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Quality Characteristics and Antioxidant Activity of Raw and Cooked Noodles
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Abstract

In this study, the antioxidant activities and quality characteristics of noodles amended with spirulina were evaluated.
Wheat flour noodles were prepared using three levels of spirulina (0, 0.63, 1.25 and 2.5%). The moisture content of the
noodles that contained spirulina was higher before and after cooking. and these increases occurred in a concentration
dependant manner. Furthermore the Hunter L (lightness), a (redness) and b (vellowness) values of noodles that contained
spirulina were higher before and after cooking. and these values increased as the concentration of spirulina increased.
Moreover the textural properties, which included, hardness, cohesiveness, springiness, gumminess, and chewiness, were
significantly higher in noodles that contained than in the controls. Additionally, the antioxidant activity of noodles that
contained spirulina increased in a concentration dependent manner. Specifically, the: ICsy values of the DPPH radical
scavenging activity for raw noodle was 726.00 mg/g, whereas that of raw noodles that contained 1.25 and 2.5% spirulina
was 449.96 mg/g and 439.44 mg/g, respectively. Finally, a sensory preference test revealed that cooked noodles that
contained 1.25% spirulina had the highest color, odor, taste and overall preference scores. Taken together, these findings
suggest that up to 1.25% of the wheat flour could be substituted with spirulina to improve the quality of the noodles.

Key words : Noodles, spirulina, antioxidant activity, sensory evaluation.
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Table 1. Formula for noodle dough prepared with va-
rious concentrations of spirulina

iR=1 711]]‘14

™ v

. Wheat - Water Total
Spirulina Spirulina .
%) flour @ of salt weight
(2 (mL) (®

0 110 0 50 160
0.63 109 1 50 160
1.25 108 2 50 160
2.50 106 4 50 160

Kolrlol RAERSEE

o

T

o] Al 4.0 mm 719 AUE A3 thE 4.0 mm, 2.8 mm,
1.8 mme] 3¢ & AX Ade FAE AAE ZAoAF
on, H% %7 1.8 mm, YY) 40 mme] 5 7FHeE A%
3t1 30 cm Z°|2 A ABE AMEIIATH

g zelHe] FHL ™ 30 g& 300
mLe] ¥ B Y1 5837 283 F XA 528 W
o 187F ¥z 2 108% ES W FAZ ALEsth
Ao B3l S 233 AT 300 mLe] SFTFE H
£ 500 mLY) WlAddHe] g T ZUsle B9 92
Axrstact zgde] d5ee dobd dAd I7E 108
7 BUIE AAZ 3 2T 2 SFA AR F
Zg w1 oA AW FHoZ vyl F F 1008 &3
o Fatrh

29224 H71e Ane 7 & AW 7S 10
mm Zol2 2 HYH E 5% 7](Sartorius, Germany)

8 Aol ZFAY

5. o] ME B3

292 UE /1R AU W] dee A =
Zlde] Z4= 71E 10 mm Zol 2 ZEhA dEHHAA 7
o} Az} (Model ND-1001 DP, Nippon Denshoku Co. LTD.,,
Japan)Z AH8-3l] Hunter LE(BE), adh(BAE), bat(F4
)2 43t TFEAL 19045, a=0.13, b=3.35¢) ca-
libration plate® ZFES 2 AMESIRATH

6. I 2| HAX FF

292 U2 FAr1e Auy 2ede dxAe 358
43 27] 10 mm=E Z8} Texture analyser(TA/XT2, Micro-
stable Systems Cco., England)Z Z} 63] WHE Z-g313]om,
probeZ 23] A&A 2 EPS W oA FAE FAH L
226 g2 A(springiness), -2 d(cohesiveness), 4 31/ (che-
winess), 73 %(hardness), %24 (adhesiveness)S 73132
o, 717]19] &% 27L& Table 29+ 2T

7. 52| mAAloPH Al

239 FUE 471 AW 2 29 10 goll S/ 100
mLE o] 187t EFAA 15417 it 3 4TolA] YAE
(30,000 rpm, 30 min)dtd “FFHE F3A spectrophoto-
meter(Model 80-2088-64, Pharmacia Biotech Co., England)E
AF8-8l] 620 nm, 652 nm, 562 nmolA ] FF=e| GFOF o}
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Table 2. Condition of texture analyser

Force threshold 5¢g
Acquisition rate 400 pps
Contact area 490.62 mm’
Contact force 50 g
Pre-test speed 0.2 mm/s
Post-test speed 0.2 mm/s
Test speed 0.2 mnv/s
Strain 75.00%
Time 0.50 s
Trigger type Auto 10 g

el 2o o] Alakste] eRHATHShim EK 2008).
C-Phycocyanin{mg/mL) : [A620—-0.474(A652)]/5.34
Allophycocyanin(mg/ml) : [A652—-0.208(A620)}/5.09
Phycoerythrin{mg/mL) : [A652-2.41(PC)~0.849(APC)}/9.62
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29 22UE Hotek A 2 22]H 1S goll methanol 50
2 wEksted 3,000 rppm o 4ToAA 10

A& evaporatorZ SV E F)
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F2E 892 Azt Az

| DPPH(1-diphenyl-2-picrylhydrazyl)2tC] 2t 2
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29 FYUE F71R 250 BE AL 33 Eagle
W A8 At SPSS(Statistical Package for Social Sciences,
SPSS Inc., Chicago IL, USA) software package L= 19 &
A} BAEAANOVA)S Bt folide) sle 725
Duncan®] F% B¢ 77 (Duncan's multiple range test) 2.5
N gzre foxE AEskdvh

Z3 o »ng

1. 2| Fe|HE ®It "9—1

29 gt et AlE

A7} Table 37 2kch &

£tz Ha) *Arxﬂﬂr
7¥ekgich ANbR o gz %‘?4
s Agko) YEhiTh

zejshe B¢ 2w £ FFES BRI 70.00%
2 Jehgm, A dArlge] $71EeE S S5EE
A Zrete] thaTd BlE) e e R F5EE B
o} 2 & 13 &4 FEE vehlle 54 HEE
gz wlE AulFehg Hrhse] FVESE STis,
1.25%9} 2.50%% thz7ol Blal fel& oz Aol Sle A
o7 eyt

A A0 O

2. 240
"rhRe) 29 e 14%—
g el WaE &

'r—‘

'EM vhE At 2ewe]
= Table 49} 2T} Aol &
o] Z7Fgo met 20.55, 22.45,
7kl a, v 4

Z7hgol wet 42t 65.57,

SEE RS E T Y

7P
24.67, 25.53% 0.2 folA o
gk o] 2R ool
66.81, 68.35, 70.38% % FrolH o
et

Table 3. Cooking properties of cooked noodles added
spirulina

SPIIU— Weight Volume Wate}" TU.I‘]I-)]dlty of
lina © (mL) absorption  cooking water
(%) ° (%o) (A 675)
0 51.00£0.00° 45.00+0.00° 70.0040.00°  0.10+0.01°
063 52.00=1.00° 47.004£0.00° 73.33£3.35 0.14£0.01°
125 52.93+121% 487743.75° 7637+3.93° 0224025
250 53.774025 50.00£0.00° 79.2020.85°  0.27+0.36"

27° Means in the same columns with the same letters are not sig-
nificantly different at p<0.05 by Duncan's multiple range test.
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Table 4. Moisture contents of dough and cooked noo-
dles added spirulina

Spirulina Raw noodles Cooked noodles
(%) (%) (%)
0 20.55+0.10° 65.57+0.99°
0.63 22.45+0.40° 66.81:0.08°
1.25 24.67£0.19° 68.35+0.20"
2.50 25.53+0.11° 70.38+0.22°

>4 Means in the same columns with the same letters are not sig-
nificantly different at p<0.05 by Duncan's multiple range test.

3. =250| M

29 FUE H7ie AW 2 e A WskE 53
gt ZA3= Table 59 2th A9 L tix77} 78.902.
27V =4 Vel a, a3 Feug HArte a9 Feg A
7heko] Z7)3tol| whet 38.34, 34.53, 25.829] Fro® T
o vla] RolHtt xelwe Late Al FABH 2+

Table 5. Color of noodles and cooked noodles added
with spirulina

Spirulina Light- Red- Yellow-
(%) ness ness ness
0 78.90£0.65"  0.94+028° 18.65+0.15°
Raw 0.63  38.34%0.16° -2.74+031° 11.08+0.08"
noodles 125  34533227° -343£039°  9.17+0.51b°
250 25.824038" -3.75:027°  6.2120.25°
0 66.7122.24* —1.49+030° 13.37+0.34°
Cooked 063 3874141 -1.64+0.17" 11.76:0.60°
noodles 125 32424048 -1.76+0.03°  9.13+0.30°
250 24.88+0.05° -1.80£0.05°  5.65+0.13°

*~4 Means in the same columns with the same letters are not sig-
nificantly different at p<0.05 by Duncan's multiple range test.

Table 6. Texture of cooked noodles added spirulina

ol

Robrlo RAESERE

7} 66.71& JERAQI T, HIFF-E 38.74, 32.42, 24.889] o
2 23Ut A5 agks NERT77) 0.9491 Aol B3|
ANV Zhzr 274, -3.43, 37522 AH HARIF f9
Ao zrrstgel 22|He) agts 2T -1.49¢] Hlgf 3
7He 242t -1.64, ~1.76, —1.800. 2 ZHAEith A bk
L& AxFah) FHrbeko] 718wl o2 18.65, 0.63%
H7FE 11.08, 1.25% A7 9.17, 2.5% A7F1EE 6212
rastgon, zedel bzt G4 IR 13.37, 0.63% F7}

1176, 125% A7F7E 9.13, 2.5% A7H7-E 5652 74
23tk Park & Cho(2004)= Z2ets 78l Azg
Z4ro| Ado] Lt} agte Eol=e W bk SUIRIT
2 Baalg:, o]9 &3 Jeon ef al(2005)S £ F4E A
71 4 AFA Aot %MHEE Z7Rh Bee &
A A Arste AeR B33t AL, Park ef al(2006)2
RS A7HEE L bt 24 7“*oh afte 57t
E Aoz 2t webA 74 71 AE Aavt e
5] Aol wet Al Ak o] G R AL
g9

4. =o| =Y

£3IF2 B TS

_7-4_?2??_ & texture analyzerf"— A}

Q.
o] 735 % A4, E]—/H 7151/\3’ R B AL 2T u]sﬂ 7<—l7].
o Z7Vetgt) 0|9} e Aze WAl BES
£ ] E4(Kim YS 1998)cllA] FuwAl A7}
A 13)40] Bzl HlE FuHAES A7t
-2 Z715 Agel fALEh @, F2de FEES
AW =] 28 ¥ AR, 34, B4, 24, e
2o vl 22zl Arigol S7MEEE A PotA
zA 7] RugddR| & Ao 2 Yeh(Park & Cho 2004) 2~
A& A7t F49 H2x9 2olE BHith

T

Fl

5. 20| BHAEHA
Aﬂfawx el

o =0 Fatebale DPPH Uiz
A2Aso g 2419t A~

1 22UE H7kgk AR DPPH

Spirulina (%) Hardness Springiness Cohesiveness Gumminess Chewiness
0 1071.2+59.5° 0.343+0.041° 0.425+0.029° 454.7+12.6° 186.5+ 2.9°
0.63 1322.9+17.6° 0.390+0.012° 0.455+0.017° 577.6£16.9% 217.4441.8"
1.25 1464.4+52.6° 0.400+0.069° 0.476+0.023% 615.2£105.9° 246.1+53.6*
2.50 1683.1+47.5° 0.416+0.051° 0.502+0.037° 672.7+75.1° 280.1+14.6"

¢ Means in the same columns with the same letters are not significantly different at p<0.05 by Duncan's multiple range test.



18(6): 1081 ~1088 (2008)

g &A% A= Fig 13 2tk DPPH gtz &A%<
ICso 2 ET7} 726.00 mg/g, 2352} 0.63% H7H+-
7} 49331 mg/g, 29 F2Y 1.25% H7FE7F 449.96 me/g,
a3 A9 2.50% BRI 439.44 mg/g OB AT
v A7t B2 $71ESE DPPH gl 2A%TE 1Cs
Fho| Holxls Ao g veht Fpo] ghatelE o] ol
© A& ¢ F A} dx7o vlws] & v H7he] DPPH
S A% ICs @hol &5 2A YEldoug oo
izl o] B% dla7En #8584 ¢ Uk 13,
gE2eu} Yoh zevel k= Fig 294 ¢k DPPH 2tz
2ATE 2T} 766.25 me/g, ~9FY 0.63% M7V
7} 579.96 my/g, 2¥Ft 1.25% FH7F7F 350.13 mg/g,
29 F2 2.50% A7FE7)T 122,74 mg/g o g A0 et 3
7} Tt ¥old 4= DPPH 2z 24 %59) ICx #t°]
ol & e VYehlileng ~u et Arteo] Fvhet
FE zeHe gnlglE o] ol & 4 4 YAUTH Kim
& Park(2003)& 23 22 FA| B8 HFo] Piiks} e
£ 38T 29, 58 ¥ foHes Frkehe 298 499
, ol 2uFe A o] gt dEgE abr) Wi
Ao BaEa givh

(oA

035 4 Phycocyanin of spirulina Raw noodle

0.30

a.20 A

015 Raw nondles aps

PCimg/rul)
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000
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Fig. 1. Phycocyanin of spirulina raw noodle.

Phycocyaninof Cooked spirulina noodle
016 -

4.14
912 -
910
cooked noodle apc

408
# cooked noodles cpc

Pelmg/ml)

Q06
W cooked noodle PE

a404 -

0.02

[ X35 S PE— —

29 FuE Aok 71%d AW

sample{g)

Fig. 2. Phycocyanin of cooked spirulina noodle.

9 zewe 4 54 % g 1085

6. =8| T|FAOH] A
dzAopd e T 52Fe gl 252y 579
IR ESS= R S K ih
2 ZHSe 9% A4S vk dbd o s A S9tE
garel gabrh lE Ao s deld sled, v zAlokd
babsl gl ohe AR $48 3108 Bl gl
) @Alobde] ksl 4L Sl colmy E2lHER
nE (AT FUY A3 2005) 2 F 2 el gakst
Fol a3 9EE sk AR AAHr) o & HEY]
Asted v g At 58 G A8 AUE AlER
slo] W zAlohd MAE Sk 2Ry Wt 34
o] gwe] yarleld Ma AFE Fig 37 2t} C-PC(C-
phycocyanin)¥ HEF7F 0 mg/mL 23 F2] 0.63% 7}
7} 0.03 mg/mL, =3 F2lvt 1.25% F7HE7F 0.08 mg/mL,
a3 29 FY 2.50% F7H7F 011 mgmLE A5 2
U 3 vtake] EolE £ CPC #o] F7Fekith APCallo-
phycocyanin)$} PE(phycoerythrin) <A] C-PC9} 22 72 3&
YERY ST

w5k ~vFephg A zewe] A3e Fig 48 2R &
22t drigke] ZUEE C-PC @2 7472t 0.01, 001,
0.03 mg/mL, APCZ2 0.01, 0.01, 0.03 mg/mL, PE 342 0,
0.06, 0.09 0.15 mgmLE Z7Fh= 43S Yehigith o)
B Aute e sasepd Mhe Ay Ry W) &
VarE d@Alohd MAvl 23 FUu 9] V)54 &
HE 7gE & gz 2ok

o

292202 HrRE 2ejde] A ZHAle] 23 Table
+7 1.4, A9 FeY 0.63%

800

126.0

700

600

500

400

1C50(ma/g)

360

200

il

sp 0% sp 0.63% sp 1.25% sp 2%

Fig. 3. The antioxidative activity by DPPH(a,a'-dipheniyl- 5 -
picrylphenylazly) of spirulina noodle.
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Fig. 4. The antioxidative activity by DPPH(a,a'-dipheniyl- 3-
picrylphenylazly) of cooked spirulina noodle.

A7V 193, 292 1.25% A7Hr) 374, 29 %)
1} 2.50% 7L 57H 02 A Svkke AYE B3
o, A7Fre 27 Hd feFes FAErt w0
(»<0.05). e F7l= HE2T7F 203, 23F2 0.63%
A7H7E 3,03, 23Ry 1.25% 77t 454, 2952

Table 7. Sensory scores of cooked noodles added spirulina

Hobrlo} RAEFSET

W 2.50% A7) 6.0 0.2 HA Zrete ATE AL
o, 2ol & 1.25%, 2.50% 777 fFHem &7
7} AQAtHp<0.05). WAlE 23T dajel U7k Il
2 o] Frletgt. 23 Feu WAl did date dix
F7F 0.0, 29FY 0.63% 771 2.6%, 2952y
1.25% B7FE7} 414, 29Fe4 2.50% A7t 54388
7 A Zylels ATS By o gz} vlwsl 0.63%
H7lte fold ez go] it 2 HIEAL, 1.25% A
e golA o g <okt okslth, 2.50% A7 frelE L
2 '2E0 Ao g AH7EATHp<0.05). 7 Aol g
A7 gzt 834, A9 Fey 0.63% H7H7E 7.4,
29 2a 125% A7t 6.63, ~9F2u 2.50% Hot
T} s5A0 Hylon A3t feldoz Ao|7t et
VA @4 THp<0.05).

ot B4 A2y gty 143 sto 2 o] 371s
Aok g2y 9 gz Ages gzt 133, 29F
2 0.63% FA7VE7) 3.34, 29 FEh 1.25% A7 52
A, 92U 2.50% A7F7F 7.08 0.2 279 vwst
o fejd o Aozt e RE Ve (p<0.05). 7
& ghoff g Axte 277} 7.0%, 29F2u 0.63%

Spirutina(%)
Sensory characteristics
0 0.63 1.25 25
Color 1.1£0.3¢ 1.940.3° 3.741.3° 5.740.8°
Glossy 2.0+0.0° 3.0£1.3° 45617 6.0+1.2°
Spirulina odor 0.0+0.0° 2.6£1.4° 4.1+1.9° 5.4+1.2°
Wheat flour odor 8.3+0.5° 7.1+0.6° 6.6+1.3° 5.5+1.4°
Intensity . ) .
Off-flavor 1.5+1.1° 3.5+1.2 4.0£1.0 6.0+0.8
Spirulina taste 1.340.5¢ 33£1.1° 5.2+1.0° 7.0+0.9°
Delicate taste 7.0+0.5° 6.2+0.8° 5.141.2° 6.91.1°
Chewiness 3.941.4° 3.4+12° 4240.9% 52+1.2°
Color 49418 5.4£1.1° 7.0+0.7° 5.6£11°
Odor 5.141.7% 52+12% 5.940.6° 43109
Taste 5.241.0° 5.3+1.2° 5.7+1.3" 3.4414°
Chewiness 4.6+1.3° 42+14° 53+09° 6.7413°
Preference . .
Hardness 3.6+1.4° 4.4+1.6% 54412 6.8£1.5
viscidness 4.8+1.3° 59+1.7° 6.042.5% 7.2+1.2°
Overall preference 4.6+1.4° 5.320.8° 8.0+1.2° 52412°
Buying intension 48+1.4° 5.0+0.8° 8.5+1.2% 5.0+1.2°

>4 Means in the same row with the same letters are not significantly different at »<0.05 by Duncan's multiple range test.
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7HE7Y 627, 23RV 1.25% HoH) 5.0F, 298y
2.50% A7t 6,938 0.8 thizo vlmste] oAl A}
o7} 1A THp<0.05). 9] ML thx77} 3.94, 29
FEU 0.63% B0t 3.4%, 295 g 1.25% Hoboh
427, 29 F2t} 2.50% A7t 5202 gt vl
atod fe Al Aolrt gl Ao VEThp<0.05). =,
08 H o] e dah= 277} 503, 29584 0.63%
A7Vt 493, A9elv 1.25% A7FE7E 484, An2g]
t250% H7FE7F 453 02 dhagte) vlaste] fex Q)
zke]7F A el (p<0.05).

713% ZAALe] A Table 73 2}l Mo i3 715w
= W27 494, 2358 0.63% H7FE7E 5.4, 25
Fe2hvd 125% H7FoF 7048, 29880 250% HoHt
56008 125% HUF7F felFog =2 HE FOPR
H7HE A p<0.05). WAl & 7Exe dETF7F 514,
2952 0.63% H7F7F 524, 298 1.25% H7t
T71 594, A9 FeG 2.50% A7) 438082 et
FAQ Aol 7t g1 tHp<0.05).

aoll thEk 7| T 2} 524, 2952 0.63% H
7Vr7h 534, 20 Fe 1.25% A7t 574, 29l s
250% AP 43H o2 giael 49120 2ozt %)
ot 227 g 7 Y34, gust 35 278 3
T2 Yol Bk p<0.05). AL AT} 4.6%
29 &2} 0.63% V7T 6137, A9 Fet 1.25% ot
F7V 630%, 2~9Feht 250% A7 5708 02 Hoky
ATHp<0.05). T Fx= vz7rt 3.6, vy
0.63% 77t 447, 222y 125% H7b7h 543
2952 2.50% A7t 6.88 02 BH7E 9 Thp<0.05).
Z701% Ay 20t 484, 292 063% d7HEoh
594, ~d2at 1.25% A7) 6.0, A3t 2.50%
A7Vt 7278 02 BrrEQvkp<0.05). 227k tidt 7]
3xE dETe} HwAl o239l Aol Koz gstth

WAl S eE dR217) 467, 20 F2 0.63% A
7H7Y 534, 29 e 1.25% % 7}?7} 8.0%, ~3 &}
2.50% A7) 52" o2 A Fe) 1.25% A7) n)
§ FPRE F9)2<] Afol7} AATHp<0.05). T 2JAlel thak
Aee thzgrt okt Ak 1ok sl vlE) 1.25% A
7V ml S FoP R BrEE A THp<0.05). wEbA A9 Fg
W AZHE 125%E ke Aol 7P 439 Ao Atad

B AFE oo 47 7% 4F 29 RUE Al
o F5el Y LGB NS BAA A 23

a3 FeE Hohe 7158 AW 3 2 F 54 % ek 1087

ZUE 0.63%, 1.25%, 2.50% FEo2 A7ete] Axzd
Wogl xelwe] $4 54, s el B4k

29 fevt Hot e ;.aw T, v, g, 5103%-’
EY0) dzTED A et Ae 2y A
7hol Z71eE Lk adk, bgko] FraElon, 22jA] o
Fhe ASE BTk A seh #Hyy

d B

JZ_F/}_‘?; 7(%_{_):_’ 8:‘{:}5’:} %Aé, @/H, }yﬂzﬂ/\h,], 7o E_ﬂ]_]_\_z:] E_/ﬁ
2 2o vis] & g Ve s gy drke
o] Z7V84E slaalohd MagF} DPPH eteld 276k
Zytstgich, B AR Ak 125%7F w0l 7] 3ol A
Fod o wA HIEAT Tk A Ve AEeR
F2 9y gl AnFeuE AW sl #H5A 71s
A g 2 gikslgd ol ke T1eA ] o] hset
Zog AtgEch
#ZAlel 2
B oo p83ehy| sy 28 BK213 (F)0]of 2ulo]

ool xglo] olat Aew ofo] A=

2 }4 =3

AL S, AU, ol E (1997) TE AL WY R &

FAL, AlE pp 124-127.

T3] (2005) SAAF L Feu d7bEAL,
A& pp 21-25.

e %%Oé‘a%ﬂ (1994) 21354, pp 313-317.

S EFAEE) (2003) A EFTA. pp 404-405.

Bae SH, Rhee C (1998) Effect of soybean protein isolate on
the properties of noodle. J Food Sci Technol 30: 1301-
1306.

Bang SJ, Shin IS, Kim SM (2006) Optimum process condition
of noodles with sea tangle single cell detritus (SCD). Ko-
rean J Food Sci Technol 38: 68-74.

Cho H, Yang YH, Lee KJ, Cho YS, Chun HK, Song KB,
Kim MR (2005) Quality characteristics of low fat salad
dressing with spirulina during storage. Korean J Food Pre-
serv 12: 329-335.

Cheigh HS, Chung HR, Kwon TW (1976) Preparation and
evaluation of dried noodles using barley-wheat and barley
soybean fiours. Korean J Food Cookery Sci 8: 236-241.

Jeon JR, Kim HH, Park GS (2005) Quality characteristics of
noodels prepared with pine needle powder and extract du-
ring storage. Korean J Food Cookery Sci 21: 685-692.

Jo JS, Han YS (2003) Effects of mokdanpi (Paeonia suffru-

[>
iz
i
o
X
o e



1088 olg7 - Are}

ticosa) addition on the shelf-life and the characteristics of
rice cake and noodle. Korean J Soc Food Cookery Sci 19:
114-120.

Hwang 1J, Oh YJ (1996) Development of reginal noodles using
agricultural and fishery products of Cheju Island. Korean
J Soc Food Sci 12: 361-366.

Kay RA (1991) Microalgae as food and supplement. Crit Rev
Food Sci 30: 555-573.

Kim HR, Lee JH, Kim YS, Kim KM (2007) Physical and
sensory characteristics of wet noodles prepared by adding
Ge-Geol radish powder. Korean J Food Sci Technol 39:
283-288. composite.

Kim HS, Lee KY, Kim SK, Lee SR (1973) Development of
composite fiours and their products utilizing domestic raw
nutritional test of composite flour materials. Korean J
Food Cookery Sci 5: 6-15.

Kim JG, Shim JY (2006) Quality characteristics of wheat flour
noodle added with onion powder. Food Engineering Pro-
gress 10: 269-274,

Kim ML (2006) Antioxidative activity of extracts from Car-
denia jasminoides and quality characteristics of noodle added
Cardenia jasminoides powder. Korean J Food Cookery Sci
22: 237-243.

Kim WY, Park JY (2003) The effect of spirulina on lipid
metabolism, antioxidant capacity and immune function in Ko-
rean elderlies. J East Asia Soc Dietary Life 36: 287-297.

Kwak DY, Kim JH, Choi VIS, Shin SR, Moon KD (2002)
Effect of hat water extract powder form safflower(Car-
thamus linctorius L.) seed on quality of noodle. Korean J
Food Sci Technol 31: 460-464.

Kim YA (2002) Effects of mullberry leaves powder on the
cooking chracteristics of noodle. Korean J Food Cookery
Sci 18: 632-636.

Kim YS (1998) Quality of wet noodle prepared with wheat
flour and nushroom powder. Korean J Food Sci Technol
30: 1373-1380.

Kim YS, Ha TY, Lee SH, Lee HY (1997) Effect of rice bran

fpdle)

Robrlol RAFSEE

lo

8] - ZJele]

Aue

dietary fiber on flour rheology and quality of wet noodles.
J Food Sci Technol 29: 90-95.

Lee JW, Kee HJ, Park YK, Rhim JW, Jung ST, Ham KS,
Kim IC, Kang SG (2000) Preparation of noodle with laver
powder and its characteristics. Korean J Food Sci Technol
32: 298-30s.

Lee KH, Kim KT (2000) Properties of wet noodle changed by
the addition of whey powder. J Food Sci Technol 32:
1073-1078.

Lee SY, Hur HS, Song JC, Park NK, Chung WK, Nam JH,
Chang HG (1977) Comparison of noodle-related characte-
ristics of domestic and imported wheat. Korean J Food
Cookery Sci 29: 44-50.

Lee WJ, Jung JK (2002) Quality characteristics and pre-
paration of noodles from brown rice flour and colored rice
flour. Korean Journal of Culinary Research 8: 267-275.

Lee YS, Lim NY, Lee KH (2000) A study on the preparation
and evaluation of dried noodle products made from com-
posite flours utilizing arrowroot strarch. Korean J Soc
Food Sci 16: 681-688.

Mahajan G, Kamat M (1995) .y -Linolenic production from
Spirulina platensis. App! Microbio and Biotechnology 43:
466-469.

Park BH, Cho HS (2006) Quality characteristics of dried noo-
dle made with Dioscorea japonica flour. Korean J Food
Cookery Sci 22: 173-180.

Park SI, Cho EJ (2004) Quality characteristics of noodle
added with chlorella extract. Korean J Nutr 17: 120-127.

Shin YM, Son CW, Sim HJ, Kim MH Kim MY, Kwon OY,
Kim MR (2008) Quality characteristics and antioxidant ac-
tivity of spirulina added yogurt. Korean J Food Cookery
Sci 24: 68-75.

Shim EK (2008) Physicochemical and sensory characteristics
of riceyeotgangjung added spirulina powder. Ms Thesis
Chungnam National University, Daejeon. pp 11-34.

(20083 11€ 62 FH<, 2008 12€ 5¢ A=)



