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Optimal Mixture Ratio for Rice (Oryza sativa L.) Gruel Supplemented with
Puffed Rice by Mixture Design

Kyung-Hyung Ku' , Eun-Jeong Choi and Min-Sun Koo

Korea Food Research Institute, Seungnam 463-746, Korea

Abstract

This study examined the optimal mixture ratio of rice gruel supplemented with puffed rice by mixture design. The quality
characteristics of rice gruel samples were examined according to mixture ratios at eleven experimental points. The high soluble
solid content and viscosity of gruel samples were significantly dependent on rice (short grain) content instead of glutinous
rice. The viscosity ranged from 2,891~9,153 cP - s and soluble solid content ranged from 8.23~10.13 °Brix at the eleven
experimental points. The mixture with the highest solid content and viscosity, 12% rice gruel sample was 10.10~10.13 °Brix
and 9,150~9,153 cP - s. The L color of sample decreased with decreasing rice content, while “a” (redness) and “b” (yellow-
ness) values slightly increased. In the sensory evaluation, samples with higher amount of puffed rice and glutinous rice scored
higher for brown color, flavor and sweetness than high-content rice samples. The response surface and trace plot results
showed that increasing of puffed rice increased the brown color, sweet taste and sticky aftertaste. From the results of the
F-test, viscosity, “a” (redness) and “b” (yellowness) values fit a quadratic model with significant probabilities within 0.05%.
The optimum predicted formulations of rice gruel containing puffed rice were 1.69% of puffed rice, 0.47% of glutinous rice

and 9.84% of rice, respectively.
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Table 1. Experimental design for rice gruel containing
puffed rice

Pseudo component” Actual component(%)

No. Run
A? B C A B C

1 4 012 0.02 0.86 1.44 0.24 10.32

2 8 0.12 0.04 0.84 1.44 0.48 10.08
3 7 0.24 0.02 0.74 2.88 0.24 8.88
4 6 0.24 0.04 0.72 2.88 0.48 8.64
5 2 0.06 0.03 091 0.72 0.36 10.92
6 5 0.30 0.03 0.67 3.60 0.36 8.04
7 3 0.00 0.00 1.00 0.00 0.00 12.0

8 9 018 0.05 0.77 2.16 0.60 9.24
9 11 018 0.00 0.82 2.16 0.00 9.84
10 1 0.18 0.01 0.81 2.16 0.12 9.72
11 10  0.00 0.00 1.00 0.00 0.00 12.0

p
" Pseudo components: 2= (2= 1)) (1= Z0j), ay+ a9+ - 2,= 1"
i=0

2 A: puffed rice, B: glutinous rice, C: rice.
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Fig. 1. Plot of a modified distance design in mixture region.
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Table 2. Proximate composition, color, swelling power, solubility and water holding capacity of the rice, glutinous rice

and puffed rice

Puffed rice Glutinous rice Rice

Moisture (%) 5.65+0.11%2 13.69+0.01* 14.11£0.04*
Crude protein (%) 6.99:£0.04® 7.62+0.01° 6.54+0.02°
Crude lipid (%) 0.30:£0.03° 0.36+0.02° 0.28+0.05°
Crude ash (%) 0.3120.03" 0.20+0.01° 0.34+0.01°
Total dietary fiber (%) 0.98:+0.02° 1.38+0.01° 1.05£0.01*
Carbohydrate (%) 85.77+0.02° 76.76£0.01° 77.69+0.02°
Swelling power (g/g) 28.24+0.22° 5.53+0.28° 8.96+0.31°
Solubility (%) 8.11£0.25° 22.76+0.11° 6.910.04°
Water holding capacity (%) 456.23+7.7° 124.00+2.83 112.00+2.83"

L 82.38+0.39" 93.78+0.00° 93.08+0.01°
Color value a 1.76£0.01° —0.10£0.02° —0.300.02°

b 11.78+0.03* 3.39+0.01° 7.0240.01°

Y Values are meantS.D. (n=3).

2 2~¢ Means with different letters within the same row are significantly different (p<0.05) using Duncan’s multiple range test.
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Table 3. Quality characteristics of rice gruel by mixture design

Color value

No. Run Moisture Soluble. solid Viscosity
(%) (°Brix) (cP - s) L a b
1 4 89.71+0.03 7.59+0.30V? 3,951+21¢ 57.44+0.13 -1.27+0.01° -0.0440.02¢
2 8 89.78+0.08 8.80+0.00° 3,590+44¢ 57.64+0.47° -1.3240.04% 0.03+0.08¢
3 7 89.6120.25 8.51+0.34° 3,020x11° 55.19+0.63% -0.99+0.04° 1.62+0.21°
4 6 89.54+0.08 8.39£0.19° 2,892+15¢ 54.80%0.57° -0.95+0.06 1.65+0.21°
5 2 89.78+0.05 9.04+0.30° 4,479+61° 59.08+0.45° -1.41x0.01¢ ~1.24+0.14°
6 5 89.78+0.10 8.23+0.14% 2,892:+15¢ 54.25+0.29¢ —0.89+0.01° 1.96+0.02°
7 3 89.29+0.07 10.10+0.07° 9,153+36° 58.81+0.27° -1.41+0.01¢ -2.92+0.30°
8 9 89.730.47 8.5620.12° 3,531471° 55.99+0.42% -1.1440.07° 0.54+0.04°
9 11 89.83+1.02 8.55+0.00° 4,065+18° 56.13£0.01° -1.17+0.02° 0.4620.03¢
10 1 89.85+0.09 8.7320.00° 3,725+41¢ 55.7440.04° ~1.1440.05° 0.5040.01°
1110 89.29+0.97 10.13+0.07* 9,150+25" 58.80+0.87° -1.42+0.01¢ -2.91+0.32"

D Values are meantS.D. (n=3).
2 272 Means with different letters within the same column are significantly different (p<0.05) using Duncan’s multiple range test.

Table 4. Sensory characteristics of rice gruel containing puffed rice by mixture design

Color Taste Texture Aftertaste Overall
No. Run Flavor . .

(brown) (sweetness) (viscous) (sticky) accept.

1 4 3.940.9%D 3.0+0.9° 3.5+1.6° 5.7+1.6° 3.941.4% 5.4+1.1
2 8 3.440.7% 2.6+1.3° 3.8+1.9%® 5.4+1.6® 4.242 0% 5.2+1.9
3 7 6.2+1.1% 49423 4.2+1.4° 4.7+1.4° 4.5£1.7° 5241.6
4 6 6.540.7* 5.04£2.2° 4.1+1.7° 4.7+1.7° 4.1+1.7% 5.6£1.3
5 2 1.8+0.4¢ 2.4+1.6° 3.742.5% 5.3+1.7% 3.4+1.6° 53422
6 5 6.4+0.7* 49423 4.4+1.8° 4.4+1.6° 4.8+1.7° 4.8+1.6
7 3 2.0+1.2¢ 3.2+1.8° 3.442.2% 5.9+1.9" 2.9+1.4% 47+1.6
8 9 4.8+0.9° 4.2+1.8° 42414 5.141.2%® 43+1.7% 49+1.1
9 11 4.7+0.8° 4.2+1.9% 4.5+1.4° 5.6+1.2® 3.8+1.6% 53+1.3
10 1 4.7+1.1° 4.0+1.8® 4.4+1.3° 4.1+1.6° 3.8+1.9% 53+1.2
11 10 2.0+1.2¢ 3.2+1.8° 3.442.0% 5.9+1.9% 2.9+1.4% 5.042.2

Y Values are meantS.D. (n=12).
a4 Means with different letters within the same column are significantly different (p<0.05) using Duncan’s multiple range test.
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Fig. 2. Response surface and trace plot for the effect of
puffed rice flour (A), glutinous rice flour (B) and rice flour
(C) on viscosity and color value of rice gruel.

Table S. Analysis of predicted model equation for the quality characteristics of rice gruel

Response Model P-value R Equation on terms of pseudo component

Moisture (%) Linear 0.950 0.031 99.59A-17.2B+89.7C+15.92AB-12.3AC+127.9BC
Soluble solid (°Brix) Linear 0.255 0.744 47A+1259.0B+10.1C-1473.0AB-54.0AC-1295.0BC
Viscosity (cP - s) Quadratic 0.001" 0.995 22046A+1003212B+9108C-800368 AB-48996AC-1135701BC

L Quadratic 0.598 0.949 57.7A-438.2B+58.9C+374.4AB-19.3AC+155.5BC
Color value a Quadratic 0.037" 0.983 —1.64A-43.6B-1.4C+88.59AB+1.8AC+37.03BC

b Quadratic 0.042" 0.992 -14.3A-597.5B-2.9C+711.8AB+36.0AC+624.5BC

Color Quadratic 0.031" 0.988 —36.7A-702.0B+2.0C+1265AB+65.4AC+639.2BC

Flavor Quadratic 0.069 0.933 -1.2A+418.5B+3.2C-181.5AB+12.6AC-498.2BC
Sensory Taste Quadratic 0.054" 0.939 21A+843B+3C-1054AB-13AC-857BC
characteristics  Texture Quadratic ~ 0.001" 0960  —24.6A-339.4B+6.0C+958.0AB+26.7AC+248.8BC

After taste Quadratic 0.825 0.919 14.5A+19.3B+2.9C-83.8 AB-7.59AC+6.337BC

Overall accept.  Quadratic 0.501 0.716 23.3A+57.54B+4.3C-800.5AB-18.3AC-551.3BC
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Fig. 3. Response surface and trace plot for the effect of
puffed rice flour (A), glutinous rice flour (B) and rice flour
(C) on color, texture and taste of rice gruel sensory evaluation.
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