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ABSTRACT

This study investigated the optimal manufacturing conditions for rice Dasik using pregelatinized rice flour and mugwort powder.
The experiment was based on the central composite design (CCD) of response surface methodology (RSM), with pregelatinized rice
flour and mugwort powder as independent variables. Experimental data on physicochemical properties, 2,2-diphenyl-1-picrylhydrazyl
(DPPH) antioxidant activity, textural characteristics, and sensory evaluation were fitted to various models. Among the responses, the
physicochemical properties (sugar content (p<0.05), L-value (p<0.01), a-value (p<0.001), and b-value (p<0.001)), textural
characteristics of adhesiveness (p<0.05), and sensory evaluation (appearance (p<0.001), color (p<0.001), taste (p<0.05), texture
(p<0.01), and overall acceptability (p<0.01)) showed significant correlations with pregelatinized rice flour and mugwort powder. The
optimal formulation, determined using numerical and graphical methods, was 96.82 g of pregelatinized rice flour and 4.49 g of
mugwort powder, which could satisfy diverse consumer preferences and help increase the demand for traditional Korean Hangwa.
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Table 1. Coded independent variables used in RSM design for rice Dasik prepared with pregelatinized rice flour and

mugwort powder

Coded-variables

Independent variable Symbol
—a -1 0 +1 +a
Pregelatinized rice flour (g) X 85.86 90 100 110 114.14
Mugwort powder (g) X 2.59 3 4 5 541




434 249 -

HoA oF BAETREAERS

Table 2. Formulas for the manufacture of rice Dasik prepared with different mixture ratio of pregelatinized rice flour and

mugwort powder

Variables"
Sample No. Fructo oligosaccharide (g) Salt (g)
Xi () X; (9)
1 90(—1) 3(—1)
2 110(+1) 3(—1)
3 90(—1) 5(+1)
4 110(+1) 5(+1)
5 85.86(—a) 4(0)
6 114.14(+a) 4(0) 60 0.1
7 100(0) 2.59(—q)
8 100(0) 5.41(+a)
9 100(0) 4(0)
10 100(0) 4(0)
11 100(0) 4(0)

Y X;: Pregelatinized rice flour, X,: Mugwort powder.
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Table 3. Physicochemical characteristics of rice Dasik prepared with different mixture ratio of pregelatinized rice flour and

mugwort powder at various conditions by RSM

Variables" Responses
Sample
No. X X, oH Sugar content Water Color DPPH
(e (e (°Brix) (%) L a b (%)
1 90 3 6.7240.047%  3.53£0.06°  86.67+0.70°  30.83+0.25° —2.59+0.13°  6.55+0.39°  15.85+2.75%
2 110 3 6.58+0.01°  3.40£0.00°  87.08£0.19°  34.59+1.26*° —3.45+0.12° 9.30+£0.40°  15.04+1.12"
3 90 5 6.88+0.02° 3.7740.06°  86.36£0.34%  27.58+0.44% —1.95+0.05*  4.3240.13¢ 20.04+2.26
4 110 5 6.8240.01°  3.33+0.06%  86.95+0.30°  32.86+1.45° —3.19+0.23%  8.63+0.47° 13.14£2.91°
5 85.86 4 6.81+0.01° 3.73£0.06°  86.40+0.32% 28.27+0.42°% —2.15+0.05° 5.13+0.15¢  15.81+2.36™

11414 4 6.90£0.01®  3.20+0.00°  86.01+0.40°  33.21+0.46° —3.16+0.05¢ 8.46+0.31° 12.9140.76°
100 259  6.83+0.01° 3.30+0.00° 86.08+0.34°  32.13+0.79° —3.16+0.14%  8.30+0.26° 13.29+0.80°
100 541  6.93+0.01°  3.47+0.06*  86.36+0.55* 27.16+0.06%8 —2.18+0.12° 5354033 = 20.23+1.15"

o 0 9

100 4 6.8720.01°  3.53£0.06°  86.84+0.17°  29.00+0.79% —2.67+0.06° 6.69+0.14°  15.2044.03"
10 100 4 6.84+0.01°  3.4320.06°  86.26+0.10°  30.04+0.84° —2.59+0.12°  6.61£0.28° 13.1442.59°
11 100 4 6.90+0.04°  3.20+0.00°  86.54+0.35° 28.66+0.17 —2.73+0.10° 6.81+0.12° 17.87+2.14%

F-value 86.045™" 50.686""" 2.845" 32.915™ 52.120"" 88.571™ 4,065

Y X,: Pregelatinized rice flour, X,: Mugwort powder.
? Mean+SD.
) 278 Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

stk

" p<0.05, ™ p<0.01, ™" p<0.001.

4 Z3KTable 4), RH-&-3E7 9] FElE YERHE Perturbation 1) pH
plot¥} Response surface plot(Fig. 1)& TH3} 2t} pH(Y)) =% A 6.58~6.932] W92 Vehdt} 43t

< sample 2(X;: 110 g Xo: 3 g), HAZLZ sample 8(X;: 100
g X 541 g)ollA UEhtom A8 7+ f2]4<] 2fo] S B

Table 4. Analysis of predicted model equation for physicochemical characteristics of rice Dasik prepared with different
mixture ratio of pregelatinized rice flour and mugwort powder

Responses Model R? F-value p-value Lack of fit Polynomial equation
pH Linear 0.3778 2.43 0.1499 0.0852 Y =6.83 —0.0091X,+0.0678X,
Sugar content Linear 0.6658 797 0.0125 0.8578 Y,=3.44—0.1650X,+0.0514X,
Water - - - - - -
L Linear 0.7983 15.83" 0.0017 0.2255 Y4=30.39+2.00X; —1.50X,
a Linear 0.9258 49.94™ 0.0001 0.1582 Ys=-2.71-0.4411X,+0.2861X,
b Linear 0.9208 4647 0.0001 0.0297 Y6=6.92+1.47X; —0.8851X;
DPPH 2F1” 0.6294 3.96 0.0608 0.7489 Y7=15.68 —1.48X+1.51X,— 1.52X, X,

D X,: Pregelatinized rice flour, X,: Mugwort powder.
2 Two-factor interaction.

sekok

¥ p<0.05, 7 p<0.01, ™ p<0.001.
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Fig. 1. Perturbation plot and response surface plot for physicochemical characteristics of rice Dasik prepared with different
mixture ratio of pregelatinized rice flour (A) and mugwort powder (B).
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I(Table 6), ¥H-5-E 2] )& UERN = perturbation plot3}
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Table 5. Textural characteristics of rice Dasik prepared with different mixture ratio of pregelatinized rice flour and mugwort

powder at various conditions by RSM

Variables" Responses

Sample
No. ();l) ();2) Hardness (gf/cm®)  Adhesiveness (gf) Cohesiveness (%) Springiness (%) Gumminess (gf) Brittleness (gf)
1 90 3 4,907.29+1033.767™Y  —47.71£20.93°  35.24+5.07" 31.1144.21  2,517.94+821.95™ 795.22+321.00™
2 110 3 3,82825+1346.23° 0.00+0.00° 29.14+5.24¢ 26.75+4.06  1,684.48+886.15° 478.03+343.82°
3 90 5 5,685.25+829.79° 0.00+0.00° 36.71+4.69° 31.03£2.38  3,077.70+735.66™ 966.88+292.26™
4 110 5 5,006.67+1146.82° —0.56+1.33" 32.51:44.62%¢ 28.82+3.00  2,436.98+836.02 722.35+305.05™
5 8586 4  599856+580.26°  —29.33+26.53"  37.41+2.40® 30.8142.20  3,245.88+448.49 1007.52+£195.69™
6 11414 4  5857.29+1159.00° —1.00£1.53" 36.00+4.09" 31.7143.83  3,058.03£764.52™ 992.30+349.06™
7 100 259  5,306.43+1053.30° —3.00£3.27* 34.46+4.96" 292142.52  2,726.15£806.43™ 809.92+287.73"*
8 100 541 5,773.83+1046.79° —1.33£1.97° 41.1342.95° 31274317 3,457.50+724.95" 1,096.09+292.40°
9 100 4 5,818.80+815.33° —1.60+2.19" 34.0243.09* 20.64+2.28  2,876.98+424.35™ 854.43+146.96™
10 100 4  5,077.50£1036.11° —0.17+0.41* 30.88+3.94% 28.37+1.64  2,322.29+769.07™ 667.33+259.28™
11 100 4  5,370.50£737.25° —0.67+1.03" 31.22+5.50% 30.00+1.52  2,507.19+742.93% 759.77+257.83"

F-value 2.948" 14.623™ 4.246™ 1.913 3.349" 2.849"

Y X,: Pregelatinized rice flour, X,: Mugwort powder.

Y Mean+tSD.

» 24 yalues with different superscripts within the same column are significantly different by Duncan’s multiple range test.

ok

skok

p<0.01,

p<0.001.
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Table 6. Analysis of predicted model equation for textural characteristics of rice Dasik prepared with different mixture ratio

of pregelatinized rice flour and mugwort powder

Responses Model R? F-value p-value  Lack of fit Polynomial equation”
Hardness Linear 0.3435 2.09 0.1858 0.2929 Y5=5,330.03 —244.71X,+327.90X,
Adhesiveness  2FI” 0.7395 6.62° 0.0188  0.0041 Yo=—7.76+10.90X;+6.21X,~ 12.07X, X,

Cohesiveness Linear 0.3795 245 0.1483 0.2261 Y10=34.43 —1.54X,+1.79X,
Springiness Linear 0.2868 1.61 0.2587 0.2479 Y11=29.88—-0.6623X,+0.6137X,
Gumminess Linear 0.4295 3.01 0.1059 0.3011 Y 12=2719.19-217.51X,+293.81X,
Brittleness Linear 0.4005 2.67 0.1292 0.2520 Y 15=831.80—72.92X,+102.74X,

Y X,: Pregelatinized rice flour, X,: Mugwort powder.
? Two-factor interaction.
" p<0.05.

Perturbation

&0

&0

500

5000

X
>
Hardness (gffem2}

Hardness (gf/cm2)

H
h

Deviation from Reference Point (Coded Units)

Hardness

Perturbation

Cohesiveness (%)
LU
@
X
Cohesiveness (%)

" > W
Deviation from Reference Point (Coded Units)
Cohesiveness
Perturbation
00| A L
.
5 2
9 \_ H
< A
£ = ¢
£ 3
H
-
a0
B o o L 3
Deviation from Reference Point (Coded Units)
Gumminess

Perturbation

Adhesiveness (gf)
]
h

\

Adhesiveness (af)

S atatetertetects
3 ":’o:"’.:‘t}“;;‘s 4

(7

Tesses
Jret et
e <RRA 7
CHSERCHILAL
s tetosoes
08

50>

Deviation from Reference Point (Coded Units)

Adhesiveness

Perturbation

Springniess (%)
¥y w
h i
X
Springniess (%)

A (P T e
Deviation from Reference Point (Coded Units)
Springiness
Perturbation
s
B
0| A
2w s
b A =
H : :
5 £
= 2
|
]
]
e S
Deviation from Reference Point (Coded Units)
Brittleness

Fig. 2. Perturbation plot and response surface plot for textural characteristics of rice Dasik prepared with different mixture
ratio of pregelatinized rice flour (A) and mugwort powder (B).
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Table 7. Preference evaluation of rice Dasik prepared with different mixture ratio of pregelatinized rice flour and mugwort
powder at various conditions by RSM

Variables" Responses

Sample
No. (Zl) ():5 Appearance Color Flavor Taste Texture acc(e):]\olzsgity
1 90 3 5.19+1.479%9  500+1.76™ 5.09+1.28" 5.19+1.53% 4.72+1 46% 4.84+1 46"
2 110 3 4.44+]1 34" 4.28+1.42% 4.66+1.21% 4.66+1.21% 4.16+1.30° 4.50+1.32
3 90 5 4.81+1.69® 4.69+1.82° 5.16+1.55" 5.38+1.36™ 5.09+1.30° 5.25+1.37%
4 110 5 4.81+1.47% 475+1.19 4.56+1.22%¢ 4.56+1.461 4.59+1.54™ 4.69+1.40*¢
5 85.86 4 4.69+1.94%° 4502144 5.31+1.42° 5.41+1.50™ 5.13+1.45° 5.03+1.68°
6 114.14 4 3.94+1.44° 3.81+1.42¢ 3.94+1.444 3.8141.26° 4.00+1.39° 4.03+1.40¢
7 100 2.59 5.09+1.55% 4.88+1.39"° 4.50+1.14% 4.72+1.55>¢ 4.53+1.65% 4.66+1.47°¢
8 100 5.41 5.34+1.23° 5.28+1.25% 5.16+1.25% 5.31+1.58" 5.28+1.61° 5.53+1.27°
9 100 4 5.50+1.32° 5.63+1.07° 5.28+1.14% 5.50+1.14° 5.13+1.36" 5.41+1.16%
10 100 4 5.44+1.41° 5.59+1.10° 5.31+1.15° 5.44+1.11% 5.06+1.37° 531+1.15%
11 100 4 5.50+1.34° 5.59+1.07° 5.25+1.16™ 5.41+1.13% 5.03+1.33° 5.31+1.15®

F-value 3.566"" 51577 3.991" 4911 2.826" 3.681°

Y X,: Pregelatinized rice flour, X,: Mugwort powder.

Y Mean+tSD.

» 2~¢ Values with different superscripts within the same column are significantly different by Duncan’s multiple range test.

ok skok

p<0.01, ™ p<0.001.
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Table 8. Analysis of predicted model equation for preference evaluation of rice Dasik prepared with different mixture ratio
of pregelatinized rice flour and mugwort powder

Responses ~ Model R? F-value p-value Lack of fit Polynomial equation”

Appearance Quadratic  0.9854  67.67° 0.0001  0.0991  Y,4=5.48—0.2263X,+0.0429X,+0.1875X,X,—0.5705X,”—0.1210X,>
Color  Quadratic 0.9876 167.39™ 0.0001  0.0374 Y 5=5.60—0.2045X,+0.0908X,+0.1950X,X,—0.7083X,2 — 0.2470X,>
Flavor ~ Quadratic 0.8708 526  0.0589  0.0103  Y;=5.28—0.3710X;+0.1129X,-0.0425X,X,—0.2922X,2—0.1905X,>
Taste  Quadratic 09245  10.14" 00174 0.0292  Y;;=5.45—0.4516X,+0.1156X,-0.0725X,X,—0.3860X,> —0.1843X,>
Texture  Quadratic 0.9628  16.22"°  0.0065 0.1140 Y 3=5.07—0.3323X,+0.2329X,+0.0150X, X, —0.2779X,*>—0.1086 X,

Overall

.. Quadratic 09575 25717 0.0023  0.1090  Y;5=5.34—0.2893X,+0.2290X,—0.0550X,X5-0.4047X,°—0.1228X,*
acceptability

D X,: Pregelatinized rice flour, X,: Mugwort powder.
T p<0.05, 7 p<0.01, ™ p<0.001.
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Fig. 3. Perturbation plot and response surface plot for preference evaluation of rice Dasik prepared with different mixture
ratio of pregelatinized rice flour (A) and mugwort powder (B).
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Table 9. Optimum constraint values using two numerical methods in the object goal

Constrains name Goal Numerical optimization (g)
Xll) In range 96.82
Independent variables
X, In range 4.49
Yid Maximize 5.46
Yis" Maximize 5.55
Responses Y. Maximize 5.58
Y1s® Maximize 5.24
Yo" Maximize 5.49

Y X,: Pregelatinized rice flour, ? X,: Mugwort powder,

» Y4 Appearance, ¥ Yis: Color, ® Y7 Taste, ® Yi5: Texture, ” Yo: Overall acceptability.
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