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Abstract

This study was conducted to optimize the conditions of a sweet rice paste as a replacement of red bean paste recipe using
the central composite design of response surface methodology (RSM). Ten experimental recipes with two reference points
(rice flour and sugar), were selected, and the physical and sensory characteristics of a sweet rice paste were measured. In
the Rapid Visco Analyzer test, breakdown value was the highest in rice flour (105.73 RVU). Sweetness significantly increased
with addition of sugar contents (p<0.0002) and viscosity increased with addition of rice flour contents (p<0.0185). Moisture
contents decreased with increasing contents of rice flour and sugar, whereas yellowness and redness tend to increase. In the
sensory evaluation test, quadratic models for color (p<0.01865), sweetness (p<0.0399), thickness (p<0.0073), and overall
acceptability (p<0.0249) were approved as independent for the rice flour and sugar contents. In conclusion, the optimal
mixing ratio of sweet rice paste was determined to be 45.38 g of rice flour and 77.95 g of sugar.
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<Table 1> Experimental design of sweet rice paste as a replacement of red bean paste unit: g
Factor Black rice Barley Water
Soy flour  Powdered Salt
No. Rice flour Sugar flour flour Y tafty (mL)
1 15 20 30 15 100 14 2 280
2 95 20 30 15 100 14 2 280
3 15 120 30 15 100 14 2 280
4 95 120 30 15 100 14 2 280
5 15 70 30 15 100 14 2 280
6 95 70 30 15 100 14 2 280
7 55 20 30 15 100 14 2 280
8 55 120 30 15 100 14 2 280
9 55 70 30 15 100 14 2 280
10 55 70 30 15 100 14 2 280
<Table 2> Pasting characteristics of major ingredients by Rapid Visco Analyzer Mean+SE
Pasting Viscosity (RVU)
Temp (°C) Peak Trough Breakdown Final Setback
Rice flour 72.05+0.46 207.24+2.01 101.51+0.74 105.73+£2.54 213.10+£3.45 5.86+3.85
Black rice flour 90.60+0.55 180.79+0.43 122.40+1.72 58.39+2.07 280.19+2.81 99.40+2.42
Barley flour 69.75+0.80 264.00+5.04 172.39+6.11 91.61+3.30 283.56+6.05 19.57+1.09
YERAATE. o] o] ARS-gF = wAlke] ke Lk 96.39, a o 7|3l A= (desirability)E 3l 7P =2 A=
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<Table 3> Quality characteristics of sweet rice paste as a replacement of red bean paste
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No Rice flour Sugar Sweetness Viscosity Moisture content Hunter’s color value

! (@ (@ (“Brix) (cP) (%) L a b

1 15 20 41.00 28833.33 55.02 29.26 3.40 0.13

2 95 20 44.00 63533.33 48.07 32.75 425 0.18

3 15 120 50.00 12933.33 44.88 26.37 3.24 0.12

4 95 120 52.00 44066.67 39.84 29.59 423 0.50

5 15 70 45.00 42666.67 49.83 27.58 3.12 0.13

6 95 70 50.00 41666.67 43.69 31.85 421 0.39

7 55 20 41.00 45666.67 52.58 31.84 3.70 0.10

8 55 120 49.00 21566.67 41.98 28.03 3.64 0.35

9 55 70 45.00 46466.67 45.78 29.25 3.54 0.07

10 55 70 46.00 46933.33 46.21 29.50 3.56 0.08
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<Table 4> Predicted model equation for quality characteristics of sweet rice paste as a replacement of red bean paste

Response Model Polynomial equation R2D F-value p—valuez)
Sweetness Linear Y ,=46.30+1.67X,+4.17X; 0.9147 37.54%** 0.0002
Viscosity Linear Y,=39433.33+10805.56X,-9911.11X, 0.6803 7.45% 0.0185
Moisture content Linear Y3=46.79-3.02X,-4.83X, 0.9822 192.98%%** 0.0001
L Linear Y,=29.60+1.83X,-1.64X, 0.9750 136.26%** 0.0001

a Quadratic Y5=3.55+0.49X,—0.040X,+0.035X, X,+0.11X,*0.12X,° 0.9934 119.75%** 0.0002

b 2F1 Y=0.21+0.12X,+0.093X,+0.083X, X, 0.7701 6.70% 0.0242

X: rice flour, X;: sugar
DR?near 1 indicates that a regression line fits the data well

D*p<(.05, ***p<0.001
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<Figure 1> Perturbation and response surface plot for the effect of rice flour (A), and sugar (B) on quality characteristics of sweet rice paste as

a replacement of red bean paste

opdrE vt fadke AFol <Figure 1>3 7o] e}
W], ATl v AlZRA Mg F il e
H7Fge] WoldrE Lk Yoktiar g Aol dX|85
THSim et al. 2006). A E(2)S dZde mde M2 A

3 2A8-5k= quadratic modele] HEHE AL 3]7F] gk
- =& AP EE 2 glom mde] g o] QI ES]
Th(p<0.0002, R*=0.9934). Z7}740] Bold4s e =
FoAE o2 YeRtt<Table 4, Figure 1>, 3% (b)=
rde] H3do] folsAl AAEATHp<0.0242, R*=0.7701).
A7Vt Aee] Hrho] 7kl HW = AX=

(ol ==

A2 YEISIt<Table 4, Figure 1>.

3. 4™ &

Ao AL 71, olF, @t | Bx, AAA 7sxE
74 HxHo g HIISH HFH7F AF<Table 5>+ A
(p<0.0168), T3H(p<0.0399), ¥ & =(p<0.0073) = XMW

7] 55 (p<0.0249)014 A7FEe} ARe] Mol AR WS
2185 3l quadratic modelO] QXJE]“D}Gable 6>, A,
olF, ©@ut, AAA 7%= FolaE 5%, € A=
= 1%C Wl =de] ﬁ%”‘éo] LZJE]%-T’— #7194

L

<Table 5> Sensory Characteristics of sweet rice paste as a replacement of red bean paste

Sensory Characteristics

Rice flour Sugar
e ® ® Col Glossi OfE:fl S i Overall
olor ossiness avor weetness Thickness ..
acceptability

1 15 20 430 430 420 3.40 4.40 3.60
2 95 20 3.18 3.36 3.36 2.64 227 3.36
3 15 120 4.56 478 433 3.56 433 433
4 95 120 3.90 4.60 3.50 3.40 4.10 4.00
5 15 70 4.56 4.89 4.44 3.89 4.67 4.44
6 95 70 4.00 3.60 3.50 3.80 3.80 420
7 55 20 4.67 3.67 3.44 3.56 3.56 3.78
8 55 120 4.64 4.09 427 3.55 436 4.18
9 55 70 4.80 5.00 4.60 4.90 5.10 5.10
10 55 70 473 473 4.55 4.82 4.82 4.82
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<Table 6> Predicted model equation for acceptance score of sensory characteristics of sweet rice paste as a replacement of red bean paste

Response Model Polynomial equation R>D F-value p-value”
Color Quadratic Y,=4.82-0.39X,+0.16X,+0.11X,X,—-0.59X >-0.22X,> 0.9359 11.68* 0.0168
Glossiness Linear Y>=4.30-0.40X,+0.36X, 0.5482 425 0.0620
Off-flavor Linear Y;=4.02-0.44X,+0.18X, 0.5819 4.87* 0.0472
Sweetness Quadratic Y,=4.66-0.17X,+0.15X,+0.15X,X,-0.61X,%-0.90X,> 0.8994 7.15% 0.0399
Thickness Quadratic Y5=4.81-0.54X,+0.43X,+0.47X,X,-0.42X,>0.69X,> 0.9584 18.43** 0.0073
Overall acceptability ~ Quadratic Y=4.82-0.14X,+0.29X?-0.023X,X,-0.36X,2-0.70X,° 0.9215 9.39* 0.0249
X: rice flour, X,: sugar
YR?near 1 indicates that a regression line fits the data well
D#p<0.05, **p<0.01
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Pennanca

'
8 b
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2

Thickness
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<Figure 2> Perturbation and response surface plot for the effect of rice flour(A), sugar(B) on sensory characteristics of sweet rice paste as a

replacement of red bean paste
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<Figure 3> Perturbation and response surface plot for optimization mixture on the desirability of sweet rice paste as a replacement of red bean

paste
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