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Quality Characteristics and Changes in GABA Content and Antioxidant
Activity of Noodle Prepared with Germinated Brown Rice

Suhyun Kong and Junsoo Lee

Dept. of Food Science and Technology, Chungbuk National University, Chungbuk 361-765, Korea

Abstract

This study was to investigate the quality characteristics of noodles prepared with germinated brown rice
and rice bran, and to determine the changes in GABA content and antioxidant activity of the noodles. These
noodles were evaluated for cooking properties (cooking loss, swelling index, water holding capacity), total
polyphenols, antioxidant activities (radical scavenging of ABTS and DPPH), and GABA contents. The addition
of germinated rice bran in the range of 5, 10, and 15% showed a significant influence on cooking loss, although
no effect on swelling index was observed. The raw and cooked noodles containing germinated brown rice and
rice bran contained more GABA contents (2751.6~4176.7 and 5522.0~9617.8 nmol/20 g of fresh noodle,
respectively) than those of non-germinated brown rice and rice bran. Noodles made with germinated brown
rice and rice bran had similar total polyphenolics contents and antioxidant activities compared to noodles made
with non-germinated brown rice and rice bran. Overall, the germinated brown rice could be used as a good
ingredient to increase the nutritional value and antioxidant properties of wheat flour noodle without affecting

the cooking properties.
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H A FFE dF ¥ IIlpum byeo)Z &1
FeElgoen 9 FEANFAHAA A Fuol A|EE AL}
At} AWE UIHR(FEHE, C)e AlFolA T3t A
3tk 3, GABA, NADP+, GABase % gallic acid,
ABTS(2,2-azino-bis—(3-ethylbenzothiazoline-6-sulphon—
ic acid)), DPPH(1,1-diphenyl-2-picrylhydrazyl), Folin-
Ciocalteu(F-C) reagent:= Sigma(St. Louis, MO, USA)°l
A el ALESIAT 1 ol AL8E FE2 ) D Ao}
£ analytical @ HPLC 55 AH&3ld.

Anjde o] FHE 2B°CAA 2477 Bt AA S H #
o}7]15 o]&3le] thA] 37°Coll A 48417t 5t WrolA| A ).
oy} kg EW wol A AlE & 50°Cell A 3 Bt Az
A7 & =477 248ty £ F 90%2] Woldw| o} n) 7}
(rice bran)S A%t} 3H, E AY ] *}“lﬂ o} 2 6-4
& u](whole grain) ¢} vl 7&
EHAA -70°Coll A B

Zot=A A AR MA 2|
A

pofles
3R
o

Zotsn| =52 M=
ol % dn|e} w|ARE MG AW Axe 98
1= Sl U 47 A8 5, 10, 15% H7ksta 494
I BS A7 2%9F 40% Vst A2dA wrE7)
(KMC550, Kenwood, Warford, UK)Z o]&3}o] 1587
detA kst WSS T BFES A2 A 2417 43
H & 44 Z7](Kyung buk machine, Daegu, Korea)Z
o] &3ty HF T/ 2.0 mm, U¥H 3.0 mme AW (fresh
noodle)S AZ& At 49 dvt & ST A=
AW & FA FH3)
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2 3 HH Y
AAw| e} v A7HEE AU 5] 28 3 AE
S H71slr] Y38l dry matter, cooking loss, cooked
weight @ swelling index® 2439 th. WA, cooked
weight+ 20 g9 AHE /4 200 mLol A 583 223
T Qo 3027 WA & E71E AASE 2 E 49
FAZ SAATh 28 A% 28 F 59 dry mattere
AOAC R (1< ol&3tger x=8#4 % aL 05‘4
ARTE JEFE cooking loss®t 9] B e}
+ swelling index= Tudorica 5(12)2] & ] 83}
23319t FEATHLS Lu 5(13)2 HES o] &35}
A=, ol A Fof fnje} v AVHE 05 goll S/
5 mLS 7}star Z+7; 40, 80°Ce] shaking water bath(150
pm)oll A 2217 B9k AEe & 2500 x goll A 3087 YA E
2] stk AR ¥ 45 HE 105CAA Az F Ak

e kA

o} 2%

At
oX,

150 ﬂl[ﬂ!

s

T e
S ey

= colorimeter(CR-200, Minolta,
Tokyo, Japan)& ©]-83}99 3 ¥ 71(L, lightness), &4 % (a,
redness), ZA = (b, yellowness)#S 33 HlE =% 3o
H(hue angle=arctan &/a, 0° =+ 360°=red, 90°=yellow, 180°
=green, 270°=blue)Zt¥} C(chroma=(a’+bh?)"?)2 2+=3tg}
(14).
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FoZ frEo 4o ZEdd M2 GABA % 2 & L}ﬁr
AET &4 WHEE golry] AaiA z2E A5 =
AR F%H 1082 SHFE A7IgE & 10°CAlA] 2411%L
FZ 39tk & & A4 (3000 g, 30&)3+ 4
100 mLZ “g-&3te] AP AMSSIATE 2 A F &
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Woldw| 7} H7bE w49 2 HA F GABA = #st

S3st7] fa =29 A% I FEHH 29HF F

< =& 150 pLoll 70 mM lanthanum chloride$} 1 N KOH
Zzy 7hgk 5 AR 3}04 A5dS GABA &3 =4
A8 GABA 32 GABaesS ©| &3 a4 A

2" -2 ALE5LH T A /‘351—: NADPH®] %S spectropho-

tometerZ ©]-&3}o] 340 nmel A =33+ THIG).

é m\m i

& polyphenol &2 &
% polyphenol®] 32 7}
%oﬂ 2 mLE 7hebal 3% WA &
£ 7hstith O—E* gl &

= T =
?Zé Al FEE

e
2 7} FZ9 100 pLoll 2% NaxCOs
0% F-C reagent 100
F= FES 750 nmol|A]

0.1% gallic acidE AF&3FtH(16).

a1

Hﬁ o

ABTS radical2 0|28t atitalio| &1

% st o] 542 Kong 51709 Wil oA 574
39tk ABTS 7.4 mM¥} potassium persulphate 2.6 mM-<
3 B Gl WREte ABTS - & AR F o] &
AL 735 mMmolA] EF=E gho] 1571 HEE B 345 (e=
1.6x10" mol 'em )& ©] 834 methanolZ 3|45} %t} 3
A ABTS g9 1 mLel 329 50 ILE 7] FBE
o] W3lE A3 308 Fo] A3 Ascorbic acidZ
o] &3] RFFAE AT T AT F4HEEH(AEAC,
Al AFst Tt

ascorbic acid equivalent antioxidant capacity)<

DPPH radical Al

%% DPPH €< 0.2 mM, 1 mLol 3
=9 50 uL= 7}3f BT

9] W3}= 520 nmoll A A &3]
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= 1 2 A ascorbic acidg ©]& ol Jrh1). AstE xZ o] woldn o} woldn] ZA| Al
st BEFAES A & Fsty AHE S de wAe HIbe A gel matrix7} oFstE = AHE 7t
DPPH radical Al A58 ABTS radical Al A3 Y34 Agke Ao Holn o] o] Zg#HA = cooking loss
o osf AtEACH AEACH SR F18tE S Ueid 7} F74E Ble g Azt 3, swelling index 34 A%
TH(18). ANME dlEzT dol 1T dAnjet v Hrlo] e & W
D& k= YehAl gtk
ol HE #m| o} m]7Fe] 40°Ce} 80°Coll A &) R A3
siotsinlZs] Ko 2l e = & Table 2o Jehheleh. FR AR S Ansh sro
Zoo] FAL 247, shebn eln Agety sgo oo o8 HEHWESles o AnE AE g vEa
s BoAEH 22 A7 swelling indexE HIE3 Y Fio] 2S4S ZolxXH HAEY swelling index9} #A]
7h Qe Aoz dEA ATH0). 80°CAl N LR A
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o

ing loss 59 2 5L ARAEZRE HriEe $8%

w2 TAQ AT ALET B Ao wel A% dulgl & (697.0)% HlwstAES wf ol A & FHw|o A Zpzt
o 7o Ayl wE Za 9 AHEA WIS Golr 12} 696.3, 65042 L7} FSEAJLHI} & 2fo]E Ho|x ok
SET UZ2(100% D711 Bl wEg-e o wel A% o}, H7Fe ol HE R SR A o] e vl
Avlsh v)Zo] bR Tl A9 cooking lossis Frkekg STAE W RS $AS BAH(Table 2). o1 Al ejekw
om Fu|y} HrlE 2S5 E Ge ZrkE RgAu v FEZATE LS AEHFEARVAE ol &3 A= SH A
o] H7bE FFeME B cooking loss®] 718 mglth.  HiL FES UEUE peak viscosity st =SHH =S HEh
E3] o} Bo] wgo] AbE Z4d A 7bE =& cooking = setback® FH#A7E A= Aoz Bauso] vt £
lossE HPow A7 =7t wet cooking lossE =7} o FEATYE L 339 o AR =& FHHES Y
3+ tH(Table 1). Cooking loss®= Z&] T &4 2 TH Eldtiy BaE o] Juh(13).

3olE AE &3 Hxol JTFS ron 59 gel ma- AFe o e 75 E ST A S-S ST
trix 33 AA7F = AL Z Bawo] Ivk(19). 3 A = 9&S & wnt ofye} AFe AR, s, F2 55
= oGS AXA HH xHo] dAstH= OE B deete Ax7 "o H o] AF 9 o] &H = carote-

Table 1. Quality characteristics of different noodles”

Addition DM® of raw noodle DM of cooked noodle Cooked weight Cooking loss  Swelling index

Sample rate (%) (g of water/g
(w/w)? (/20 g noodle) (g/20 g noodle)  (g/20 g noodle) (g/20 g noodle) &y ")

Control 13.2+0.0 8.0+0.0 313403 0.4+0.0 1.24+0.0

Whole 5 13.0+0.0 8.0+0.0 31.3+0.1 05+0.0 1.1+0.1

: 10 13.0+0.0 79+02 317406 05+0.0 1.2+0.1

Non- gram 15 13.3+0.0 7.9+0.0 315+1.0 05+0.0 1.1+0.0

germinated 5 13.1+0.6 75+0.0 325+0.1 0.6+0.1 1.2+0.0

br‘;ﬁ 10 12.8+0.0 71£0.2 33.8+0.8 0.7+0.1 1.3+0.0

15 12.840.0 73+0.0 33.1+0.1 0.7+0.0 1.4+0.0

Whole 5 12.7+0.0 78+02 314+05 05+0.0 1.2+0.1

rain 10 12.9+0.0 76+0.0 32.0+02 0.6+0.1 1.2+0.1

, 15 12.8+0.0 74404 32.1+1.0 0.6+0.2 13402
Germinated

Rice 5 12.8+0.0 77405 31.1+13 0.8+0.1 1.2+0.1

- 10 12.8+0.0 74+0.1 317405 1.0£0.0 1.3+0.0

15 12.9+0.0 73+0.0 31.7+0.1 1.3+0.2 1.3+0.1

})Mean of triplicate determinations +SD expressed.
PNoodle samples incorporated with 5%, 10% and 15% whole grain and rice bran flour before and after germination.
YDM: dry matter.

Table 2. Water holding capacity of whole grain and rice bran flour before and after germination at 40°C and 80°c?

Sample Wheat fl Non-germinated Germinated
Temperature cat Hour Whole grain Rice bran Whole grain Rice bran
40°C 2154+9.2 2474+6.3 520.7+45.6 222.1+34 355.2+3.8
80°C 697.0+32.1 696.3+30.6 5175+34.1 650.4+21.9 581.0+36.6

YMean of triplicate determinations+SD expressed.
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Table 3. Influence of non—-germinated and germinated whole
grain and rice bran flour on the color of different raw noodle”

Addition rate

Samples L C H

(%) (w/w)”
Control 98.1 1.9 829
5 96.4 1.4 59.4
Whole 10 960 20 632
Non- srai 15 960 15 266
germinated . 5 76.8 18.7 88.4
Rice
bran 10 734 188 855
15 69.6 187 827
5 80.8 182 87.3
Vgg‘i)f 10 806 176 887
Corminated 15 795 171 89.9
Rice 5 806 185 888
bran 10 5.7 18.2 879
15 72.0 18.6 85.0
YMean of triplicate determinations. L, lightness; C, chroma; H,
hue angle.

YNoodle samples incorporated with 5%, 10%, and 15% whole
grain and rice bran flour before and after germination.

noids, anthocyanins$} 22 AN 4= FeF <l Hitnl o}
Uzt A stA 24 1 7152 <] HAME -531A 3
ZhE 3 h21). ol AF Hy) %
Zd A 42 M= Table 39
e Late ol A% v} v|7hs HUlg FollA dix
T3 HAEHE of ¥ FXE HYow

=57 dulE il vhE SR § e HEE U
Wt ol & w7h& HIEgE Ioll MY HEE ot
uAE A7 49k & AolEs HolA| gt A=
Bl = Cate o o5 2 23 % & Nyl AT
Yeg= AxZ ol A #rE Hret 4= dE2eg

1

o} v }S Hbsk ZFd A E 17.1~18.82 UEFTH Table
3. A= #e =55 Mo AYEs vepdoh Ha-2 90°

1489.6+62.6 nmol/g2] GABA & o], dro} o] Hu|e} uj
ol A= 3292.8+203.13 9080.7+£198.8 nmol/ge] &&o] &
25 21 tH(data not shown). ¥ Ao A= ol AF 9] &n
o P HUtet Az w9 229G 2 GABA
st W3S ol Y] 98 Fg A IS (raw noodle),

%7 & =4 (cooked noodle), *E(grue)o| A RF =
Fom A= nmol/AAHE 20 g2 FESFFo] ¥3H 49
%ol e GABA g&Foz el txvoz AWE
100% D75 o] &3 o He Z8 AF 59 &
oAlA Z+Z}F 1769.1+134.9, 229.4+1.9, 2145+ 27.6 nmol/A A
20 g9] gzko] ¥E-= 9 tHdata not shown). Lo} 3 &Hm|e}
v ZAE Mg A dol MR 2 o] GABA
o] A H A (Fig. 1). 53] wol & u|Zto] Hryth =
FollA 7Hg we(x8 A =4 15%, 9617.8 nmol/A ™ 20
A TS e F5 &2 AEFS B

olsn|=4o| Za| Al SASH AR U SME} Y
rol A% Aok WS WAR 29 A W, 29 F

HE ]' Ry )
==, B0l A 2] polyphenol 3-8 Table 49 YERH AT
_‘—’?‘r =

free radical S g 8HA1Z2 4 1= aromatic phenolic ring 2]
EA HEQl AoE Huxo] YTh23). oA Aol ost|
F ] 100 goll 58.0 mg gallic acid®} %53+ %2 polyphenol
o] EAstE Ao Z A UTH2). E AP A Hol AF
o] #wle} mts HUgE Fgoll A e wolo] wWE poly-
phenold &S W37} gle Ao 2 FHATH £ Lai 5
(25)9] ®a1o| A e} o] & 9] polyphenolo] o F&E =3}k
< vl A7t Igoll A T ol A, $9 dv|rt
7R o) vlustd S o =2 39 polyphenol &3
< #FZ & AU Table 4).

ABTS, DPPH radical g ©]&3+ g4k3}3 -2 ascorbic acid
= ¥FE2E o] 83l9] AEACE(mg ascorbic equivalent
antioxidant capacity/20 g AWH)2. 2 2+=3F tH(Table 4).
AFAI ABTSE ol &3t ditslgolAe ol A w7
15%7F 7t x8 A H5olA M =& FEd 193
AEAC7} B2 E o™ o]= AW 20 g F ascorbic acid 19.3
mg¥ FLg FisE s AYe AoR faE 5 Uk
ABTSE o] &3t gatsle] SAgoA] ol & m7 15%7}
A7t 28] A F5ol e 176 AEACE 2ol w7 15%
7 A7 28 A SRt W A& UEAoHTable
4). o} & dw| e} W& HIte 479 ABTSE o] &3
giksle 24 dde dot A @v)e} v7ds Hrkgk 549
2 #olE YER A 23kth DPPH radicalS ©]-8-3F &4ks)t
g ES AEACVIE YERIAT A3 27 ol & dn|9}
v 7ol H7tR Z M 4o A Y Fatst AR o}
e @nrje} wFto] At x8 A oA F2 it
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Fig. 1. Changes of GABA contents in different noodles.

Table 4. Total phenolic content and antioxidant activities of different noodles

Sarmol Addition rate Polyphenol” ABTS? DPPH”
ample (%) (w/w)" Raw Cooked  Gruel Raw  Cooked Gruel Raw  Cooked  Gruel
Control 89+08 08+02 02+00 11.6+01 62+01 36+03 02+01 0.7+01 0.1+0.0
Whole 5 151408 38400 19+02 107+12 52+01 31+01 02+01 06+0.1 02+0.0
o 10 156+22 63+07 20+01 146+09 98+04 32+02 03+01 07+01 02+0.1
Non- o0 15 156+14 82403 23+02 163+06 117402 42+03 09+01 1.0+0.1 03+0.0
germinated Rice 5 187+22 85+04 33+0.1 145+05 11.7+01 40+02 1.0+03 09+00 05+0.1
b 10 240+04 98+04 46+02 113+14 121+02 52406 23+04 1.0+0.1 09+02
ran 15 305+1.3 115+09 54+02 193+06 136+0.1 60+04 3.1+01 13+01 1.2+0.1
Whol 5 147+11 78403 20+0.1 142+04 11.1+02 37+02 0.1+00 09+0.1 0.1+0.0
‘i)e 10 169+06 85402 21+02 98+10 11.8+03 38+02 03+00 1.0+00 02+0.0
gram 15 163406 99+03 28+01 106+20 119+02 45+03 05+00 1.1+00 03+0.1

Germinated

Rice 5 183409 116+02 40+02 102+12 121+01 38+02 02+01 1.3+01 04+0.1
brfn 10 189+0.7 121+07 45+03 105+06 128+00 49+03 09+01 1.3+01 05+0.1
a 15 245+24 132+08 48+08 176+10 137+04 66+02 1.0+02 13+01 05+0.1

‘”Mean of triplicate determinations =SD expressed as mg
?)Mean of triplicate determinations =SD expressed as mg
YMean of triplicate determinations=SD expressed as mg

gallic acid equivalents per 20 g of fresh noodle (wet weight basis).
AEAC per 20 g of fresh noodle (wet weight basis).
AEAC per 20 g of fresh noodle (wet weight basis).

YNoodle samples incorporated with 5%, 10% and 15% whole grain and rice bran flour before and after germination.
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o] #AHA. x| F 2] DPPH radicals ©]-8-3+ &4t
o M= WoldvwdE IR Sl M =2
= YEH AT FEE 2polE Holxl ttH(Table 4).
Choi 5(10)2 Eopel] mp2 A% S<=v]e] ABTS<} DPPH
g o83 FatsE AN FHVE AL U A FF
o A wofol] we F3 &4 ApolE YEA 42 AS
B39,
= AgelMe g
o] eSS dobF o2 Wotdn] e doldw]
Z2A Al D ve] A7t wE AuEAge] wsE dotr
A} AT =gk o9} A

10J+ 150/ 74 5=
lossol]l W& AWEAJ H
polyphenol &&o] =& Ao g 17_—é}ﬂ9\i‘:f o 4—8— duk 2
ZMEET FAE T7Y FES o<
FAE FFR A2V} s Ziii Az A} w3k who}
o] ©& GABA ?J"‘*O] wo
o Azg 359 7 :eL-ErE‘ﬂ A
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o
o
fat)
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N
of
ol

vl ot S HUkeh WobE B3R oR
AR =49 T 543 GABA ¢ 2 &itsl 49
5tE ARSI ol 59 Fw| e} mFS 27} 5, 10,
15% #7¥ste] =45 A XA o|FA Axd 5= =
2] 2 AHEA (cooking loss, swelling index, water holding
capacity), 29 @& GABA 23 &2k3} A E(poly-
phenol) 2 X (ABTS} DPPH radical scavenging ac-
tivities) WSS B3 7154 FFE9] o] &7I5AHES GotE
A ek AP A H, Lol £ rice bran®] FH7bel wE
cooking loss7} Z718lE Aoz #AFFow wiHo
swelling indexo| A& 2}o]& e R &kgkoh ol & &
vk B8 W7k 2e) AF waol wol @ @vlg} v
e AN FFRY B GABA BHE Feiglon ¥
ool W2 polyphenol -k} 4aks} Ao = 2 W3}
=& I & AAT wEbA] Heldn| vt HUtE w4
A7VF 5] YEEH JHx &} ksl VeS A &
AE 2AER o] § 7Hsd Aoz Azhdr
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