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Quality Characteristics of Raw Noodles with GABA Rice (Oryza sativa
L.) Powder by Enzyme and Ultrasound Treatment
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Abstract

In this study, we assessed the quality characteristics and antioxidant activity of raw and cooked noodles containing
various concentrations(0%, 5%, 10%, 15% and 20%) of GABA(y-aminobutyric acid) rice powder treated with Viscoflow
MG and Protamex enzymes, and ultrasound treatment(GP). The moisture, crude ash, crude lipid, crude protein and
pH, in raw noodles significantly increased as the amount of added GP increased. After cooking 50g of raw noodles,
the weight, water absorption rate, and volume increased significantly as GP was added. Color L value and yellowness
in raw and cooked noodles decreased significantly as the amount of added GP increased. The redness increased significantly
in raw and cooked noodles as the amount of added GP increased. The texture and, adhesiveness showed no significant
difference in raw noodles after adding GP, while hardness, cohesiveness, springiness, gumminess, and chewiness decreased
significantly after adding GP, in both raw and cooked noodles. The total polyphenol content and DPPH radical scavenging
activities increased significantly as the amount of added GP increased. Finally, sensory evaluation of cooked noodles
containing GP revealed that taste, color, flavor, appearance, texture and overall acceptance scores for the 10% addition
group ranked significantly higher than those of the other groups. Taking the quality assessment and the sensory evaluation
together, it is considered that the general tastes of GP noodles can be improved when the amount of added GP is
10%.
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1.8 mm, YH]:=4.0 mm, 2o 30 cmE 39| ol 73] A
Z3 Qe A g2 ARSI

3) Ae] g

o] dulgr 2.0 AOACH(AOAC 1996)9] w
2} R IFAX7|(HB-501M, $hilz}3}, HAA)ZE o]
gate] Rtd Axor, zdwde Rax|(DT
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TEEFTE(%) = (XY T S/ 4
F%} x100
TEO B 4 ds AU e BS d2elA

218 o] 675 nmollA] 33 %A(Spectra MR, Dynex
Technologies Inc., Chantilly, Virginia, USA)Z A}&3}
o FEEE SHs AT

6) AT

A g 2] e AW 2ejEs 10 mmE A}
€ F HEH+(60 mm D, 15 mm L)e]l &2 ¥ A2
(CM-2600d Chroma Meter, Konica Minolta Holdings
Inc., Tokyo, Japan)E ©]-&3}¢] L(lightness), a(redness)
2 b(yellowness)abs =331tk oju] EF WAl
(Standard Plate)e] L%k, azk, bat-e 2+t 97.10, -0.05,
0.16-= e

/\ggj"r }_ﬂ?ﬂ 71—71— 107].1:1-9_ 710] 20

3) ¥ shaking incubatorollX] 16 A7} 52t 35351 288 xg
of|A] 1523 Al elgt & 2 S A 5= o] 83
th F Zjuls g9 459 1 mLel 1 mLe] 0.2 N
Folin-ciocalteau’s phenol reagent3- 7|5} 4ol A 35
ZH 92171 F 1 mL 9] 7.5% sodium carbonate(Na,CO3)
S Y3 1R FoF daollA] W] & B3 = (Spectra

Chantilly, Virginia,
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ooz Fake] a5

MR, Dynex Technologies Inc.,
USA)E o]&3le] 765 nmoilA]
gallic acidg ZFEAZ 3o F
At

&3l DPPH &Hu)d 275 A4S A7) A5 0.4 mL
o 3mL2] 0.4 mM DPPH oﬂ %0 SRS Iﬂ‘ﬂ?}
T o2 FollA] 1087t
£ St v 22 % 4011 JEH AlFek k.

DPPH &ttjzt 27155 (%) = {1-(A837kte] §4%/
z2are] $285)) x 100

9) W5

[e)
n e PSR 200) TheHY 2412 g o= Ak
mm=E A2 F, F 7192 E7)A Texture analyzer(CT3, ° _ F= 200 EHT ¥ - RE dfsra
L T 0% 2A1HE gkl or ot 1A [ E & o]
Brookfield Engineering Laboratories Inc., Middleborough, ‘ } D
i . olo] Ev S2= AF, 7 AAA, ol Xt sdsE,
Massachusetts, USA)E ARE3te] A%, B2H4, g4, BEo AL O A2 A3} AP 2 o3k
__}J/H 7_];\4 \:rl /})\]6]/\«10 3§] o]% J’ “6]—0:]-—7%1‘6]—11}——-}1 oLF F‘%‘E UO}’(})\?\E]' J’]’ Lo HOHEHSH A RF
- 5 35 B7bol a7l sheiek. Ame) Bk 337 zefa
Tghom Uehliglon], 24z <i 1>9 2t}
AAHS Yol WZAAIZ] $of] Aol A 10827 A8k A
i S AL8EH A, A B HEE 3Ake] A2 BAIS SR
8) % ZalvlE 3% 9 DPPH 2tz A% e lamrer e o 5 2w
£ o] &33lth BE AlEE TAl AlEe $ 7 Ao
Ae) & FelslE 3 % DPPH eholt 2715 24 = Wlehes shalrh. 1518 AAlel Zelwe 5 g4 Hol
2784 €(2016)9] AFAWHES HIFst ST A AFsEdar 3 e AlRE Hrketa oS B2 T H
(10 g) 2] 4u ol S FBH=70% Seh-S-S 7Fete] 287 B of thS-0] AR E FUEEE 3t IS AAF e A
(B 1) TEY 5ES Slg 2T
Measurement Condition

Test mode and option

TPA(Texture Profile Analysis)

Pre-test speed 1.0 mm/s
Test speed 1.0 mm/s

Post-test speed 1.0 mm/s
Tigger load Sg
Target value 3.0 mm

Probe

TA39(Cylinder, 2mm D, 20mm L)
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o, ), o3, 27 g A ARl Vs 2 A vl Frhe A9h 253 A 7k o] i S 12.35%, 23]
74, w9 o= 1702 3kt 2 1.47%, A 3.92%, 29 11.91%, &531
73.34%2 i o]5 <], 2023). FHEHT} §4

3. EAx2] of 259} X 2] 7P Bgre] 4, 23\, 2A, 20
o] ko] &7 e, S0} 250} A2 7pupd

Az} ze]H el A& Av= SPSS(IBM SPSS Statistics &) H7}eko] Z7}3tol| ulg} Aol A o] & gho] Z715+ Ao

20.0, IBM SPSS Co., Armonk, New York, USA)S /\}%
afol vl 2 7l A7k kel o] A% Al )

2 b} ol Ea A AlEH o] Wg o Qs A
] 2 27 ole] 7|F EAT A2 Aol 830] =7}

H~1

]

I,

1, 2k

AT

24|
=

23

=

o} 28t A2 hubg g

FAF 22 (one-way ANOVA)S ARSI, AMS S

£ Duncan's testE o]-&3] #-24S AS3

=

e ¢

AT (Al <), 2014; AR 2] 2014; AAR 9,

2011)9} PR bR 2 Fas

T2 TR gasklon, 5
g At

% gkol 91l

Hax Aol ofslf 7hapa Al gl 2

2](2022)& ol &

8l

FUAR] BF o] Fete] vhe AR 12
. QITEZ1(2020)2 G4 Aol o3l ¥ Zrlute] o
s¥o] Z7ha}oicka sho] & Qie) ul gk Aslont,
ol 7712} 3 thl 1) 23]
B} A} gk 89

vl B usle] B o7l ol Ad= Jehygl

. WAL DI g o apgh mel 7149 B7 9 AAe) 2ol et
T":_L €J+—‘—’ 11: <3z 2>94' 7“4’ /@t‘i@] /\H_ 7;511'%]:% EH&E'O] /H ]4_‘9_ 34_ }@74,51]—4_ .J_ZH‘—‘ 7]%—_(2013)2 /\511}]'
35.40%, F17KE0] 35.66 ~36.62% 2 FERATE 2R T ) nore) 3 pepo] Zbalem AJw shoehe] Zto] So)
Eo}:% EHZ‘T;LOI 141%, 137]'%0] 144"’157%;14‘]5}']}%):_0_ Zﬁ‘ig% ]_ T:} H] O]L_ ‘317]__'_‘/] @_a]:iq_ TI"‘HX]'
U:], 5_1]1:101‘ ﬁt}%]ﬂ% EHE_TI-‘L 0.13%, 7;‘5]7]'5‘ 0.30~0.53%= U] E‘%]_.g] _)FJ?L ?;53,1]:01 Lr:o1-7] U’H“’“o]ﬂ'—h Rl 6‘]—04 H o]
Hepsdt. 2ehld g tl2 7.50%, RE 755~ oo s Anke b,

N L
7.86% 2 e o §49f 223} A 2] 7jupgd Bde
7}eko] =713l ule} 8, 238, F AW, Zehi 7 3k
o mF Zleha, Brstee ot A%e U 2 P!
(p<0.001). A0} 25} el Zpiba RS H7hsthol Azst

}\]%‘/Ké%{‘ﬁg(l& 2 ]:8: loc‘ﬁ“’}'g}%_, 2016)01] g] pH% %@?} 7&—7,]11: <3t 3>J4_ ZELE]' *gEﬂSﬂ pH —%]_%]:_]o:
A FEREE R TS 11.21%, 23 0.43%, A gzgo 5 672 Ueton], M71Re 5,73~ 5792 7}
1.01%, 223 10.35%, B8k 76.64%C1900M, & g z51ak0) Zola422 0] 2 0 2 27181 9ITH(p<0.001).
(E 2) g2% =31t XMz st LS HoFst Moo AdiME

T =D 5% GP 10% GP 15% GP 20% GP F-value
(%) 35.40+0.34%9 35.66+0.14* | 36.13+0.08° | 36.41+0.12*° | 36.62+0.15° 21.52179
Z3]2(%) 1.4140.02° 1.44+0.01° 1.4840.03¢ 1.55+0.01¢ 1.57+0.01¢ 61.071°"
ZA"H(%) 0.1340.02° 0.30+0.01° 0.3540.03¢ 0.45+0.01¢ 0.52+0.02° 233.409"
ZE A (%) 7.50+0.08* 7.55+0.02° 7.59+0.01° 7.70+0.05° 7.86+0.03¢ 27313
B3 (%) 55.59+0.13¢ 54.73+0.56° | 54.46+0.02% | 54.07+0.33% | 53.40+0.02° 22.244"

YNoodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)

Y Mean+SD(n=3)

¢ Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

D™ p<0.001
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ol Bad} 2o A 7HkE £ pHYE6.38% 5
2] pH 6.003.t} E7] ufiol 7P ko] Hrleko] F
7¥erE el pHZE 571 2l o g ) Av|Ad 9
(2013)= B4 A 2] & F7| visso] pH7}F Bl &4 X 2] 2
7] uk=ol vl8) = et o dxa i fodow =
A Jeht B A7 Ao} v)Zatgde}. ek A £](2014)
= An) 9 e 7 A pHY 7R R e AR
o = e 2 Aok AR 3 JErcE FAlE
o] pH7} A e] pHell QS F= 2 0= Bl Hof Q=T
(A= £1,2019; 1241 9], 2016; Z141 9], 2015), H&

2T 76.27%, 72 56.20 ~73.27%°] %} 28] &
FYh 3] sk 5% ArbEe dzadt fo el 3
o1k 12001 10% ol 7 kz ol A 7huba 2 H7}egol
Z71RE aske 4FE dehiRlon,
Fhubad Bk A7k Z7VRE ol H o 2 Zhastelrt
(p<0.001). o] Fx} ol ()] aAE 3]
AT 9, 1996) B AP E zalde] &
A2 olF) Bu sk 7 Ask Ao g Holr), %7}—1‘(76
ZJo} 2], 2109), W7 (A 2], 2013), B 715 0]
mIAE 91, 2013), HolAm (o] A %, 0] 9%, 2011 ¥

2=2H &5~ 0 O
T 2

sslo} YHe L doA FX1H AdolM= A" ATolA o5 Mol 1SS 2eHY i
THEAE, 1999; A=t 9], 2003) 3L g}, 2 AellA & &o] 743, o]A<d, o] €E(2011)0] Hagh nufe}
HEET pH7F 2 7 i H7F 2 Ao pHYF ol o] WU o] AR e FEF A o] Wb vlE) Ao
A o] o] 338, Biol =go] Ho] Hel 2 ARtk W ZFHl FEF AR A gt o] vzl Zlo] fjlolz)
=, 223 s Toll JEks v A Ao = Bl I AT Fl= £J(2011)= He| FE F5E2
7 AR S FE T dve] glow, | Az Al H7t
3 mo| xag| £ He Alse] S5 9 Fud wet || F4 54do) Adols)
Chat Barsk ik, FA o] 7ol Srbdes o) S5
B 2R A TP S ket Al E Ry, SR F5g0] st e, ol A7k A8
A el B <F 4ok At el F T2 UE A L R4 T Aol WE i 24l 31
T 88.63 g, 7 78.10~88.13 g, 2] F Fu= 2T S ASMAI7]7] WiToln, o] F5-gol wet wpe] =
2 78.17 mL, 72 71.33~78.50 mL, 2578 A7 Y Atte] A1 R S5 Boshd 2o =
(F 3) 249 T3T XM2| 7y 22hs Hobst Ao
T =z 5% GP 10% GP 15% GP 20% GP F-value
pH 5.67+0.047) 5.73+0.01° 5.76+0.01° 5.77+0.01° 5.79+0.01¢ 272939
" Noodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)
2 Mean+SD(n=3)
3¢ Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).
D™ p<0.001
(F 4) 229 T30 XM2| 7pd 22s Hotst duol x| M
T8 o 2" 5% GP 10% GP 15% GP 20% GP F-value
Zz8 & F(g) | 88.63+0.817% | 88.13+0.65° | 85.33+0.45° | 83.47+1.10° | 78.10+0.56 80.404"
zg & B3(mL) | 78.17+2.89 78.5040.50% | 77.1742.29° | 74.83+0.76° | 71.33+0.76 170.789™"
TFEETE(%) 76.27+1.30° 73.27£1.63° | 70.67+0.90° | 69.93+2.20° | 56.20+1.11° 80.424™"
2o g (0.D.) | 0.11440.01° 0.127+0.01° | 0.172+0.01° | 0.213+0.01° | 0.270+0.01° 322.943™

D Noodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)

? Mean+SD(n=3)

¢ Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

D™ p<0.001
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=4 W E=FEE MA2[E JmpEE Holet =352

Ir =
=XEN 7

L e go] havsle] Jee] Ak A A D
1, 2013; ¥15-5] 2], 2020). ] ©1(2014)x= Av] 5 =7
7ot @A 254, s ARk Aue WhedEn

= ”U o} 2, FEFEol S7FH ATk sh ol
g o]= FFe P ZFo| Z|EA ] TS FAS AT
Eﬂv}.

ze|He] =& " 24 Ay, tizTo] 0.114, 7k
©]0.127~0.2700.2 7hap o] 7] S7tdr5
& 9Tt fredor 37 IrH(p<0.001). #HE3]
2](2020)%} o] A2 £](2019) 0l oJaA A7} Hrhde] A
Aol 27 T §FH o m=] 9t sopxltkal Bars)
o] B 17 Axel Ax|stgie). vt Ee AL ze|dd
A R FEo] WL wo] f7 oA Bl Bt
Akl ool FA dvhs AL orjstrE(de] 9,
2014), =e|573S g FAl o] A9 hF 2dolyt

o2 WAE & U= A7 AHg-o] LefHrka Azt

o d-}
4E r]

rfrm

R Z:%JJr Helgk 7P - Hrlsle] Al xg
M%(L, a, b) % A= <HE 5>9} ).
Ao L(HE)FS tizTo] 75.56, H7ko] 72.62~

TR tjz7ro] 1.09, H7kro] 1.82~
E)FE T z=Te] 10.52, H7kre] 10.01~

(E 5) 5aol =30 2| 7pd 22S Holksh dHn

0.810191eF. 7k ute] H7beol

Z7}etr2 o]

%‘EQ} FAE FolH oz 7hAaste] o (p<0.001), 4
A frold o Sk lrh(p<0.001). ole Fa Y &
3} 22 b Bko] Hrleo] 2945 A 4G of
S e, 7hpdo] EoAS go] A r= Zlstal
FAEE Bt 2 & 5 Atk ke 2t

HivEtae el er] S M ERE S35 50
2 FEH AL HIL Q= FrAm o e (A5, 2012;
F24 9], 2020). Fa <, 7§6H7§(2013)— 7hab g

Z71sgickan sho] 1 A} 2
2120207 P AR K3l ) Aol
AZT Aol e 3

ﬂAﬂﬂQmﬂ%ﬂw&ﬂﬂﬁiﬁﬁ
$2 Gefat g A 24 7hbE 71 ogo] Bol S 1
zZ

A, AT E 7k A= Z7] 59y o= 7

of ofl At} 227} vlAbE whE He
@%ﬂﬂ%ﬂﬂﬁﬂ 48 D SIS A
RAgste]
2914 5 A% 250l 52} Aol

N2 The Qere nlAl Aow AZHEL. o] X<, o] 9%

=
%
i

T D ES 5% GP 10% GP 15% GP 20% GP F-value
L A | 75.56+0.017Y | 74.3740.01° | 73.50£0.01° | 73.44+0.01° | 72.62+0.02° | 50881.909"
(B%) | zad | 65.060.01° 65.59+0.01° | 65.45+0.01¢ | 64.19£0.01° | 62.27£0.01° | 120152.286""
t-value 1190.210"" 1520.741°"" 2417.000"" 2777.000"" 1792.673"" -
a k! 1.09+0.01° 1.8240.01° 2.08+0.01° 2.20£0.01¢ 2.43+0.01° | 23901.300""
T4%) | zapw | 0.12£0.01° 0.07+0.01° 0.20+0.01° 0.64+0.01¢ 1.10£0.01° | 19134.000°"
t-value 323.000" 526.000" 281.000™" 270.200" 230.363"
b AW | 10.5240.02° | 10.81£0.01° | 10.60+0.01¢ | 10.23+0.01° | 10.01x0.01° | 3417.423""
EA%) | zaw | 6.19%0.01° 3.97+0.01° 4.41£0.01° 4.57+0.01° 4.69+0.01¢ | 35364.722""
t-value 360.000™" 1025.500"" 1855.000™" 1696.000™ 1597.000™"

! Noodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)

Y Mean+SD(n=3)

¢ Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

™ p<0.001
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l

(2011)& oldln] A7ko] F71855 o] P vt
obgla A4 27kl ok, B fol 4 zfolht
EhbA) egttha masheick. o]l E, #318(2021)9) 0]
e 7hego] SNl ket Al shsEhvle] B, HAE,
P 2 Gl slon, oA S2013)E e 2
PRl BE EFAN Bk AAEE Sk

o, FAE= He7hg S50l et b 23 1Y

ol
ﬂF
2 o?&
i
ke
%
K
bz
5
%
_g
o,
Hﬁ
%
1;
1
o
T
S|

Hlt A5l glo] A2 7]|a4del 9F& FH ¥ yolrt
2AFo W E, ek, F4 52 ddehe At Hug

ko] Z7hgtol wek el
S7iok o ehich 5.4
ﬂ/RﬂC %}\-o] IJ—O %}1\-0
=3 A &
olgh otz 7

b R
-] 73‘1}__ <

§]—/\

¢}

A7hebe] Az
6>7} 2t}
A7b 24.83~

o4 0 2 7h34tH(p<0.001).
0.03 mJ, 715 0.02~0.01

0.18 mJ, 47} 0.08 ~0.15
oVl ghi W ol A 3

(E 6) 4% =30 AMz| 7y 224 MIIsh Ment Ze|Hel =22t
T2 =" 5% GP 10% GP 15% GP 20% GP F-value
A% (@ A | 46.00+£0.507 | 38.83+0.29° 33.67+0.29° 32.17+1.04° 24.83+1.04° 589.289""
Z#9¥ | 65.67£5.51° 46.00+0.87° 41.67+1.76° 29.67+3.55° 27.50+0.50° 74883
t-value -5.922" -16.252" -9.238" 0.945 -8.000" -
By | Ad 0.03+0.02 0.02+0.01 0.01+0.01 0.02+0.02 0.01+0.01 1.632
(m)) | =¥ | 0.18+0.03¢ 0.15+0.02" 0.13+0.02° 0.120.02° 0.08+0.03* 7.762"
t-value -11.926™ -8.510" -8.030° -14.500" -3.591 -
PR A 0.40+0.08° 0.35+0.04" 0.34:0.04% 0.31£0.01* 0.26+0.02° 4.102"
Zg9¥ | 0.54+0.02° 0.500.05" 0.53+0.11° 0.52+0.10° 0.28+0.09° 5.438"
t-value -2.783 -2.835 -2.947 -3.845 -0.210 -
gy | AW 1.15+0.02" 1.25+0.03¢ 1.22+0.08° 1.03+0.15° 0.77+0.05° 18.522"™
(mm) | =z | 2.18+0.04° 2.06+0.05° 1.76+0.12° 1.75+0.24° 0.96+0.09° 40.247"
t-value -38.930™ -20.984" -4.766" -3.223 -3.852 -
24 (@ A 13.93+1.45% | 14.60+0.92¢ 12.87+0.87° 8.70+0.30° 6.53+0.55" 45.620""
Z#¥ | 33.50+2.13¢ 23.93+3.65¢ 21.93+4.19° 13.53+1.27° 8.33+0.46" 49.134™
t-value -11.950™ -3.887 -4.125 -8.485" 4.234 -
A4 | A4 0.16+0.02° 0.17+0.03° 0.15+0.02° 0.080.01° 0.05+0.01° 26.194™
(m)) | =¥ | 0.72+0.05° 0.46+0.08° 0.41+0.11° 0.24+0.05° 0.05+0.01° 38.805™"
t-value -18.330™ -4.848" -4.274 -5.237" - -

! Noodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)

Y MeanSD(n=3)

¥ ¢ Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

4) ke

p<0.001, ™" p<0.01, " p<0.05
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FK5E felHo R 2ashdtk(p<0.01). $4
o Aol ¢t =7 0.40, F7l 0.26~0.35, Z2]H
Z 0.54, A7FE 0.28 ~0.502.2 71apd A7 ek
whe} §ro] 4 0.2 7aal Slek(p<0.05). e Jie] 7
- & 1.15 mm, 7} 0.77~1.25 mm&eH, Zg7
aeN ;Hz:,?— 2.18 mm, H7} 0.96 ~2.06 mmo 2 7P

xguqq Ao q}z? 13.93 g, 7}% 6.53~14.60 g, =&
e 27 33.50 g, H7h8.33~23.93 g o & b
1ekol] whe}l frold oz A4St (p<0.001). BIHL
A o] 9 thzT 0.16 m), 72 0.05~0.17 mJo]le.
™, Zg|We 27 0.72 mJ, F7kE 0.05~0.46 mJ &
7}1:%‘ H7bFo] S7H s A B e BT frolHe

2 728tk (p<0.001). 7iapd 37ero] 7t wiet
A gz Awrt aiskdetl, =AE, w1
(2013)-2 ru| 2] Hleko] 715 spiel AT 2
2o A, o] fojH o g haskirkar B arstl
o, A, 258(2003) En| 7HE Hrlke] 71
FE AIFT v 274l ghgo] vrolxlrkal B a8t it
wp2ba] 7hpg o] ko] S g Wb oFo]
2o Qe 27 FAo] 2 oA ot vt A} vt
opzxl Ao g dActent. 7hpA-S A7 F7) ol = 7
7HE ol S7FEFS BTt oAl Aol ol
77 H7kro] S whet it eke] S7HE
I o] 2 Qlal Risg Aol B o gk 27wl J/do] oAl E Aol
AACdsH <, i, 2013) 02 Hasto] & A2}
2o o g Helrh, Ao FAde AR 7he] frolH
zpol= UEhA] kot el 7hka Hrbeke] St
2 GolAd o 7 7F AT Ag] g](2014)9,] oo 2]
sk An] 7F e ] FAdo] 2T et Sk i,
olold, &33(2021)2] AATNA = Sn R Hylafo] 2
7rerE A BAY frolF o w SUkshe v Zeld
2 oA o g st & Ag-Adte} xbolE yERiTh
LA G grEAde AR AT | 7P =938 golo
2 ggH o] S5 7 dawrt Z BES et
(del 9], 2014). SR AF i A A= E vERY
= AR By g @0 A] IR Qo] A s
SRR, ARE, 2017). 7R 2o ko] S}
Sol] whe} A e o] S-S T et 22 e
2 Hshs S UERITH(p<0.05). 48] 2](2014)<] &
TolA 2T An] = 05 7k e S34
sho] 2 A7 Aake} frAksk ot © /32 v 2ol

¢

1

N
e

o] Fhax

rew Hrhgol S7HdrE A
2 BT fro 1 0= 2Adtgirk(p<0.001). ©]91d, &
alA(2021)9] AN Furlde] Hrhgo] Sk
= At e e @2 gl %421_.3 SRl B
Mol & et faketolrt. 2148 Bl 4w At
ZedoN dizwHot 7 o] M7kl Sk
freld o= 2H2a itk (p<0.001). SH 7k H7t =
T(OMX} 9], 2013)i= L7H =<l vls) BEl7b 37
o] AR o] tha VA e R Eete S8E HeEhi
o, FrEiAkn] H7E AEEPACAlS, B8 2013)2 4
A A7hge] S7bErE AR o] HobA 2 st
oF fAFshaltt. ol ALes MR IA 2 Tt ke A
kol ST RS A nk=e] 271 Aol AstE7] w|

ol viEht Avt ek
Adnn e A, BA, 34, @A, 4
7, el ghol S7kshlml o1, &8%(2021)9]
S0 2 7t AvhzEh W AR Ars e Sl
AE 22 Al Foll 3k 2Rk wstE A

6. & Z2|Hls &2 L DPPH radical AHs &8

Bt 259 Ae] 7k 7 e F EeldlE g
2% 2 DPPH radical 27%< <% 7> VeIt A4
o] & Zg9E g 2T 16.50 mg GAE/mL, 47}
T2 18.11 ~39.42 mg GAE/mLZ 71pa H7feko] 7}
Sholl webA o] 5 o 2 F718kArk(p<0.001). ©]F% ¢
(2023)%= 7hapae Ant winut n| Rt Fe)#ls Adwol
U Zom A0 230 A g] T rhupae] el dwol
Z7bebdvkal Baskgdo) 49 229 X8 & FuE
(3ln] <], 2014), el =71(ol5%- €1, 2006), At A=
(B, -4, 2009), =4 (AR 2], 2020), /1F5(3
7Y 9], 2012), ZEl(H2A 9], 2013) 04 Z]H|=o] =

ol g4 25yt ZeluE S Sl -l A
A5, &

2] Wgolehan Bash gk, EelslEe Fate), B
o, W, G A, Fadst 5 o A gds e
© A=l o8 AitEE 24 EH/\V%+(§_7J% 9]
2017), 7hpae &xksl g3t
phenolic acid, y-oryzanol, ferulic acid, p-coumaric acid,
hydrocinnamic acid 52| Z8|#&S g8l ATH(E2
Al 2], 2020).

7b& 271 AW e] DPPH radical £~7% &4 A3+

%473+ phytic acid,

- 791 -



10 slMstnlEks|X| MI32R 65 2023

ET2 14.57%0]3L, 72 24.76 ~49.73%= 71apP&
HA7¥eo] S71stel Wt folH o= F7kskrkp<0.001).
Hrd 9(2015)= 7hapa Fhegell vlEHste] wizke-el
DPPHS} ABTS radical 27%0] Z7}5t9=H)| o]= 714}
Zo] Hj= slehE whitoletal she] £ dTtel vl A
Hojoh 7apg e Zejds RO 13 itsl &
= F7FRE As ERlsk it

T4 250 A 7k Bt kst Az =
2| o] AN AF= <3 8>3 2ot ZejHe] o, A &
A7 @ AAH Q] 7| S oA Al E Tkl £-9] 4]
U =t 8 5 AL FEellA] 10% H7t
= VRt BHe 20% GP (3.66), 15% GP
ZT(4.45), 5% GP (4.61), 10% GP (5.21) $=¢]
, A2 20% GP-20 (3.66), 15% GP (3.84), thz=r

a
o
[
B
4

o] =
=

2T A e
e
N
ilh)

=3

=20% GP (3.66), 15% GP (3.84), t) 23 (4.45), 5% GP
(4.61), 10% GP (5.21) Z=0] 2]z, 2)7-& 20% GP (3.66),
15% GP (3.84), 23 (4.45), 5% GP-5 (4.61), 10% GP
(5.21) o)At} thzFr} 7lkg 5~ 10% F7bro] =
Al 7=, ] £1(2014)9] Aol = e Het
TFIE Hrete] whs o] 7| BrE o] 2 A7 Aae}
ARSI H thekst A E AR o] TR =
Eo] 71557} ol AEA Q1 el gk argdd oA Bl
2o =2 dAetETh

(4.45), 5% GP (4.61), 10% GP-10 (5.21) &=o|t}. 15%
ooz 7S e A 2] S ZelHo| &
A7} 2247ke] 7]
b, v
0% 7o thzTo

ol A5 22|7}o] 7as} el ol

m
rl

T Hrlol £ ke TS
T}EE 5~20%= AHl HITA|

AN
E

N

ula) QA7 Bl A So] 27 7k sto] wlgkalalA| o
SHAAY 9, 2013)3L B} Eat wnje} S5

(4.45), 5% GP (4.61), 10% GP-10 (5.21) oItk &v] 2 1718 Ao = 10% H7ho] A Aol gt 715 %
(B 7) 49 ZS1} Xa| 7MKL 2at2 X751 Moo & Za|gls &2 2 DPPH radical AHs
T =7 5% GP 10% GP 15% GP 20% GP F-value
% %ﬂﬁﬂé‘ ;:}Eo]: 2)a3) b c d e *E*L)
+ + + + +
(mg GAE/mL) 16.50+1.30 18.11+1.12 24.31+1.22 29.83+2.02 39.42+1.27 129.33
DPPH radical 1457+2.48° | 24.76:2.09° | 342942.71° | 44.42+2.66° | 49.73+137° 114.47""
27%5(%)

Y Noodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)

» Mean+SD(n=3)

3¢ Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

D p<0.001

(E 8) 4% XZu} AMz| 7k 222 kst xe|He st
T8 o 2=z 5% GP 10% GP 15% GP 20% GP F-value
s 4.19+0.06”%Y 5.05+0.08° 5.46+0.22° 4.05£0.07° 3.60:£0.09° 123.849™%
A 4.69+0.10° 5.17+0.07* 5.5240.14° 4.8240.07° 449037 14.183™
Eiaal 4.16+0.15 4.94+0.06° 5.20+1.11° 4.62+0.21° 4.08+0.11° 38.7517
ol 4.6020.11° 4.77+0.21° 5.79+0.10° 4.1120.09° 3.75+0.13° 108.539™
Z=A7+ 4.45+0.14° 4.6120.06° 5.21+0.09° 3.84+0.38" 3.66+0.18" 27.576™
AAH 7zE 43520.15° 5.11+0.11¢ 5.5940.13° 4.10£0.10° 3.30:£0.52° 36.217™

D Noodles incorporated with 5, 10, 15, 20% GABA rice powder treated with enzyme and ultrasound treatment(GP)
? Mean+SD(n=3), Hedonic scales(1 : extremely dislike, 7 : extremely like)

32 Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

D p<0.001
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S Hoket =49 ERSY Qi

7} 71 Egko v wha ol 20% 7kt 71 vhol W g
ZAz o] A 713wl Be dTFE F= a9l

Foict.

o

(732 2, 2014)0]2}aL

A g0 2k vl&-of b= o] ofel] S <l
FEFE PIAG g AR 7S FA 42 AYE =
gigich ke vlE-S AUk e -G RS B
ahH, 22| Tkl Z2l5h RAH o] Agate]
ol ZA7ke] 7|3 g Elvh wEhA] Zhupd &
& P AL VS RE =Y T e
T},

AA A2 712 =F 20% GP-2071 3.300 2 73 wigk o
™ 15% GP7} 4.10, 20| 4.35, 5% GP7} 5.11, 10%
GP7}5.59 2.2 10% GP7} 714 =& 712 wigit}. o]
A9, o] FF(2011)2 Lol n] &S 10% 718t os 789
A, Bt 2ok g AAHR] Vs wellx] tizTel 2 Afol
7F ldckar sheitk. o1, &8 d(2021) Sv] B
20%X ek 7 9| H7FeE A skAER R T 20% H7 R
o] A, ut, 223, AAHRI 715w elA 7 e ke
REgro ], WA, vh71:8(2013) 9] Aol &= greAkn] 7}
FE 20% F7ReH AW sk ol He w7 S A7t
3F AR o), WA, g, 227 2 AAHQ 7| E et
F2 o= JrHEAT. A, Aal8(2013) F7] Al

Al 7habEE 7R S5 7150, 20, 40, 60%2] HlER
7¥et 735 Al Tk ko] wigton WAy, Bt
A7k, AR Q) 71 Z e BE A8l fre) el 2ol 7}
AL BEILF. Al 91(2015)= 7HabEE o] 2hd
< AlAEE e e] o) v alsho] 3t e A HojlA
ot Ao & vt on, A 737 EUTHATA
9], 2015)2 3-dch. 54 m(2015)E 7hapbda 157 RS
o]-§3t wi7kg Al 2A| T e FFHAE 223 F
F4 713wt 9% ks Azt 7hsetekaL skelck
B3 H4 9l(2015)= vibe Al2A] THPEATFRR of
M5 diAlste e a3k sho] ZHAEA] ko 7t
A7VE 7} vz dlzel vls) #eH o= 953ttt
3L 3, 7hpEg o] 83t ThE AlFolM = T Aol
F& A%E 1ok

ol o] ARE Hol §4 P 233} X ] 7ppg ke
A7V dejete] Alzgh e - ok, A, ), <],
227 AAAR] 7135 el 7k S 10% H 71
o] fFeH o R 7P ol H7hE el 10% 77 7P A

[¢]

ol

BN BN o

A
7} A

AL

:

IV, gok

HA Y 250 A e 7hkE 22H(GP) <] H7HH0, 5, 10,
15,20%)& Seid Ao o, 2382, A 9
2 heFat pHE 27 7HPE o] Hrbego] S7Fgh w
2} frol 4 o2 783tk (p<0.001). 22| 54 54 A,
ze|de S, FEEFTE, FUe GP 37hge] S/
= foog 7l e & B GP 37}t
o] S7HrE frolFo® F7sHArk(p<0.001). M=
=7 Az, A 2 ZeHe] L(E%)# b(F )3
GP 7ol S7H45 Fo|H o g FaatqlaL, a(HA
B)R2 S7FEITHp<0.001). A 9 ZejHe] 4w, &
A3, e, 193 2 W2 GPe M7ao] S/l uf
2} froldos st Atk (p<0.001). 212 Aol
Frol A apol7h veRtA] 9k wkH e Mol St

7o Sieh(p<0.001). Zelwle] THsxt A, o, 4, ),

o, 2272 AR H Q] 7| % FFE A 5~ 10% A7
Z

Aol FA5H 9 He
Hog e o H]ltk ol wpe} & Ay 7k
= AR A Fshdo] SHE Ao Holn, tef
T AR RE A 7hapbEe] s Stfjoll 7] 5 &
Ao R 7|th =™, 10% HrE=® 7kl Ao] 7|85k W
Al Aoz Heldh

FAo: AW, 2 B4, /PR g aA g, 2239}

A 2]
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