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Physicochemical properties and free amino acid content of germinated brown rice, milyang356

ot @31l AEY7Hjaponica type)2 7251, =]
Ae AzUphgs Auzigel dgaiE e 53
(Tongil type)e] o8 F5Z 7Wdsty UtKYang &
2019). 2 A8E9] 1gat 9 Bl Qls) A AH|FR
ol Fasks FA0ItHOh, 2016). ool wet &9 4:H]
s el AR ofY e 7RsA Aol £k 7R
& F5 ML 59 oYzt o] o]ojA 1L gloH(Lee 5
2020b; Seong 5, 2021), 773l whet HAT A 22
L AR AZA 9 =4S w 9Mulo] tist TAE I
A Z7k5k QItkHan 5, 2021). 3] $40] & )&=
At Avjel= g AFo] 4Z4S U= F520= U9
e Bl EREH, tge] 48t £4(tocopherol,
tocotrienol, y-oryzanol, phenolic acids, flavonoids
5)°] HAEol B2 o] lar, Wujko} Rt Akt Ayt
£ vehdthy &8 A dthjeon &, 2019).

He @1 80%, DA 20%% FE0] 9lon, dul=
7, Fu 9 SEFOE /% v (bran), BioHgerm)
4 Hj-5-(embryo)= °|FA it &9 Hjotoll= FA9 &
WA g urAl 9 Qe o] theko 2 32 o
ActNam 5, 2016). @rl9] YL 4 7|54 A& 5

AL thEHQl 7154 EZQ y-aminobutyric acid
(GABA)= AA0 £aLsl= BgHly ofn| Ao R AlF
FoME obdfl, T, =A; 12| Hopddn] 5] AlEA oA
o] B %1 tkJeong 5, 2019). GABAS] §%5°2%=
QAN FFAEAY OW]/\'] AlAEEA(inhibitory
neurotransmitter)2 7152 £AA7|11, ELAS A,
Y, B¢ 25 59 AAIHBIHKIm 5, 1984)2t
T o, EF FEUAEE 4 ALY S7H A5
of 1dY o, BlYt JA(Kim &, 2001) 59 AH&&
< 3t} ol4 9 &v|9] GABA HAEL 7154 AFE &A=
A9 71A|ef An(zte] A7t thigt Bl SHE Qlste] o
At A7E AP glo, 11 ghgo] ol e
UEil= 5=& A oE 7] ol ©xlo] Slth. o]
2Rt S Hestal 7154 E4<1 GABA FdE SHist

7] 93 @S HolA|7|= 7o) FEEtHCapanzana
2} Buckle 1997).

55| Wohs ZAolA Bele} o] ot HEL B

sfol, A ust 0% 2404 49 95 55| %

I~
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7tstel 2% Ak Agol BASHAT. Wokdl Avle] A2,
Az BRaLTt 28] 93] U5} ssefslo] &
Hjo] s} Aol FAED AL, T So] Hafsio]

Syt oAl dEFo] F7KRIHChoi &, 2004
Choi &, 2009). E3}, wolilg% y-oryzanol, tocols,
policosanols, stigmasterol, squalene, phytosterols

5 Rls AT gaiRy §30) Fagers g 2
1 =31 JtKCho®t Lim, 2016; Jung &, 2008; Kim 5
2012). ojx ¥ ol 7taE drlo HS Heht %
Aol of2] 7HA] e A 7152 Aol wet ot n| 9
O 282 98 39 £4(Cho 5, 2017), A4 59
7Md5 249 o]-&Bang &, 2017) 59 d+tE0] B
B3 gk, Lot wokdvlol] ojol sfed 43t 1 g
ol BT AT o] A v YA, AN H
22 A9 T 7 E50) Wolelso] e wopdn]
o Eejsietd 54 9 RAsksol g AT vlg A
Aolt},

meh 2 QoA Il $4E FUY 2rie
Avlel WoP35655 ARG YH 5P T

=2
MBSO stol Woldny Woldnlo] Belstery B4

o

=

e 3 % GABA ’\é%% E3E 9 ajotu] AL 3

2.1. 48z 2 5o gof

2 Ao ARE AlFEE 20209 =AY EE
Z-EH (Department of Southern Area Crop Science,
National Institute of Crop Science, Miryang, Korea)
oA FEXEH HEAHH Qsto] AJFEAFA AYAE
H 2obedd Aol Ed3563.9 tjH| EE50E HiEyt ot
AR o5t HEE ARYHE Y ST E A
EZ0]31(Kim &, 2011), THit
T g FEoEA UH] o=
E_J,%} E}(Klm 2017) droldn| o] Az 52313t 4
S dg2h Fv]7I(FC2K, Yamamoto)E °l-&3to]
A AAL & =% A& At on, GABA T 5

A0s A vgol e 8

1=
ON
lo
of
9.
)1[

https://doi.org/10.11002/kijfp.2022.29.2.311



Korean J Food Preserv, 29(2) (2022)

(Han &, 2014). $=F @ul= 27C2 AAH HA Holr]
(BG-300A/B, Bulls, Seongju, Korea)g o]&sto] &7

o] 24A17F SRt FASF O H, 24A17F o] % A oy
9] 2= 30CR WAsto] 49 B9t 24417 A0 = dt
ofdo] whet WobA| At AA| 5% Eaw AAL} Fuf
HAE Hs SRTe 1247 402 ugs) Aok &
ofdsro] we} FaE Woldn|= o9 $E-S A|ASHL,
-70ColA FZAX & FEAZXGA(FDU-2100, EYELA,
Tokyo Rikakikai Co., Ltd., Tokyo, Japan)& °]&3}o]
Azt AxE B2 A%, fEopu|iAl g A
< AT ARE ARSI, FAeks B4 Adxd £
1 goll 80% methanol 10 mLE 42 3 37CollA 24A17+
A F&310] YAE(3,000 rpm, 10 min)stal, A5H
S 0.45 pm syringe filter2 o]} & BEAL A5 AR
SHoiTt.

22 Eofg 5%

An)9] Hokg2 &dnl 10071E 7I&2 2 st9lem, A4
AujofA] #o] U2 5 ALsto] WolgS AAibslit.
i 2447 mm<d AHA(530-101, Mitutoyo,
Kawasaki, Japan)Z @u| #2] Zol& Z4dto] 279
Zol7} 1 mm "Rl doldn]= WolE]x] g2 7o &

Foto] Eolgo A A s

2.3 Elopsnje M= FE

drofgdn]o] M 240 FEujMmo g HAgw MAA
(CM-3500d, Konica Minolta Co., Osaka, Japan)E ©|
g3to] Hx(lightness)E Uetfi= CIE L'g, FN:
(redness)= U= CIE a3k, % (vellowness)S YE
U= CIE b3t &435t9oH, Aukael Matotal color
difference, AE)= o9} 4= ol-&sto] Aottt

AE = V(AL +(ad)+(a0)?
2.4, EBlofsiojol XEHHE! =X
Tordn|] 2d FFE A& 0.6 g& micro insert

ring& 7]& mini sample cup®] & F, sample cup
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backsE ]85t} A& W 352 glofie & A2 24 7}
AFA 2 QA H(400-2,500 nm)oflA FH LA
(near-infrared, NIR) AHEZHLS =359t AHEH
2742 NIR spectroscopy(XM-1100 series, FOSS NIR
Systems Inc., Laurel, MD, USA)E ©]-&35}9 o™, thill
A 3 A4 NIRS 15 Edo] d2s NIRS #1822
1391 ISI scan version 4.5.0(InfraSoft International,
Port Matilda, PA, USA)& ARESIYTHOh &, 2017;
Song &, 2014).

)
1o
2o

2.5, Elop0/9 OFYZA EtEf 5F

drotdn| 9] opdEA FFLS Juliano(1971)9] HA 73
o] wah S5t A& 0.1 goll ethanol 1 mLe}
1 N sodium hydroxide 9 mLE 7}5t] 90C AZx7]of
2087t go] IR & SRSE gol A%ol 100 mL7t
HLEE 59t} o] F 5 mLE F5F] 1 N acetic acid 1
mLe} 2% 1,-Kl(iodine solution) 2 mLE 7}s}o] QA A|
7131 SFFE 9ol Aol 100 mL7t HEE skt o]
AlHZ 30T dFHolE oA ¥HEAIA T8% 620 nmo 1}
ZollA UV/Vis spectrophotometer(UV-2700, Shimadzu
Co., Kyoto, Japan)g °[&3t 43I

2.6. gofsijo S5 &

SIEAL AEH =247 (rapid viscosity analyzer,
RVA)RVA-TecMaster, Perten Instruments AB, Hagersten,
Sweden)E ©l-&st] SA5IA AR 3 g 12%
712)& RVAE 4F0lE €70 ¥ 575 25 mLE 7}
5t 0-18-2 50T, 1-4.7%-2 95C7HA] A5, 4.7-7.2%
£ 95CE /A, 7.2-1182 50C7HA ¥2, 11-1382
50CE fAIHAA FEE AU AEHES577]9
2 2= TIVA R E(initial pasting temperature),
T2% TPAIZHpeak time), FIFZ(peak viscosity,
P), FAAZ(trough viscosity, T), 50CoA WA=
(final viscosity, HZ%¥ breakdown(P-T)¥} set back
(F-T) viscosityS AlAtoto] B]w sttt

2.7. Bofsi0/9] DPPH 2iLjZt AAS5 &
oldv|o] DPPH 22 47 84 &

o

ox

2 Blois(1958)
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o W AF WFsto] Skt 96 well plateo] w4
€ AlE 50 pL9F 0.15 mM DPPH &9 200 15 E3]
of 30&7t AAA FEAIX] &, 517 nmolA] multimode
plate reader(Thermo Scientific Varioskan Flash,
Thermo Fisher Scientific, Waltham, MA, USA)E ©°]-&
sto] FHEE S4oteH, o 4% ol&d Adle=

AFsto] 1Csak0R LrERR AT,

DPPH radical scavenging activity (%) =

(Abs sample + DPPH)— ( Abs sample blank)
(Abs DPPH)— ( Abs Solvent)

x 100

2.8 El0f310/9) ABTS 2iCjZt A5 =&

Holdn] 9] ABTS Hd &7 /42 Re 5(1999)9
IS IR w3t A5tk ABTS solution 7
mM 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt?} 2.45 mM potassium
persulfateE 1:1(v/v)2 S35t T 4AI7F B 4CoA B
SAFT 2 & ABTS solutions 734 nmoA =7}t
0.7-0.8 Ato]7} =% oF 58 L= SJAeitt. 96 well
plate©] 343t ABTS solution 225 L9 48 A& 25
pLE 93 AoA 187 9EAIZL ¥, 734 nmollA
multimode plate readerg ©|-&slo] TIE=E =451
o, ofF9] A5 o] &s] AseZ ALsta] ICs, oz
LHER Qi

ABTS scavenging activity (%) =

Abs sample — Abs sampleblank
Abs control

x 100

2.9. Bofsinjol FE2/HE 55 5&

FEZY= e F 242 Folin-Ciocalteu W&
o|gslo] A5t £48 AR 10 pLo] 10% sodium
carbonate 200 pLE 7Fotal A-200A4 327t WA F T
0]% 1 N Folin-Ciocalteu’s phenol reagent 10 L& 7}
521 37CoA 2787 ¥HEA17]H, 750 nmelA] multimode
plate readerg °©]&sto] FFEE S0t EEEE
gallic acid HHFAQ] 3] HAONA gallic acid equivalent
(mg GAE/g)= gHitoto] Takg Vehfioict
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2.10. Elop0/e £52H220/E 35 55
FEHELo|E 35tE T 572 Zhishen 5(1999)
o] IE A7 HPgste] SAGIAH. £48 A= 70 L
o 50% ethanol 430 #Le} 5% sodium nitrite 50 uLE
7Foto] 2027t A2 A BEEAIZIT 1% 10% aluminium
mitrate nonahydrate 50 L& 719l 657 HRSAIZ] &,
1 N sodium hydroxide 500 xLE i 510 nmollAl
multimode plate readerg °©]&oto] SIS S%o1%
ot EFE4 catechin AFAY 3|HAA catechin
equivalent(mg CE/g)2 Ailoto] 3=k Uepiqlt).

2.11. Eop0/9 2200/t 247

oAl RO £4S s A= 1 goll 75 10
mLE 4] 30CA 5A17F 59t 253 F&5t0] A&
2](15,000 rpm, 30 min)stal, A5HE 0.2 um Syringe
filter2 ox}otct. N 10 uLE vialoll Y1l AccQ-Tag
Ultra derivatization kit(Waters Co., MA, USA)9 &%
A8} AN - borate buffer 70 xLe} flour reagent 2A
20 pLE 4lo] A4 587 ARG & 55T oA 1027t
HHSAIA FBREASsto] A48 ARE SHlHE fElof
o]eAke] A2 Waters ACQUITY UPLC TUV system
(Waters Co., MA, USA)°|| 2475 fluorescence(FLR) &
%719} AccQ-Tag Ultra C18(2.1x100 mm, 1.7 xm)
A ol&stth. AE719] AR T2 of7]3 350
nm& WEIHY 450 nmo]1, ZHE 2= 49T, 4
F2 1 pl, 52 0.7 mL/min®] =5 FA5H¥ &
2]& o]5AF A8 100% Acc-Tag Ultra Eluent A, B&
o deionized water:AccQ-Tag Ultra Eluent B(90:10,
v/v), C&9 deionized water @ D&% 100% AccQ-
Tag Ultra Fluent BE ©0]&3}9] gradient®] Yoz &
A5kl

2.12. A2/

2 Ao gt A3t -2 B} BEHAHMean+SD)
2 YetYQlal, Statistical Analysis System(9.4, SAS
Institute, Cary, NC, USA)= 0]85t% one-way ANOVA
E4E HASE &, Duncan’s multiple range test= o}

A719] T FolE A8t o (p<0.05), 835 7+ 4
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AL Pearson’s correlation coefficient® EA435}% T

3.zt ¥ 1%

3.1. gofg

drollrof| w2 WohgL Fig. 1] UeR|IT: Hoks
2 Aoz FA9 9 9 FH4S Bkohe U F
ShtE defA glom, doldnl= Aol 1-5 mm A A2
2 dol 2AL 2% 25-30T, F& 90% oito g LA
St Watanabe 5, 2004). Zolg2 £ 43t & A& %
2, 374 a%lol 9¢ S wron, dujE TA k= I
oA Bli(embryo)e] E&]% £A3] 9l Q¥7t E = A
StE7] H19 HolE AT 4 AUtHKim &, 2012). E3h
W dhohgS YRl dvlEs A 88 9 A2 F
o 3 87 A, A71eE A3t Ao, anH g T & BE
A5te YEMItKim 5, 2007). Holdss 1Y o=
204 BY3565 71 Hokg 70%= 27| Wokgol] 7
A Uepgon, g2 wokg 62%, Tk dokg 34%
2 UERFTHP0.05). Totd<r 29 Ao Ug3565.9 &
o] drolgo] 77}t 84% E 91%2 &7 UERg o, ot
< Hokg 56%E A UEHTHp<0.05). Totds= 39 &

1o

120
90
;‘g
s
2
w® 60 |
o
© b —e— Milyang356
30
- = - Nampyeong
-4 Dasan
u i L L i
1 2 3 4

Day

Fig. 1. Germination rate according to germination days of
brown rice. Data values were expressed as meanSD (n=3).
Bar with different letters are significant statistical difference
(p€0.05) by Duncan’s multiple range test.
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HE UY3562.9F HHY Woke2 90% oo LERS
U, thik o4 393} 49 2jof] Hopgol] 247t 79% U
8A%E TE F5ET HwstS o Tokao] WA Uk
THp<0.05). Kwak 5(2015)9] &l w2H #7717k
w2} @ue] Wolkg % A 5 FE AsF ALY 7R
o 599 F30l LAl siyleH, Wotdnle 44717t
oAl fH|E Axsto] 4§07 o]gsly] wZof ot
Y47 B2 §25tHKim 5, 2001). by BUF
2ok Al Y3565+ YrHAeE Zo] Holkgo] ot
7H& 24 59 AdA Gxol st AlmEHTh

32 Hofsioje] Mz

Hopglg=o] w oldn| o ME= Table 19 Yet
Ak IS YeiiE LEe E50 we "WAd356%
77.10-82.74, &% 86.61-87.64, Tt 86.36-87.629]
S Hoirh Hotdsof wet Uek3562.9 Hrle At
S7tote A0E UE oy, dHat ik & Haks U
ERA] Qrotth HME a'ghe AN HAS Y=
#o=, F3o wet Y3563 1.98-4.61, HE -0.22-
0.26, TFAF -0.25-0.349] HHZ HE Woldu|9] a'gh
ol =7}t F7Hg] wh 11 g2 AAdks A= UEN
TH(p<0.05). &1} A& b'ghe o)A A4S Lehy
© #o= F39 wet 2¥356% 7.26-10.26, HH
7.76-10.95, tHit 7.37-11.419] HYZ LE doldu|o
bk dotdsr} Z71gte] whet 1 gro] F71ske Zoz
HERFTHpP0.05). WY3563.9] 2713k} ot 49 %}
o L'ght a' g Wat 22 5.64 2 2.6308 O E £5
£ vlmotEe o EB(L, 0.06: a, 0.48)% THHL,
0.39; a, 0.25)5tt 1 zfo|7} 3A Yepdet. I8u U
3562.9] 27]3F} Wold<s 49 2p9] bzt Wek= 0.562
23X gfoyt, G 2.16 9 2 4.042 A Y
Efyitt o]t M o] £ Hil= AuE 3 Aol
e} dotdgrt JojAH, s4S v A& fart A
S5l et 1 o R doldn|o] Myt Hdls ZoR
AR EHLurstwut®t Pornpanomchai, 2017).

AdrA el MAE Yeh = AEREZ national bureau
of standards(NBS)Q] 7]&0] w2t AEZto] 1.5-3.0019H
noticeable, 3.0-6.0°|H appreciable, 6.0-12® much=}

1o
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Table 1. Color value according to germination days of brown rice

Variety Day L a b’ AE
Milyang356 0 77.10£0.28% 4.610.13° 9.70£0.26° -
1 80.05+0.48° 2.96£0.12° 7.8140.19° 3.89+0.24°
2 81.09£0.10° 2.19+0.06° 7.2640.43° 5.2740.16°
3 81.5140.66° 2.3740.09° 9.6240.14° 4.96+0.56°
4 82.7440.55° 1.98+0.06° 10.2640.07° 6.25+0.49°
Nampyeong 0 87.20£0.09° 0.26+0.02° 8.79+0.05° -
1 87.4940.03° 0.2240.01° 8.4340.01° 0.46£0.01°
2 87.64+0.09° 0.210.08° 7.76£0.30° 1.130.24°
3 86.610.19° 0.010.03° 10.01£0.07° 1.39+0.04°
4 87.1440.03° -0.2240.02° 10.95+0.07° 2.2240.07°
Dasan 0 87.23:0.16° 0.000.01% 7.370.17° -
1 87.6210.04° 0.3410.01° 8.060.03 0.8610.04°
2 86.36+0.07° 0.04£0.02° 8.2740.09° 1.2640.03°
3 87.3340.06° -0.0440.02° 9.9740.08° 2.60£0.08°
4 86.8440.43° -0.25+0.07° 11.4140.15° 4.09+0.10°

YNumeric description of color using CIELAB color space. L (lightness or darkness) ranges from black (0) to white (100); a" color direction in red
(a"0) or green (a<0); b" color direction in yellow (b0) or blue (b0); AE (the total color difference) is calculated based on delta L*, a*, b* color
differences and represents the distance of a line between the germination day and initial day.

IMeantSD (n=3) followed by different letters are significantly different according to germinated time (p¢0.05).

I B85k tHHan, 1991).
6. _4 T]E u}o}ov\ 101
= 3.05

o

it
0
1>
o
39
rlo
P

o =4 vEht &

], "ol 49] Rjofji=
3t X}o|E& YeRHT) Sirisoontaralak $(2015)9] A

o= 1Y Zpof AEZEo] 42 UEpyton,

2 A9 7549} AR g
ke 247k 0.46-2.229} 0.86-4.099] HEIZ,

drold4: 49 A}712] NBS 71 3.02ch A Yet

drold4s 4 Zpof] AEFHo] 4.095 YEH

‘T} WIS UetRt). o] 23t Hak= '

5 UF35659F EE] 27] agto] Hot

Hropd 4o %IJ HapF AA verd A

H|2}2] 7|5 %o

dHA JQOeH(Bang 5, 2017),
Fiol AFEoA NS

35629 AE#Z 3.89-
Aol AEFo] 3.89% NBS7|

gtog F¥o] @ F=o| ol g

NBS 7]& 6.0& &35}

vheRgich, e g

oz Wt
030]'»—«2 P 9&1..

o

] 7HEAIE ol8el EEe FA At

3 3 Hf()/o,-/g/O/ O/DI_.E'A XE,‘HIIII thl’ ﬂl ;_5 EA-I

oo W WolAAn| o] optEA 9 Frhay
I} S35 Table 20 UEPHGITE opd2A S35
HF Al SRR E 9 o] Aro] B2 JgFE o] An -
HEALS Aok 7MY 8% 84E d#A Utk(Bao
S, 2002). obdEA FE FIFo| wEE UWY3S56E
17.61-18.59%, &% 19.89-22.07%, THF 16.98-19.41%
g @_CHE-_ L}H‘WE} OPQEZL 81—3]:_‘-1 EE nzoﬂ/q HPO}-
U4 19 2ol 7 FA F7F6kA 2 (p<0.05), Hords
7t Aojle] whet Fap ol Ao ®E YEHTH(p(0.05).
HopQl4: ot opdE A FO] Wst Y= EFo| wet
3568+ 1% mIve] Wsks Uehdlov, Jia ohit
2 7¥7F 2.18% 2 2.43%= 11 g Wkt d3565E
ot 3A Yegth Kim 5(2012)9) Aol W= Anjet
o] 9] o @A e 747} 16.67-17.14%%} 18.47-

ﬂi’ﬁ

j&:@ow.
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Table 2. Amylose and crude protein contents, and paste viscosity according to germination days of brown rice

Variety Day Amylose Crude protein  Paste viscosity
cortant (%) contant (%) Peak Trough Final Break Setback
(P, cP) (T, cP) (F, cP) (P-T, cP) (F-T, cP)
Milyang356 0 17.610.12°7 9.44£0.03° 304.4610.63° 160.5£5.17° 268.5415.46° 143.9645.79° 108.0410.29°
1 18.06£0.07°  15.48:0.42° 163.92:0.25°  36.04+0.46° 73.17:0.50° 127.88:0.71°  37.13+0.04°
2 18.390.61° 12.88£0.01° 30.46£3.38° 3.75+0.08° 6.29+0.04° 26.71£3.30° 2.54+0.04°
3 18.59+0.26° 13.9740.06° 12.55+0.13¢ 2.25+0.08° 3.29+0.04° 10.30£0.04° 1.0420.04¢
4 18111035  10.35:0.02° 7.04+0.04° 1.83t0.00° 2.630.04° 5.21£0.04° 0.80:0.04°
Nampyeong 0 19.89:0.50° 7.23+0.03° 219.4243.08° 105.00+1.92° 187.29+2.04° 114.42+1.16° 82.2940.12
1 22.07+0.26° 11.76£0.12° 116.67+0.25 17.7540.08° 40.1740.16° 98.9240.17° 22.4240.09
2 21.120.11% 10.97+0.05° 29.000.58° 3.79+0.04° 5.59+0.09° 25.2140.54° 1.800.04°
3 21.50£0.26° 11.530.03° 15.210.13° 2.54+0.04° 3.50£0.08° 12.67+0.09" 0.96£0.04°
4 20.80£0.30° 9.590.06° 8.38+0.04° 2.13:0.04° 3.04£0.04° 6.25+0.09° 0.92+0.09°
Dasan 0 17.8740.26° 8.19:0.07° 309.34+2.59° 152.3442.33° 238.75+2.75° 157.58+4.92° 86.42+0.42°
1T 1941019 12.53+0.26° 103.92:0.09  16.670.16° 36.55£0.38" 87.25:0.25° 19.88+0.21°
2 19.28+0.08° 11.02:0.09° 12.79£0.04° 2.58+0.00° 3.54+0.04° 10.210.04° 0.96:0.04°
3 19.17+0.07° 9.48+0.05° 7.29:0.04° 2.13+0.04° 3.04+0.04° 5.1720.00° 0.92+0.00°
4 16.98+0.29° 8.3910.05° 6.8810.04° 2.71%0.04° 3.67+0.00° 4.17+0.09° 0.96+0.04°
"Mean£SD (n=3) followed by different letters are significantly different according to germinated time (¢0.05).

18.85%= @u|of H|sto] Woldn| o] Fefo] =A YEts:
o, & A9 2ot FARIAHKIm &, 2012). &
A S EEof wet UF35635 9.44-15.48%, EE
7.23-11.75%, THF 8.19-12.53%2] HYE B3oH, ¥
¥3562.9] WA o] thE HE=I H WS o
o =4 Yeigth e e ol wE opd
24 HIAY ot AZE & He FF0A Hotds
19 Aol 71 & W3k Ueion, dolAy %9 e
AmoA FAT Al @il JFFHY =4 ekt
(p€0.05). o]=gt A 3}gF MS= protease a4 T4
57h Ba 7tESiE s fElotr]Ate] EE o EMN
o we chlFo] AERAY, T82_ o2 Q5 AR
o] FHasto] deld ghero] 1=tk B e vl 9l
HKim &, 2001; Sibian &, 2017).

Hopdgro] W WolAu]|9] TIEA HIHZ(peak
vis.), HAAZ(trough vis.), FFSH=(final vis.), 7514
Z(break vis.) ¥ AW E(setback vis.) S &35t90H,

https://www.ekosfop.or.kr

RE Z20] HArZMEL ol ZAojR o uet 7145}
HH(p<0.05). ©] 7} 710 Ao wle} AEo] Lz
A WP Yehy 23kE7] 41 FRE 2= Z0E oY
2O FA 7t paRe] BYEHUAY, olSUAY S
ZAgto] na=lo] Uehd A& AlmHtHZavareze®} Dias,
2011). YoF35659] AujEe JuHE HAHE HE2H
T, AE 9 AEHHETF 247 304.46 <P, 160.5 cP,
268.54 cP, 143.96 cP 9 108.04 cPZ UEgon, Ho}
A 1Y A} Foldu e HuHe J4HE, FEHE 9
ARHE gEso] & 208 Aot 33 5 It Ad
o Higt AFEES Uetde Fotdes 8 4% U7t
F3ot(Lee 5, 2020a), ©1F o]&cto] 2T ¢ £
o A3to = Qg w9l W 3ApAT 22 & gl
35ltty A A UcKGayin 5, 2009). BP35689] %
7] TS 143.96 cPE Hion, Wolds: 1Y 219
127.88 cPE Holg 93t sokdn 7Hart 34 k)
I8y dotds 2Y Aols 26.71 PR Fohd:rt

= Hrojel2
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Physicochemical properties and free amino acid content of germinated brown rice, milyang356

32 EF0] mat YF3562 0.23-1.13 mg/mL

9 0.66-1.26 mg/mL, THF 0.55-1.25 mg/mLe] HY
29

a7 24
£ Uetdth g ZoAst suielld S4d 1071 =
ot n] Atet 242 vlaet Aol M=
11 73Fe] t=A YEReH(Lee T, 2016), & A9 2
500 w2t I Zgol oAl vehgen, Al
UF35659] Fiket BAJo] FB I HRAET A e
i Hl-§-(endosperm),

T M= &
Jg2 50 met

101.17 cPY ZAste] 1 ¥kt 34 vebgdth Hu
SRtEe His
HjoHembryo) ¥ U7 (bran)ol &4ttt &4 ok

(2017)9] ATo 2w Woldu] Hu|o] BT} e
Lol u) ol me el &A
Ehdth Basiglon], B =5o) Autel AxsirkHu
5% wolA|R
o}cﬂ
o, o] FEejus
FTEYHE e 2

HEQED VTSRS
At vheo s o356
= *.}\3,9_ §J-_Q 1:]-\5
=
1F356% 0.86-1.23 mg GAE/g, 98 0.60-0.81 mg
357

<, 2017). o]
= W st #A A
nE 7 5ol 88 & US AeR Alm
34, HOpEOIS FHHS
dopdsof whg Woldn| o] S-S Table 39 & (Masisi 5, 2016). &
ERQict. Atst 2432 DPPH 2tz 474 843} ABTS 2l S 0.86-1.
g &7 e R S4519 1G22 e o GAE/g, Tt 0.59-0.93 mg GAE/g®] M= Uebdi,
FEYHE EY FEGE 0t RME e &Y o] At Yordert Aojiof uhet dotdn| 9] 3
Iict. DPPH 2tz 474 842 35 uet 94356 ¥ aikE 992 &% F76ieH, ol Hotz ls)
% 0.60-3.42 mg/mL, ¥%¥ 1.64-2.24 mg/mL, it H=3RM=2l ferulic acid, p-coumaric acid, sinapinic
1.24-3.46 mg/mLo] HM9IE Uedon, ABTS 2t acid 59 AEE°] $76I517] WEel ACE Atadct
Table 3. Antioxidant capacities according to germination days of brown rice
Variety Day DPPH radical scavenging ABTS radical scavenging Total phenolic content Total flavonoid content
activity (ICso, mg/mL) activity (ICso, mg/mL) (mg GAE/g) (mg CE/g)
Milyang356 0 0.60+0.01%" 0.230.00° 1.23+0.01° 0.870.04°
1 1.10£0.01° 0.500.01° 0.86+0.01° 0.54+0.02°
2 1.14£0.01° 0.84+0.01° 0.8620.01¢ 0.68+0.06°
3 3.30£0.05° 1.13+0.04° 0.97£0.01° 0.650.01°
4 3.42+0.05° 0.630.00° 1.08+0.01° 0.80£0.05°
Nampyeong 0 2.24+0.02° 0.66£0.01° 0.60+0.01° 0.55+0.01°
1 2.05+0.02° 1.07£0.02° 0.68+0.02¢ 0.62+0.03°
2 1.64 +0.02° 0.910.02° 0.70£0.01° 0.6310.04°
3 1.90£0.01° 0.82+0.01¢ 0.780.01° 0.67+0.04*
4 2.05£0.01° 1.260.03° 0.8120.01° 0.7120.02°
Dasan 0 1.43+0.00° 0.57+0.01¢ 0.59+0.01° 0.57+0.04%
1 1.33:0.01° 0.55+0.01° 0.64+0.00° 0.53:0.05°
2 1.24£0.00° 0.8440.02° 0.72+0.01° 0.60+0.01%°
3 3.000.05° 1.04+0.02° 0.8420.00° 0.6240.04°
4 3.46%0.04° 1.25+0.03° 0.93£0.00° 0.8620.04°
Standards Ascorbic acid  0.026+0.001 - - -

Trolox - 0.005+0.000 - -

MeantSD (n=3) followed by different letters are significantly different according to germinated time (p<0.05)
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(Tian 5, 2005). Moongngarm¥} Saetung(2010)°f| ©}
29 297 3519 o dotdr]9 FEYHE =
SF2 0.84 mg GAE/gC2 UY3563.9] wotds 24
A} 0.86 mg GAE/g¥ FARE g2 UEIt S&2tE
ol dlgtE 2 E5 wet Y3562 0.54-0.87
mg CE/g, ¥% 0.55-0.71 mg CE/g, Tt 0.53-0.86
mg CE/g9] HHE Ueileon, SE&HE ey ok
I fARE 3Fg HIEE YElH. 3 A dY¥35659]
FEEY= eI FEGHE s SRR dF 7
7} 1.23 mg GAE/e¢ 0.87 mg CE/gC.& Yeptoy, 4
A Agof o FEHEY FEGE 0| IFE TF
o] Zastthzt Aa 71k ACE UK oA d
Z7] 3 gt FEHE sRMEY FEHE 0| 3}

& 39 Has 5o g Z8ol= GA(rice husk)
9] £A&E QIFE IF HEolAWNHu &, 2017), =3 27
o] 6’-0-(E)-feruloyl-sucrose®} 6'-O-(E)-sinapoyl-
sucroses Z3Tt 9 7MA HlESRHEC] v (rice
bran) S 2R ¥ HEAUL HEdRtE o] Aastid A
o2 AtREHKTian &, 2004).

3.5, Elofainje) 22/0t0/ 4t e

oo whE Woldn| o] fEjot] Al S Table
4o Yebfdct. FEfobriAt 42 y-aminobutyric
acid(GABA)E EZet 187 AEES EAst o, &
5 AlZHretention time)o]l Wz} histidine, serine,
arginine, glycine, aspartic acid, glutamic acid,
threonine, alanine, GABA, proline, cysteine, lysine,
tyrosine, methionine, valine, isoleucine, leucine &
phenylalanine £22 &%t Wd35659 wotd
09, 29, 49 A 9 EEFE9 chromatogram< Fig.
20 yepglon, Wotdrt Zojgof wet A =ntE 1Y
oA alanine¥t GABA peakE E&3t ofu| Al JEE9]
dgo] F71e AL IRIT 4 Utk

FHeohm| At ke F5 et 3565 146.9-
1,131.3 mg/100 g, &% 120.4-1,090.6 mg/100 g, Tt
AF 159.5-1,456.9 mg/100 g WS Hom, o}
o] A 3RS threonine, lysine, methionine, valine,

isoleucine, leucine ¥ phenylalanine®] A2 EZ0]

https://www.ekosfop.or.kr

el UF3563 26.2-276.9 mg/100 g, &EH 17.5-
255.5 mg/100 g, THAt 36.0-344.1 mg/100 g9 HYE
HAHWoo &, 2000). BF356% % thike dotd= 3
U Zpof] Fpopm|ieAt ol 7+t 276.9 mg/100g %
344.1 mg/100 g2 & 7} &=A Yegoy, dotds
A Aol 24H7F 232.4 mg/100 g 9 286.4 mg/100 g2
2 gashke AR Uegth(p0.05). £, &9 A 14
Sk opH| 1Akl lysine> FUTFF AR A4 ou]7} At
1 &4EA JqOom(Jung?t Chung, 2013), 259 IFe
LY¥3563 6.3-39.8 mg/100 g, BB 4.4-41.0 mg/100
g, T4t 9.3-58.4 mg/100 g9 HHE Yo, Hotd
o wel Fgeopu| Al ST JARE HAFE HIith
GABATE ordn|oA 7P 591 Ql= £4 5 sh
2 wESE(EF2038)T F2 A 2717 & 39
3ol 2 ACE HuHom(Park 5, 2015), &
ofdsrt Zojyo] wEt GABA EFS ITbeHAT
(Thitinunsomboon 5, 2013). Y3565 HrotdS 2
U Zpoll GABA o] 100.7 mg/100 go& 22 77k &
1 50.8 mg/100 gt THAF 54.4 mg/100 g9 T vl
St o ZL 9bgo] oF 2u) A= Ao|7p AA YEiTh
olggt zfol= Hu|Ql LF3565.2] WotA7} Hg} thit
B} #l2 Ao 7]91%k Ao 2 #wokEltiAnzala 5, 2006).
Ohtsubo 5(2005)° w2 IA|S|7tel(Oryza sativa
L., cultivar Koshihikari}& 30CoA 49 &<t =35t
< T GABA ¥©°| 149.03 mg/100 g2 UEFomH,
2 A4t vt o dotds 49 Ao WF356
S 133.8 mg/100 g, THt 154.3 mg/100 g2 AFst
Al Yetstth o]AE @& oA FHES o A= Eol
S7kstal, 1 o] H|-go] AA 11 7HHSte] aHAel
7FeHo g IHA QItHCho &, 2011). mHebA ZLAF356

T B Pordg 59t w2 GABA IFE Ko 7|54
d
=

<

3.6. gies & 22/ BB Mol AEY
Wopdsro] wet dotdn] o] Fitskst f2jobu| At
T Y] AHBAE Z47 A= Table 59 HEHHIA
th. DPPH =HZ &7 842 ABTS 2HZd 2A84%
GABA &%, Ffrajotulical o7, Fotvlidl gkt

319



Physicochemical properties and free amino acid content of germinated brown rice, milyang356

Table 4. Amino acid contents according to germination days of brown rice (mg/100 g)

Milyang356 Nampyeong Dasan
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
His 20t 44+ 146t 135+ 13.0t 28+ 32+ 94+ 161+ 221+ 43+ 69+ 1471+ 287+ 250t
04% 09 29 02 2.2° 02¢ 00° 06 100 32 04 06° 01° 1.4 2.0
Ser 5.9t 122+ 30.0+ 324+ 142+ 43+ 59+ 165+ 299+ 347+ 6.1+  11.0+ 234+ 390+ 17.7¢
024  01° 1.1° 1.6° 1.5° 03¢ 0.0° 1.1¢ 1.0 43 0.4° 100 03 1.9 1.5°
Arg 134+ 17.8+ 605+ 953+ 548t 13.2+ 132+ 359+ 705+ 9509+ 189+ 207+ 39.6+ 1088+ 81.7+
04° 03° 258 09 5.1° 03¢ 00° 222 31 1nNg 22¢  20° 03 65 6.4¢
Gly 46+ 55+ 182+ 219+ 180t 54+ 32+ 85+ 137+ 187+ 5.6t 56+ 121+ 273t 248+
02° 00 08 02 2.9 014 00° 04 08 24 06 074 01° 1.2 1.7°
Asp 203+ 184+ 532+ 61.0t 414+ 147+ 89+ 219+ 469+ 561+ 206+ 156+ 341+ 910+ 559+
014 03 120 02 1.1° 08 0.0° 1.8° 1.1° 80 3.1¢ 179 17 26 5.0°
Glu 226+ 246t 442+ A2+ 440t 181t 183+ 309+ 433+ 465t 240+ 250+ 37.6+ 644+ 434+
0.7° 40> 02° 2.6° 2.1° 03¢ 04 23 23 1.9 3.6° 154 05 4.9 0.0°
Thr 38t 6.1+ 235+ 264+ 21.1% 26+ 34+ 98+ 168+ 23.1% 48+ 66+ 144+ 330+ 267+
01¢ 014 08 020 1.4° 014 00° 05 05 30 04 06 000 1.6 23
Ala 83+ 191+ 1036t 676+ 87.5¢ 59+ 94+ 326+ 397+ 649t 9.0+ 162+ 452+ 719+ 7744
04° 019 14 0.1° 5.0° 03 014 22 1.1 66 0.8 14 21° 32 76°
GABA 167+ 27.2¢+ 100.7+ 105.6t 1338t 124+ 126+ 508+ 764+ 117.7+ 109+ 220+ 544+ 1305+ 154.3t
09 33 06 03 5.0° 08 03 30 38 133 02¢ 25 49 14 13.5°
Pro 27+ 51t 273t 307+ 283t 33t 30t 107+ 196t 293 33t 50t 145+ 389+ 346t
01¢ 00 09 06 2.6° 02¢ 00° 07 09 36 04 05 000 1.8 3.1°
Cys 06t 15t 61+ 7.1 2.6% 12+ 22+ 65t 114+ 134+ 16+ 20+ 54+ 135+ 37+
01¢ 019 00> 03 0.7 014 00° 04 03 13 06 00 12> 09 0.3°

Lys 6.3t 80+ 324+ 398t 297t 44+ 6.3t 183t 320t 410t 9.3% 129+ 244+ 584+ 428t
022 014 0.1° 1.2% 1.6° 0.1¢  0.2° 1.2° 0.5° 4.6° 0.7 09° 15 22 3.9

Tyr 237+ 464+ 2226+ 3324+ 4603+  21.8+ 372+ 107.8+ 2133+ 3357+ 191+ 734+ 139.7+ 498.9+ 564.2+
02 1.0° 22 0.5 0.6° 054 1.3 5.2° 55  353° 0.9 32¢ 12° 235" 5420

Met 22+ 47+ 195+ 231+ 1744 15 31+ 109+ 197+ 261+ 26+ 52+ 126+ 326t 26.0¢
01° 00° 06° 01° 06 02 00° 08 04 32 00° 03 08 1.9 20

Val 47+ 100+ 480+ 579+ 485+ 32t 514 194+ 358t 5b.1% 6.5t 103+ 267+ 71.0+ 60.0t
02¢ 000 13 0.4° 1.6° 0.2¢ 0.1° 1.7° 1.3 6.4° 0.5 08" 07° 25 5.2°

lle 24+ 53t 277+ 324+ 286t 14t 25t 95t 187+ 281+ 32+ 51x 145+ 387+ 329
01¢ 000 08 022 24 01¢ 000 06 08 33 03" 04° 05 1.9 26

leu 43t 93t 477+ 573+ 497+ 27+ 47+ 173+ 333t 493+ 62+ 94+ 253+ 669t 573t
03" 01° 12 010 42 02 000 110 12®  5f 04 06° 08 33 45

Phe 256+ b7+ 311t 400+ 374 1.7+ 2.8t 114+ 219+ 32.8% 3.4+ 52t 16.0+ 435t  40.6*
0.1° 000 1.7 0.6° 7.8° 02¢ 0.0° 0.7° 1.2° 4.1° 0.3° 04° 03° 25 2.2°

TAD 146.9+ 2313+ 910.7+ 1,085.6+ 1,131.3t 120.4+ 1450+ 4283+ 7593t 1,090.6+ 159.5+ 258.0+ 553.9+ 1,456.9+ 1,369.1+
165 179 201°  34° 38.5° 429 250 264° 216° 12217 16.8°  19.0° 9.7° 652°  118.0°

EA? 262+ 491+ 229.8+ 2769+ 2324+ 175+ 27.8t 966+ 1783t 2555+ 360+ 545+ 133.8+ 3441+ 286.4+
124 04° 685 27° 19.7° 107 04° 65 59  30.2° 264 39 46 1600 2.7

"otal amino acid.
YEssential amino acid (ThrLys+Met+Val+lle+Leu+Phe).
IMeantSD (n=3) followed by different letters are significantly different according to germinated time (p<0.05).
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Fig. 2. HPLC chromatograms of standard compounds (A), germination for 0 day (B), 2 day (C), and 4 day (D) of milyang356 brown
rice. 1, His; 2, Ser; 3, Arg; 4, Gly; 5, Asp; 6, Glu; 7, Thr; 8, Ala; 9, GABA: 10, Pro; 11, Cys; 12, Lys; 13, Tyr; 14, Met; 15, Val;
16, lle; 17, Leu; 18, Phe.

Table 5. Correlation coefficients between antioxidant capacities (DPPH, ABTS, TPC, TFC), and amino acids (GABA, TA, EA) according
to germination days of brown rice

DPPH" ABTS TPC TFC GABA TA EA

DPPH 1 0.61172 0.178 0.256 0.715™ 0.720™ 0.676™
ABTS 1 -0.160 0.075 0.633™ 0.656™ 0.672™
TPC 1 0.757" 0.427" 0.381" 0.355"
TFC 1 0.480" 0.400” 0.343°
GABA 1 0.985™ 0.963™
TA 1 0.991™
EA 1

"DPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid); TPC, total phenolic content; TFC, total flavonoid
content; GABA, y-aminobutyric acid; TA, total aminoacid; EA, essential amino acid (Thr+Lys+Met+Val+lle+Leu+Phe).

YSignificant at p¢0.05; “significant at p<0.01;

p<0.001 FYFENA &2 A9 4HAA(r=0.611, r
0.715, r=0.720, r=0.676)% E¥2H, ABTS &z &
71 3‘:1—@ E‘B‘]— GABA '81—%:, %%ao]-u] },__A]- -Eﬂ-%: rﬂ/\o]-
o4t S p<0.001 FoeollA B A=
0. 633-0 672)% UEtdlt. 55] FEH=E tE IF
2 ZEopE ot 3RME TR AJEASTT p<0.001 72

W 0.7572 =2 B9 ZHIAE EoH, GABA
o, SRYo At F p(0.01 79 oA HY

https://www.ekosfop.or.kr

"significant at p¢0.001.

3EEA(r=0.427, r=0.381)F HEHH AT, SETE 0]
= 3Rk ¥ % GABA %, S-FelotmieAt dgat
p<0 05 FofaolA Ao AFAAA(r=0.480, r=0.400)5
B9t GABA =2 &9 ofu| At B4olu| Al S
o] AGIA $9402 B/ANE B8 TS ekl
AH(p<0.001).
ojelseo] wfet woldn] o] Aol FAsHs @ Aot
u)ieAl e 7] A ekl A3 Table 69 1
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Physicochemical properties and free amino acid content of germinated brown rice, milyang356

Table 6. Correlation coefficients between color values (L', a’, b’, AE) and antioxidant capacities (TPC, TFC, DPPH, ABTS), amino

acids (GABA, TA, EA) according to germination days of brown rice

DPPH" ABTS TPC TFC GABA EA TA
L 0.263 04877 -0.778™ -0.355" 0.024 0.048 0.066
a -0.298" -0.573" 0.749™ 0.342" -0.143 -0.167 -0.182
b 0.650" 0.438" 0511 0.573" 0.678" 0.607" 0.664"
AE 0.466" -0.051 0.927™ 0.488" 0.631™ 0.543™ 0.557""

"DPPH, DPPH radical scavenging activity; ABTS, ABTS radical scavenging activity; TPC, total phenolic content; TFC, total flavonoid content; GABA,
T-aminobutyric acid; TA, total aminoacid; EA, essential amino acid (Thr+Lys+Met+Val+lle+Leu+Phe); L', lightness; a’, redness; b, yellowness; AE,

total color difference.
YSignificant at p¢0.05; “significant at p¢0.01;

ERigict. dotdn| o) L %,h_ FEYME = I
p<0.001 ool w2 7o AJHBA(r=-0.778)F H
Efion, agtol 4% 3 aﬂﬂﬂl‘ slgtE I p<0.001
FolFEoA &2 o ABTA(r=0.749)F EA}. b3
o] A% ABTS &tz &7 842 ARl e F=olA
p<o 001 ool =2 49 JBaA(=0.511-0.678)
Ao, AEFE FEYuE b g e =2

Xé«l J&*é(r 0.927)& Yeiie,. o= AEZF phenolic
acidsF9 gallic acid, syringic acid ¥ ferulic acid®]
ST ol =tk et fARISTHChoi &, 2018).
wpebA] dolr|7tof| whet Woldn| o) ARkAQl M zjol&
g8t EdHEA IdEEY T

dFE dSske Aol 7k
sto] Zotdn| 9] o]gof =go] 2 AoR AlzdEH.

4. Q0
£ ATOIAE SpelH {9 2oy AuAS UG
35659} YubA] W Erked B30 B 8 chate) o)
o] W2 oldnle] FASHS Zsigon, 1 2t
59 4TS ZABYL, WoFRS Wolus 19 Fof Y
356371 0% T FFERG 2] Wokgo] ¥4 1t
ehack getelel Hig 29T A Y6t 0o
%7} Zoje] wet Lghe Z7tot d g #asha
. E, 35650 ATGHE ol 12 Al 3.89%
Ueol et T8 HEE Aw WE By ofu

Z2A 9 Zoulz gfe g X
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significant at p¢<0.001.
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