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Abstract

NEREC e

In preparation of steamed foam-cakes, effects of whipping time, amount of wheat flour, and amounts of
emulsifier on physical properties of the steamed foam cakes were investigated using RSM (response surface
methodology). The three independent variables selected for the RSM experiment were whipping time (X)),
amount of wheat flour (Xz), and amounts of wheat flour (X2), and concentration of emulsifier (X3) were set
for single-stage mixing, respectively. A rotatable central composite design was used for treatment arrangement.
The responses from the product for loaf volume, color values and textural properties were analysed. In the
analysis of variance for the foam cakes prepared by single-stage method, significant interactions were
observed between independent variables (experimental factors) and physical property like loaf volume (p<0.05);
textural properties like hardness, gumminess, and chewiness (p<0.05). Among independent variables, concen-
tration of emulsifier had the most effects on physical properties while whipping time. The ordinary points
in surface response showed maximal points with physical property like colorimetric b value while other pro-
perties revealed saddle points. The 3-dimensional response surface graphs of the predicted regression models
displayed decreasing loaf volumes with increasing whipping times and emulsifier concentrations beyond
optimum levels. The optimum conditions for best loaf volume and textural property (hardness, gummimess
and chewiness) of the products selected by extracting intersectional areas of the contour maps that commonly
overlapped all characteristics were; 11~ 13 min whipping time, 470 ~486 g amount of wheat flour, and 19~20
g emulsifier concentration, in case of single-stage method. The median values extracted from the RSM experi-
mental results for optimum manufacturing conditions for single-stage method, i.e., 12 min whipping time, 478
g amount of wheat flour, and 20 g emulsifier concentration were empirically proven to fit the predicted levels

of physical properties from the final foam cakes.
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Table 1. Standard formula of steamed foam cake prepared
with single-stage method

Ingredient Weight (g) Baker's %
Wheat flour” 500 100
Whole egg 800 160
Sugar 600 120
Salt 10 2
Baking powderZ) 10 2
Water 50 10
Emulsifier 20 4
Rum (alcohol 35%, v/v) 50 10

D ;
Medium flour.

2)Ingredientsi sodium hydrogen carbonate, disodium dihydrogen
pyrophosphate, calcium phosphate monobasic and starch.
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Table 2. Levels of independent variables in central com-
posite design for steamed foam cake prepared with single-
stage method

Coded-variable levels
-2 -1 0 1 2
Whipping time (min) Xi 4 8 12 16 20

Wheat flour (g) X 460 480 500 520 540
Emulsifier (g) X3 6 18 20 22 24

Independent variables Code
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Table 3. Experimental designs for the optimization of
steamed foam cake prepared with single-stage method

Experimental factor values

Expenmelr)]t Coded values Real values?
number

Xy Xz X3 Ci Co Cs
1 -1 -1 -1 8 480 18
2 -1 -1 1 8 480 22
3 -1 1 -1 8 520 18
4 -1 1 1 8 520 22
5 1 -1 -1 16 480 18
6 1 -1 1 16 480 22
7 1 1 -1 16 520 18
8 1 1 1 16 520 22
9 0 0 0 12 500 20
10 0 0 0 12 500 20
11 -2 0 0 4 500 20
12 2 0 0 20 500 20
13 0 -2 0 12 460 20
14 0 2 0 12 540 20
15 0 0 -2 12 500 16
16 0 0 2 12 500 24

UThe number of experimental conditions by central composite
design.
¢, =hipping time (min), C;= wheat flour (g), Cs=emulsifier (g).

Abe-3F 15 WA P (standard plate)?] Lz 98.85, agt-2
-0.21 8] 3 b 0.89°] g},
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Table 4. Operating conditions for texture analyzer

Instrument Stable Micro System TA XT-2
Texture Analyser

Type TPA (Texture profile analysis test)

Probe $34 mm cylinder probe

Pre test speed 5.0 mm/s

Test speed 1.0 mm/s

Post test speed 5.0 mm/s

Distance 10.0 mm

Deformation 50%
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Table 5. Experimental data on the physical characteristics of steamed foam cake under different condition of whipping time

(X;), wheat flour (X3), and emulsifier (X3) for central composite design prepared with single-stage method

Experiment Preparation_conditions® Sensory scores”
number” X, X Xs Y, Y Ys Y, Ys Y Yz Y
1 8(-1* 480(-1) 18(-1) 1,432 85.34 201 34.09 3608 31587 18000 18528
2 8(-1) 480(-1) 22(1) 1,550 86.40 0.32 35.03 3649 20982 13025 12092
3 8(-1) 520(1) 18(-1) 1,300 870 - 1.10 32.04 3392 26507 15740  153.93
4 8(-1) 520(1) 22(1) 1,516 85.32 0.35 33.05 3498 25843 14372  132.38
5 16(1)  480(-1) 18(-1) 1,470 86.03 1.62 33.74 3558 34920 21372 199.27
6 16(1) 480 (-1) 22(1) 1,537 85.92 143 33.28 3508 26638 14465 15653
7 16(1) 520(1)  18(-1) 1,563 87.09 1.20 30.49 3202 24727 15400  150.24
8 16(1)  520(1)  22(1) 1,500 87.07 0.36 31.30 3275 26885 16621 15243
9 12(0)  500(0)  20(0) 1,540 87.44 270 34.83 3619 26084 14621  141.06
10 12(0)  500(0) 20 (0) 1,519 87.56 1.20 34.62 3585  270.34 14753 13171
11 4(-2) 500(0)  20(0) 1,300 83.64 1.22 32.42 3453 27505 16430  150.60
12 20(2)  500(0)  20(0) 1,485 86.64 0.76 31.09 3383 26244 15770 14198
13 1200 460(-2) 20(0) 1,519 85.35 2.06 34.45 3647 27182 14182  147.83
14 12(0) 540(2)  20(0) 1,504 85.81 1.50 33.31 3484 30412 15112  137.28
15 12000 5000 16(-2) 1,475 85.84 1.33 33.86 3527 34638 22538 21886
16 12000 500(0)  24(2) 1,584 85.46 0.20 34.87 3575 22204 13536 12646

UThe number of experimental conditions by central .composite design.

?X,=whipping time (min), Xs=wheat (g), Xa=number of folding.

¥y, =volume, Yo=L, Ys=a, Yi=b, Ys= 4E, Ys=hardness (g), Yr=gumminess (g), Ys=chewiness (g -cm).
YCoded values.

Table 6. Polynomial equation calculated by response surface methodology program for steamed foam cake prepared with

single-stage method

Signifi-
Response Polynomial equation“ : éi;llcé
Volume Y 1= —2000.250000 — 8.906250X +8.650000X2 + 129.250000X3 ~ 2.140625X:° + 0.346875X, X2 09128 0.014]
—0.011250X2° — 5.156250X: X3~ 0.100000X2X3 ' )
L Ya= — 164.981250 — 0.844531X +0.930719X2 + 2.004688X 3 — 0.049297X,> + 0.004578X,1 X2 0.8317 0.0802
—0.000888X2% — 0.012656X, X3 — 0.004219X>X5 +0.009375X " ’ '
a Ys= —38.876250 +0.394531X, +0.088656 X + 2.065938X 3 0.015000X,% —0.000953X, X2 06971 0.3103
Htlmter s —0.000106X2°+0.022031X, X3 + 0.000906X2X3— 0.074063X5" ’ ’
color
values b Y= —68.685625 +2.640938X +0.422687X,~ 1.027500X5—0.046406X,”— 0.002188X X 08073 01120
—0.000528X " —0.028125X X3+ 0.00481 3X2X3 — 0.025000X 5* ’ '
AE Y5=14.783625 + 2.695625X; +0.112188X>— 1.346875X3— 0.028750X,° — 0.003469X 1 X2 07603 0.1873
—0.000228%" —0.019375X, X3 + 0.005875X2X3— 0.031875X5" ' ’
Hardness Y= 10194 +59.626094X, — 25.017594X> — 387.856562X 3+ 0.049297X 2 — 0.151984X 1 X» 08664 0,044
+0.013987X5” +0.803906 X1 X3+ 0.636906X:Xa + 1.163750X5° ’ ‘
| )
CT;;;“Crtae _ Gumminess Y7=4597.021875+ 16.171719X, —6.629719X,— 277.726562X +0.220781X,* ~ 0.045350X:X2  gos (0287
ristics —0.000250X2" +0.102656X, X5 + 0.366719X X3 + 2.093750X5” ’ ‘
Chewiness Ys=4965.873750+8.840625X; — 9.010875X2 — 246.013125X ;3 +0.154766X:°— 0.051937X, Xz 09020 0.0194

+0.003856X" -+ 0.708750X: X3 -+ 0.274188X5Xx + 2.267187X 5

YX,: whipping time (min), Xo=wheat (g), Xs=emulsifier (g).
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Table 7. Analysis of variables for regression model of the physical characteristics in preparation of steamed foam cake
prepared with single-stage method

) F-ratio
Prepgr.atlolr} Hunter's color values Textural characteristics
conditions Volume ; i
L a b AE Hardness (g) Gumminess (g) Chewiness (g - cm)
X, 10.88" 466" 082 343 1.89 0.89 0.63 092
Xs 1.33 1.90 057 2.32 2.83 3.58 2.39 242
Xs 557" 0.51 249 0.53 0.33 877 10.78™ 12.29"

UX,=whipping time (min), X.=wheat (g), Xz=emulsifier (g).
"Significant at 5% level, ~Significant at 1% level.

Table 8. Predicted optimum conditions for the highest physical characteristic of steamed foam cake prepared with single-
stage method

Preparation conditions

Physical Eetimated
characteristics i} stimated response
X1 X2 X3 (max/min)m Morphology

Volume 8.92 463.25 20.36 1629.10 (max) Saddle point
Hunter's L 11.53 49774 23.99 87.99 (max) Saddle point
color a 12.17 462.23 18.69 2.20 (max) Saddle point
values b 11.82 461.20 19.03 34.94 (max) Maximum

AE 12.49 461.52 18.93 36.99 (max) Saddle point
Textural Hardness 8.76 478.44 22.95 182.46 (min) Saddle point
charac- Gumminess 10.14 47141 22.64 108.94 (min) Saddle point
teristics Chewiness 7.82 478.94 22.68 109.47 (min) Saddle point

VX1 =whipping time (min), X2=wheat flour (g), Xs=emulsifier (g).
Pmax: maximum, min: minimum.
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SHHUFrL 3o v = F3E Table 75 & 3ko] 4
£ A Fus YrhRe okl diste] A dFE wA @&
I, 3 AT f3A9) ofe] L T, 53] HA
Al 7o) 7t B S F ATk 33 kS o] A
& okAAl o] el & 29l on(Table 8, Fig. 1), 2A % 5 ¥
Al o] Al uleto 2 3xbe] Wh-g-E S 24131 2 HH(Fig.
1) 3 2 2y

I ] 1 Y L=
5 91gieh ol 73 Azke] BAASE, 4 857} £7}
g5z osle] 234 g0 xalA B, 94 F /1
of Az Ft Fashs A4S & & A
ME
A 26 wpe} S 2435 A% Lat-e 83.64~67.56, Fig. 1. A three-dimensional response surface and a two-

dimensional contour plot illustrating optimal conditions for
a#r2 0.20~2.70, b3k 30.49~35.03, 4E+ 32.02~36.49 volume of steamed cake prepared with single-stage method.
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Fig. 2. A three-dimensional response surface and a two-

dimensional contour plot illustrating optimal conditions for

Hunter's color L value of steamed cake prepared with single-
stage method.
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Fig. 3. A three-dimensional response surface and a two-
dimensional contour plot illustrating optimal conditions for
Hunter's color a value of steamed cake prepared with single-
stage method.
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Fig. 4. A three-dimensional response surface and a two-
dimensional contour plot illustrating optimal conditions for
Hunter'’s color b value of steamed cake prepared with single-
stage method.
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Fig. b. A three-dimensional response surface and a two-
dimensional contour plot illustrating optimal conditions for
Hunter’s color 4E value of steamed cake prepared with
single-stage method.
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Fig. 6. A three-dimensional response surface and a two-
dimensional contour plot illustrating optimal conditions for
hardness of steamed cake prepared with single-stage method.
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Fig. 7. A three-dimensional response surface and a two-
dimensional contour plot illustrating optimal conditions for
gumminess of steamed cake prepared with single-stage
method.

Fig. 8. A three-dimensional response surface and a two-
dimensional contour plot illustrating optimal conditions for
chewiness of steamed cake prepared with single-stage
method.
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Fig. 9. Superimposed contour map for optimization of response variables in steamed cake prepared with single-stage method.
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Table 9. The optimum range of steamed foam cake prepared
with single-stage method for optimum response by super-
imposing of contour maps

Whipping time Wheat flour Emulsifier
(min) (g) (g)

11~13 480 ~490 19~24

Optimum range

Table 10. Predicted and experimental values of response
variables of steamed foam cakes at optimized single-stage
method

Response variables Predicted Experimental
Volume (mL) 1530.06 1562.00
Hunter’s color values
L value 86.51 87.88
a value 2.03 2.12
b value 33.89 33.96
4E 36.45 36.05
Textural characteristics
Hardness 272.36 258.82
Gumminess 150.01 140.50
Chewiness 148.12 137.75
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