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Development of Rice Muffin with Chlorella using Response Surface Methodology
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Abstract

The aim of this study was to improve rice muffin quality with sorbitol using response surface methodology(RSM). Res-
ponse surface experimental design was made by central composite design using several independent factors. In preliminary
experiment of chlorella rice muffin, rice flour(RF), chlorella(CH) and sorbitol(SO) were chosen as independent factors.
Response factor was the overall acceptability obtained from sensory evaluation. The regression model equation could be
predicted as OV = 6.70—0.45CH-0.44RF’—0.81CH’~0.60SO”. The optimal conditions for chlorella rice muffin substituted
with sorbitol were determined to be 60.8% of RF, 4.7% of CH and 35.45% of SO. Rice muffin was superior to flour muffin
in sensory evaluation using the prediction value derived from RSM. Therefore, the optimum condition of muffin could be

developed by RSM.

Key words : Rice muffin, chlorella, sorbitol, sensory evaluation, RSM.
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Fig. 1. Flow diagram of rice flour manufacture.
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Table 1. Formula for muffin (2
) Rice flour(%o)
ngredients pgﬁtr(;) 20 40 60 80 100
Wheat flour 100 160 120 8 20 -
Sugar 100 200 200 200 200 200
Salt 1 2 2 2 2 2
Butter 110 220 220 220 220 220
Baking powder 2 4 4 4 4 4
Egg 100 200 200 200 200 200
Rice flour Variable 40 80 120 160 200
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Baking
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Fig. 2. Flow chart of baking rice muffin with chlorella.
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Table 2. Volume index, uniformity and bread scoring of
muffin added with various level of rice flour

Rice Rice muffin
flour(%)  Volume index Uniformity ~ Total bread score
20 15.03+0.23° 0.05+0.16™" 37.60°
40 14934049 —0.02+0.20 36.00°
60 16.2540.19* —0.054+0.22 37.20®
80 14.40+0.29° 0.09+0.14 32.80°
100 14.35+0.53° 0.05+0.12 32.00°
U'NS. : Not significant.

Mean+SD(#=8).
Means with the same superscripts in each column are not sig-
nificantly different(p<0.05).
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Table 3. Volume index, uniformity and bread scoring of
muffin added with various level of chlorella powder at 60%
rice flour
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Table 5. Coded level of independent variables in experi-
mental design

Independent Coded level
variables ) -1 0 ) -
RF(%)" 20 40 60 80 100
CH(%)” 1 3 5 7 9
SO(%)” 5 20 35 50 65

U RF : Rice flour(%).
» CH : Chlorella(%).
9 SO : Sorbitol(%).

. n
Chlorella Rice muffin
powder Table 6. Response of dependent variables to overall
(%) Volume index  Uniformity = Total bread score acceptability for dependent variables
1 1430:041°  —0.04+0.25"? 38.20° 1) Dependent
Treatment Independent variables variables
3 14.32+0.18° 0.00+0.18 37.80° No.
X1 X2 X3 ov?
5 14.84+0.30° —0.06+0.33 37.40°
b Y 1 -1 -1 -1 4.68
7 14.70+£0.24* 0.01+0.17 36.00
N y IS -1 -1 5.03
9 14.51+0.42° 0.33+0.20 34.60°
3 -1 +1 -1 5.52
D 1 .
Rice muffin : 60% rice flour.
2 NS. : Not significant. Farctiongl 2 4 *l *1 -l 390
Mean+SD(n=8). factorial 5 -1 -1 +1 562
Means with the same superscripts in each column are not sig- 6 + -1 + 567
nificantly different(p<0.05).
7 -1 +1 +1 452
Table 4. Volume index, uniformity and bread scoring of 8 +l +l +l 426
muffin added with various level of sorbitol at 60% rice 9 ) 0 0 523
flour and 5% chlorella powder
10 -2 0 0 4.61
. n
Sorbitol Rice muffin Star o0 0 233
(*0) Volume index Uniformity ~ Total bread score points 12 0 -2 0 452
b _ NS.2) a
S 15.22+0.21 0.05+0.30 37.00 13 0 0 12 3.88
d a
20 14.72+0.28° 0.00£0.15 36.33 14 0 0 ) 4.63
35 15.80+0.20° —0.1540.16 36.67° 15 0 0 0 673
50 1490:0.48%  —0.3320.23 3233
) . Central 16 0 0 0 6.86
Y Rice muffin : 60% rice flour. 18 0 0 0 6.61

2 NS. : Not significant.

Mean+SD(n=8).

Means with the same superscripts in each column are not signi-
ficantly different(p<0.05).

Y The coded levels of independent values are same as represen-
ted in Table.
? Overall acceptability.
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Fig. 3. Response surface plot for the effect of rice flour and
chlorella on the overall acceptability. (Sorbitol=35%)
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Fig. 4. Response surface plot for the effect of rice flour and
sorbitol on the overall acceptability. (Chlorella=5%)
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Fig. 5. Response surface plot for the effect of chlorella and
sorbitol on the overall acceptability. (Rice flour=60%)
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Table 7. Model coefficients estimated by multiple linear
regression for overall acceptability

Factor Coefficient
Constant 6.703
Linear

RFY -0.015
cH? -0.448"
o -0.035
Quadratic
RF’ -0.435"
CH’ -0.809°
SO’ -0.601°
Crossproduct
RFxCH -0.285
RFxSO 0.133
CHxSO -0.278
Model
Linear 0.0185"
Quadratic 0.0001"
Crossproduct 0.1216
R 0.9393
Total regression(>F) 0.0006
Lack of fit 0.0298

D RF : Rice flour(%).
? CH : Chlorella(%).
S0 : Sorbitol(%).

Roprlot RAESER

Table 8. Overall acceptability of muffins

Wheat muffin AP T value

6.030.76”

Sensory 6.67+0.84 2.786*

D A = Optimal conditions determined by RSM.

? Sensory evaluation was performed by 20 panelists whit 9
hedonic scale(1: dislike extremely — 9: like extremely).

Mean+SD(n=20).

Means with the same superscripts in each row are not signifi-

cantly different(p<0.05).
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