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Abstract

This study aimed to evaluate the changes in the content of functional components and antioxidant activity of rice and
barley according to the milling process used. A considerable amount of y-oryzanol was observed in unmilled rice and barley.
However, y-oryzanol was not detected in the rice and barley after the milling process. The highest content of y-aminobutyric
acid (GABA) was observed in the unmilled Keunalbori-1-ho barley. The contents of biotin in all samples also decreased in
the milled grains compared to the unmilled grains. The highest content of total polyphenols and flavonoids was observed
in the Heuksujeongchal barley, and the highest radical scavenging activity was also found in this grain. The milling process
led to a decrease in the content of functional components, including y-oryzanol, GABA, biotin, polyphenols, and flavonoids
in both rice and barley. These results may be useful in the development of processed foods using cereal grains.
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<Table 1> y-Oryzanol and GABA contents in milled and unmilled grains

v-Oryzanol (mg/100 g)

GABA (mg/100 g)

Sample Cultivar
unmilled milled unmilled milled
Dodamssal 485.203+7.640% NDV 1.3210.0754 0.576+0.030%%
Goami2ho 585.947+0.959 ND 2253402274 1.230+0.048"
Haedeul 471.485+0.195°" ND 1.342+0.085% 0.623+0.014™
Haepum 476.544+2 336" ND 0.327£0.0114 0.054+0.0015!
Haiami 495.628+0.143¢ ND 0.6110.0114< 0.275+0.014°"
Tlpum 317.657+1.1128 ND 0.2660.040" 0.167+0.003&"
) ) Mipum 392.777+2.449¢ ND 1.445+0.2507 0.528+0.062%¢
Non-glutinous rice N ef B
Odae 374.434+1.420 ND 0.5910.079 0.216+0.0015%
Palbangbi 290.595+1.195 ND 0.1640.010* 0.12120.025e"
Saeilmi 331.895+0.800' ND 0.3830.0022f 0.131£0.0115¢h
Samgwang 310.946=0.762 ND 0.345£0.017%f 0.115+0.0118"
Seolgaeng 366.552+0.601" ND 0.2830.027" 0.1610.008""
Sindongjin 384.220+0.244¢" ND 0.589:£0.0594" 0.263+0.0075"
Ungwang 477.900+0.405%" ND 1.31520.148% 0.300+0.0145"
Baegokchal 634.729+2.957* ND 1.857+0.137° 0.576+0.0338¢%
Glutinous rice Baekjinju 459.771+4.368" ND 0.336:+0.042f 0.133+0.0038¢"
Boramchal 529.9610.871° ND 0.678+0.021%° 0.151£0.010%¢
Heuksujeongchal 4.877+0.029" ND 1.273+0.040* 0.625+0.001¢
Barley Hyeyang 59.075+8.522™ ND 3.160:£0.5394° 1.371£0.145"%
Keunalborilho 96.512+33.981' ND 5.378+0.540% 2.860+0.046%

All results were expressed as the mean+standard deviation of duplicate determination.
“"Means with different small letters in the same column are significantly different by Duncan’s multiple range test at p<0.05.

ABMeans with different capital letters within a row of each sample under y-oryzanol or GABA are significantly different by Duncan’s multiple

range test at p<0.05.
UND: not detected.
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520nmelA 25 AU EEFOR gallic acids
AR&ste] AEAS AASHAL, mg GAE (gallic acid
equivalent antioxidant capacity)/100 g sampleZ Z}t]Z 4

71278& vepil.

7} 71678 AR I H kst 24S B g At
EAEAE SAS 9.4 (Statistical Analysis System, SAS
Institute Inc., Cary, NC, USA)E ©o]&3&}e] Fafsls]on,
Boawd AR JepiATh 2t A3 fod A5S
A5k U vl R AL (one-way ANOVA)ZF Duncan’s
multiple range test2 AlE 7+2] 2}o]E A3 tH(p<0.05).

N, ZAxk gl nxk
1. 72| =X0f| LZ y-oryzanol, GABA 2! biotin &tz Bi5}

B ApoMe F7e =49 u}Z y-oryzanol, GABA %
biotin 3FF H3}E dolHtom 7 AFE <Table 1> 1}
EPH ATt y-Oryzanol®] 73-9- =48 ¢ FFolre HAEH
2 easkot, =S oA B2 F72 7F 4.877-634.729
mg/100 g M2 BF AZHUT. =4S opA] &2 32
o] wl2-2H(634.729 mg/100 g)°o] Ao 7 71 =e Stk
< Yepfiglon, sas} Hele 27 585.947 mg/100 g2
S-S 7 3o 259} 96.512 mg/100 g8l SLHE] 157}
7P #=8kth y-Oryzanol> 9] wZdel| EAjshs 4T o=
ferulic acid esters®] S3=°|H =2 cycloartenol, B-sitosterol,
2,4-methylenecycloartenol ¥ campesterol} 722 254 2=
HE2 7450 AdthKozuka et al. 2013). T3F Oh et al.
2010y Wl ¥ y-oryzanol®] FHFo] F5ol we} xjo]
7F Aokal Basilom, & Aol A3 y-oryzanol®l
o] A gk FF 1o AeolE Bk o Al w
29 19 y-oryzanol®] FF2 3.96 mg/100 g = 2 A
TollA EAT Bl S8R AR kS JER o,
#21(0.53 mg/100 g)°F -2 FF% y-oryzanolo] A% 3
fFrEoe AR B E AT Tsuzuki et al. 2018).

2 Aol 5783 F/H9 GABA FHEFS 0.054-5.378
mg/100 g9 MPIE Yepton, =45 o4 ¥ IF{
Hale] U182 135(5.378 mg/100 g)ollA 7F =t} =3
A, F 379 GABA &4 Are jl&dM = 26-83%, 3
M= 60-78% FHAsliem, BejolME 47-57%7}F 4
SIATE B AFollA] AMESE =Y FRE BF 10% Tr]o]
71, A& 7Fe] GABA 4 A= Apoli= 3ol me} 2o
7F Us Zlez A7 GABAE o] Wolrt z18 g
wet S7kshe Aol 717l ek ¥4l SHHE GABAS
SHEFS S/ ol Fn ol Algol] A=A UTk(Esa
et al. 2013). Roohinejad et al. (2011)2] Ao wW=w
GABAT® T2 17 =4 Al AAEE vlijol 2 Aol EA)

1o

o
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<Table 2> Biotin contents in milled and unmilled grains

Biotin (ng/100 g)

Sample Cultivar
unmilled milled
Dodamssal 1.425+0.02540  0.545+0.0018
Goami2ho 2.124+0.148"  1.085+0.079"¢
Haedeul 1.720+£0.030%¢  0.564+0.025"%
Haepum 1.21120.065%  0.920+0.0455
Haiami 1.075+0.030' NDY
Tlpum 1.536+0.088" ND
Non-glutinous  Mipum 1.047£0.0201  0.524+0.0328¢
rice Odae 1.957+0.054" ND
Palbangbi 1.044+0.029' ND
Saeilmi 2.533+0.054 ND
Samgwang 2.723+£0.018" 1.287+0.103%°
Seolgaeng 1.1700.105' ND
Sindongjin 2.467+0.003 ND
Ungwang 1.052+0.043  0.573+0.025"
Baegokchal 1.150£0.013A1  0.293+0.0155¢
Glutinous rice  Baekjinju 0.883+0.0204  0.502+0.026"¢
Boramchal 0.875+0.001%  0.3370.030°"
Heuksujeongchal  2.763+0.188%¢  1.184+0.0635*
Barley Hyeyang 4.649+0.0394*  1.537+0.0635
Keunalborilho ~ 3.210£0.117*® 1.546=0.009™

All results were expressed as the meantstandard deviation of
duplicate determination.
*IMeans with different small letters in the same column are
significantly different by Duncan’s multiple range test at p<0.05.

ABMeans with different capital letters within a row of each sample
under biotin are significantly different by Duncan’s multiple range

test at p<0.05.

UND: not detected.

Stk Bllen], ol 1 Al BAlsh TFe] GABATH
Fo] ARG W Pidie olfE AWASE Ao Alw
A}

H572] =4 u}Z biotin $FHS <Table 2> YERASR]
o™, <Figure 1> biotin XFEZ 3} infant formula
(Imperial dream XO, Namyang, Seoul, Korea)ollx] A&
AZvtEaH S JERTE £ Aol B3 F7]
biotin S-S 0.293-4.649 ng/100 g&] W& HAEHNo0H,
=48 s o] stolotn], A, o, Ty], Adn], A
74, AEX FFAAM= AEEA Fdth 7P =2 biotin T
Fe Yehd FFe =4S A 22 Rl 3(4.649
pg/100 g)ol R om, vz} 3pgo] 7ol 717t &S 5
A ke o] AbE(2.723 pg/100 gyt 3kl wi-e-2k(1.150
ng/100 g)o] 7HE =& s UERiSITh & A
o] MEXT(2015)° ¢Jat¥ /& =X 3RS @ biotin®]
ghego] 7hasle 202 JeRd, ole & AT A3} &
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<Figure 1> HPLC chromatogram of biotin standard (A) and infant formula (B).

AR 23S YeRiith & AT A3 SR SR - FE B4 A= <Table 353 2t} 2 Aol B4
oryzanok®: =4l el AA| ~dd < UES AT & % ZT9E9 ke 4.000-137.248 GAE mg/100 g2] W
A2eH, GABA 2 biotin®] TS BT =L A e 92 vehgton, & ZelH o= 3 1.916-18.407 CE
FHoM B =2 s UERSlEh mg/100 g2 ‘?.ﬂ—‘%]i Uephgch w2 gl & Zaus

e T4 A 2 ot]29(21.869 GAE mg/100 g)
2. 3R Mo It & E2jHs % & ECE 0= & oF TS 3R] ek M2420.473 GAE mg/100 g)ellA
et SHow e T Uepth F Sahuicol=e] Fuo)

TR gol WE F FelblE 2 F FoRwol= 3 B ES WA R AL ©4S o e W) solo}
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<Table 3> Total polyphenol and flavonoid contents of methanol extract from milled and unmilled grains

Total polyphenol (GAE mg/100 g)"

Total flavonoid (CE mg/100 g)?

Sample Cultivar
unmilled milled unmilled milled
Dodamssal 15.077+0.173A1 5.492+0.0525% 6.936+0.3184k 2.235+0.1265%¢"
Goami2ho 21.869+0.522"4 7.998+0.308™ 7.897+0.190*% 2.61120.087%
Haedeul 14.6910.3014 5.83120.068"" 6.742+0.27324 2.245+0.0208¢
Haepum 19.39120.5624° 5.466+0.1365% 8.106+0.0914 2.149+0.0358¢h
Haiami 19.410:£0.288"" 7.574£0.045% 8.712:£0.400%° 2.677+0.108"
Tlpum 16.319£0.238A" 5.483+0.1275% 7.35120.053A0 2.090+0.0755"
. i Mipum 16.069+0.3234 4.662+0.026"" 7.695+0.0894¢ 2.003+0.04051
Non-glutinous rice .
Odae 14.336+0.065" 5.049+0.092°¢" 6.549+0.052 2.159+0.0538e"
Palbangbi 17.855+0.400"¢ 5.787+0.0895" 7.117+0.1247 2.196+0.0338¢"
Saeilmi 16.562+0.186"" 4.791+0.109°" 4.789+0.179A" 2.004+0.05251
Samgwang 17.578+0.129"¢ 5.057+0.051%¢" 5.143£0.136*™ 2.179+0.0538¢h
Seolgaeng 15.099:£0.284A1 5.95120.0455" 7.079+£0.05241k 2.315+0.0738%
Sindongjin 17.954+0.066"¢ 4.000+0.078" 7.656+0.0534¢" 1.916+0.173%
Ungwang 15.726+0.611*" 5.495+0.091°% 7.075£0.103* 2.285+0.090"
Baegokchal 20.473+0.343"¢ 6.567+0.076% 8.932+0.1224% 2.663+0.059%
Glutinous rice Baekjinju 18.424+0.369"¢ 7.559+0.1428¢ 9.204+0.05344 3.169+0.2145¢
Boramchal 19.962:£0.130" 4.912+0.026™ 8.859+0.362"¢ 2.453+0.126%
Heuksujeongchal 137.248+1.2234 36.464+0.5928 18.407+0.1914¢ 7.823+0.0505¢
Barley Hyeyang 115.250+0.579"° 25.982:+0.4685 15.794+0.105"° 7.27120.0885¢
Keunalborilho 100.094:£1.354%° 34.432+0.981° 13.273+0.280 7.607+0.101%

All results were expressed as the mean+standard deviation of triplicate determination.

DGAE: gallic acid equivalents.
ICE: catechin equivalents.

“"Means with different small letters in the same column are significantly different by Duncan’s multiple range test at p<0.05.
ABMeans with different capital letters within a row of each sample under total polyphenol or total flavonoid are significantly different by

Duncan’s multiple range test at p<0.05.

1 (8.712 CE mg/100 g)o} T4 314 ek o] wizl
(9.204 CE mg/100 g) Atk 2 AgelA =4 e T
Bl i e A 4 59%NA Ho) 78%%oH,
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25 UJeERAATE Lee et al. (2010)2] Aol Bl &
ZEvE S 123 mg GAE/100 g0 & B0 o)

f‘—’ OPN‘ ae X

B A7 Asel v5e g e S

9%

-

011*1 % ZehH o= gHke 29 mg CE/100 go 2 X 1319
o, ol & dAFolM AREE Bl F53 thEr] Wi
o] & el Azsl xfolr} e Ao AzkEY. FHo]
EAlsh= 74 vl e #lEAR] p-coumaric, synapic
2 caffeic acid7} 9o, ZetH oo} ©UE EA3Th
3 4 A UATHWang et al. 2014). 0|23 H HEES
8] 71 B vk FiElo] Yo, o5 spEe
gol oall AAE = vl By Eo] AthAdom et
2005). We, FRE =4 A AARE A5lo] o ge
el 8l Fehieo| =7} ¥5h o] 9lo], BE FFlA
e P FREY 2 oA &2 74 F Eds
2 g F ZoiHYo|E gheko] feojFo =z = vehd
o2 ®Belg,

>}L n?i' Mo 2 H‘I

3. 2F9o| =Xoj| }= ABTS 2! DPPH ZC|Z A&
=4 A} Fo] FFol tidk ABTS ¥ DPPH 2z &

ABEE F47 A <Table 4>9F Lot BE A9
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<Table 4> ABTS and DPPH radical scavenging activities of methanol extract from milled and unmilled grains

ABTS radical scavenging activity

DPPH radical scavenging activity

Sample Cultivar
unmilled milled unmilled milled

Dodamssal 5.209+0.212%¢ 2.261+0.0765h 5.182+0.3124¢ 1.245+0.1075h0

Goami2ho 8.861£0.958" 3.482:0.0545% 7.204+0.391A% 2.470+0.123
Haedeul 4.212+0.156™" 2.406=0.0625fen 4.485+0.136™¢ 1.380-0.0598¢"
Haepum 7.053£0.274%¢ 2.463+0.0775¢f¢hi 7.02420.2524 1.468+0.1508%"

Haiami 7.311£0.263"¢ 3.130£0.097% 6.848+0.434"c 1.800£0.177"
Tlpum 5.722+0.356 2.516+0.0818¢th 4.958+0.2154¢ 1.507+0.1298%"

. i Mipum 5.451+0.1147% 1.854+0.066%¢ 5.463+0.040"% 0.948+0.14351
Non-glutinous rice . N
Odae 5.093+0.356"¢" 2.053+0.142"% 4.587+0.029¢ 1.326£0.2445"

Palbangbi 5.666£0.533A% 2.633+0.1515t 6.24420.198f 1.909+0.2508¢f

Saeilmi 6.4040.1592" 2.1660.0328 6.231£0.177%" 1.112+0.18 1540
Samgwang 7.339+0.209"¢ 2.174+0.068"" 6.494:£0.244"% 1.53120.0555"
Seolgaeng 5.41420.100"¢ 2.7200.0595 5.145+0.058%¢ 1.578+0.1928%h

Sindongjin 7.186+0.4474 1.505+0.0255* 6.728+0.170A 0.913+0.170%
Ungwang 4.935£0.156*" 2.229+0.070%" 5.098+0.2194¢ 1.409+0.0365¢"

Baegokchal 8.705+0.2814 2.7060.100%¢ 7.535£0.3914¢ 1.266+0.1718

Glutinous rice Baekjinju 7.023+0.139%¢ 3.389:0.065% 6.185+0.0804°" 2.233+0.1728%
Boramchal 8.479+0.320" 1.580-0.045" 7.290:£0.264% 1.288+0.090°"1

Heuksujeongchal 46.031£0.854"% 10.316+0.6528¢ 46.620£1.2924% 13.669+0.67252

Barley Hyeyang 33.467+0.860"° 3.639+0.429"% 32.100£1.716*° 4.098+0.084"
Keunalborilho 30.752+1.437% 7.601£0.665° 32.062+0.5014° 10.996+0.558%

GAE mg/100 g"

All results were expressed as the mean+standard deviation of triplicate determination.

DGAE: gallic acid equivalents.

*kMeans with different small letters in the same column are significantly different by Duncan’s multiple range test at p<0.05.
ABMeans with different capital letters within a row of each sample under ABTS radical scavenging activity or DPPH radical scavenging activity

are significantly different by Duncan’s multiple range test at p<0.05.

ABTS oz 224 9] M el= 1.505-46.031 GAE mg/
100 gol$lem™, DPPHS] i)z A e] Hel= 0.913-
46.620 GAE mg/100 g2 UElyth 4% 3iS o
ABTS 2tz &AGAL EA3IA] 22 el vl 43-
89% A& 743l on, DPPH tiZ 2A8AE oF 64-
87% 71 723kt we] ABTS 2 DPPH it|Zh 27
AL =H S 1A Folm) 25 oA ZHz}; 8.861 GAE
froldez 7 =

0F O
Eopun

mg/100 g, 7.204 GAE mg/100 g© =,
o, A =4S ohA &2 WEZH(8.705 GAE mg
100 g, 7.535 GAE mg/100 g)ollA] froldog 74 = 3
FS YERNATE FEgE & Al 53¢k ABTS 3 DPPH
2oz Aol FolH R MY U FRe BE F
SRS A 92 S EeIem, 747 46.031 GAE mg/
100 g, 46.620 GAE mg/100 g® A~AZ4< vepfgich.
Dudonné et al. (2009)°] W= ABTS, DPPH #Ht]Z 4
74@___,}\3_0_ = Eagﬂlﬁ fsl-al:j,]_ =& /\]—" :L]—7:“.§_ L]‘E]r‘ﬂﬂ-l
B E] Stk fAm|e] A thE FFRE Hls A4

4821 anthocyanin®] F5-81A &-R=lo] 2.2, anthocyanin

o] FAFE- S Z = cyanidin-3-glucoside, peonidin 3-glucoside

2 cyanidin 3-rutinoside 5]

aq;q 2ATHZhang et al. 2010). we}A]

F 5 2E9
ol Tl ZFeIo] o], the
a}r;]g 2AEA O] 1 = }
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M= W 14F,

m[o wj ry JH
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En

sk B4o) Holurkx
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gk BE IR AL A ¥ IRV =L ¢
Hr} fojFoa #o S Yefdlon, =438k ¢
Haje] EAH2]13(5.378 mg/100 gyt 7P =& S
ERIATE Biotin 7+ ¢ I =4S 3 FFAM AE
2] ko, =4S a4x] e BElol F Ul 4.649
pg/100 g0 2 7P =2 ke Yepliith. & Zedls 2
T ZofHrolt e 2 A9 =4 mEk 7k} 59-78,
43-75% MR Fasiion, ghgo] 7 52 IRe =
AL kA B2 BeEle 5774 2(137.248 GAE mg/100 g,
18.407 CE mg/100 g)°|lth. ABTS % DPPH ]z 47
g T3t =AS A 2 2l S Ee] 77t 46.031
GAE mg/100 g, 46.620 GAE mg/100 g0 & & o8 =
2 2 AAEES YERNITE B35 ABTS 2]z &7
e FRE EASNE wl HA 43%1A Hd 89% 7
2ke A¢S BYow, DPPH 2ozt 27848 =4 A
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