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Abstract

The purpose of this study was to optimize dough properties using response surface methodology (RSM) and to
demonstrate the performances of dough prepared under optimized conditions. Dough mixed with yeast, margarine,
salt, sugar and wheat flour was prepared by fermentation process. Hardness, cohesiveness and springiness of dough
were selected as critical quality attributes. The critical formulations (yeast and water) and process (fermentation
time) variables were selected as critical input variables based on preliminary experiment. Box-Behnken design
(BBD) was used as RSM. As a result, the quardratic, the squared and the linear model respectively provided the
most appropriate fit (R*>>90) and had no significant lack of fit (»>0.05) on critical quality attributes (hardness, cohe-
siveness and springiness). The accurate prediction of dough characteristics was possible from the selected models.
It was confirmed by validation that a good correlation was obtained between the actual and predicted values. In con-
clusion, the methodologies using RSM in this study might be applicable to the optimization of fermented foods con-

taining various wheat flour and yeast.
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J7te] AAE vzt et AUt AF
2k A 213 =3 ATHChen et al., 1988; Vélez-Ruiz &
Sosa-Morales, 2003; Rozylo, 2014). |23t FAE=} #A4H
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W7HE= 79¥Y(Samyang Millmax, Seoul, Korea)oll Al A3
AHE Ag W7RRE ARSI v A EA ik
(Ottogi, Anyang, Korea)E A8-3lt) A& §7+= <l
ZBHE AZ o] ~E(Ottogi)S 4w (Hanju Corporation, Ulsan,
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Table 10 P AAH of2] Mo AR wepr 254
O2A AME3ATh AdE EEUEES vertical screw
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Table 1. Levels and target values of variables in Box-Behnken
design

Independent Level
variable Symbol -1 0 1
Formulation Water X, 25 30 35
variable Yeast X, 1 2 3
Pro.cess Fermentatlon X 30 45 60
variable time 3
Dependent Lower  Target Upper
- Symbol
variable value value value
Hardness Y, 60 70 80
Cohesiveness Y, 1 2.5 3
Springiness Y, 1 1.25 1.5

ture analyzer (TA-XT2, Brookfield Engineering Laboratories
Inc., Stoughton, MA, USA)E AF&3}%th. TPA (texture

profile analysis) mode®l| A ©]% ¢=A]E (double compres-
sion test) ¥ 02 FlePsH o, oA He Al5E A
Ay & (cylindrical probe)e AHE-3te] 217 25 mm<l €
7)15& AT Fol| 33] whE SAste] Hghe ALtsid
o} 12k} 23F FE AtoldlE 30%9] A AR T,
2 mm/s2] =9 50%2] M3 (deformation)C- = 7 3 th.

2 X5t 7 o SAHEN

2 AT e BsEA mXe 9FE &1 Slsko
WA 5 iy & ARE-ste] #2375
Tttt AR 2 RS54 o] digh oBjAIE
(preliminary test)S &3 T3 SHHFE, 29| FF
(X)), ©12E THX,) 282 FEATHX)E AR AT
ARE SYHEE 3T (-1, 0, DE F=(leve) S LA
th oy 7HA] 59Yue] o3 YEhve 83 N 5

Foeze Am(Y), $HA(Y,) 28I dEA(Y)E A4
el A48} A7s YU £F o= AHow
A} st HA EFh(target value)S 8 511 THTable
. 723 SHHATES T2 (main effects), 735 & 7}
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] Y & (Minitab version 16, Minitab Inc., State college,
PA, USA)S A}E-3le] ANOVA #4, S3AE 2H4d 7]
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d(fitness)& 771 $18IA 2F8AI 5 (squared correlation
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Table 2. Design and results in Box-Behnken design
Run Water Yeast Fermentation time Hardness Cohesiveness Springiness
(XI’ g) (XZ’ g) (X3> minlne) (YI’ N) (Yz) (Y3a mm)
1 25 1 45 49.8 3.71 0.35
2 30 2 45 58.4 2.63 1.09
3 35 3 45 60.8 1.92 1.03
4 30 2 45 553 2.44 0.87
5 35 2 30 60.5 1.74 0.47
6 25 2 60 62.1 1.67 1.05
7 30 3 60 71.8 0.68 1.29
8 25 2 30 58.3 3.06 1.16
9 30 3 30 57.2 1.55 0.49
10 35 1 45 57.3 2.72 0.62
11 25 3 45 52.4 2.88 0.58
12 35 2 60 83.8 0.79 2.67
13 30 1 30 52.0 3.20 0.58
14 30 1 60 64.1 2.31 0.95
15 30 2 45 58.0 2.37 0.94
Table 3. Statistical analysis results of the optimal models in hardness (Y,), cohesiveness (Y,) and springiness (Y;)
T Hardness (Y,) Cohesiveness (Y,) Springiness (Y;)
erm
Coefficient P Coefficient )4 Coefficient p
Intercept 158.5 0.000 1.420 0.000 9.470 0.000
X, -1.930 0.001 -0.104 0.000 -0.305 0.010
X, 2.380 0.048 -0.614 0.000 1.804 0.108
X, -4.592 0.000 0.283 0.000 -0.312 0.000
X? - - - - -0.423 0.002
X3 0.034 0.001 -0.004 0.000 0.001 0.018
XX, 0.065 0.009 - - 0.008 0.000
R* (%) 92.27 93.32 94.41
Lack of fit 0.235 0.194 0.281
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Y, = 1585 — 1.930X, + 2.380X, — 4.592X, + 0.034X2
+0.065X X, Y, = 9.47 — 0.305X, + 1.804X, — 0.312X, — 0.423X,?

] ] +0.001X2 + 0.008X,X,
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2). AMAZ7Hdesign space)2| &1} =& (optimal point)
Y, =142 -0.104X, — 0.614X, + 0.283X, — 0.004)(32 HIA B
H=o] EAo & 9FS F= ST &, o|2E
o] 2E9} Zo| Ht theii e &) vk sk Al HEAe] Fadk TEWR AR, 74, ¥ Y
S BT Ao PR LA St b A vXe @S YElle RYES st AR

(A) ®B)

45

Fermentation Time

40

Fermentation Time

55

Cohesiveness

Hardness <1
35 < q. 1.
55 - 60 1. 2.
W 60 - 65 2. 2.
m 65 - 70 2. 3.
- > 70 3.

390 15 20 25 30

Yeast Hold Values Yeast Hold Values
Water 30 Water 30

(©) — (D)

70

Hardness Springiness 10

60 |

55 05

E Pt 30
- / m -
50 1 50 1
60 60
Fermentation Time Fermentation Time

Fig. 1. Contour plots or 3D response surface plots indicating the effects of the mutual interactions on hardness, cohesiveness and
springiness of dough.



136 SEE

(A) s0

s

Springiness 1.5

55

.E SOR S Hardness 60
- =
c i
K]
E 45
= -
g Springiness 1
5] H Springiness
£ 40 Cohesiveness 3 1
L 15
& Cohesiveness
7
35 D PR 3
1 Hardness
- —_— 60
P 80
3Q% 15 2.0 25 3.0

Hold Values
Water 30

(B) 350
Hardness 60 Springiness 1.5
" Cohesiveness 3
325 &
&
7
a ."".
] &
® 3007
Springiness
_—
........ 1.5
27.5 Cohesiveness
—_—1
........ 3
Hardness
60 s
........ 80 B
kY
25'%0 35 40 45 50 55 60

Fermentation Time Hold Values

Yeast 1

Fig. 2. Design spaces showing the location of optimized dough. (A) Yeast and fermentation time, (B) fermentation time and water.
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