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Quality Characteristics of GABA Rice(Oryza sativa L.) Powder after
Enzyme and Ultrasound Treatment
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Abstract

The purpose of this study was to evaluate physicochemical components and antioxidant activities of GABA(y
-aminobutyric acid) rice prepared by enzymatic hydrolysis. Six kinds of pre-treatment were used: 1) no treatment(Control),
2) treated with Viscoflow MG enzyme(GR-V), 3) treated with Protamex enzyme(GR-P), 4) treated with Viscoflow
MG and Protamex enzyme(GR-VP), 5) treated with Viscoflow and Protamex enzyme and ultrasound treatment(GR-VPU),
and 6) treated with ultrasound treatment(GR-U). As a result of with proximate compositions of GABA rice powder
with different treatment methods, GR-U had the highest moisture content(p < 0.001). GR-V and GR-P had the highest
crude ash. GABA rice powder of different treatment methods showed no significant differences of crude lipid. Crude
protein of GR-VPU was the highest. The GR-VPU group had higher sugar content, total polyphenols contents and
DPPH radical scavenging activities than other groups. Enzyme treatment groups(GR-V, GR-P, GR-VP, GR-VPU) showed
decreased pH(p < 0.001). As a result of analyzing mineral compositions, Mg and Ca contents were significantly higher
in enzyme treatment groups(GR-V, GR-P, GR-VP, GR-VPU) than in the control. As a result of analyzing free amino
acid content, GR-VPU was found to have high contents of GABA, alanine, valine, leucine, phenylalanine, and lysine.
Based on these observations, it was confirmed that enzyme and ultrasound pre-treatment could improve antioxidant
activities and some active components of GABA rice powder.
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o] s3] Y= o}, YW Oryza sativa L)L 2
vl == 7l EvE Eew g2 Bl -8
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0.84 mg @ 7} & 6.65 mgoE Husle] thE o
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= 9, 1995), 3925 ZH&(Mody et al.,, 1994), 82
&5 Al A8 P2, 1993) 5 of2] Aelxkgo] Har
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7hpEE o835 F7I(Fsl 9, A, 2013), (2]
T4, 2012; A=A 2], 2015), vFREH(ESY 2], 2015),
AHZH2A, 2010), 2241 9, 2020) T ohsst
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g Eejol =l BA0] 9 Wgste] 10T AL 3
J(ZEO-SR152, A @82, thdA), &=l Zas}
o RR AM8Sgon 2o FRSE A
BAE Ao R ARBER= Viscoflow MG(Novozyme
Nordisk, Bagsvaerd, Denmark)¢} Protamex(Novozyme
Nordisk) 2 £2] 45 FY3te] ARE3IITE F 29
= $¢, DPPH @tz 275 &7 AH&3 Folin-
ciocalteu reagent, DPPH, gallic acidT Sigma Chemical
Co.(St. Louis, MO, USA)¢] A|E< o]-g8t3laL 1 ¢
15 Aoke ARSI

T 7P AAECHPEEFS=1:1)0l
7 =2 ] 1%<] Viscoflow MGE A7}k A&
GABA Ricet+Viscoflow MG(GR-V)Z 3}3e™, 1%
] ProtamexS 3713+ ZS GABA Ricet+Protamex
(GR-P)Z 3}, 0.7% Viscoflow MG} 0.3% Protamex
= &31%F Z1S GABA Ricet+Viscoflow MG+Protamex
(GR-VP)Z 333tk 0.7% Viscoflow MG} 0.3% Protamex
£ &3 & Sonicator(UIL-DHS15040, f-dx23}F
2B|AL, QFAHA|, gk E o]83te] 30 Bt 259 A
Z|(150W, 40 kHz)g+ & GABA Rice+Viscoflow MG+
Protamex+Ultrasound(GR-VPU) & 3}¢jem, &4Z 3
7}sA] ¢Fo- TR ARE(7PEhE5F<=1:1)]] Sonicator
= o] gate] 305 Eob 2ouh Ae(150W, 40 kHz)dH

A& GABA RicetUltrasound(GR-U)Z 3133t} 50T,
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A, 3=E o]gdte] 60T oA 2417F B¢t A=x3+S)
o Az B 7S 200g8 Uro] EA7|(EV-
GB6000, Zhongshan Long-Plus Electric Appliances
Co., Ltd., Zhongshan, China)E o]&3}o] 28 &<t &
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lightness)9} 22 %=(a: redness) ¥ 2 %(b: yellowness)
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% e 3 % DPPH 2HuZ 275 342 4
84 2(2016)] AAWHES Farsl Akt 7
10 goll 70% olgkS 40mLE 7lslar 287t 4e
% Shaking incubatorr(SI-100R, 3H¥x}sl7]7], A-&A],
Bl

LAY, AHALL g=)E o]83te] 790 xgellA] 15
ArEeste] d& FFds T Zus I
DPPH e}tz 27 84 Al AMgslelc}. & 29
= T2 70% olekE =9 1 mLE Fst 02 N
Folin-ciocalteau’s reagent 1 mLE Y3l J-2ofA] 3%
F 9E3A17] U2 7.5% Nap,CO; 1 mLE 718ke] 147
B o= 3ol WA AL g3 =A(Spectra MR,
Dynex Technologies Inc., Chantilly, Virginia, USA)E
ol-g3te] 765 nmolM FBE=E 43k F ZejulE
shke] BEEZAL gallic acidES o]&3le] AM=3kgic).

DPPH #tt)Z &7 &4 4L 70% oe-g F=
0.4 mLol| 0.4 mM DPPH olleh& 89 3mLE 7}t 2
= WEFeE Fof of - SellA 1037 WA|eklet. L &
E433=A|(Spectra MR, Dynex Technologies Inc.,
Chantilly, Virginia, USA)E A3l 517 nmollA &
FeE SAA AlEE ke 2 dxad Als
£ 37kt A3s vlaste] DPPH 2tz AASdS
o] AREAE ol 8ete] ME-E(%)=E YERHIITH

DPPH &tz &A% (%) = {1-A5379 34 %=
/ze] FBE)L x 100

6) 7714

71 3 24 S8l dAxeE delg vk B
2 5 g8 AA3FH550TC) 2 s F HCLHO(1:1)
£ 10 mLE ¥ &3 A7l & 3-25+2(SH-GWBII,
dfalste, 974, SRl TS Fof AEANT HCL:
H,O(1:3)8 10 mLE Y3 &J¥x|(Whatman No. 1,
Whatman, Maidstone, UK)Z 33t & Z7F4 100
mL2 A-g3te] A5kt dAe] S AR RS
o] X7)E(Na, Mg, Ca, Zn, K) 322 ICP Atomic
Emission Spectrometer(ICP-OES, Therom Scientific,
USA)E o]gslo] X315t). #4 271& approximate
RF power 1,350 W, peristaltic pump rate 45 rpm, gas
T 231 Ar(99.999%)E A831%.2H, nebulizer pressure
9} coolant gas flow= Z}Z} 200 kpa, 12 L/min®|}3L,

Observation height= 242} 30 psi, 15 mm=Z #2313

[

"

o} ol 248 r)de] e JEFNa) 589.592
nm, PFIUE(Mg) 285.213 nm, Z<F(Ca) 422.673 nm,
o}9d(Zn) 202.548 nm, ZH(K) 769.896 nmo|Jct.

7) freloblat

fjoplat sk B4 Sla) ARE 1 gd Astel
olek2(80%) 10 mLE ¥ thg 2235=7|(VC 750,
Sonics & Materials, Ins., Newtown, CT, UAS)E 9|
83to] 40 kHz=2 20:27F 259k A2]e & 94 Zefs)
gick. 919] A2 23] WHEska FEARG Ho oftA
(Whatman No. 1, Whatman, Maidstone, UK)2 3}
3k5iet. o2 frefolm]iAkg dilution $HENH(pH 2.2) 1.0
mLol| 83l % 0.45 pym NYLON syringe HE|(Millipore,
Billerica, MA, USA)& 23] ¢j7ate] 2498 AlRE A
gateich. AAe R AN AREAe] felobrl
ke olu| Ak EEA 7] (Hitachi AAA  L-8900,
Hitachi High-Technologies Co., Tokyo, Japan)= 2
3ict. opliAt BFEEALS o)t EF Type B(Wako
Pure Chemical Industries, Ltd., Osaka, Japan)2} o}v]
=2k ¥ Type AN-2(Wako Pure Chemical Industries,
Ltd., Osaka, Japan)S Z}Z} 5 pLE 0.02N HCIS ¥

100 pL= 83kl AR&aRelor, ol
exchange column(4.6~60 mm, packed with Hitachi

=}
EzALe

custom ion exchange resin, Hitachi High-Technologies
Co., Tokyo, Japan)2. 2, o]F72 ninhydrin 58 A
E(Fujifilm Wako Pure Chemical Corporation, Ltd.,
Osaka, Japan)¢} ¢+ AJE biological fluid PF-SET
(Kanto Chemical Corporation, Ltd., Tokyo, Japan)E
ARE3}AL, column flow 1.0 mL/min, 4% 20 uL,
3 570 nm 2 440 nm, N? 7} 25 purge= 243}
et

3. &7l &4

AAe7t o2 b dde] FE54 Z¥= SPSS
Z2I3(IBM SPSS Statistics 20.0, IBM SPSS Co.,
Armonk, New York, USA)S AMg3le] Hogh 2 55
A= TotaL, s B A Wis 2l vk
AETE 3he] 2ol A2 LY v 4t 4 (one-way
ANOVA)E AR838FAAL, AFF-35-E Duncan's tests ©

g4 fele Azl

=
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1. QldigE e, AE(2013) Pectinase E4E |23+ dn|]
T2 I A, S, IR A T dPERe &4

e e 2Eid Jhbd 2ol R 24 o] A9 glttm Ruslgrh E Ao FRe 28
s < I Ak i AR diETe] 1294%,  shdelz BU1, 2 R Ea AR 3L, zdwde
AT 11.85~13.66%= 253 28] GR-UTo] 7 gael 2ou) Bakxa)z Zvlelg=d] o= B o7t
T} H(p<0.001), FAAE 7R T HFT A AR 5 v zowt Ayt 22T AEee] 1

(GR-V, GR-P, GR-VP, GR-VPU)& 494 o7} §1
ot =3B F4 w=x7 GR-V, GR-PT] 1.54%
2 Uehgton, GR-VPT 1.48%, GR-VPUT 1.47%,
GR-UT 1.38%, W= 1.37%= JERITHp<0.001).
Zehi Viscoflow MG, Protamex 42 &% 9
%223 A2lg GR-VPUT9| §3Fo] 8.91%, GR-VP
8.84%, GR-Vi- 8.80%, GR-P 8.77%, GR-Ui
8.72%, & 8.71% o2 YERITHp<0.01). L&t
ZAe T 2.98%, GR-Vi* 3.20%, GR-PT
2.96%, GR-VP 3.08%, GR-VPUT 3.92%, GR-U
4.53%2 A5 3+ oA Aole gtk ©rskEe o
Z70] 74.00%, AFT 71.72~74.88%= GR-Po|
7P =34 Hp<0.01).

A5 9(2008)= 7HpA (A ) o] AUwHgE
o] FH 14.33%, Z3E 1.48%, XA 3.04%, Zch
2 8.20%, §HrsHE 72.95%2ta Harste] B AFtolA
AR ZHPE Bdst 2 zfolr) qidth Add 9
(2011)3= Pectinase, Cellulase &4 T 2 B3k 2]
ofaf A, A, 3 ko] FhA Hrhal Baskole
o, 7 78 Al debdRe] Fhae AR 3 S5 o

- hal
[e) A=}
we adukrel

I 2 7 AE sk AAeIM B2 o

[e]
Ao

ek

kls o

gl

R
=]
e

Z2 W32 gl 71E 54| &% S &4 A
2 BHRE o] &Fdve & AFCEEN 9,
2014; FAA 9], 2014; A3 9], 2017)¢} vpErIA| 2
B0 259 A7) vAEEY g 2243 A2y
o] 2% =& dfEo] W 8, &, diE 5o &

=] golaiAM v datz Az

2. pH Y oz

A WHS gelsh 7lpg Bde] pH % 3% &4
A= <i 2>9F 2k pH &4 29, diz79] pHe
6.72, AFT] pHE 6.51~6.749] o2 tzTHh
aaAg 7lpE 3 A¥H(GR-V, GR-P, GR-VP,
GR-VPU)L fojzo & Ygltoih(p<0.001), &3 =

28 GR-UZE fold Aol7h gigieh. 235 21(2005)
= opeolA] E4 A2 B AEe] pH7} thzTar)
e gute mglon], 1ol A (2019)e Agelo}
Aok A JolA] ERELE Aol 223 v} 23
ole] pH7} E mlAle] %o ulste] v Aug 1
Eho] 2 Aok e ARE usl UHa(1998)S
FIAZE Sl B AT 255 opdeolAls)

1) M2 deHg galst Jplol atd g

F(%) Z3]4(%) 22 (%) ZE9 A (%) (%)
I 12.94+0.05° 1.37£0.01° 2.98+0.18 8.71£0.12° 74.00+0.35"
GR-V 12.09+0.08" 1.5420.03° 3.20+0.20 8.80+£0.01% 74.37+0.18"
GR-P 11.85+0.26" 1.54+0.02° 2.96+0.05 8.77+0.01% 74.88+0.26°
GR-VP 11.92+0.05° 1.48+0.01° 3.08+0.10 8.84+0.03" 74.68+0.06"
GR-VPU 12.35+0.16° 1.47+0.04° 3.92+0.79 8.91+0.03¢ 73.3440.91°
GR-U 13.66+0.17 1.38+0.02° 4.53+1.47 8.72+0.05" 71.71+1.40°

F-value 67.528™" 35.059™" 2.566 5.540" 8.195"

*d Means within a column with a same letter are not significantly different by Duncan’s test(p<0.05)

T p<0.01, 77 p<0.001
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ZRlop Eagdo] 78] S7IskSlaL, pH haet
F71 ghekol S7Iskalitl o= A Ak Aele] e
A 7kl B 8ol o3 Zloletal Hushelth & A
TNE A Aol ol Tk AR A2 F]
A9 8% SV o Qle thEwE pHYF fHAadt
Zlog neld,
253k ] el olshrl whEst ©](2001)9] Aol
T 257 A2 AlSe] pH7F S71ske] 2 el the
& Uehiglon, AT €12013)= Akl Wy
SR Az ghelAteh gupA el R Alad ghelatke] pH
&

o fold Aok A Spol & Aol e

gw =4 Ay}, 222 0.50 °Brix, AT 0.53
~0.77 °Brix¢] gto&, e} G448 7hpd g
f A3FHGR-V, GR-P, GR-VP, GR-VPU)<& 2|7
=%om, 253 At GR-UT-2 23 2|7} ¢l%d

E 2) Mz dHS Halst Jpde pH | 2

ot} Z4A3) 92015 @ FEEL dvt 54
g EL 84 AEdto] =& S yEr

Z)o] £ e YERita Buste] B Advel o
Agpsick. EaAol sl freiR frelolreat 44
o] 7kt eH, ol Wt THAYE W= glycine,
glutamic acid, prolin, asparagine 52| -fzjopu]=2k(o]
T4, 2016)0] S7keE A vl 22 Fdo] = AL

= AZEt<E 6 Az,

% (°Brix)

21 i 6.72+0.02¢ 0.50+0.01°

GR-V 6.57+0.02° 0.70£0.01%
GR-P 6.54+0.02° 0.63+0.1°
GR-VP 6.55+0.01% 0.73+0.1°
GR-VPU 6.51+0.01° 0.7740.1¢
GR-U 6.74+0.01¢ 0.53+0.1*
F-value 156.382""" 16.000"

*d Means within a column with a same letter are not significantly different by Duncan’s test(p<0.05)

" p<0.001

(Z 3) Hxf2| WHS alst Jjupaol M

Hunter’s color value

L a b
=T 78.02+0.01° 3.78+0.005" 10.4420.02"
GR-V 79.22+0.01¢ 3.58+0.005¢ 9.74+0.01¢
GR-P 79.11+0.01° 3.56+0.01°¢ 9.67+0.01°¢
GR-VP 79.64+0.01° 3.54+0.01° 9.62+0.01°
GR-VPU 79.73+0.01" 3.50+0.01 9.54+0.01
GR-U 78.42+0.01° 3.73+£0.01° 10.01+0.01°
F-value 41337.60™" 1762.050™" 2762.00™"

*f Means within a column with different superscripts are significantly different by Duncan’s test(p<0.05).

" p<0.001
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=2 7S YERNITHp<0.001). a(FAE)3he thtol
3.78, Adwo] 3.50~3.73% YERAA, b))
o] 10.44, A&7o] 9.54~10.015 YeReH
Ao}l FATE= AFTHT Yxgo] FojFow =
< 2= HERTH(p<0.001).

st 9](2015)2] Aol <Jshd 4A1zE Bt 45T
60C oA amylaseAd] G402 23t Wit 559
7} vA g FEL g} s g Aace=
25 JERQITE ¥4 proteasesd] EAE A 2lg A3
S 45C el A Alol| g7 EY Hes
3, A, FATE e ke e o 60T ola
2] Al we ks vE
Wtk ol Al FF 9 B4 A 2% oS
S = Ao 2 YePdt) B AT oM = amylase”|
o} proteasel] BAE I %5 B ARTeA £ A
sto] Uehd A3 ekt o] €)(2005)= *4%
A T dasheEo]l g HFolx 2 vg-S
oA A AWAE YAEtaL, o] FolA A% amino-

ksl w0l drkal Balste]

oo
o] Filksl At B8 AoR

A=

dk NIV

_uMH’-‘rJFlOF

=
A

L — L
Yesh FAEE B0 AEs

carbonyl ¥Hg- HAE

A AEgt sppd
7]eh it

=1

~
O
]

= g2tnt DPPH il A8y
A WHs geEsh Japd fide Zods &
%3} DPPH 2HHZ &A &4 84 Zae <i# 4>0|th
A WHs gele Jpd B2de] F ZejHE ¢
o =TS 33833 mg/100g, B4 2 2SUE g
AYFE 35433~493.01 mg/100gos ooz

3

o ot

F7ret e, 53t mRAest
GR-VPUT°] 714 &9t} <79 —"LEMF“‘OHL ferulic,
p-coumarice, gallic, vanillic acid 5°] JdoH(FFd
9], 2009), ©15 Eejslize] Wrle} ase vl £ sl
= AL free radicalS H43kA 24 )= phenolic ring
mEolgla SAUE <), 2010). B4E 2](2009)=
S, FRdnE, SFdnde] Feds el
11.1~69.1 mg/100ge]2ta Bustglon, x4 9|
(2008)2 dut Wnje} HAnje] F FEls hF 22t
15.15 mg/100g2}t 57.96 mg/100g<! ¥Ha E=n]
n)= 444,38 mg/100, =AM 239.67 mg/100g0 2
% s lJrE‘rlH"*D}—L shelch. & Agtell ARESE 7kt
7hatdn] o] A Foauu An| R} ZefF
diol =4 % o g AT BAAE &
% (o].é_%_ 9], 2006), Ak @;g(ulu 14, 749,
2 5_1/](717\],1:] 2], 2020)9] ZgjdEo] Eolxl
?i:rL Aol 2o AdE Bk ol AEEAE VL
TFdfshs B4V AlEYS Eafste] E84d9] ZeT
=S FEPHE FEsk=d 24 o sl7] Wi
olgtal FtHzE3}l ¢, 2018). w3k A 2)(2012)=
Z*‘-L}i —Zr%é‘}oﬂ = EH w2t 5 B 7Y
Fge . A2 2)(2013)%= 2
141 o)’ Z2]

===0 ==

— T =
= &0 A avs )
5 9], 2006)0.F2 H o]
= 7hpde] ZEjslE &

=
=

2 =
=

oln
=1,

AR
=

[e=1 =R
aa=

g

E 4) Hx2| 2HE Helst Jpdel & Z2|wls §Ent DPPH 2ozt AHs
% Zy9 = F=H(mg GAE/Q) DPPH Tz 7% (%)
o By 338.33+12.74° 39.62+0.01°
GR-V 354.33+£2.73° 53.99+0.01¢
GR-P 404.67+3.14¢ 53.86+0.01°
GR-VP 423.00+2.37¢ 55.74+0.04°
GR-VPU 493.01£2.11° 66.31£0.01°
GR-U 391.03+0.52° 46.93+0.01°
F-value 572.456" 868206.036™"

*f Means within a column with different superscripts are significantly different by Duncan’s test(p<0.05).

™ p<0.001
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24 A A9, dizre] DPPH =tz &7 242
39.62%, AT 46.93 ~66.31%= YERJT}E Viscoflow
MG} Protamex E4E &3 9 253 E3bAsh
GR-VPUT (66.31%)°] 7} =t3L Viscoflow MG}t
Protamex &4~ £%13]2] GR-VPT (55.74%), Viscoflow
MG F4 9532 GR-VT (53.99%), Protamex &4~
=32 GR-PT (53.86%), 259 ©=A2] GR-UT
(46.93%), 2T (39.62%) 02 &k E= 2989} A
2lol| o]s] DPPH ghtjzt 27 &do] Fvleh= Ao=
YERITE QI FEE(FHGRE €, 2007), =UF2(HA}
9l 9], 2020), A=EFol SE(FATF £, 2010), <&
L(HAE €, 2009), WE()EH 9, 2021) B4 A
2] 3}& uj DPPH ett|z &7 &A4do] S7iehctal B
aatgom, T FEE(HAA ¢, 2013), HFE =
=378 9, 2012), ol2Yo} FEE(HHY 9, 2016), =
2 FEE(FAA 9, 2017)2 2534 A2 Aol DPPH
gz A7 GAdo] S7FsHIThaL Hatste] E Aq-Ad
9} 7o A= ekl DPPHE 2o Hgpdo=m 7
A7 SEe e B2, Uz Axp) v
o lo] & U EZE vwH HYH slgtEo]
t}. polyphenol, vitamin C, W= o}l 5 i3} &
e 2 B4 o] ApMo] b o g GAlE= HE
o2 A= vgo| A-dataL A 2Fe] kst
S8k o E AREEIL JqehAHAA, 2017).
delm] 2](2014)= &4 E 2u9f Al o3 Tt
&9 #= ek =719} DPPH gujz 27] &4o] 57}
s, olE9 AL A7 T ol Hiem H of

Az tigk oEAe] Eou O 9 mAo B

L o

o

E 5) Hxz| LS =alF il FI1E B

ATelr] Bar =of(xd7g €,
2008), sHitsl Edol Fofsh= ZejuE % DPPH
Hozd 27 g4 I7HE 8l 5248 G5 e A
Hoh 9] sk Zlol, EAE sk KT 229
of B3] sh= 3lo] hilsl @S TTMI7IE /83t
e 0w mold

A s gl 7hpd 2] 51 3 E

o] Br1dRE 9, A, 2, vk, UYEF 2
5ol $HrEol sletl o] T vkl ZEe e
HEE o RS ZEEthE Y, 2005). 2 A
TolME UEF, vtadlE, ZF, ok, ZEe WA
s BAEGth 24 2, YEF®Na)9 diEre
6.32 mg/100 g, &AxE] 7mpd a4 2FF(GR-V,
GR-P, GR-VP, GR-VPU)2 5.05~5.27 mg/100 g&
2 giZzwrT foHow e ghg Yehion 25}
223k GR-UTL 7.21 mg/100 go & h2THT} £
#e Uehdth A574 9(2016) el o3 v
Ak o] 71=1s| o] oF 8%, w5 oF 20%2] 1t
EF A7 237t 9SS Budigith webd 2 A
7hbE 3 AT UEF FHdel Aat Aow Als
Fch

PFvls(Me) ot Zi(Ca) Ik 3ol frofdes

SF¥(mg/100 g)

Sodium (Na) Magnesium (Mg) Calcium (Ca) Zinc (Zn) Kalium (K)

o 2= 6.32+0.02° 30.05£0.05° 13.44+0.03° 1.1120.02° 130.36+0.55°

GR-V 5.05+0.01° 34.82+0.06° 16.28+0.25° 0.96+0.06° 121.09+0.08°

GR-P 5.10£0.02° 37.14+0.03f 12.28+0.07° 1.01£0.01* 130.03£0.04°

GR-VP 5.27+0.04° 35.23+0.01° 12.20+0.10° 0.95+0.05 115.35£0.31°
GR-VPU 5.17+0.01% 34.52+0.04° 20.88+0.07¢ 1.04+0.03° 128.27+0.23¢
GR-U 7.21+0.18¢ 33.08+0.06° 21.89+0.09° 0.95+0.05° 126.26+0.22°

F-value 391.219™ 9292.330™" 3815.026™ 8.614™ 1223.151™

*f Means within a column with a same letter are not significantly different by Duncan’s test(p<0.05)

“p<0.001, 7 p<0.001
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ol
b

0
b
ojo
El
i
ra

< ft HEboL oFd(Zn)t ZE(K) 9 e thE
Hjsl Agro] fojxos e ghE JERIch
7hapg o F& ZFo] 7P 1 v
Ui, 2, UEF, ol o8 vehich dvje} win)
o] #7114 ko] <lo] 7V wal ZF, wkaMls, 2,
obed, 43k, He] o2 vERt Av|s 9](2004)2] A7+
o} FARE A JEIQITE W o] 9)(1987)=
o] 1714 Fheko] wiadisse| 7P #aL 4, A, B
7 A, T, 9l UES, ofd £ e £
9J(1984)= <lo] M =1 Zg, vlklE, 4FE, UE
F, ok, &, 78 £ = vehlo] thE ZAE UERY
oh Zo] FrlEe dvhog Acle] upZe] o
SAETE SU1ESE AR @, 1990). =3
Ao F57 Als, B 270l o3l st Zfol7t Q)
on 71 23S Aehs B o o] 840l 3]
o|&E3 Y AT Thol| AolE EHATKAFIS <, 2004).
IR AEHE FrdEzex AEZ e~ gl
HEl 2 gohilz 2o yRzl EZZ o]Fo]A] o]orq
W a2t TEY 55 ot et 29
o] Aslggo] W W ol HE], 71 4 Ag
olg-&o] mi¢ YrholfA ¢,
2019). 24 9 259 Aol 22 7leags AR
71 == 1% 3 S 9 AW o] 8Tt ozl
tha B ugthFEel$], 2020). 285 2)(2014)= wY

Ml

é

adE

}\:J_V__
o

ol vlste] 34 Aelgh vid el A<, Z4F, vkl
F ol S7IRHAA, AT (2013)= Z53 A
A ApEe] niadls, YEF ko] Skt B

a3le] B ApAze} xpo|E vl

AAe] WS GElg shpd 2] frg opv|xAat
A A <® 6> Rk
g olu|=At &5Fe GR-VPUT©] 44.31 mg/LE2
=9kon, GR-VPT 35.61 mg/L, GR-P* 31.81
mg/L, GR-V 13.47 mg/L, GR-UT 10.78 mg/L, ti
ZT 9.86 mg/L 02 Yol t(p<0.001). thzrat
Hlars] g4 ¥ 2evkE B9 GR-VPUZ A
valine2 34}, leucine2> 54|, phenylalanine2 5.54l,
Lysine-2 6.88] &2 &&o] A& =HIth
H]Z<= opu| At = GR-VPUT0] 95.85 mg/LE
7P =2 ko] #AEHAA, GR-VPE 76.39 mg/L,

S5 A T =

GR-P#* 73.37 mg/L, GR-Vi* 62.56 mg/L, GR-U*
59.39 mg/L, hZ&T 52.29 mg/L o2 e ks 1}
ERATH(p<0.001).

4 v]ES opr|i=ako 4= y-aminobutyric acid(GABA)
9} alanine®] ZAZ =S o] F y-aminobutyric acid
(GABA)®] ##e thz 352 mg/l, GR-VPUZL
53.6 mg/Lo 2 1.54] o]} =& ko] HAZEHU o,

O X
alanine & tz2To] 5.02 mg/L, GR-VPUT-2 10.42
mg/LZ 24 o]’ =4 AZE=JH). y-aminobutyric acid

o] AFEAel glutamic acid 3HF A iz (1.70
mg/L)2tt GR-VPUT (2.31 mg/L)o] 7P =4 A=
Eth 7125 2](2008)= ZArH o] GABA, alanine,
glutamic acid ¥=Fo] 22z} 13.08, 6.65, 6.61 mg%=
AZHJrta Baste] B Aqddte} zholzt Qigintk. o]
= frejopu|iit S Al Zhapae] dAeE] o] dEba
v AR ek

Aes 22008)9] Aol Sjaiel sulan)sh ek
nlof] H]3] GABA o] oF 8ul] A= Frhal B st
o} *é_}—"— o]g3le] AE-S NS we] GABA ke

Aol Ao 9= GABA ‘g}akq— 0= Aoz B
HchEeA 9, 2020). 254 £(2015)= 7HEENE

H7Fste] Azxgh “‘@fﬂ«l GABA 3gFo] Al wHdejs
oh 2vf 7HF wo FEES Btk 2 oM EgEs
9 259 B3] o5 GABA 3ol 1.54 574
S AlFel A-83kS vl GABA 3] Eal Jle
ol FE AEE MRS s Ao=E Tddnk
Z  frejohu|eite GR-VPUTo] 140.15
mg/LE 74 #3t3, GR-VP 111.01 mg/L, GR-P7*
105.18 mg/L, GR-V* 76.33 mg/L, GR-U 70.18
mg/L, &7 66.15 mg/L o2& $olA(p<0.001), &
29 2 AR Qs opn|iate] JkF 9l g HlE

o] A7}t epge}.

FF

fk g 229 A F feleluleat Guol Fke
Ak a9 28t A F AEHe] 74 W

so} ghelo] glek. & ATOME Fol ofdh AT
FEA WsPh 25t AR I3 g Siste] A
g onlet 22 EES FPIA, Tk 2e0 BG
12l A freklrlnttsl 9ol 318 Ao e
A3 €01)E ddirunt EFass Helatde
4 % frelopleite] ol /13 stk M,
A SI(2008)% HAAeld Hofre] el el
% fejolmlmal 9 Wolulielt o] Bl Viehitc)

L
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A Baste] B ApAde) fARE A3E YERel. 2 Qg DNA &% B3 83} 93-S Halste] 4
ol BAA g oJaf A Tl Ho] ojuiito 2 B opn|ieAke AL S Hole Zo R YERTE o
sl we} Ve = Auke ket JelE2016)e] 4 B AFllA] leucine ¥ valineS tiRTHT RE A
Toll oJahd EAJolm] Akl valine, leucine 2 isoleucine 2|0l H& SRS Mo o|2 ola| FAkE; Edo] kAt
5o ARSI S 57 ?l A, valineo] %2 3 2 Zo= dAdEm, Sl AFAde] rhupg FHe]
At 39S JERflem, MAg(2015)2 EAjopn]i= DPPH #jtjzd AAgdo] 7o fdRle g AlgHrh
A &3 2lolE AAS AF ] nellA slsl 2EY A

(% 6) dxf2| WHS Za2lst Jpd 22o| falotn| it &
SF(mg/L)
=z GR-V GR-P GR-VP GR-VPU GR-U F-value

g opm|=At
Threonine 1.23£0.02* 1.5120.01°  2.73£0.02°  3.05+0.03¢  3.75+0.15°  1.44+0.02° 833.013"%
Valine 2.54+0.03"  3.05£0.03° 5.62£0.06"  6.16£0.06°  7.75£0.07°  2.71+0.10° 3539.108""
Methionine 0.57+0.05*  0.79£0.02°  2.13£0.11°  2.40+0.02°  2.94+0.02°  0.65£0.03" 1145.806""
Isoleucine 1.04£0.01*  1.39+0.03°  3.44+0.02° 3.86+0.04°  4.93£0.04° 1.09+0.01*° 11022.659""
Leucine 1.89+0.03*  2.56£0.08" 8.01£0.005° 9.01+0.01¢ 11.35+0.17° 1.94+£0.07° 7708.204""
Phenylalanine 1.12£0.01*  1.54+0.03°  4.33+0.02°  4.74+0.19°  6.16£0.12°  1.17+0.02° 1572.450™"
Lysine 0.87+0.03*  1.95+0.03° 4.36+0.11¢  5.13+0.12°  5.91+0.09"  1.08+0.06° 2232.636
Histidine 0.60£0.04*  0.68+0.01™ 1.19+0.08°  1.27+0.01¢ 1.51+0.02° 0.71£0.05> 225238

27 9.86+0.67" 13.47+0.82° 31.81+2.15° 35.61+2.42° 4431+3.06° 10.78+0.68" 8909.923""
v opr|=st
Proline 1.57+0.05*  2.71£0.14°  3.44£0.06°  3.67+0.05° 4.66+0.10°  1.66+0.06° 656.737""9
Aspartic acid 0.82+0.02*  0.80+0.02*  2.07+0.08°  1.17£0.03%  1.20+£0.07° 1.08+0.07°  212.997""
Serine 2.16+0.10° 2.42+0.08" 3.76£0.08°  4.15+0.12°  4.99+0.09° 2.51+0.06"  481.658""
Glutamic acid 1.70£0.09*°  1.88+0.06°  2.02+0.02°  2.1440.05°  2.31£0.07°  1.98+0.03°  39.061°"
Glycine 0.80+£0.03*  0.96+0.02°  1.46+0.04° 1.61£0.06° 1.97+£0.05° 0.97+0.01°  379.260""
Alanine 5.02+0.01° 5.18+0.03*  7.70+0.08°  8.52+0.109 10.42+0.29° 6.62+0.12°  675.252""
@ -Aminobutyric acid ) 0.08+0.02° ; ; - ; 55.014™
Tyrosine 1.28+0.04" 1.57+0.08° 3.80£0.08° 4.13+0.10°  5.32+0.05°  1.35+0.01*° 2097.339""
£ -Alanine 1.26+0.03° 1.20£0.01° 1.30£0.01¢  1.42+0.01° 1.47+0.01°  1.14£0.02°  201.003™
B-Aminoisobutyric acid 0.10£0.01¢  0.15£0.01°  0.07£0.01°  0.06+0.01°  0.08+0.002° nd 151.558™
a’;ﬁgﬁ;‘jgyﬁc 35240.02° 41.3+0.03°  40.7+0.04° 41.8£0.01°  53.6£020° 38.8+0.11"  128.960""
Aminoethanol 0.41£0.01°  0.43+0.02° 0.37+0.01*  0.39+0.01" 0.46+0.004° 0.45+0.01°  46.102""
Ornithine nd nd 0.03+£0.01°  0.05+0.002° 0.06+0.001¢ nd 396.295™
Arginine 2.65+0.04*  4.35+0.02° 7.28+0.03%  7.90+0.03°  9.55+0.03"  2.75+0.01° 34203.247""

| 52.29+1.44% 62.56+1.70° 73.37£2.51° 76.39+2.77" 95.85+3.43° 59.39+1.817 6339.178""

A 66.15£0.54" 76.33+0.62° 105.18+0.26° 111.01+0.25° 140.15£0.26° 70.18+0.79° 12907.197"

*f Means within a row with different superscripts are significantly different by Duncan’s test(p<0.05).
™ p<0.001

- 82 -



B ATelMe= Aelgido] Hold 7hupae] A
24 &84 = Qs 7MP(Oryza sativa L)l &
2 (Viscoflow MG, Protamex)9} 2315 WE = B
St lste] Azt 7hapd kel olslst 54 2 ahiks)
DS #EEth 7hkE FAgrs xR 33
A& Viscoflow MG #2]i(GR-V), Protamex
2 (GR-P), Viscoflow MG, Protamex Z3t*||T
(GR-VP), &3ta 4 ¥ 23394 28(GR-VPU), 253
=22t (GR-

i A A, R g 229 95 A2lRH(GR-U)
o], 3o T W=AE)H(GR-V, GR-P)o], =k
e Efas ¥ 259 E7(GR-VPU)o|, sl
2 Protamex #2(GR-P)o] 7 EJth(p<0.01). =

RS

o pg Azste] BRI 2

A Alg b el Apole vehtA] ekttt pH
g 34 Ay, dxrHEg 437 AEHGR-V,

GR-P, GR-VP, GR-VPU)¢|] $ejxoz uiglon
(p<0.001), %57} TEAere 230 &5 AT
(GR-U)2 #2914 zfo|7} gidet. Mw &7 A7, LY
DL dxTEyg Agdo]l fodew Egkoy
(p<0.001), a(HA%E) B b(EAE)FHS Aol froH
° 2 WIth(p<0.001). ¥ Z)v= == DPPH &t
Z 27 &4 B A, dErRt Aol
2 =2 498 JERITHp<0.001). 7712 ek 24 4
3}, Nag thxzrrtt &4x7 A3A7(GR-V, GR-P,
GR-VP, GR-VPU)¢] fojFo =z re b veplovt
Z59 G=A e (GR-U)o] frofdos £ s Yet
Wk Mg @ Ca 3Hke thzadl vl Adao] o7
%
J

Aoz ke ghe Vehith fel ol 3 14 2

i

3, o] 74 GR-U, GR-V, GR-P, GR-VP,
GR-VPU 22 #oH oM (p<0.001), EFES B =
S3}2] 27 (GR-VPU)o| ZTEL} alanine 2Hl, valine
34}, leucine 54, phenylalanine 5.58l, lysine 6.8u}2]
=2 slko] A& 53], GABA(y-aminobutyric
acid)= 1.54] o] =& o] HEHA. wehA 7
npgke] A7 WhHo 2 Viscoflow MG} Protamex 2
F3} 23918 BYAelhe o) BUSE B 2 71
X B3E Hol= Zlog Uehyith

=
=

< O O
rir

il

FA]: ThbE, FASA, aadAd,
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