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Abstract

This study was performed to determine the optimal composition of a muffin administered dried burdock powder and
oligosaccharide. The experiment was designed base on CCD (Central Composite Design), and evaluation was carried
out by means of RSM (Response Surface Methodology), which included 10 experimental points with 3 replicates for the
two independent variables burdock powder and oligosaccharide. The experimental muffin was made according to a tradi-
tional recipe, except that the flour was partially replaced with dried burdock powder (5%, 15%, 25%) and the sugar was
partially replaced with oligosaccharide (25%, 50%, 75%). The compositional and functional properties of the prepared
products were measured, and these values were applied to the mathematical models. Using the F-test, volume, height,
pH, yellowness, chewiness, resilience, springiness, cohesiveness, taste, and overall quality were expressed as a linear
model, whereas lightness, redness, adhesiveness, color, flavor, and overall quality were expressed as a quadratic model.
The polynomial models developed by RSM for sensory evaluation, color, flavor, texture, taste, and overall quality were
highly effective in describing the relationships between the factors (p<0.01). The estimated response surfaces confirmed
that the amount of burdock powder had significant effects on color, taste, texture, flavor, and overall quality (p <0.01),
whereas and the amount of oligosaccharide had significant effects on color and texture (p <0.01). Increased amount of
burdock powder led to reductions of the sensory scores for color, taste, texture, flavor, and overall quality at all oligo-
saccharide levels. The optimal mixing percentage of burdock powder and oligosaccharide muffin were determined to be

5.00% and 46.25%, respectively.
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Table 1. Formulas for preparation of muffin with addition of burdock powder and oligosaccharide
Ingredients(g) Normal Experimental group

2 3 4 5 6 7 8 9 10
Flour 500 475 475 475 425 425 425 375 375 375 425
Burdock powder 0 25 25 25 75 75 75 125 125 125 75
Oligosaccharide 0 100 200 300 100 200 300 100 200 300 200
Sugar 400 300 200 100 300 200 100 300 200 100 200
Water 135 111 87 63 111 87 63 111 87 63 87
Egg 400 400 400 400 400 400 400 400 400 400 400
Butter 400 400 400 400 400 400 400 400 400 400 400
Baking powder 15 15 15 15 15 15 15 15 15 15 15
Powdered skim milk 15 15 15 15 15 15 15 15 15 15 15
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Sieving flour, baking powder and burdock powder
|
Mixing butter and sugar (8 min)
l
Mixing eggs (6 min)
|
Mixing flour, baking powder and burdock powder
|
Adding water (1 min)
|
Filling in muffin cups
|
Baking in oven (180°C, 35 min)
|
Muffin

Fig. 1. Process of muffins prepared with different burdock pow-
der and oligosaccharide.
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Table 2. The physical properties of muffin prepared with different burdock powder and oligosaccharide content (store at 207C)

Physical properties

Sample  Burdock Powder  Oligosaccharide

No. %) (%) Volume Weight  Specific volume  Height  Moisture contents oH
(mL) (8 (mL/g) (cm) (%)
1 25 218.33" 6.86 21.43% 7.83 81.7% 7.83
2 50 211.66° 6.9 20.71" 7.98 81.4™ 7.98
3 75 203.33° 6.76 22.04™ 7.85 81.5™ 7.85
4 15 25 201.66 6.33 2137 7.35 81.1° 7.35
5 15 50 200 6.46 21.78"¢ 747 80.5° 747
6 15 75 190 6.5 21.01¢ 7.30 81.1% 7.30
7 25 25 196.66™ 6.2 20.77° 731 81.5% 731
8 25 50 190 6.33 22.14% 7.26 81.06™¢ 7.26
9 25 75 188.33¢ 6.06 22.46" 7.26 82.53" 7.26
10 15 50 196.66™ 6.63 21.04 7.59 81.5™ 7.59
Y Mean

* Means in acolumn by different superscripts are significantly different at a=5%, those data were not adequate to explain the RSM
models because their levels of R* were not more than 70%.
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Fig. 2. Response surface for height, volume, specific gravity and pH of burdock oligosaccharide muffins.
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Table 3. Hunter’s color values of muffin with different burdock
powder and oligosaccharide content (stored at 20C)

Burdock Oligo-

Hunter’s color value

Sa;r:);.)le Powder  saccharide L 2 o
(%) (%)

1 5 25 64.70" 254 2574
2 5 50 64.54 -2.19 25.84
3 5 75 64.88 -2.38 27.07
4 15 25 46.09 0.96 23.35
5 15 50 46.51 1.39 23.16
6 15 75 43.57 2.07 21.84
7 25 25 40.16 1.85 21.06
8 25 50 39.88 2.01 20.04
9 25 75 43.09 2.46 21.81
10 15 50 45.58 2.46 22.21

b Lightness

? Redness

% Yellowness

» Mean

Az 2hete] 2] A 26 Al 55(2010)
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Fig. 3. Response surface for L, a, b of burdock oligosaccha-
ride muffins.

o}, 3% (Yellowness) baxel ek - 28|19 371 of
Ao IAFAL R AA AlF S 0.92672 392
of thek AW o] =3kem, p-valuew 0.0218F 5% ©|Hf
FoJFFES BYT Fig 30 AlAE A= thek 7 2
o] wEAgAME Y7} SEuFe HAHE U
Effiglom, H4 bgkell tigh s -FEL 30.22%
S99 52.93%% YERtTH

3.

Mo
0x

7d (hardness)°l] thet -9 &g H7F w3 3



[}
sy

Hl

EER

=40 R* AA A 7hS 0.5733, p-values 0.4856 % ©]
2139 Bl tigh o] fofskA] g Zo= e
3T One way ANOVA #4727 4798 AE(5Y 15%
2319 25%, 9 25% ST 75%, 9 25% =T
1 25%)9] AT} FoHow e Aoz Uit
72 (adhesiveness)oll R ¢ S| FH7F A9
3 A R* A AT S 095772 AW A o)

Springiness
1
Lin

1 T ——— i

I ——
I L

Burdock powder (X1) X Oligosaccharide (X2)
Adhesiveness

4
4.4

RIR Tl

—
I

Burdock powder (X1) X Oligosaccharide (X2)

Cohesiveness
I

LI —
e . (I

Burdock powder (X1) X Oligosaccharide (X2)
Fig. 4. Response surface for springiness, adhesiveness and cohe-
siveness of burdock oligosaccharide muffins.
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Table 4. Texture characteristics of muffins prepared with different burdock powder and oligosaccharide content (stored at 207C)

Sample  Burdock Powder  Oligosaccharide Texture characteristics

No. (%) (%) Hardness  Adhesiveness  Springiness  Cohesiveness Chewiness  Resilience
1 5 25 3097.61"° 2.08 0.37 0.36 412.47" 0.11°
2 5 50 3515.71™ -10.64 0.39 0.35 485.57" 0.12°
3 5 75 3278.28" -5.16 0.38 0.34 42479 0.11°
4 15 25 434533" -6.09 0.37 0.31 504.05 0.11™
5 15 50 2845.00° 0.26 0.40 031 348.65°* 0.11%
6 15 75 3407.73 -5.646 0.39 0.29 386.09™ 0.1
7 25 25 4219.12° -20.76 031 0.28 381.90™ 0.10°
8 25 50 344368 -16.47 0.28 0.27 260.33° 0.10°
9 25 75 4219.12° -13.30 0.26 0.25 279.35° 0.09°
10 15 50 3213.98° -4.17 0.34 0.29 315.29% 0.10°

Y Mean

* Means in a column by different superscripts are significantly different at a=5%, those data were not adequate to explain the RSM
models because their levels of R* were not more than 70%.

Table 5. Sensory characteristics of burdock oligosaccharide muffins prepared with different burdock powder and oligosaccharide

content
Sample Burdock Powder Oligosaccharide Sensory characteristics
No. (%) (%) Color Taste Flavor Texture Overall quality
1 5 25 5.52" 5.64 4.74 4.83 5.85
2 5 50 5.73 4.73 4.75 5.15 5.35
3 5 75 5.24 5.14 4.42 4.84 5.55
4 15 25 423 4.82 4.13 4.30 445
5 15 50 4.52 5.13 4.72 4.25 5.05
6 15 75 4.13 4.52 5.13 4.55 4.55
7 25 25 3.62 3.72 4.00 4.00 3.75
8 25 50 3.53 3.62 4.12 3.52 3.55
9 25 75 3.14 3.23 3.93 3.27 3.75
10 15 50 453 432 4.45 4.67 3.85
" Mean
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Table 6. Polynomial equations for physical properties, color value and texture characteristics calculated by RSM program for mix-
ing of burdock oligosaccharide muffins

Responses Polynomial equation Model R*" P-value
Volume(mL) = 197.380 -9.722X1? - 5.833X2% + 4.404X12 + 1.666X1X2 - 0.595X2> Linear 0.9815  0.0015**
Specific volume(mL/g) = 2.43 - 0.121X1 - 0.070X2 + 0.048X1” + 0.012X1X2 - 0.0255X2’ Linear  0.9684  0.0042%*
Height(mm) = 6.552-0.322X1 - 0.011X2 +0.061X17 - 0.008X1X2 - 0.138X2” Linear ~ 09370  0.0163*
pH = 7.491 - 0.306X1 - 0.012X2 +0.172X1% - 0.019X1X2 - 0.119X2 Linear  0.9564  0.0079%*
L = 45417 - 11.832X1 +0.099X2 + 7.429X1% + 0.686X1X2 + 0.048X2’ Quadratic ~ 0.9903  0.0004**
A = 1.475+2.244X1 +0.313X2 - 1.609X1% + 0.114X1X2 + 0.002X2’ Quadratic ~ 0.9564  0.0079%*
B = 22.382-2.623X1 +0.095X2 + 0.866X1” - 0.143X1X2 + 0.524X2° Linear 09267  0.0218*
Adhesiveness = -7.4428 - 16.6967X1 + 1.4878X2 - 15.8357X 1% + 5.9387X1X2 - 2.030X2°  Quadratic ~ 0.9577  0.0005%*
Springiness = 0.374 - 0.048X1 - 0.003X2 - 0.043X1* - 0.015X1X2 + 0.001X2 Linear  0.8825  0.0500*
Cohesiveness = 0.300 - 0.041X1 - 0.011X2 +0.008X17 - 0.002X1X2 - 0.001X2 Linear 09811  0.0015%*

DR? is coefficient of determination
? X1: Burdock powder(%)

I X2 Oligosaccharide(%)

#p<0.05, **p<0.01

Table 7. Polynomial equations for sensory properties calculated by RSM program for mixing of burdock oligosaccharide muffins

Responses Polynomial equation Model R*" P-value
Color = 4.492 - 1.033X17 - 0.133X2” + 0.164X1* - 0.025X1X2 - 0.335X2* Quadratic 0.9968 0.00001%*
Taste = 4792 -0.816X1 - 0.216X2 - 0.485X1 - 0.00001X1X2 + 0.014X2> Linear 0.9160 0.0283*
Flavor = 4.646 - 0.308X1 +0.033X2 - 0.192X17 - 0.00001X1X2 - 0.317X2° Quadratic 0.9131 0.0302*
Texture = 4.578 - 0.658X1 - 0.025X2 - 0.032X1% - 0.050X1X2 - 0.482X2 Quadratic 0.9699 0.0039%*
Overall quality = 4.832-0.966X1 + 0.050X2 - 0.039X1” - 0.050X1X2 - 0.339X2 Linear 0.9842 0.0011%**

DR? is coefficient of determination
Y X1: Burdock powder(%)

X2 Oligosaccharide(%)

*p<0.05, **p<0.01
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Fig. 6. Overay plot of sensory evaluation for burdock oligosaccharide muffins.
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