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Physicochemical Characteristics of Barley Powder Produced from
Different Cultivars and with Different Degrees of Milling
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Abstract This study investigated changes in physicochemical characteristics of barely powder produced from different
cultivars (Dahan, Hinchalssal, Heugkwang, Heugnurl and Boseokchal) and with different degrees (15, 19, 23, and 27%)
of milling. Crude protein content increased with decreasing milling degrees, with content ranges of 7.38-10.09, 8.01-10.58,
9.47-11.62, and 9.03-12.08%, respectively. Further crude lipid and ash content increased with decreasing milling degree.
The crude lipid content was highest in Dahan-milled barley, while crude ash content was highest in Hinchalssal-milled
barley. As the milling degree decreased, palmitic and stearic acid composition decreased and oleic and linoleic acid
composition increased. Major minerals present in the barley powder were Ca, Fe, K, Mg, Mn, Na, and Zn. K and Mg
content increased with decreasing milling degree. These results indicate that further studies are needed to optimize the
cultivar usage and degree of milling for manufacture of various barley products.
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AW AOACH wet A8l k(17). &, =od §
2 A (KjeldahlyJ 22, AW k2 &4 (soxhlet) 29
o= 323 FIELS 550°CHAM A4 o BAETt
Wrre] ZeE A, 23 FHE =S o 2 HE
I (whole grain)®] FHFollr] R e wale] 7} JEste

< AR o= Yepiieh

A B FE2E ZAo)| 8FS-A] 2f(methanol:heptane:
bezene:2,2-dimethoxypropane:H,SO,=37:36:20:5:2 (v/v)) 2mL<S 2
Il 80°ColA 2027 WHEAIR] ¥ ATl A FHate] A
Ql(hexane)ol] &3IAIA AWt B8 AlE2 ARS-SFATH18). A
WA BAE 7R et ETe J(gas chromatography) (Agilent
6850 GC, Agilent Technologies, Palo Alto, CA, USA)S A}8-3}
%32, F(column)2 Varian VF-WaxMS (30 mx300 pm, 0.25 um,
Varian, Palo Alto, CA, USA), H&71= EZo|23E7](flame
ionization detector)& AMS-3ITh. YT 2= 250°C, HEV]
2EE 300°CE atlom, o8 25 120°ColA 57+ fAs
5 BT 100Cy 230°C7HA 28 2087 fFA ST 2Rk
(carrier gas)= FAN,) (99.999%)F AM&3om, 442 1.3
mL/min, FYFS 1 uLoIY L, split ratios 10:1 H]&Z 3T
EFEHS I E K (palmitic acid), 2~EoF2 A (stearic acid), 2]
2Holeic acid), 2] d|2H(linoleic acid), 2| @ 2k(linolenic acid)
(Sigma Aldrich, St. Louis, MO, USA)S AM&-3llom] xupAl =
/& 9|3 H (peak area)?] JUIHIZ YER AT

W

PR & 53

TR TS ACACK wet Ao HAEste] &
ABFRATH1T). AEE 550°CAIA 3l8keh & 0.5N HNO, 10 mLE&
¥y 7383} 2171 o2 GF/C(90 mm, Cat No. 1822 090, What-
man International Ltd. Maidstone, England) AE50]2 o]3}3}aL
0.5N HLHHNO,) 25 mLE 83 thy FEddEearhid7
(inductively couped plasma spectrometer) (ICP, Thermo Jarrell
Ash, Franklin, MA, USA)Z #4519t 4882 44, 3, &
F, kg, BhE, &F 9 okdE EAsth

SAHEA

FAEAS SPSS EAZZ 13 (Statistical Package for the
Social Science, Ver. 12.0 SPSS Inc., Chicago, USA)S ©]-&-3}<]
7F ZA ] W REUAE AESA X2 ogE {9
A& one-way dHIX|EAHEA](ANOVA)(analysis of variance)=
EA4% F 21857 p<0.05914 FZAAIE (Duncan’s multiple range
testyS AAISIATE

Zhmza Sk Table 13 Zth &3
S1A] e Hele] ool dheke sk, 3, S, S
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Al zehuld shaf Mo AATHI9).
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7.22-10.09, 8.01-10.58, 8.59-11.58 &
) ) oA Srlehe ATS Yeplddh F5E 20
Wz sere Sxo] AL wat z+-z 10.09, 10.58, 11.58 2
1238%% Th2 &5 vld] =2 % Jeplislern, S5
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259 =z mE AW T2 Table 29} At} =435}
A ¢k R AW she ek A S S 9l 1
Az T2 Zhzb 221, 1.99, 1.54, 1.97 2 2.01%°)Ac}. =4
= AW e AT} 27, 23, 19 E 15%% A4S u)
2+ zHzt 0.67-1.12, 0.90-1.28, 1.04-1.50 = 1.22-1.68% H$IoA]
Z71eka . EFHEE Udly) Bz ghako] woton 533
o] 7 v TS e ATHp<0.05).

FeH 2= mE X3 FFS Table 337 2o} =35}
A ke RE|o] Z3IE e teh, AR, 3, S 9 B
Azko] Zbzk 227, 223, 1.77, 2.00 & 2.16%% t}dto] 714 =&
SRS Yehldth =R 23E sk =A%) 27, 23, 19
2 15%2 Zaskl w2k tske 092, 099, 1.13 2 1.81%%, 3
2o 157, 1.66, 1.76 D 1.95%=, 42 093, 1.07, 121 &

b

Table 1. Changes of crude protein with barley varieties and degree of milling (Unit: %)
Varieties
DOM
Dahan Hinchalssal Heugkwang Heugnurl Boseokchal
Whole grain 11.87£0.317 11.14+0.03% 12.2440.20"° 9.83+0.38"¢ 12.92+0.16*
27% 8.31+0.23™* 8.56+0.08™ 10.09+0.14% 7.38+0.59¢ 8.84+0.29"
Barl 23% 9.64+0.38 9.14+0.08% 10.58+0.20% 8.0120.19°< 10.54+0.14°
WY 19% 10.8720.06% 10.27+0.31% 10.61£0.33% 9.47£0.47°%¢ 11.62+0.01%
15% 11.51£0.08% 10.55+0.15%° 11.64+0.424 9.03+0.08"5 12.08+0.26"
27% 22.17+0.74"° 18.1240.314 18.47+0.17" 16.43+0.67* 23.95+1.04%
Barley 23% 20.100.10% 17.84+0.35"° 18.03=0.80"" 16.77+0.48" 20.88+0.73%
Bran 19% 17.48+0.74< 14.22+0.59% 18.020.02* 15.56+0.055 18.46+0.84<
15% 12.93+0.03™ 14.90+0.64" 13.3440.53" 13.87+0.41< 16.41£0.67™

DOM: Degree of milling, Different capital letters in the same items indicate a significant difference (p<0.05) among degree of milling. Different
small letters in the same items indicate a significant difference (p<0.05) among varieties.
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Table 2. Changes of crude lipid with barley varieties and degree of milling (Unit: %)
Varieties
DOM

Dahan Hinchalssal Heugkwang Heugnurl Boseokchal
Whole grain 2.21£0.044 1.99+0.06"° 1.54:£0.20%¢ 1.97+0.05° 2.010.05
27% 1.12+0.05" 0.98+0.01™ 0.67+0.04" 0.82+0.03™ 0.98+0.05""
Barl 23% 1.28+0.03" 1.05+0.04"° 0.90+0.00¢ 0.95+0.00" 1.05+0.04"°
WY 19% 1.37+0.01< 1.32:£0,04 1.1120.08™ 104005 1.50+0.07°
15% 1.52+0.01%° 1.53+0.03%° 1.22+0.09" 1.32+0.04"% 1.68+0.07"
27% 5.15+0.07< 4.74+0.23" 3.38+0.14% 5.20+0.16™ 4.960.04"*
Barley 23% 5.324+0.10% 5.15+0.214 3.81£0.11"° 5.39+0.225 5.1240.25%
Bran 19% 5.78+0.20% 4.71£0.035° 2.84+0.18% 5.92+0.24% 4.48+0.01%
15% 6.11:0.25% 4.43+0.00° 2.62+0.11¢ 5.40+0.28% 3.91+0.02%

DOM: Degree of milling, Different capital letters in the same items indicate a significant difference (p<0.05) among degree of milling. Different
small letters in the same items indicate a significant difference (p<0.05) among varieties.

Table 3. Changes of crude ash with barley varieties and degree of milling (Unit: %)
Varieties
DOM
Dahan Hinchalssal Heugkwang Heugnurl Boseokchal
Whole grain 2.27+0.03 2.23+0.014® 1.77£0.06 2.0040.03% 2.16+0.03"°
27% 0.92+0.04% 1.57+0.04" 0.93+0.06" 1.000.00% 0.90:£0.03"
Barl 23% 0.99+0.03" 1.66+0.02"* 1.07+0.03" 1.16+£0.01 0.95+0.01°¢
A 19% 1.1320.02 1.76+0.02% 1.2120.04% 1.28+0.01° 1.24+0.05%
15% 1.81£0.03%° 1.9540.04% 1.43+0.06"¢ 1.48+0.03%¢ 1.4540.025¢
27% 5.91+0.33< 3.99+0.14% 3.84+0.041¢ 4.71£0.11% 5.57+0.11%°
Barley 23% 6.54+0.335 4.12+0.06"° 3.92+0.08"¢ 4.81£0.174 6.23+0.16™
Bran 19% 7.11£0.26* 4.20£0.09"¢ 3.95+0.324¢ 5.07£0.19%¢ 6.29+0.19"°
15% 5.18+021™ 3.94+0.05% 4.04+0.021 4.78+0.04"¢ 6.3440.18

DOM: Degree of milling, Different capital letters in the same items indicate a significant difference (p<0.05) among degree of milling. Different
small letters in the same items indicate a significant difference (p<0.05) among varieties.

143%2 SFE= 1.00, 1.16, 128 Z 1.48%=Z 12|32l BAIEL2
0.90, 0.95, 124 2 145%% =75 tH(p<0.05).
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7] Wi =AHE7} 2718 wal 7hasle Aoz wokEc)
el Aol 3FF] FYHEES HAT Choe T AFolA
S} PRV R FF9 Aol AT Zlom AdETH(19).

EF259 =AE 2 At 248 BA% @Aw Table 4
: Fake A L= E S
=4t 2 gy, 53] E53 == {4741%’101 o E
s &8 2 ElEEite] 88% oS AAISAL UTh =H 5
A e ®Ee AWt 2L EFF wet B EA 20.98-
24.59%, *EHO} 2 1.502.24%, SEAF 15.26-18.86%, =aAF
51.43-52.13% 2 =AU 3.71-4.84% HElo|on, o] B
AukA ol xwhat 243 FARE A TH3,19,21).
A% Hele] 2wkt 2L AR, Bl 7 Bol @
fFrEo] e BXFAUI 2lEwEike teky) sEe) A
Z}z} 49.96-53.41%2} 51.73-52.54% HYE §-2]F<] xjol7} °i°i

AT p>0.05), ZF-E 52.11, 5255, 52.74 2 5234%, S¥E
55.57, 5329, 53.64 % 53.57% @3 BAZL 5236, 51.74,
5145 2 5189%%2 EAE7} 7HASSE 2asls 43S U
WRATHp<0.05). T3 Laab hre =R s} ghadtel wa} 7t
7} 9.92-14.55, 11.16-1442, 12.31-1643 & 13.53-17 3%:1 =713}

AFS eplor, glEait JA] 4= } ’P% Z
7Vohe &S YERIATHp<0.05). W EspA L En|EAE
FFe = il mef vk 25, 6001]/‘1 24 31% , 8
2L 3067914 26.98%, SH-2 27.16°014 24.54%, ’—TTE]‘_
2290914 21.87%= 1] BEAZE 2596004 2391%= A
sion, AHolEAr Sty =T wet 24zt 2.72-3.65, 2.35-
3.35, 2.23-292 % 2.01-2.65% WA HadteE A Ve
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Table 4. Changes of fatty acid composition with barley varieties and degree of milling

Fatty acid compositions (%)

Varieties DOM
Parmitic acid Stearic acid Oleic acid Linolenic acid  Linoleinic acid ETC
27% 25.60+0.955¢ 3.65+0.15% 10.01+0.15% 49.96+1.17% 3.18+0.07° 4.16£1.16™
23% 28.64+0.774° 3.35+0.01% 12.1440.34™ 53.41£0.024° 3.32+0.11¢ 2.60+0.305
Dahan 19% 24.79+0.825¢ 2.92+0.15 13.85+0.38 52.77+0.66*° 3.58+0.07% 2.09+0.21%°
15% 24.31£1.135¢ 2.65+0.12P 14.52+0.25% 53.040.90*° 3.74+0.09%° 1.75+0.385
whole grain 22.93+1.14° 2.20+0.02" 16.34+0.26"° 51.81£0.99% 4.46+0.11"° 2.25+0.14%°
27% 30.67+1.244 2.97+0.044° 9.92+0.12% 51.73+0.48 3.27+0.07%¢ 1.44+0.57"°
23% 29.09+0.175 2.47+0.015¢ 11.16+0.41% 52.53+0.074% 3.54+0.11% 1.22+0.44"°
Hinchalssal 19% 27.96+0.035¢ 2.09+0.10® 12.31+0.54% 52.54+0.224° 3.76+0.02° 1.33+0.48"
15% 26.98+0.71< 2.01+0.07¢ 13.53+0.26" 52.4240.73A% 3.96+0.06" 1.07+0.35%°
whole grain 24.59+0.27% 1.50+0.06™ 15.26+0.28%¢ 52.1340.5442 4.84+0.03" 1.68+0.10"°
27% 27.16+0.44"° 2.7240.02%° 11.690.44"° 52.11£0.107B« 3.39+0.05"° 2.92+0.18"
23% 25.38+0.25% 2.35+0.03%° 14.23+0.30< 52.55+0.24°® 3.57+0.03¢® 1.93+0.38%
Heugkwang 19% 24.66+0.235° 2.22+0.045° 14.75+0.12<° 52.74+0.57°8° 3.77+0.02" 1.16£0.465
15% 24.54+1.11%° 2.62+0.175 15.44+0.365 52.34+0.35%8° 3.77+£0.13% 1.98+0.58%
whole grain 22.99+0.26° 1.74+0.04% 16.80+0.14*° 51.94+0.06 4.47+0.024° 2.06+0.19"B°
27% 22.90:£0.404¢ 3.54+0.034¢ 13.94:£0.34° 55.57+0.3342 3.70+0.09< 0.35+0.615%°
23% 22.77+0.104¢ 3.09+0.06™ 13.69+0.44< 53.29+0.7282 3.69+0.06% 3.47+1.38%
Heugnurl 19% 22.06+0.19% 2.88+0.13 15.25+0.68"° 53.64+0.40 3.8240.07° 1.81£0.234Bb
15% 21.87+0.558¢ 2.51+0.07" 15.79+0.184B® 53.57+0.6282 4.03+0.08" 2.78+0.90"
whole grain 20.98+0.46% 2.24+0.03" 16.47+0.91"° 51.83+0.58% 4.76+0.12"° 3.71£1.37%
27% 25.96+0.49"% 2.83+0.114% 14.55+0.28™ 52.36+0.08"° 2.80+0.07™ 1.50+0.62%
23% 25.71£0.61"° 2.81£0.027° 14.42+0.49™ 51.7420.188¢° 2.77+0.04™ 2.55+0.76B®
Boseokchal 19% 24.02+0.59% 2.23+0.08%° 16.43£0.41¢ 51.45+0.065 3.12+0.05< 2.910.11%
15% 23.91£0.63% 2.06+0.01 17.34+0.10" 51.89+0.28¢P° 3.23+0.04" 1.62+0.765
whole grain 22.36+0.73° 1.95+0.06° 18.86+0.10% 51.43+0.06™ 3.71£0.07%¢ 1.69+0.54%

DOM: Degree of milling, Different capital letters in the same items indicate a significant difference (p<0.05) among degree of milling. Different
small letters in the same items indicate a significant difference (p<0.05) among varieties.

mg/100 g, WFIU|%F 103.31-108.64 mg/100 g, Z4r 34.65-66.10 mg/
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Table 5. Changes of mineral compositions with barley varieties and degree of milling
Varieties DOM Minerals (mg/100 g)
Ca Fe K Mg Mn Na Zn
27% 18.30£0.81°  0.82+0.01¢  112.95+2.22”° 23.64+£0.63%  0.14£0.01°®  9.02+0.36“*  2.36+0.10“
23% 20.11£0.97%  0.92+£0.04°  115.91+2.21% 31.13+0.66™  0.17£0.01%¢  9.06+£0.53“*  2.63+0.10%
Dahan 19% 21.40+£0.11%  0.93+0.03°  137.71£3.83°° 39.56+0.22°  0.18+0.01%  9.19+0.21%  2.87+0.02%
15% 20.59+0.24%  1.16£0.01%  150.58+4.12%¢ 44.74+1.42%  0.19£0.00%  11.66+0.00%°  2.65+0.01%°
whole grain ~ 33.95+0.92*  2.59+0.08"*  265.02+£3.96"° 108.64+£1.20"  0.80+0.04"°  12.79£0.48"°  4.28+0.28"
27% 24.98+043%  1.06+0.02%  122.95+3.14™  34.78+0.63%  0.25£0.01>  8.03£0.19%  2.04+0.08™
23% 34.50£1.25%  1.1740.07°%  133.19+4.32°° 42.36+2.03%  0.27+0.01°®®  835£0.00<°  2.14+0.03™
Hinchalssal 19% 35.66£1.28“  1.50+£0.07  156.65£0.48° 51.44+0.93  0.28+0.01  829+0.00<°  2.35£0.10
15% 37.44+0.05%  1.65+0.07%  172.33£6.47% 63.21+£1.92%  0.32+0.01%  13.47£0.64%  2.62+0.04%
whole grain ~ 49.50£1.65°  2.47+0.13%  313.71£10.34" 104.09+4.65*  0.71£0.00*  15.35%0.53"*  4.15£0.17*
27% 20.82+0.22%  1.28+0.01%  122.37+1.84% 40.32+0.61%  0.16£0.01™  8.53+0.11%*  2.36+0.06™
23% 21.66+£0.38™¢  1.32+0.03“  133.33+1.13™ 48.50+1.16™  0.17+0.01%"  8.74+0.25*  2.47+0.04®
Heugkwang 19% 24.58+0.47°  1.44+£0.05° 153.22+5.77°° 61.19+0.85%  0.22+0.01°°  8.90+0.14“*  2.73+0.13%
15% 28.90+0.18%  1.58+0.04%%  184.24+1.42%  75.11£0.19  0.29+£0.00%¢  9.90+0.09%  3.15+0.01%
whole grain ~ 37.39+1.29%  1.85+0.00% 244.47+£3.67* 106.4+7.68"  0.67+0.05¢  13.93£0.35""  3.84+0.04""
27% 20.61£0.22%  1.00£0.01°*  107.09+3.13%  42.14+0.87%  0.59£0.00%*  6.13+£0.07™  1.48+0.01™
23% 22244037  1.11+0.04%  152.2243.16™ 53.34+£0.77™  0.62+£0.01%  7.57+0.34% 1.8240.05
Heugnurl 19% 23.09+0.61%¢  1.2240.06<°  163.79+4.66°* 61.3242.13%*  0.62+£0.02%  7.58+0.43 1.8120.06%
15% 24.57+0.63%¢  1.50£0.05%  179.85+4.37% 7223£223%  0.65+0.02%  8.75+0.28% 1.97+0.09%¢
whole grain ~ 34.65£1.23  1.74+0.03%  263.19£10.1°° 104.4+3.83%  0.97+0.05**  11.63£0.31**  2.57+0.09*
73% 30.80£0.93%  1.19+0.02° 108.80+1.825° 37.55+1.42%°  0.39+0.02®°  6.48+0.22%¢  2.25+0.04*
77% 31.04+1.08%°  1.26+0.06° 115.79+4.51% 40.91+1.70>  0.39+0.02<°  6.69+0.26*  2.31x0.11°
Boseokchal 81% 33.49+0.25%°  1.04+£0.05%  138.53+0.20° 54.59+2.66°  0.44+0.00%°  6.80+0.00%  2.41+0.125°
85% 35.26+0.92%°  1.17£0.06%  161.19+0.12% 67.69+2.63%  0.46£0.01%°  8.46+0.29%  2.59+0.07%°
whole grain ~ 54.87+1.11%  2.1240.06">  297.47£1.02"° 103.31£0.57**  0.64+0.02*!  11.94+0.89*  3.67+0.14"°

DOM: Degree of milling, Different capital letters in the same items indicate a significant difference (p<0.05) among degree of milling. Different
small letters in the same items indicate a significant difference (p<0.05) among varieties.
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