal starch, 6-rowed 32.6+£0.27 9.99 11.9£0.34%® 17.3£0.02%"  4.9+0.08"  52.2+2.07b°
Alchan Normal starch, 6-rowed 27.1£3.01 13.23 12.4+0.53* 16.2+0.12¢8 6.2+0.25¢ 50.5+1.99<
Paldo Normal starch, 6-rowed 33.3£1.01 11.59 11.0£0.72%%  17.7£0.04°*  6.0£0.02%  55.2+0.20*°
Milyangket =~ Normal starch, 6-rowed 29.3+1.64 12.17 10.1£1.05%%  18.5+0.25° 5.3+0.18%"  57.4+2.04%
Taegang Normal starch, 6-rowed 32.1+£0.19 10.40 10.3£0.39%%  18.9+0.10  5.9+0.28¢  55.4+1.22®
Gwangan Normal starch, 6-rowed 32.6£1.24 1143 10.8£0.34%F  17.7£0.18*  7.0£0.08"  54.7+0.00°

The values indicate the mean=SD of triplicates.

The different superscripts in the same column mean significantly different at p<0.05.
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Fig. 1. Diastatic power of malted barley according to various
length of bud.
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malted barley according to germination time.
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Table 2. Characteristics of grain and malted barley cultivars

- Holy -

. Potential diastatic Diastatic power B-amylase Yield Germination rate

Cultivars

power (°L) (°L) of grain (unit/g) (%) (%)
Ol 110.4+3.25% 176.5+1.22" 898.6+43.91¢" 85.5 95.3
Nagyeoung 116.2+0.00* 184.0+2.03¢ 976.7+13.95¢® 84.5 96.1
Seodunchal 97.8+3.25%" 172.5+2.44' 659.0+7.89 86.5 89.8
Daeyeon 107.0+16.26% 185.7+1.63¢ 842.6+23.53' 83.8 94.5
Daebaeg 133.7+10.98"™ 219.142.44" 1,109.4+£15.42° 84.2 93.0
Mirag 120.5+15.86% 219.1+1.63¢ 949.6+53.26"" 84.9 91.8
Keunal 115.6+£3.25% 208.2+2.03¢ 920.8+23.15%" 87.6 95.0
Sanglog 140.0+£3.66° 235.2+0.81 1,268.2+21.58" 85.2 93.9
Daegin 95.5+10.57%" 170.2+4 47" 679.9+43.82 84.2 96.2
Saeal 119.0+£8.94° 211.0+1.22° 1,094.1+88.49° 84.9 96.2
Keunalbori 1 114.1£2.03% 178.8+2.44" 960.4+46.36°"" 84.2 94.4
Geungang 89.7+3.25" 154.7+0.81'%* 625.9+109.46 83.0 88.6
Taepyeong 122.2+12.60% 197.8+0.00 1,036.6429.93%" 82.5 98.4
Kang 126.5+1.63"¢ 197.242.03¢ 1,072.5+14.89* 80.7 95.5
Tapgol 119.0+£5.69 205.9+2.03" 1,047.84+22.93% 853 93.9
Saeol 96.9+3.66™" 161.6+1.63% 627.8+4.14) 81.1 98.1
Chal 94.9+2 .44 155.8+0.41™ 623.9+54.57 83.3 93.9
Saekang 117.9+£3.25 207.6+0.41° 992.04+28.98%! 83.0 96.2
Al 126.5+0.81%¢ 222.5+1.63° 1,073.5+1.57% 86.2 93.7
Oweol 169.3+0.41° 263.5+0.41" 1,591.9+22.16° 80.3 94.1
Alchan 113.3£10.57%f 210.5+1.22° 974.7+59.69°" 86.1 95.7
Paldo 120.5+3.66° 173.7+1.22¢ 959.3+44.30°"" 85.7 92.5
Milyangket 121.9+7.32° 228.9+0.41 947.240.69'" 82.9 94.2
Taegang 109.0+6.10%" 164.5+2.03* 866.7+18.58" 83.4 96.2

The values indicate the mean+SD of triplicates.

The different superscripts in the same column mean significantly different at p<0.05.
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Fig. 3. Relationship between potential diastatic power and p-
amylase activity of grain (A), diastatic power of malted barley
and B-amylase activity of grain (B), diastatic power of malted
barley and potential diastatic power of grain (C).
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Table 3. Pearson’s correlation coefficients(r) between chemical composition and physical characteristics in covered barley grain and

malt
a-Amylase -Amylase diaftztisgzlwer D;zsvt]aetrlc Yield B-Glucan Starch ililscl)( wTe?;r[ Protein
a-amylase 1
-amylase 0.082 1
Potential diastatic power  0.107 0.977*** 1
Diastatic Power 0.245 0.654%** 0.644%**
Yield 0.325  -0.139 -0.194 0.235 1
B-Glucan 0.032  0.038 0.064 -0.125 0.219 1
Starch 0.089  -0.108 -0.133 0.046 0.052  -0.264 1
Husk ratio 0.131  -0.027 0.009 0.072  -0.015 0.096  -0.666** 1
Test weight 0.182  0.016 0.031 -0.143 0.132 0.123 0.097 -0.376 1
Protein -0.124  0.207 0.248 0.034 -0.238 0205  -0.673**  0.430 0.038 1
Amylose 0.081 0.370* 0.313 0304  -0.193  -0.357* 0.461* -0.219 0.164  -0.286

Levels of significance; * p <0.1, ** p <0.001, *** p <0.0001.
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