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Optimization of Spirulina Added Korean Rice Cake(Garaeduk)
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Abstract

The principal objective of this study was to determine the optimal mixing ratios of three different quantities of spi-
rulina, salt and water for the preparation of Korean rice cake (Dukbokiduk) via response surface methodology on the
basis of color, texture, and sensory test. The spirulina levels were tested in a range of 1~3%, the water levels in a range
of 15~25%, and salt levels were tested a range of 0.5~1% by weight of rice powder. Taste was influenced most
profoundly by the amount of added spirulina. Optimal taste was achieved with 1% of spirulina, 0.75% of salt and 20%
water. Thus, the optimal mixing ratios of spirulina, salt, and water for Dukbokiduk were 1.0%, 0.57%, and 19.46%,

respectively.
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¥ Felelle dldo] 55~70%, AHo] 6~9%, BraHEol
15~20% el o vheke] 7714, vgwl, dRd 2
A2 8-S FH3A AciKay RA 1991). 23] F2vhe &
A Fero] L ¥ opg 87K B oAt T8
loew, XA AR Foll= free-fatty acid7} 70~80%] 2
} 12 linoleic acid, 7 -linolenic acid S2] AMito] £ H|Z&
A3k 1THMahajan & Kamat 1995). BHF3lE2E &
o, B, Thes AR ol gla, Ma QRoRE
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4. Mz 2
Hiolme] Mx= MAA(Digital color measuring/ diffe-
rence calculation meter, Model ND-1001 DP, Nippon Den-
shoku Co. LTD., Japan)E& A}8-3+a L(Lightness), a(Redness),
bO(ellowness)%lQ‘ 22593, & HABEF 370 AIBE o]
&3t 27} 33 WHE St o B YEhdH.
ojuf AH&-3 HE W] L, a, b F2 7+t 9045, 0.13,
335031t
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Table 1. Experimental conditions for the central compo-
site design for the optimization of making Dukbokiduk

Experimental factor

Fﬁg’ Real value(%) Coded values

Spirulina  Salt ~ Water Xi X2 Xs
1 1 0.50 15 -1 -1 -1
2 3 0.50 15 1 -1 -1
3 1 1.00 15 -1 1 -1
4 3 1.00 15 1 1 -1
5 1 0.50 25 -1 -1 1
6 3 0.50 25 1 -1 1
7 1 1.00 25 -1 1 1
8 3 1.00 25 1 1 1
9 1 0.75 20 -1 0 0
10 3 0.75 20 1 0 0
11 2 0.5 20 0 -1 0
12 2 1.00 20 0 1 0
13 2 0.75 15 0 0 -1
14 2 0.75 25 0 0 1
15 2 0.75 20 0 0 0
16 2 0.75 20 0 0 0

5. Texture &3

Wiolwe] 247 £4& dolir] Y3 "ields o
A A7) 2x2x2 cmZ ZE} Texture analyser(TA/XT2, Micro-
stable Systems Co., England)2 7} 183] ¥h& S 8}51 o
probeE 23] A&HH 02 B3-S u AR P-AIRE '%‘Jﬂ—o—
2XE] el X (springiness), 24 (cohesiveness), 43 d(chewi-
ness), 73 (hardness), -2J(adhesiveness)E 57832
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Table 2. Operating condition of texture analyzer for
spirulina Dukbokiduk

Operating conditions

Force threshold

Acquisition rate

Contact area

Contact force

Pre-test speed

Post-test speed

Test speed
Strain

Time

Trigger type

100 g

400 pps
490.62 mm’
50¢g

5.0 mm/s
5.0 mmy/s
5.0 mm/s
30.00%
0.50 s
Auto 10 g
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239 F2 g o) gRejHe) 43 ZAF= Design-Expert
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FAEAANOVAYS AASI] §olAel gle 7-Fol Dun-
can's multiple range testZ Al 83Fe] A= HF3ch

da 9 o
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Fold] L, a, b gt 5743 A& Table 33 2o} 29 %
Ay At wE dxe 23Ry Frigel s
5 L, adt A4 ddske A ¥l veien. 283 & A7t
ol wet L, a, bghS IS A &3ith ojo} 22 A=
23ghie] 54E de 22233 A4 sFAohd A
a7t 23R Aot HEo|H L, agld] 9%E F AL

Table 3. Effect of preparing coendition of spirulina Dukbokiduk on color, texture of treatment conditions

Experimental factor

Response factor

Exp. Real value(%) Color Texture

e Spirulina  Salt  Water L-value a-value b-value S}';r;rslsgi- COE::;W- Cllll:::- I;I;IS(:- Ad::::;ve-
1 1 0.50 15 1624 009 461° 0.904”  0.888%¢ 267.4°  333.4° -20227
2 3 0.50 15 13.16%  -0.42 2.52 0.899°  0.885% 199.1¢  2502° -14.591%
3 1 1.00 15 17.31° 0.94 531° 0.895®°  0.893"%"  2163™ 2742° -15335%"
4 3 1.00 15 13.26% 053 2.59° 0.915° 0.892°"  2654*  3253* -15.717%
5 1 0.50 25 1657 0.01 4.83° 0.910®  0.883" 117.8%  146.4%  -6.345°
6 3 0.50 25 1252% 042 176" 0.890" 0.899% 163.6% 2043 -12.837°%
7 1 1.00 25 1574 1.04 4.47° 0906®  0.896 113.9° 14038 -7372%
8 3 1.00 25 12.15%  -0.38 1.97% 0.909®  0.895™*  131.8%  161.9"®  -8.883"™
9 1 0.75 20 11.92" 0.12 2,20 0.909®  0.900" 2059 251.7°  -15.412%"
10 3 0.75 20 16.86° 0.1 5.26° 0.890° 0.903" 146.9%  188.2% -12.353%
11 2 0.50 20 1334 034 3.39% 0912  0.901% 183.1%  2229°  -13.149°%
12 2 1.00 20 13.89° 0.10 3.79% 0.915° 0.895™*  1412% 1724  -11.152%*
13 2 0.75 15 15.09° 0.08 3.98° 0.916° 0.914* 216.9%  258.9°  -16.744"
14 2 0.75 25 12.54%  -g.12 3.13° 0.909®  0.892° 145.7%  179.7%  -9.588"¢
15 2 0.75 20 15.16° -0.33 3.76% 0.918 0.899™ 156.5%  189.8% -10.621°*
16 2 0.75 20 13.67° ~0.06 3.31° 0905  0.914° 2261 273.8°  -18.215°

*J Different superscripts within a same column are significantly different by Duncan's multiple range test at p<0.05.
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2. Texture EM
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Table 4. Effect of preparing condition of spirulina
Dukbokiduk on sensory of treatment conditions

Experimental factor Response factor

g,
Exp. Real value(%) Sensory
No . . Overall
S‘?‘m’ Salt Water Color Taste Chewi- accept-
lina ness I
ability

1 1050 15 34% s56™ 54 66

2 3050 15 72 36 2™ 3.4

3 1 100 15 32" 64 64 567"

4 3100 15 74 38 560 347

5 105 25 2.8 62" 460 6.0™

6 3050 25 78%  40° 36" 3.8

7 1 100 25 3.6%  48™ 40® 42>

3 3100 25 82" 38 3.8 36

9 1075 20 2.6 68 467 647
10 3075 20 82 365 54 30
11 2050 20 6.0™° 48" 52 480
12 2 100 20  54°%% sgtc ggb g e
13 2075 15 44 s 600 460
14 20075 25 62" 48" 42% 460
15 2075 20 52% gt 50 g5 e
16 2 075 20 56 42™ 6o 5™

"' Different superscripts within a same column are significantly
different by Duncan's multiple range test at p<0.05.
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Fig. 1. Response surface for color of spirulina Dukbokiduk.
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Fig. 2. Response surface for taste of spirulina Dukbokiduk.
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Fig. 3. Response surface for overall acceptability of spirulina Dukbokiduk.
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Table 5. Polynomial equations calculated by RSM program for mixing of spirulina Dukbokiduk

Responses Polynomial equationl) R? p value
L value Y,=18.365-0.983X;+0.208X,~0.111X; 0.264 0.282
Color a value Y2=0.105-0.194X,+0.716X,—0.005X5 0.265 0.280
b value Y3=5.853-0.732X,+0.408X,—0.057X; 0319 0.188
Springiness Y.=0.905-0.002X,+0.010X,—0.000X; 0.093 0.748
Cohesiveness Y5=0.892+0.001X;+0.006X,+0.000X;3 0.041 0914
Texture Chewiness Y6=399.640-1.450X,-24.960X>-9.846X3 0.686 0.002"
Hardness Y7=495.247-1.610X,—33.240X,~12.188X; 0.698 0.002"
Adhesiveness Ys=—30.738+0.031X,+3.476X,+0.752X; 0.651 0.004”
Color Yo=—0.570+2.320X,+0.240X,+0.060Xs 0.954 0.000""
Taste Y1=7.477-1.100X,—0.160X,—0.016X; 0.805 0.000""
Sensory -
Chewiness Y 11=8.858—0.040X;+0.160X,~0.188Xs 0.745 0.001
Overall acceptability Y 12=8.137-1.200X,-0.800X,—0.020X; 0.726 0.001"

Y X, is Spirulina content, X, is Salt content, X3 is Water content and Y;~Y1, are intensity score of the attributes.

2 R is coefficient of determination.
T p<0.05, T p<0.01, 7 p<0.001.

zo] AFolgka & 4= AUrhHKo & Joo 2005). W olw o
AzZA F2 Bl o] A, Bk WA A =t Fash
8Rlojgt & F itk webA 71 Fa3 vhg AFEA A
o, AAAQ £EE2 dta 59 HeE Aa9Fey, B &
o2 3 E W 2 Ws A=E counter map 2R 34 5)gh
A= Fig 49 20 o3 Ad 22 A9 FevE 3

B:salt

Prediction D.500
3 1 oo
B2 0.57

A spirulina

Fig. 4. Response surface for desirability of spirulina Duk-

bokiduk.

7t WRolg el A|xe HA UL AT 1%, &F
0.57%, B 19.46% H71819& w7 A, ot AA A 8%
7} 7V AA 20w Yelgrh B S vHEY] A9
Q) A7|H ] A% vke F B o3 7HEsat A7)
) A 29 A3 A7 3 Hong ef al(1999)2] Badl =
W =272 E AR 1%, 2%, 3%E TS dElstd A
7NHe A% 2 1%2 4 W 7P Ve 58 Bl
B3t Aot Xkt

B A3 S8 A% 249 "ol AvsAd 2 A
Aol ot A¥ZUE AU gRelH Az A X
AL Fax A9y, &7, B JUkF w28 2es
o Ax 2279 Fehale] ATE W g FAS A
et 24 2AL AFsEch Mee v feu AL
o] Z7}aEE 1, aghe AA Fadte Aol vehston,
273 B Al Wt L, a, bkl G3FE n|X)R] gkl
zZAZ NN BEAS SR AT Arbd] wet
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