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Abstract

The physical and sensory characteristics of muffins prepared with flavonoids such as ferulic acid and
p-hydroxybenzoic acid were evaluated for the development of functional foods using these flavonoids. The solubilities
of ferulic acid and p-hydroxybenzoic acid were over 1% in water and the solutions showed a good thermal stability.
However, 1% ferulic acid and p-hydroxybenzoic acid solution showed a color change during heating. The volume
and maximum height of the control muffin were the greatest among the muffin groups. The volume of the muffins
decreased with the increase of flavonoid concentration. The volumes of muffins with p-hydroxybenzoic acid were
smaller than those of muffins with ferulic acid. The L, a and b values on crust and crumb of the muffin groups
were not significantly different. The chemical flavor, bitterness and after taste of the muffins prepared with ferulic
acid were stronger than those of the control muffins. Savory flavor and sweetness of the muffins with ferulic acid
were weaker than those of the control muffins. The muffins with p-hydroxybenzoic acid were not significantly
different from the coatrol muffins in the appearance, flavor, taste, texture and overall acceptability. These results

demonstrated that p-hydroxybenzoic acid may be useful as an additive to muftin.
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Table 1. Standard recipe of the control muffin

Ingredients Content
Flour 3125 g
Butter 15g
Sugar 1875 g
Egg 15 m
Milk 15 ml

Baking powder 1/6 ts
Salt 0.1 g
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Fig. 1. Solubility patterns of ferulic acid and
p-hydroxybenzoic acid.
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Table 2. Hunter color value” of 1% ferulic acid solution

Table 4. Baking properties for muffins with ferulic acid

Temperature('C) L a b and p-hydroxybenzoic acid
80 4.82* 013 007 N Height(cm)

100 6.22° 097 0.78° Sample Volurme(cc) meximum  minimum
121 12.95° 0.13° 2.38° Control 147.50™ 630" 3.78
"Color values for standard white plate are L=90.5, a=0.7 F 145.00° 620" 3.90
and b=3.0. F 143.50° 595" 385
YMeans with the same letter in each column are not B 141.00™ 5.85% 3.83
significantly different by Duncan’s multiple range test P 142.50" 5.73% 3.85
(p<0.05). P: 137.00" 5.75% 4.13
Py 134.50° 5.45° 3.75

Table 3. Hunter color value” of 1% p-hydroxybenzoic
acid solution

Temperature("C) L a b
80 4.60% 0.20° 017
100 517 0.65 -167°
121 443" 0.28° 012

"Color values for standard white plate are L=90.5, a=0.7
and b=3.0.

Means with the same letter in each column are not
significantly different by Duncan’s multiple range test
(p<0.03).
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"Fi: muffin with 0.2% ferulic acid

F>: muffin with 0.4% ferulic acid

Fi: muffin with 0.8% ferulic acid

Pi: muffin with 0.2% p-hydroxybenzoic acid

P;: muffin with 0.4% p-hydroxybenzoic acid

P3: muffin with 0.8% p-hydroxybenzoic acid
“Means with the same letter in each column are not
significantly different by Duncan’s multiple range test
(p<0.05).
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Table 5. Crust and crumb color” of muffins with ferulic
acid and p-hydroxybenzoic acid

5 Crust color Crumb color
Sample L a b L a b
Control 67.65 495 2595 71.85 -2.00 2140

F 6305 685 2625 7195 215 2120
F 67.80 555 2655 7195 -1.60 2150
B 66.70 575 2660 71.65 -1.60 2175
P 6800 395 1640 7140 240 2055
P, 6235 820 2580 7215 205 2210
P; 66.65 655 2625 6955 -195 2090
F ns ns ns ns ns ns

"Color values for standard white plate are L=90.4, a=0.9
and b=2.6.

“Refer to the legend in Table 4.

n.s: not significantly diffe-ent by ANOVA test.
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Table 6. Sensory charactaristics of muffins with ferulic acid and p-hydroxybenzoic acid

Appearance Flavor Taste Texture Overall

& i i Crust  Crumb .

T oy v oy Svcess Bitemess Afer e B s accepubily
Control 322 .11 3.39° 3.03° 1.14° 247 372 2.58 325 3.00°
Fi 2.92 4.00° 1.42° 1.58° 433" 3.67 425 1.83 3.00 233"
E 3.33 433 117 175 392 433" 292 2.08 275 1.58™
F 3.08 533" 0.58° L67° 458 5.08" 2.58 267 3.00 1.00°
P 475 1.08° 367 325" 1.33° 2.75%¢ 3.83 1.33 3.50 333"
P, 3.25 1.67 375 317 1.00° 2.17 3.58 225 3.75 3.25°
P; 325 0.92° 317 317 0.83° 1.92¢ 3.83 225 3.50 2.75%

"Refer to the legend in Tuble 4.

Means with the same letter in each column are not significantly different by Duncan’s multiple range test(p<0.05).
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