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Abstract

This study evaluated quality characteristics of spirulina (0.63, 1.25, and 2.5% all w/w) added noodles during storage
at 4C. Total bacterial counts in raw spirulina added noodles were higher than those of the control during storage,
but no bacteria were detected in cooked noodles. Escherichia coli was not detected in any group. The weight loss,
volume loss, and moisture absorption of spirulina added noodles were somewhat greater than control values. Moisture
contents of spirulina added noodles both before and after cooking decreased as the spirulina level increased. During
storage, moisture loss from spirulina added noodles was a little greater than from the control. Hunter color values
for L (lightness), a (redness), and b (yellowness) decreased during storage. The spirulina added noodles had significantly
greater hardness, cohesiveness, gumminess, and chewiness compared with the control. The antioxidant activity of
spirulina added noodles increased with spirulina level. A sensory preference test revealed that noodles with 1.25%
spirulina received the highest scores for chewiness, overall preference, and buying intention. It is suggested that
spirulina could be added to noodles at a concentration of up to 1.25% to improve quality.
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Table 1. Formula for noodle dough with various amount of
spirulina

Spirulina Wheat flour  Spirulina Salt water ~ Total weight
(%) ® ® (mL) ®
0 110 0 50 160
0.63 109 1 50 160
1.25 108 2 50 160
25 106 4 50 160
&7 ¥ U¥-E &F
P
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Table 2. Condition of texture analyser

Prove P25
Prove distance 25 mm
Force Threshold 5¢g
Acquisition Rate 400 pps
Contact Area 490.62 mm’
Contact Force 50¢g
Per-Test Speed 0.2 mmyfs
Post-Test speed 0.2 mm/s
Test speed 0.2 mm/s
strain 75.00%
tim 0.50 s
Trigger Type Auto 10 g

DPPH(1,1‘~diphenyl-2-picrylhydrazyl) radical AHs
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Fig. 1. Changes in total bacteria(log CFU/g) of raw noodles added
spirulina during storage at 4T.

(4 : Spirulina 0%, A : Spirulina 0.63%, <> : Spirutina 1.25%, M : Spirulina 2.5%).
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Fig. 2. Changes in weight loss(%) of cooked noodles added
spirulina.
(4@ : Spirulina 0%, A : Spirulina 0.63%, <> : Spirulina 1.25%, W : Spirulina 2.5%).
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Fig. 3. Changes in volume loss(%) of cooked noodles added
spirulina.
(4 : Spirulina 0%, A : Spirulina 0.63%, <> : Spirulina 1.25%, M : Spirulina 2.5%).
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Fig. 4. Changes in water absorption(%) of cooked noodles added
spirulina.
(4@ : Spirulina 0%, A : Spirulina 0.63%, <> : Spirulina 1.25%, Il : Spirulina 2.5%).
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Fig. 5. Moisture contents of raw with spirulina.
(4 : Spirulina 0%, A : Spirulina 0.63%, <> : Spirutina 1.25%, M : Spirulina 2.5%).
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Fig. 6. Moisture contents of cooked noodles with spirulina.
(4 : Spirulina 0%, A : Spirulina 0.63%, <> : Spirulina 1.25%, M : Spirulina 2.5%).
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Table 3. Hunter color value of raw and cooked added with spirulina

spirulina(%)
Stor?ggy;ime 0 0.63 125 25
raw cooked raw cooked raw cooked raw cooked

0 M80010.65°  A66.7142.24°  ©3834%0.16°  PI874+141" 234534227 *0.42:048°  P2582+038"  ®24.88+0.05°
. 5 570901048  %6297:006°  ©3820:1.00°  ©35.93:0.1 3368336  P26.17+142°  P1934+051°  921.73+0.32°

7 57130:080"  “B65.5039"  P4197:042°  A4175+007°  *33.57:008°  *3349:0.13°  “26.66+003°  P24.64+0.34°

10 57070:0.02°  BC64.010.02°  “44.541021° 442234007 A34.73:019°  *3349+004°  2.15+001° 25412004

0 %0944028"  C149:030°  A274#031°  Blrear017"  A343:039°  B1762003°  A375:027°  B1.80:0.05°

5 €072:0.14°  B060:029" 5144018  BL62+024"  ©565:044°  B182:007  P659+061°  ©2.55+031°
a

7 50.510.18" 202710300 ©490+009°  “088:0.11" 54.89:004"  A105:023°  C542+028°  A131:026°

10 %092+006" 20354028  B439+006°  B174%025°  B4712023°  B174#028° B4741003F  B202:0.11°

0 M86510.15°  P1337+034°  ©11.08+008"  P1176+060°  9.17+051  P0.13+030°  %621#025"  5.65+0.13°
) 5 B1765¢026" 114904033  “14.62:043°  *1386:026°  *14.97:067°  *12.82:034°  *1287+056  *12.01£0.92°

7 B1758:0.12°  “1173:014°  P13212028°  P1150#006°  P10.31:0.16°  848+009°  P8.17:005°  4.87+0.28°

10 “16.69:0.18°  ®12.87:007"  P13.630.14°  ©1080:020°  ®10.50:003° = 9.32+028° 57.76+0.03 B6.68+0.07°

“Different superscripts within a same row (spirulina amount) are significantly different by Duncan’s multiple range test at p<0.05.
*PDjifferent superscripts within a same column (storage day) are significantly different by Duncan’s multiple range test at p<0.05.
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Table 4. Texture of cooked noodles added spirulina

37 A168 A1Z (2009)

storage spirulina(%)
time(day) 0 0.63 125 25
0 P1071.2+59.5° 513229+17.6° 51464.4152.6" ©1683.1+47.5"
5 “1172.6t42.6" 5141320+62.8° 51496.0+22.0° 1748923 3"
Hardness B b A, b A, a B a
7 1884.8+53.5 2006242320 2378241952 2565.0+107.1
10 42049.4421.6° %163.5+8.8° 42532.9421.3° 47294128
0 A0.34320.041° AB0,390+0,012" A0.4000.069" 40.41620.051°
o 5 40.342+0.033" A%0.401+0.049" %0.420£0.053" 40.427+0.009"
Springiness A . A . A a B a
7 0.489+0.277 042140088 0.338+0.059 0.3330.011
10 40411£0.113" 40.404+0,008" 40319+0.022° 50.326+0.026"
0 40425+0.029° #0455+0.017" 40476+0.023" %0,502+0.037°
‘ 5 %0.4190.032° 40.4590.018"™ %0.4690.023" A0.4900.033"
Chesiveness b N " " .
7 40.415+0.023 0.446+0.046 40.462+0.031 40.499+0,042
10 40.449+0,071° A0.451+0,033" 40.488+0,034" A0.496+0,003"
0 4547412.6° 577.6£16.9° B615.2£105.9° B672.7+75.1°
. 5 B634.4+22.0° B640.0429.3" ¥649.0£16.7" P654.04103.3"
Gumminess b A ) A . A .
7 A780.7428.3 824.1437.6 972.6425.7 991.1+12.8
10 P351.7455.4° D351.74554° £503.6+25.5" 525.9+36.1°
0 B186.5+2.9" 5917.4441.8° 546.1453.6° AB80.1£14.6'
_ 5 €193.9:42.4° 95221339 0674267 A0 1£12.3°
Chewmess A a A, a A a A a
7 259.9+14.5 344.7455.6 362.6+50.3 464.1:280.6
10 B163.9+36.7" €173.0+16.7" 5199.7+32.0° 4909.6:34.9"

“Different superscripts within a same row (spirulina amount) are significantly different by Duncan’s multiple range test at p<0.05.
*PDjifferent superscripts within a same column (storage day) are significantly different by Duncan’s multiple range test at p<0.05.

analyzers ©|-83t A 7S S4¢ Av= Table 49} 2
o 23 155 S W =7 243S 7AFQ
WHo g SIS W 2~uFey Hrlste] Axg 54
o] ARt WIHEREe 2 A|Zg A zlol&
Ueh ik 23] Fejube] 7o) F7Heel wet 2
W] Are dE277 10712 g0 & UEhd Wi, ~u)2g]
U 0.63, 1.25, 2.5% H7FrolA+ 242t 1,322.9, 1,464.4,
1,683.1 g&. 2 29T} HrleFo] F7ketel wel Hxe
S7He Bow, e, 334, A4 2 AP =3 =
T-oF Hlaate] 2~u) Ty ko] St whet A4
° 2 frashe ARS YEAT ol 23 %2y 37t
2 I3t L/HF =58 ade] AdegS FUAA
AEE HIES g, SR, A48 2 Aol Stk
A7E BT Als . sAAE% vk 2230 H
g 7K27)Y] H7bEe] skl wet A, SR, '
4 B HA o] AN, “EFIHALE U 28] =5
o] A%, 34, APEL st B AP A} gols
Ao, TIHAS H7SE Aele S7HEAT A B

o

RN

@aystel 1 AP AT AAHAL. oY T4 A%A
Wb ERol mel %) 24ge) 2 Aol7t AeS
% 5 QAgich Aol Aol whe} v 2 Tei
WK BT A%, O, S04, 94 2 NE8e 497
o= 7189tk o] AT MARDS A7IH A F
AEAHOIN EIAAE W71 APas FAKE ATE

UERi A,

=8| DPPH radical £&7&

29 FUE H7het AW 2w Hitst E4S
DPPH(1,1-diphenyl-2-picryl-hydra zyl) radical £~H52 2
St 29 FuE H7ke AW xejv ] DPPH
radical 275 A¥}= Table 59F 2tk AXAFHE A3d
o] ZAx}gte] whel AHol ICs S thETo| 726.00~
113559 mg/g WF=E Yl ow, ~29Fu 0.63% 7t
T2 493.31~895.06 mg/g, 2=9FHY 1.25% 7S
449.96~760.81 mg/g, 2~ F2|L} 2.5% H7HES 439.44~
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Table 5. Atioxidative activity by DPPH(1,1-diphenyl-2-picrylhydrazyl)
radical scavenging activity of spirulina added raw and cooked

noodles

spirulina(%)

storage 0
time(day)

0.63 125 25

raw  cooked raw  cooked raw

cooked raw  cooked

0 72600 76625 49331 57996 449.96

5 1801.72 1801.72 1388.66 1388.66 971.08

7 93725 362801 807.03 149575 725.68

10 113559 2,130.10 89506 131252 760.31

350.13 43944 12274
97108  949.19 949.19
134748 59761 117792
111307 629.83 78162

Table 6. Sensory scores for quality of noodles added spirulina

A5A 29

o

629.83 mg/g WFE 29T} Aol F7HE ICs
gro] oAl o] FtslE o] HolAe AS & F AN
o) WY ICs 32 A do] Aol wa} tjz2ato]
766.25~2130.10 mg/g WFZ Uephgor 2uFuy
0.63% 7S 579.96~1,312.52 mg/g, 2~3FEY 1.25%
A7HEe 350.13~1,113.07 mflg, 223 F2 v} 2.5% 74
< 122.74~781.62 mg/g AT AeFS Ko Aol H|
ZEHo| atslEo] dold S-S & 4 AT ol I
7S W Fo FFoF ey e ksl
A49} Vitamin EQ] 337} dojt Ao g AlgHT.

. spirulina(%)
storage time(day)
0 0.63 125 25
0 .10 51903 537413 55,708
il 5 41305 5307 835407 B5.7+1.1°
oor 7 A11£03° By 541.1° B42t13 AB63:1.8"
10 A4+10" M 6t1.3° A57415° A72+09"
0 8.0+0.0° B30+1.3° A4 5417 AB6,0+1.2°
al 5 51207 B38+1.8° A56t1.1° Bp7+16"
oy 7 Bl 613" B3 1413 A6.141.4" 464416
10 A1.8+0.4° A54413° A64+1.2° AB5 4405
0 %0.0+0.0° M 6t14 B 1219 854212
Soinina Odor 5 40.0+0.0° 29t16° ©.0:00° B5.0+1.5°
P 7 BlL1r03 18415 A15:0.7 850415
10 SWEIN A9+L0F Br6:05 430+0.8"
0 53.3+0.5" 471206 B6.6+1.3° A5 5+14°
5 59.0:0.0" A71203° 55.6:2.1° A6.4+1.8%
Wheat Flour O

cat Flour Odor 7 488 (40.8° A7341° Agpapp® 46,0+18"
10 A8 0+1.2° A6+1.3° 476+0.5" 46.0+1.8°
0 B52L1° A35410° Bg0+1.0° A6.0+0.8"
Oft 5 Brax07 A31430° A4.9+19" ABs 5+1.2°
aver 7 $)2:08" 36:10° B3 551" 37421
10 Y 6t1.0° 813405 B4+l 3 g0 5°
0 413405° KRN %52+1.0° 57.0+09"
o 5 M3 47418 A78+11° 57.6:1.3"
Spirulina Taste 7 AL1£03° Ay s5el0° 85041 5" By 041 1°
10 M9+0.T BlotL3 4By 1417 A8 7+0.7°
0 487 0+0.5° 56.2+0.8" 51412 46.9+1.1°
Flavor 5 53.0+0.0° B6.61.0° €4.0+0.9° EREIRN
v 7 570414 C50413® B6.1+1.1° AB5242.1°
10 430+0.5" 34+0.5" A79+1.0° AB5.0+2.0°
0 430414 4By 0+0 g A50410° B34212°
Chevin 5 A48+1.5° 47418 A5 741" A122.0°
CWINESs 7 A4,041.6" Ay 110" 461417 46.642.0°
10 445405 AEIAY B33:1.1° M 1220°

“Different superscripts within a same row (spirulina amount) are significantly different by Duncan’s multiple range test at p<0.05.
APDifferent superscripts within a same column (storage day) are significantly different by Duncan’s multiple range test at p<0.05.
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249 Bs2A 4 Akl 2A4RE B A AR, A
g Zelolel BEANE AT A Table 631 o] Z/hgol e} AL B WA Aol /142
2tk ARSI Tl A7 ¥He) folE 2uRY R A4 ugth o) oE WAE AvRet WA,
W WA, o2 Pl BT, 2a2 et B

Table 7. Sensory preference scores of noodles added spirulina o tigt Ayfe 29Ty Hrketo] 242t 2.6, 4.1, 5482
e —v 2 o] ZAB5E RlHOR L A4S BGTh

time(day) o 063 125 25 L7 WAlE dl2 8350 Hls) 25 Fu 7kt

0 49418 “54:L1"  P0:07c 56l A 237} 71, 66, 558 0.2 2Ry ko] St

5 Pa7alee 5313 '83:07 83407 = Q7R A e Bt el oy ol e AvFey

Color 7 MBror18  A53+14°  Bg2+12®  Brg+1 5 A7Vo] S7HEGE STkttt ol 29Ty 59

553 g wjiel Ao AlgH: AU we} v
& o)7L FoF oz FUEIg o, AuFe Hrktel

10 A64116"  *50108  B71x14” B83:07

0 517 52612 "59:06°  "43:09° A ARYoe] Ao Wi} ashs Adke] YehgTh =
Odor 5o s %6052 %6052 M59elg sro] Bhe 2vleu Blat 49 Bho 2 o] kel
7 B2+3>  A52412° %60:L1° “60:18° 3, 20 F2} FHrleko] 18R B2 H4E wglo
10 *46:08  *53:12°  63+Llc  *®59+18c o, AZdo] AGFE 1.25, 2.5%014 23FE1} Bto]
. L . o \ roF ez Frketdt 748 Bt 20 FEu Hrhtol
0 504100 A53+12°  B57+13 34414 ) zato] HlE) M2 Wekort 25%0A] A9l Zpol7t
5 ABsg123  A65t14"  "Beor24'  Pe0r24 . 1 s .
Taste A « A b AB b B UEhA] ot A4S izt Bis) 2uFey 3
7 58423 453412 63+12"  P5.9+2.6c Jhto] o H2 wo} AnEUe FA71e 24} o
10 %69:20°  “s6:18 M4rlet 604 =S o 2= 99},
0 P63 M53:090 673 M2:lde el 7195 545 Table 724 k. o)l A2 A=

1% 2 %) J O J

5 Wsrlst 5505 %65:15 P64zl H§ 2aiwet 125% Wrhwel 70808 dixw 494

Chewiness ol Hl 3 =& e wgkon, 7o) A gl wpet 23
7 550100 4535090 M0:6' Pe5t14” - i

10 %6625 *6:200 M0t Pe6r14l T 125, 25% H7hel 71857k Fot: A% 109

o o o T Aol 125, 25% H7kto] 242t 7.1, 837F 0.8 o] Zgk

0 Q416”5412 “68+15T “6tlde FE 71557t A BrHEAT WAl xS 2%

_— 5 M2:13® f60:24%  %80:12' Bs4:l6 i‘/} 1.25% #7kto] 59- o2 gz 51700 vl oli =
7 %5508 54012 Pe7:090  P5aels 7FE AL, Aol Aol met thEt 4.64, 2952

10 M4l M58 %2210 atlee U A7kl 7S 27 53,63, 5935 0. 1.25%7F

A F7E AT B A 2A S tjxzato] 5274, 29Fg

0 %60:25"  f59:17° P72412° M8:13c U #r1go] 271842 b7} 53, 5.7, 34402 0.63,

Vi 502 528 @307 a0 125%7} A B/ A% 109AdE 2952
7 4526100 59517 P69:12® A56:137 125% A7V7o] 74802 tZ 6949 vl3)] =& M52

10 %59:12°  M9120°  MB75:14' %60:17c okt A AxAF ATy 1.25% 7l

0 M46r14°  53:08  80:12° 52612 673128 tiw 463 WA £& AFTE T, E2U

v 5 A50:11° M8:18 81100 f65£13c A= A HEw 603, SATE Bokw u}a}f 2
pinc 7 MO 5308 8008 6413 72 A8HUSE 10%7} 7Y S AT WSS ST
e G 2.5% F7HA0le JE %?7‘3}04 w2 HeE ke

10 54018 52416 M4arld 655137 Aoz Algen, duk @l HlE) 2u=au} WA W

0 M8:14 "50:08  "85:12 A50:12° t"’—Lj =7 ]?HZ 122, ?}ﬂ %o] %%_E‘ do= Sla 2]

Buying 5 f0:11° M58 M81EL0t 55613 HE Ak EE tﬂ 4 deshes Aos Almdd. A

AR 7EZEE t2To] 464, 2T} Frlgo] =
7VEE 247+ 53, 80, 527@0§ 125% 744 7V e
Mg Wk, ?"‘AA} AN 125% A7kEo] 85H o=

“Different superscripts within a same row (spirulina amount) are significantly different
by Duncan’s multiple range test at p<0.05. sty 7V =& HE Wol 2972y IV =5 AXEA] 125%

APDifferent superscripts within a same column (storage day) are significantly different A7 M Z—} ZFalttn AlgEHTH
by Duncan’s multiple range test at p<0.05.

Intension 7 89407 #5308  “80+08"  c64%13c
10 A5041.8"  A52¢16° M74+19° 455413

l'l
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