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Improvement of Frozen Yeast Dough Stability for Doughnuts by
Response Surface Methodology

Young-Chun Lee, Yun-Young Kang and Kyung-Hae Lee

Department of Food Science and Technology, Chung-Ang University

Abstract

To improve the stability of frozen yeast raised dough for doughnuts, amounts of sugar, sodium
steroyl lactylate(SSL) and KBrO; to be added to the premix were optimized, using the fractional
factorial design with 3 variables and 3 levels, by a RSM computer program. The optimum sugar,
SSL and KBrO, levels to be added to the premix were 2%, 0.3% and 25 ppm for a desired doughnut
volume, and 2%, 0.4% and 10 ppm for a desired doughnut texture, and 2%, 0.4% and 20 ppm, respecti-
vely, for an overall optimum quality of doughnuts. The frozen stored yeast raised dough prepared
without floor time resulted in better doughnut volume and texture than that with floor time. The
yeast raised dough prepared with the formula for overall optimum quality, was formed to “plain ring”
type doughnuts and stored at —18C for 5 weeks. Volume and texture of fried doughnuts were compa-
rable to those of control for 2 weeks of storage, and then deteriorated noticeablly from 3 weeks

of storage.
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Table 1. The fractional factorial design by RSM com-
puter program for the ingredients optimization of frozen
yeast raised doughnut dough

Treatment Sugar SSL KBrO,
Number (%) (%) (ppm)

1 0.0 0.1 30.0

2 4.0 0.1 30.0

3 0.0 0.7 30.0

4 4.0 0.7 30.0

5 0.0 0.4 10.0

6 4.0 0.4 10.0

7 0.0 04 50.0

8 40 04 50.0

9 2.0 0.1 10.0

10 2.0 0.7 10.0

11 2.0 0.1 50.0

12 2.0 0.7 50.0

13 2.0 04 30.0

14 2.0 04 30.0

15 2.0 04 30.0

Table 2. Volume and texture measurements of dough-
nuts prepared with frozen dough for the ingredients
optimization by RSM

Treatment Sugar SSL
Number (%) (%)

KBrO; Doughnut Texture
(ppm) volume(ml) (psi)

1 0.0 0.1 30 203 13.3
2 4.0 0.1 30 186 14.0
3 0.0 0.7 30 145 11.3
4 4.0 0.7 30 165 12.0
5 0.0 0.4 10 224 10.3
6 4.0 04 10 223 10.6
7 0.0 04 50 214 9.6
8 4.0 0.4 50 204 11.0
9 20 0.1 10 231 116
10 20 0.7 10 173 9.3
11 20 0.1 50 188 11.0
12 20 0.7 50 153 10.3
13 2.0 04 30 193 10.6
14 20 0.4 30 192 11.0
15 2.0 04 30 194 10.1

] ke 9.0 psiol e}
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Table 3. Taylor second order equations calculated by
RSM program

Response Taylor second order equation

Doughnut Y;=192.5-0.925X, —21.562X,— 11.563X3

volume + 6087X12 - 23888){2Z + 17313X;2 + 9050X1
(X)) —2.200X,(Xg) + 5.925X,(X5)
Texture  Y1=10.6+0.387X;—0.875X,+ 0.012X;

+ 0937X1z + 1112X2“) - 1163X;Z + 0275X1(X;)
+0.4X5(Xs)

X =sugar(%), X,=SSL(%), X;=KBrO(ppm)
First order, second order and interaction effects of these
two equations were statistically significant at 1% level

Table 4. Volume and texture values of doughnuts for
optimum volume, texture and overall quality

Formula Formula Formula for
Control  for opt. for opt.  opt. overall
volume  texture quality
Volume(m!/) 196.0 198.0 188.0 200.0
Texture(psi) 9.0 11.0 8.6 10.0
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Fig. 2. Effects of sugar, SSL and KBrO; on texture of doughnuts
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Fig. 4. Contour map of doughnut texture at 2% sugar
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Table 5. Changes in volume, texture and surface color
of doughnuts during frozen storage of the formed
dough

Quality Storage period

factors

Fresh 1week 2weeks 3 weeks 5 weeks

Volume(m/) 195 190 185 170 167
Texture(psi) 10.3 10.5 9.6 114 13.7
Surface color 59.3 589 61.0 61.0 61.9

Table 6. Effect of floor time on the stability of frozen
doughnut dough stored for 2 weeks at —18°C

Quality factors  With floor time Without floor time

Volume(m/) 184 196
Texture(psi) 124 94
Air cell Small cells with  Uniform small celis

distribution several large cells with few medium size

cells
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