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ABSTRACT

This study examined the optimal proportions of waxy black rice flour, black soybean powder, and garlic juice for preparing
of Kimbugak. The experiment was designed according to the central composite design of the response surface methodology
(RSM). To develop Kimbugak using RSM, waxy black rice flour, black soybean powder, and garlic juice were set as the
independent variables. The experimental data on physicochemical and textural properties and sensory evaluation were fitted
to various models. Among the responses, L-value (p<0.05), a-value (p<0.05), and b-value (p<0.01), the sensory properties of
appearance (p<0.05), mouthfeel (p<0.05), and overall acceptability (p<0.05) showed significant correlations with the proportions
of waxy black rice flour, black soybean powder, and garlic juice. From these results, the optimal formulation was calculated
by applying numerical and graphical methods, and was determined to be 49.84 g waxy black rice flour, 10.75 g black soybean
powder, and 3.35 g garlic juice. We believe Kimbugak prepared with waxy black rice flour, black soybean powder, and garlic
juice could contribute to the development of a functional product that would meet various consumer preferences and increase
the acceptability of such products.
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Table 1. Coded independent variables used in RSM design for Kimbugak prepared with waxy black rice flour, black

soybean powder, and garlic juice

Coded-variables

Independent variable Symbol
-1 0 1 +a
Waxy black rice powder (g) A 20 50 80 80
Black soybean powder (g) 4 12 20 20
Garlic juice (g) 1 4 7 7

A SRRE(Y), AAR(YD), FARY), EFE(Y0), 23
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Table 2. Formulas for the manufacture of Kimbugak
prepared with waxy black rice flour, black soybean powder,
and garlic juice

Variables"
Sample No. Waxy flour (g)
A (9 B (g) C@®
1 20(—1) 4-1) 1(-1 80
2 80(+1) 4-1) 11 20
3 20(—1) 20(+1) 1(—1) 80
4 80(+1) 20(+1) 1(—1) 20
5 20(—1) 4-1) 7(+1) 80
6 80(+1) 4(-1) 7(+1) 20
7 20(—1) 20(+1) 7(+1) 80
8 80(+1)  20(+1)  7(+1) 20
9 20(—a) 12(0) 4(0) 80
10 80(+a) 12(0) 4(0) 20
11 50(0) 4(—a) 4(0) 50
12 50(0) 20(+a) 4(0) 50
13 50(0) 12(0) I(—a) 50
14 50(0) 12(0) 7(+a) 50
15 50(0) 12(0) 4(0) 50
16 50(0) 12(0) 4(0) 50
17 50(0) 12(0) 4(0) 50
18 50(0) 12(0) 4(0) 50

D A: waxy black rice flour, B: black soybean powder, C: garlic
juice.

Inc., Osaka, Japan)S Al&3le] z+ A|ge] S =Hsln
Hunter A|Al2] " =(lightness), %A =(redness), A =(yel-
lowness)& AA3H= L, a, b gko2 eI, 242 33] vt
5 FHsle] o Hugie® JeEhgich oW xFE W
(standard plate)e] L, a, b3k 93.31, 1.75, 0.68°]%A Tt}
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Fig. 1. Appearance of Kimbugak prepared with waxy black rice flour, black soybean powder, and garlic juice by central

composite design.
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Table 3. Measurement condition for texture analysis

Contents Conditions
Test mode and option TPA
Pre-test speed 2.00 mm/sec
Test speed 2.00 mm/sec
post-test speed 1.00 mm/sec
Trigger load 45 ¢
Target value 4 mm
Probe TA39 Cylinder (2 mmD, 35 mmL)

Sample rate 20 points/sec
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Table 4. Physicochemical and textural properties of Kimbugak prepared with different mixture ratio of waxy black rice
flour, black soybean powder, and garlic juice at various conditions by RSM

Variables" Responses
Sﬁ‘gle A B C Color . ,
- Oil absorption rate Hardness (g)
@ © @ L a b
1 20 4 1 24.7742.407 2.23+0.66 2.56+0.56 22.50+3.54 1,197.13+301.92
2 80 4 1 25.90+2.10 2.30:£0.80 1.44+0.58 21.0248.16 705.30£322.97
3 20 20 1 30.76+2.74 3.55+0.73 4.22+0.83 20.16+0.62 1,106.45+432.16
4 80 20 1 27.50+1.07 3.33+0.79 1.93+0.45 22.34+6.36 1,039.75+207.92
5 20 4 7 31.81£2.70 3.83x1.41 3.75+1.18 26.09+0.54 654.75+140.35
6 80 4 7 26.62+2.44 3.23+0.44 2.3140.28 25.04+2.95 775.90+£209.79
7 20 20 7 31.3243.16 4.54+1.28 6.37+1.57 21.15+2.42 716.70+206.13
8 80 20 7 26.47+£2.16 3.51+0.90 2.7140.53 20.84+5.89 681.00+£252.31
9 20 12 4 32.2141.58 4.76£1.12 6.36+1.22 19.89+3.54 683.40+176.16
10 80 12 4 26.924+2.04 4.18+0.70 3.1440.63 23.2244.14 637.554+288.88
11 50 4 4 27.51+1.97 4.06+0.70 2.95+0.39 20.50+4.68 854.50+183.58
12 50 20 4 28.47+1.44 3.11+0.84 2.2840.70 23.56+5.46 1,063.85+£195.93
13 50 12 1 25.38+3.98 3.26+1.50 3.10+0.84 15.4340.40 1,146.144349.16
14 50 12 7 27.114£2.65 4.46+0.99 4.72+40.97 19.86+0.64 1,069.00+242.18
15 50 12 4 28.70+1.67 4.19+0.68 4.65+0.88 20.11£2.51 1,023.65+204.75
16 50 12 4 27.83+£2.80 4.67£1.30 5.32+0.76 24.24+6.46 783.88+139.13
17 50 12 4 31.03+1.60 4.71+0.34 3.5140.65 20.09+11.00 1,091.35+£257.62
18 50 12 4 29.67+3.05 4.05+0.96 3.77+1.16 21.71+0.24 942.254356.85
D A: waxy black rice powder, B: black soybean powder, C: garlic juice.
? MeantS.D.
o Akl Be ) AYAT A} fA S BA% 2) BRE
e AAZ 254 A 2Q] anthocyaning 7FA] 3L 91 Zu) A7 AeFrlE) nfs FAZAS A8 A5
om, Zu] o] Hrige] S7tEFE AgAo] AT zhe] FR-8-L 1543~25.042] W2 YEhton], 3954
A AAF o' o] o FAAA HW, A ee S} & A3 THES 5HHIV) 5 2-83k= quadratic model 2
A Aashs 2R WERATHKIm YS 5 2006). ©l= A= RS 0.6024, p-valuei= 0.3427% VRS
n}2 Z(Hwang ES & Nhuan DT 2014), tHA] UHCho HS &  #Aado] A4 A= pvaluegho] 0398302 Uep} mdl ,]
2006)¢} mjAdo] E(Lee GW 5 201002 H7lste] A2 Aghilo] olg = ok

FIAM = & Aok FARE 23S Ykt =3, vke
kAT (Mun SI 2003)0lA4 = visH A go] S/t
ofrte] Wmel ATt Srkshe Aem yehget, AT
e 71l 27 vhewel vlaad AR pelrt ot
o] Mol P F o Hused B AFATlA

3|92 e] A, Fn) FAvkE A
4 A0 ol TS SR, o Z}%—Qﬂ e
HA7VKT g)o]l FVEFE Hadte 43S HATh Lee KA
(2006)°] EV7HE-E A7k efFte] Aol Fvlzbe H7b
o] 2152 FHgo] HolHE @wfa %cﬂ A7
A Eu7be v e
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Table 5. Analysis of predicted model equation for physicochemical and textural properties of Kimbugak prepared with
different mixture ratio of waxy black rice flour, black soybean powder, and garlic juice

Responses  Model R F-value  p-value Lack of fit Polynomial equation”
L Linear 0.4999 4.66™ 0.0184 03292 Y;=28.34—1.75A+0.79B+0.89C
. 5 Y,=4.36—0.24A+0.24B+0.49C —0.09AB—0.19AC—0.17BC+
.834 4.4 .02 2522
a Quadratic ~ 0.8340 7 0.0233 0.25 0.15A2—0.74B>— 0.46C2
. - Y;=4.22—1.17A+0.45B+0.66C—0.42AB—0.21AC+0.1 1BC+
b Quadratic ~ 0.8737 6.15 0.0088 0.6758 0.63A%—1.5B—0.21C2
oil Y4=20.73+0.27A—0.71B+1.15C+0.55AB—0.26 AC — 1.02BC+
. . * 4=2Y. . —V. . . —U. — 1.
absorption Quadratic  0.8009 3.57 0.0434 0.5863 L63A242 11B2-2.28C
rate
. Y5=950.19—51.89A+42.02B —129.74C+33.54 AB+80.5AC —
Hardness Quadratic  0.6024 1.35 0.3427 0.3983 34 59BC—279 63A%119 0TB24 167 47C2

D A: waxy black rice powder, B: black soybean powder, C: garlic juice.

2" p<0.05, ™ p<0.01.
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Table 6. Sensory evaluation of prepared with different mixture ratio of waxy black rice flour, black soybean powder, and
garlic juice at various conditions by RSM

Variables" Responses
Sample
No. A B ¢ Appearance Flavor Taste Mouthfeel Overall acceptability
@ © @

1 20 4 1 4.16+1.30” 5.37+0.76 5.32+0.89 5.74+1.10 5.53+0.84

2 80 4 1 4.53£1.02 5.16%1.01 4.68+1.45 5.05+1.22 4.84+1.30

3 20 20 1 4.95+1.35 5.63+1.16 6.37+1.34 5.32+1.16 5.95+1.08

4 80 20 1 4.37£1.26 5.26+1.24 4.32+1.29 4.74£1.15 4.32+1.25

5 20 4 7 5.21+1.47 5.79+1.23 5.47+1.58 5.79+1.18 5.47+1.50

6 80 4 7 4.42+1.07 4.95+1.03 3.58+0.84 4.47+1.22 3.68+1.06

7 20 20 7 5.05+1.13 6.00+0.94 5.95+1.13 6.00+1.11 6.001.00

8 80 20 7 4.53+1.43 5.47+0.84 5.32+1.42 5.58+1.17 5.05+1.08

9 20 12 4 5.32+1.16 5.42+1.12 6.47+1.50 6.53+1.17 6.53+1.39

10 80 12 4 5.32+1.20 5.58+1.07 5.58+1.26 5.47+1.07 5.47+1.07

11 50 4 4 5.68+1.38 6.21+0.71 7.05£1.08 6.58+1.02 6.95+1.13

12 50 20 4 5.05+1.13 5.95+1.18 6.00£1.33 5.63+1.12 5.89£1.15

13 50 12 1 5.79+1.23 5.95+0.85 6.16+1.34 6.21+1.27 6.47+1.12

14 50 12 7 5.37+0.76 5.58+0.77 5.79+£1.27 5.84+1.17 5.84+1.01

15 50 12 4 5.53+1.35 5.95+1.13 6.47+1.26 6.21+1.13 6.37+1.12

16 50 12 4 5.16x1.21 6.26+0.99 6.16+£1.17 5.84+1.26 6.00+1.00

17 50 12 4 5.47+1.12 5.68+1.29 5.74+1.19 5.95+1.12 5.74+0.99

18 50 12 4 4.47+1.12 5.74+0.65 5.53+1.02 5.79+1.40 5.47+0.96
D A: waxy black rice powder, B: black soybean powder, C: garlic juice.
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Table 7. Analysis of predicted model equation for sensory evaluation of waxy black rice flour, black soybean powder,

and garlic juice

Responses ~ Model R F-value  p-value Lack of fit Polynomial equation”
Appearance  Linear 05107  4.877 0.0159  0.5046  Y=6.03+0.68A—0.08B—0.13C
Flavor  Quadratic  0.7295 2.40 0.1163 05718 Y7:g:2‘2:2& éi‘;? f) ?ﬁ ;82'06C+O'02AB ~0.12AC+0.04BC—
Taste  Quadratic  0.7391 2.52 0.1040  0.2028 YS:Z:gg,:&gﬁ? _1 3)1.35;:20 10C~0.02AB+0.02AC+0.22BC -
Mouthfeel Quadratic  0.8110  3.81° 00364  0.1472 Yg:g:ii;?g??éggggogcm'12AB ~0-06AC+026BC—
ac(z:;:gi- Quadratic  0.8369  4.56" 0.0219 04434 Yl":g:?g;zofolﬁggglfgl_g%}1C_0‘01AB ~0.03AC+0.28BC~

lity

D A: waxy black rice powder, B: black soybean powder, C: garlic juice.

2" p<0.05.
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Table 8. Optimum constraint values using numerical methods for the objective goal

Constrains name Goal Numerical optimization (g)
A (g) In range 49.84
Independent variables B (g) In range 10.75
C@© In range 335
Appearance Maximize 6.07
Responses Mouthfeel Maximize 6.01
Overall acceptability Maximize 6.38

D A: waxy black rice powder, B: black soybean powder, C: garlic juice.
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Fig. 2. Perturbation plot and response surface plot for the optimization mixture of Kimbugak prepared with waxy black

rice flour (A), black soybean powder (B), and garlic juice (C).
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Fig. 3. Perturbation plot and response surface plot for the optimization mixture of Kimbugak prepared with waxy black

rice flour (A), black soybean powder (B), and garlic juice (C).
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