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Abstract

In this study, the quality characteristics of tofu prepared with added spirulina(0, 0.25, 0.5, 0.75, and 1%). As the con-
centration of spirulina increased, tofu yield decreased and the pH and turbidity increased. The Hunter L(lightness) and
a(redness) values of tofu decreased as the amount of spirulina increased. Phycocyanin(C-phycocyanin, allophycocyanin
and phycoerythrin) contents increased according to the spirulina amount. Moreover the antioxidant activity of tofu
increased as the concentration of spirulina increased(ICso values for control was 150.7 mg/g; 1% spirulina, 82.5 mg/g).
Textural properties(TPA) for hardness, gumminess, and chewiness were higher in spirulina with added tofu, compared
to those of control. Regarding the overall acceptability of sensory properties, spirulina with 0.5% added tofu had the
highest scores among all treatments. From these results, it was suggested that the optimal amount of added spirulina was
0.5% for the preparation of high quality tofu.
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0% 100 g& 12413t Bofl A3k B & 3}
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29 FE H7F TR (%) 45 UFY FAq
gk b2k Ay F TR FAZ BASATE pHE AOAC
method(1990)E &3l A& 10 g& 100 mL] /T
o} 34 Y1 #3283} 39k 3,000 rpmoll A 1587 44
23 & A NS F3}] pH meter(420 Benchtop, Orion
Research, USA)Z Z43}9Th 4FEE AOAC method(1990)
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29y H7F FRe BEE AR 3 gol SFF 30
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del 80-2088-64, Pharmacia Biotech Co., England)E& Al
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TE(%)=[F FFY F(e/¥= tiFY FAI(g)]1x100

4, M

M S = A=A (Digital color measuring/difference calcu-
lation meter, model ND-1001 DP, Nippon Denshoku Co.
Ltd., Japan)E AH8-3t] Hunter " %(L%k, Lightness), 2144
S(a%k, Redness), S = (bgk, Yellowness) 3 AEZL(A =}
AF)E 43] WHE S48t HA g E et FRE
#23} g & HE4] (50x12 mm)ol Hol MEE F
39t} Standard color value™ L%t 90.42, a%k 0.13, b
%k 3.41, AEZY 0.002] calibration plate® ®FO 2 AE
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23 Fey H7F F5 10 ol SFF 100 mLS ¥

18 EFAA 15 A w8 F 4ColA 10,000 rpm S
2 1087 A4 EElete dojzl AL spectrophoto-
meter(Model 80-2088-64, Pharmacia Biotech Co., England)
= 283k 620 nm, 652nm, 562 nmol A9 FF=9
oz ofgfe] Aol ola) A std LFERNATHShim EK
2008).

C-PC(C-phycocyanin, mg/mL) : [A620-0.474(A652)]/5.34
APC(allophycocyanin, mg/mL) : [A652-0.208(A620)]/5.09
PE(phycoerythrin, mg/mL) : [A562-2.41(PC)-0.849(APC)]/9.62

6. DPPH(1,1—diphenyl—2—picryl hydrazyl) radical
27s &%

A= 3 gol methanol 50 mL< ¥ & 15AIF ¢ &
d =

TS 23,000 rpmO.E 4CoA 1087 94 Heja
HojR AN evaporatorZ &S 3Hsle] FEFET

ATt FE& 100 mg T 1 mL methanolS 718k 100
mg/mL 52 FEFE NS AR A5 §H90F A}
|3tk

A28 50 pLoll 1.5x10* mM DPPH(1,1-diphenyl-2-
picryl hydrazyl) &2 150 pL-& 7}t & 30 ol £33
SA|(352, Pharmacia Co.)E ©]-83F4 515 nmollA §3F%=
£ Ao AU 2A5(%) S teel Aoz A
23t & 7 el gl 27500 tid gl g
Oz &7%] 50%7F e 5] ICos T3t

Abspppy - Abssample
Abspppr

Free radical scavenging effect(%) = %100

7. XXzt =™

2 %2} Texture analyser(TA/XT2, Stable Micro System
Ltd., England)E AH&-3te] 7} 43] whE S48k 0™, pro-
beE A< 23] AFBIH S W dofA= F-ARE FAHe=E

Table 1. Condition of texture analyser

Force Threshold 5¢g

Acquisition Rate 400 pps
Contact Area 490.62 mm’
Contact Force 50¢g

Per-Test Speed 5.0 mm/s
Post-Test speed 5.0 mm/s
Test speed 5.0 mm/s
strain 30%
time 0.50 s
Trigger Type Auto 10 g




WEAZ T AAE
AAEA DL, FRE IS 27 l(3x3x1 5 cm)E & AF
At AEE o, WA, gt 227S 9 HAx =H1A
B e AHgstel Bkt om,
Qe Hasslr] ekl B3

P AN ER Vswe tid BedAe
k2] ok el 30W =
o]

7), %, A, A

oz Hrlsiith

A
4
of
o
sae
ol
o T
i)
N
N
rlr o

9. SAXz2|

222y HJr7E 7R A3 A SPSS(Statistical
Package for Social Sciences, SPSS Inc., Chicago IL, USA)
software package ZZ 13 ZFo|A B4 E4(ANOVA)S
AAste] frejdo] e 7d-9-ol Duncan®| thEHHA
(Duncan's multiple range test)>.2 Al&7te] F2J2E A

3R TH(p<0.05).
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Table 2& 2¥Fu JrtEs 28 757 «l T8,
pH, At=9t =8 YEhglth tlxae] &2 201.3%
2 7P E=skon, AnReue] Hrlgo] STt E &
&o| Zashe S UERRITE ol thAIPKYang SE
2004), 24 0o] %(Park EJ, Park GS 2006) A=A B
A7 e An SH 5 2008)°] Z7}s<rE FH.9] ’“°°l =
7HgE E--Lﬂ't 02 Agkoldont wﬂ&«l
F7FE @ide] Su7F 5438 dojuHA gojgrt A
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Table 2. Yield, pH, acidity and turbidity of spirulina tofu

spirulina(%) Yield(%) pH Acidity(%) Turbidity(Abs)

0 201.3+1.4"Y 6.18+0.03™% 0.012+0.000™  1.02+0.01°
025  167.3+1.1° 6.21£0.03™ 0.011+0.000™ 1.12+0.01¢
0.5  163.9+1.3% 6.2440.02™ 0.011+0.000™ 1.13+0.01°
075  161.0£1.4° 6.29+0.02° 0.010+0.000™° 1.33+0.00°
1 149.5+2.1¢ 6.35+0.01™ 0.010+0.000™  1.74+0.00"

All values are Mean+S.D

Va4 Different superscripts are significantly different by Duncan's
multiple range test at a=0.05.

: Values are not significantly different by Duncan's multiple

range test.
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07 FoHtHp<0.05). =9 Feu Hrbge| SIS
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(Jeon MK, Kim MR 2006b)2} 371 +5Min YH &
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Table 33 2t} =Ty H7f 75 AMes Hrbes
of we} xfol7t lo) 2y Feuy Hrt TR HrE UE
s 95 gxdo] 2412 7MY & &2 Yl
3. 239 Ue] Hrbe] Eo)d5E 80.35, 73.80, 68.90,
65.15% ZrAstith ol 23R uWrt 7HA AL e =
A fol] TR Alo] o] F9] H7] wWiEoZ AlsHTh
20 Z2gu H7p TR s gxTo] -0.502 71
E%aL, 29 R U] Hrlgo] SIS E oo 1
239 FNTE tE2To] 14.57, 29 FE Y 0.25% H
7} FH7H4.55, 239FE Y 0.5% 7 TR 14.84, =
224 0.75% HA7F FH7F 1556, 20 FE Y 1% H7t

b 15432 2928y Hrieo) 57}?‘&? ok
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Table 3. Colors of spirulina tofu

spirulina(%) Lightness Redness Yellowness
0 92.41+0.04"Y  -0.50+0.17 14.57+0.03¢

0.25 80.35+0.06° -3.91+0.12° 14.55+0.04¢

0.5 73.8040.17¢ -4.39+0.16° 14.84+0.12°
0.75 68.90£0.24°  -4.50£0.22%"  15.56£0.02°

1 65.15+0.18° -4.65+0.09" 15.43+0.07°

All values are Mean+S.D
D@4 Different superscripts are significantly different by Duncan's
multiple range test at a=0.05.
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29| Feu} Hrleol] wE Fhe

#= Fig. 13} 2Tk C-PC(C-phycocyanin)= TZET°] 0
mg/mL, 2372 0.25% H7F F57F 0.010 mg/mL, 2
IFZY 0.5% H7F FE7F 0.018 mg/mL, 2=3FEL
0.75% 7} F57F 0.027 mg/mL, 2=3F2Y 1% 7}
T2} 0.036 mgmLE A3FHU H7F =71 ol
TF C-PC7F F7Fehe B3-S YERATE APC(allophy-
cocyanin)= UZT°] 0 mg/mL, =FFEH 0.5% 7t
F57F 0.031 mg/mL, 2=9FEY 1% FH7F FH57} 0.050
mg/mLE 23 FE HriEFe] F7VEE APCYE Eof
A= ZAEFS YeRNATE PE(phycoerythrin) tHZT©] 0
mg/mL, 23F2U 1% H7F F57F 0.34 mg/mlLE 29
FEu Frbgo]l F7HEsE PEVE BoAl= AEFE UE
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Fig. 1. Phycocyanin(PC) contents of spirulina tofu.
C-PC=C-phycocyanin, APC=allophycocyanin, PE=phy-
coerythrin

Table 4. Texture of spirulina tofu

WATE Lee 5(2008)2 23] FUE H71a F52] 3
FAoPd e =Aslg o, AnZEUES AVELE
C-PC, APC, PE ¥&fo] S7jith= Has & A9 2
& AEFS eI

4, Sitebd

29 Ry HAre mE T8 H4ksidS DPPH
Uz aA5e2 4% A3+ Fig 29+ Zth DPPH 2+
Oz 27%29 ICs) 32 thET0] 150.7 mg/g, 23T
W 0.25% H7F 271 138.7 mg/g, 29FEv 0.5% 3
7F T8I 89.2 mg/g, 0.75% H7F FH7F 86.8 mg/g, 1%
A7} FRI}F 825 mg/go & A3 FEte] wxr) £
% DPPH #HHZ 4759 ICs #kol Wobd F45-¢f &
2kehsol Frkeske AEFS UERHATE Cho 75‘(2005)%
292y Zrh Ay =giale) dtals A ~
TRy Hrbgo] S7MESE dkslse] Fvieitha
Hyste] ol B ATt YAk AFgS eI
o] Fikstse FvHE TR ARERE 239U
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Fig. 2. The antioxidative activity by DPPH(a,a'-dipheniyl-p-pi-
crylphenylazly) of spirulina tofu.

. spirulina(%o)
Attribute
0 0.25 0.5 0.75 1

Hardness(g) 277.70+50.57%" 322.07+30.18° 438.58+14.84° 558.94+53.89" 830.43+£62.03"
Adhesiveness 3274337 -11.210.53° -3.40+1.03" -1.61£2.79° 2.16+0.61°
Springiness 0.98+0.03* 0.89+0.04° 0.96+0.03* 0.96+0.03* 0.96+0.03*
Cohesiveness 0.82+0.01° 0.83+0.01° 0.80£0.01° 0.81+0.01b° 0.81+0.01™
Gumminess 215.27+20.42° 265.92+21.78° 351.68+11.57° 451.67+45.11° 668.67+55.68"

Chewiness 221.30433.50° 235.65422.37° 337.23+17.42° 435.88451.34° 642.01+47.89°

Resilience 0.42+0.02° 0.43+0.03° 0.43+0.03° 0.430.01° 0.45+0.01°

All values are Mean+S.D
1) ad |

ok
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: Different superscripts are significantly different by Duncan's multiple range test at a=0.05.
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o] #Y AEE dxTol 7.180E 7P =4 el
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o= A Yepdiglth 29 F2u S/ 5242 0.75%
o} 1%e 7Y 2pol7t gldler, 298y 0.5% #H
7} FH= 598, 29F8 Y 0.25% 7 FE= 5280
2 kel AolE UERfUTE 23 FEy H7E FRe
23Ry 5o &2 2924 1% A7F F771 63
o7 okzt Zato 2 JERYUT, 0.75%, 0.5%, 0.25% 3
7} TR 3~47 Abole] AR FoZ <l Aol fIith
TR vEg F vddE dz2ed 29Fey Jrk
& 2% F§93F Holrt gldlth Ay FEEy HU)F FRe
20 F Y gk 2022y 1% JA7F TR 7P =3k

A7VeEEE Zlste 2928y 1% A7 FH+= 642.01+
47.89% 71 =UTh o] Table 20 UERD nie} o] 2
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Table 5. Sensory characteristics of spirulina tofu

om 2uTe A7l B

42 2 YERIAT. F

Hox FogRE 7|93 nadgre oA 713

oLt Ao EE taTs) 2vTed Wk

Attribute spirulina(%)
0 0.25 0.5 0.75 1

Appearance

surface smoothness 6.5+1.0™ 6.0+1.6"° 6.5+1.2"° 6.1£1.0" 5.8+1.2"

air cell distribution 7.1£0.9*" 6.6+0.8" 6.8+1.3" 6.1+0.8" 5.9+0.9°

green color 1.0+0.0° 5.240.9° 5.9+1.2% 6.7+1.3" 6.8+1.7°
Flavor

spirulina flavor 1.120.3° 3.1£1.3° 3.8+1.8° 3.742.1° 6.0£1.9°

beany 3.1+ 2.8+1.4" 3.1+1.9" 3.942.4™ 3.8+1.5"

off-flavor 2.1+1.4" 2.4+1.8" 2.041.2" 2.5+1.9" 2.942.1"
Taste

spirulina taste 1.0£0.0° 2.5£1.2% 3.1£2.0° 3.8£2.3" 5342.8"

roasted nutty 59+1.1™ 5.8+1.5" 5.7+1.8" 5.3+1.8" 4.6£1.6™

plained taste 6.0+1.8° 6.3£1.4° 6.1x1.5° 5.6£1.6° 4.9+1.8°
Texture

springiness 5.9+1.1° 6.0+1.2° 6.2+1.1% 6.5+0.9° 6.3x1.1°

smoothness 5.8+1.5™ 5.6+4.1"° 5.3+0.5" 5.0+0.8" 5.0+£0.7"°

chewiness 42+1.2° 5.1+1.3" 5.2+1.0" 5.5+0.9" 5.6+1.0"

All values are Mean+S.D

1) a-c |

2)NS |

: Values are not significantly different by Duncan's multiple range test.

: Different superscripts are significantly different by Duncan's multiple range test at o=0.05.
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Table 6. Sensory preference results of spirulina tofu

spirulina(%)

Attribute
0 0.25 0.5 0.75 1

Appearance 6.4+0.5™" 6.1+0.9" 7.340.9" 6.5+1.2" 6.3+0.8"
Flavor 6.241.0° 5.9+1.2% 6.8+1.2% 5.6+1.2° 5.8+0.6™
Taste 6.1+0.9° 6.1+1.1° 7.940.6" 5.7+1.4° 5.5+1.1°
Texture 6.140.6™ 5.7+1.6° 7.0+1.2° 6.241.1% 52+1.2°
Overall preference 52+1.1° 6.2+1.5" 7.740.9° 6.5+0.9" 5.7+0.7%
Buying intention 5.8+1.7"2 5.542.0"° 6.8+1.4" 5.7+1.6" 53+1.6"

All values are Mean+S.D
1) a-c

2) NS

o 7Q) Aol QT AzbolA el ERel e F
e W Ue FEE Boplels v B A
S o3 Aok gom FRE A4SRGS 0
e A WYL 2uTete] Yol FuS
= So1sisich, ol S 545k 2ol 2eitel A
Thepol F74E4E Anyel HEEIAE 2 PR
= HIHE Sk o= nal,

29U Al TR JEE BHe 9w, %
o, 227 AR Al 7|58 T of ol tiste] B}

Ao 1 AFAE Table 69 UrEMPiEP T =T
o] 6.4%, 29F 0.25% H7F FHIF 6.1, 29T
Y 0.5% A7F F27F 733, 29 F24Y 0.75% H7F T
7} 654, 2=29F8Y 1% F7F FH7F 633082 ~9F
2y 0.5% H7F FE7F 7HE =2 aS JEITE Pl
Ae 28 FEY 0.75% F7F TR P Be 568
el 29384y 0.5% JA7F TR 6.8- 02 7}
2 =2 #E YIS T35 gelM s 29FEY 1%
A7} FHIF 5502 P v ke UERA 29)
F} 05% HA7F FR7F 19807 folHow M E
< #E YEIATH(p<0.05). Bl2Hd M= 23]FEy
0.5% A7} X7} 70802 & A4S Y, o
21, 0.25%, 0.75%, 1%, 271 T55 5~63 Atele] M4
S Yehideh AAZQ NEsEs 2928y 0.5% H
7t FE7F 7V =2 AE eI, tizatell A T
o 528 eI ?EH«IAMW_ thzro] 5.8%,
éuJTFJUr 0.25% 7} 57} 554, 2=9FEY 0.5%
7Y F57Y 6.87, 2=9FE Y 0.75% H7F FHIF 574
20 F2 Y 1% H7F F57F 53-8 o2 23R 0.5%
A7y FHIY 7W 2 AF4E Uitk B d94E F
grete] 2o R H7F T8 Az Al 292U 0.5%
A7kete] A xS W 2T Ty MUt FHREAY] %
A4 g 7154 AF N vhedo] HE 20 =E AL

SEH
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: Different superscripts are significantly different by Duncan's multiple range test at a=0.05.
: Values are not significantly different by Duncan's multiple range test.

Iv. 2 &

B AFsE TR AZ7sE 982 29FyE
A7kt 71540 5% FHRE stz 2958
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