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Abstract

To obtain basic data for the utilization of saltwort (Salicornia herbacea L.) as a functional ingredient in steamed foam
cake, the optimum component ratios for major raw ingredients (saltwort, salt, and wheat flour) as independent variables
that affect the product quality were scientifically determined using RSM (response surface methodology) technique. A
three-factor and five-level rotational central composite design was used for treatment arrangement. The complete design
consisted of 16 experimental points. The three independent variables selected for the RSM experiment were amounts of
saltwort (X;, 5~25 g), salt (X, 0~10 g), and wheat flour (X3, 470~530 g). The optimum responses in specific gravity
of the batter and volume, color, texture, and sensory evaluation result of the cake were obtained. The specific gravity and
viscosity of the batter at p<0.01 was verified from the regression curve. The characteristic of the batter was influenced
by all independent variables, but was extremely dependent on the amount of saltwort ordinary points of the surface
responses from the batter formed the minimum points for specific gravities of the batter while viscosities of the batter
appeared with the saddle points. Analysis of the response indicated that the amount of saltwort was the most influential
factor over the physical properties of the cake, among the dependent variables. Ordinary points of the surface responses
from the cake formed the maximum points for loaf volume, hardness gumminess, and chewiness, while Hunter
colorimetric parameters appeared with the saddle points. The result indicated that level of the saltwort deviating more or
less from the optimal amount decreased the volume and increased the specific gravity with less tender product. Ordinary
points of the surface responses of the semsory evaluation scores from the cake formed the maximum points for
appearance, flavor, softness, and overall acceptability, while color values appeared with the saddle points. The result also
indicated that the level of the saltwort deviating more or less from the optimal amount reduced the preference for the
product. Integration of the optimum responses common to all dependent variables that overlapped all the contour maps
finally indicated that the combination of 8.3~13.8 g saltwort, 2.5~6.6 g salt, and 486.5~511.5 g wheat flour under the
selected preparation recipe optimized the physical and sensory properties in the teamed foam cakes. Practical preparation
of the product with median amounts of the ingredients, ie., 11.0 g saltwort, 4.6 g salt, and 499.0 g wheat flour resulted
in similar qualities to the predicted responses. In conclusion, these study results indicated that preparation of steamed
foam cake with added saltwort ingredient could potentially produce a more nutritious product with less salt. Further
research is required to acquire the optimum levels for sub-ingredients to improve the product quality.

Key words : Optimization, mixing ratio, steamed, foam cake, saltwort (Salicornia herbacea L.), RSM (response
surface methodology)
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Table 1. Standard formula of the steamed foam cake
added with saltwort

Ingredient Weight (g) Baker’s Percent
Wheat flour” 500 100
Saltwort 15 3
Whole egg 800 160
Sugar 600 120
Salt 5 1
Baking powder 10 2
Water 50 10
Rum (alcohol 37.5%, v/v) 50 10

YAll-purpose flour
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D HF 9 o 0 0 5 5 500
Tz BAola nEe HFAACC 1986)2 & F 10 0 0 0 15 5 500
Al A Aol wEe] TAME etk Aol o2 0 0 5.5 50
12 2 0 0 25 5 500
Table 2. Levels of independent variables in central composite 13 0 2 0 15 0 500
design for the steamed foam cake added with saltwort 14 0 2 0 15 10 500
. Coded-variable levels 15 0 0 -2 15 5 470
Independent variables Code 5 1 0 1 2 16 0 0 ) 15 s 530
Saltwort (g) X 5 10 15 20 25 “The number of experimental conditions by central composite
Salt (g) Xa 0 2.5 5 7.5 10 design
Wheat Flour (g) Xs; 470 485 500 515 530 20, = saltwort (g), C; = salt (g), C3 = wheat flour (g)
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Table 4. Experimental data on the physical characteristics of the steamed foam cake added with saltwort under different
condition of saltwort (Xy), salt (X;), and wheat flour (X3) for central composite design

Experiment  Preparation conditions physical characteristics

mumber” X7 X, Xs Y Y, Y3 Y, Ys Ys Y, Ys Yo Yio
1 10(-1)¥ 2.5(-1) 485(-1) 0.49 16332.67 1410 7543 372 3061 39.10 191.37 10948 111.59
2 10(-1) 2.5(¢-1) 515(1) 0.43 15793.00 1480 7529 4.64 3186 4032 202.75 116.18 120.13
3 10(-1) 7.5(1) 485(-1) 0.51 18143.00 1380 74.77 397 31.87 4052 201.34 11526 114.73
4 10¢-1) 7.5(1) 515(1) 048 17742.67 1440 75.06 4.00 32.62 4096 214.69 12278 121.09
5 20(1) 2.5(-1) 485(1) 0.53 17378.67 1339 6929 504 31.69 4399 25686 14508 143.55
6 20(1) 2.5(-1) 515(1) 049 1525333 1395 68.05 501 3239  45.03 26847 151.18 150.75
7 20(1) 7.5(1) 485(1) 0.54 16813.33 1278 68.86  4.83 3371 4546  267.92 152.08 14941
3 20(1) 7.5(1) 515(1) 0.54 14586.67 1339 67.85 632 3216 4516 264.87 151.20 146.44
9 15(00) 5(0) 500(0) 048 17552.67 1450 71.73 457 3214 4268 24542 139.56 137.13
10 15000 5(0) 500(00) 046 17552.67 1480 71.16 4.21 3251  43.00 27645 157.11 152.71
11 5(-2) 5(0) 500(0) 048 17703.33 1420 7785 3.95 31.63 3858 205.72 117.43 119.55
12 252y 500 500(0) 054 15733.33 1309 66.82 5.13 31.84 4549 31150 17670 17295
13 150y  0(-2) 500(0) 049 1724000 1410 7139 588 3250 43.04 21876 125.14 12397
14 15(00) 10(2) 5000y 0.52 17999.67 1353 71.11 4.62 3201 4297 23592 13448 132.04
15 15(00) 5(0) 470(-2) 0.53 16160.00 1339 70.70  5.31 3222 4319  209.62 120.68 118.92
16 1500)  5(0)  530(2) 0.49 1493333 1410 70.78  5.31 31.73 4277 231.15 13391 131.75

YThe number of experimental conditions by central composite design

DX, : saltwort (g), X; = salt (g), X3 = wheat flour (g)

¥y, = specific gravity, Y» = viscosity Yi= volume, Y4 = L, Ys = a, Y¢ =b, Y7 = AE, Ys = hardness (g), Yo = gumminess (g),

Yo = chewiness (g - cm)
“Coded values
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Fig. 1. A three-dimensional response surface illustrating optimal conditions for specific gravity of the steamed foam cake

batter added with saltwort

Table 5. Polynomial equation calculated by response surface methodology program for the steamed foam cake added with saltwort

Response Polynomial equation” R’ Significance
Specific Y,=14.308986-0.044254X 1-0.105975X,-0.052282X3+0.000465 X 1*-0.000030000X 1 X2
gravity +0.001640X,2+0.000068333X,X5+0.000190X,X3+0.000049444X 5" 0.94 0.0044
Viscosity Y2=-570620-|—3244.243583X1+752.750833X2+2281.288528X3-8.343400X1‘ : 0.95 0.0036
-49.920000X,X2+2.686600X,2-5.686667XX3+0.126733X,X;3-2.228894X;
Volume Y3=-24894+36.070833X1+41.25?23333X2+102.584722X3—1.005000X1‘ : 0.94 0.0062
-0.470000X; X,-3.340000X,°-0.021667X1X3-0.016667X>X3-0.100556 X3
L Y.=-133.287917 + 1.113000X; +-1.113000X; +0.824250X3+0.008900X ,* 0,98 <0001
+0.002600XX2-0.007800X,> -0.004000X;X5+0.002200X,X3-0.000783X5 ' .
Hunter's a Y5=234.026389-0.2418125X1-1.614750Xz-0.902097X3+0.0003O(gX1‘+O.O14900X1X2 0.70 03104
color +0.029600X,2+0.000850X 1 X3+0.002100X,X3+0.000889X 3 )
walues b Y6=-l26.3355564-22.606125X1+4.716583X2+0.506681X3-0.0025900X1 -0.002300X1X2 (s 0.5538
-0.002800X,°-0.004750X (X3-0.009167X,X5-0.000389X
AE Y7=40.702222+1.42138167X1+3.624333X2-O.090722X3-0.00805§)X1‘-0.004600X1X2 0.96 0.0022
+0.006600X,2-0.001533X,X3-0.007067X,X3+0.000156 X3 : '
Hardness Yg=-15293+24.5725 125X,+43.595750X2+60.567208X5-0. 154i50x1‘-0. 144500X,X> 0.96 0.0012
Textural -1.868600X,°-0.026950X , X3-0.042300X,X3-0.059633X )
characte.  Gumminess Yg=-8125.976875+13.566750X142r22.416667X2+32.185583X3-0.087300X1 i 0.96 0.0017
dstics -0.053600X,X2-1.039400X,%-0.015000X,X3-0.020533X,X3-0.031667X3
, Y10=-7742.013056+13.686792X,+31.208583X,+30.564764X3-0.060000X "
Chewiness 0.96 0.0011

-0.025500X,X,-0.969800X,’-0.017783X,X3-0.041 167X2X3-0.029906X5”

VX, : saltwort (g), X2 = salt (g), X; = wheat flour (g)
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Fig. 2. A three-dimensional response surface illustrating optimal conditions for viscosity of the steamed foam cake batter

added with saltwort
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Fig. 3. A three-dimensional response surface illustrating optimal conditions for volume of the steamed foam cake added

with saltwort
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Table 6. Analysis of variance showing significance for effects of processing variables on the physical characteristics in

preparation of the steamed foam cake added with saltwort

F-ratio
Preparation . Hunter’s color values Textural characteristics
.. Specific L : p
conditions . Viscosity Volume Hardness ~ Gumminess  Chewiness
gravity L a b AE
® 8 (g - cm)
X" 13657  12.817 13787 94587 231 122 30957 3016 26.53 30237
X2 7.90° 5.78 5.65 0.24 0.70 0.84 0.64 5.55 497 5797
X3 9.13 12.877 7.73" 0.96 0.70 1.21 0.39 737 6.15" 7.997

VX, : saltwort (g), Xz = salt (g), X3 = wheat flour (g)
"Significant at 5% level

“Significant at 1% level

“*Significant at 0.1% level

re £
on
3

N [
sahwort (g)

5T
sat)

[
W
sattwort (g}

Fig. 4. A three-dimensional response surface illustrating optimal conditions for Hunter’s color L of the steamed foam

cake added with saltwort
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Table 7. Predicted optimum conditions for the highest physical characteristic of the steamed foam cake added with saltwort
Preparation conditions

Physical. . 1 Estimated response

characteristics Xy X, Xs (max /min)z) Morphology

Specific gravity 9.85 2.55 516.55 0.44(min) minimum
Viscosity 8.57 8.82 500.63 19325(max) saddle point
Volume 10.08 4.52 509.89 1403.38(max) maximum
5.06 4.79 502.98 78.65(max) saddle point
Hunter’s a 5.67 6.77 498.11 3.35(min) saddle point
color values b 8.32 2.92 481.50 30.52(min) saddle point
AE 5.17 4.35 496.15 37.80(min) saddle point

Textural Hardness 8.63 2.94 480.47 178.25(min) maximum
characteristics Gumminess 8.50 2.94 480.83 102.84(min) maximum
Chewiness 9.22 3.09 478.37 103.98(min) maximum

UX; = saltwort (g), X» = salt (g), X; = wheat flour (g)
“max : maximum, min : minimum

saltwont (g) sait {g) r e sattwort (9)

Fig. 5. A three-dimensional response surface illustrating optimal conditions for Hunter’s color a of the steamed foam cake
added with saltwort

saltwort {g) sawort (@) " o

Fig. 6. A three-dimensional response surface illustrating optimal conditions for Hunter’s color b of the steamed foam cake
added with saltwort
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Fig. 7. A three-dimensional response surface illustrating optimal conditions for Hunter’s color AE of the steamed foam cake
added with saltwort
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Fig. 8. A three-dimensional response surface illustrating optimal conditions for hardness of the steamed foam cake added

with saltwort

gumminess
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¥ +
saltwart (g)

Fig. 9. A three-dimensional response surface iHlustrating optimal conditions for gumminess of the steamed foam cake added

with saltwort
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gol FHEFS BPYol FhAAT, £FY FL T5 549 A%, A, @A, %, PEe 3%, A
271245 47 23004 AYAL B F Faste WAL J1ERY R g A7 086, 086, 090, 096,
WeEAS EHHFg. 10). 090, 0942 I, A, %, WA, PEHR =& 5%

oliel A, S AWAQ] F1ZEE 1% oW £
2. BSAA HQl Aol7t AFHAT, £%F FEE R go] 073

Zzte] ARAzAG Geh AZY 164 Fx BA0l o3 felye]l QA trhTable 9).

chewiness

Ei i
P [l
saltwort (g} saltwort {g)

Fig. 10. A three-dimensional response surface illustrating optimal conditions for chewiness of the steamed foam cake added
with saltwort

Table 8. Experimental data on the sensory scores of the steamed foam cake added with saltwort under different condition of
saltwort (Xj), salt (X3), and wheat flour (X3) for central composit design

Experiment Preparation conditions sensory scores

number” X, X X3 Yir” Y Y3 Yuu Y5 Yis Yy
1 10¢-1)" 2.5(-1) 485(-1) 6.85 7.25 7.50 7.35 7.70 7.15 7.85
2 10¢-1) 2.5¢-1) 515(1) 7.10 7.45 7.25 7.55 7.60 6.55 7.65
3 10(-1)  7.5(1) 485(-1) 7.35 6.80 7.20 7.05 7.20 7.45 7.35
4 10(-1) 7.5(1) 515(1) 7.25 6.55 7.05 7.15 7.25 6.80 7.45
5 20(1)  2.5(-1) 485(1) 6.65 6.05 6.80 6.85 7.00 6.60 6.95
6 20(1)  2.5¢-1) 515(1) 6.50 6.75 6.80 7.05 7.25 6.45 7.05
7 20(1) 7.5(1) 485(1) 6.55 6.90 6.65 6.50 6.65 6.75 6.85
8 20(1) 7.5(1) 5151 6.80 6.30 6.15 6.75 6.75 6.95 6.95
9 15(0) 5(0) 500(0) 7.45 7.35 7.35 7.40 7.70 7.35 7.75
10 15(0) 5(0) 500(0) 7.55 7.20 7.45 7.55 7.75 7.30 7.70
11 5(-2) 5(0) 500(0) 7.25 7.55 7.60 7.25 7.60 7.65 8.00
12 25(2) 5(0) 500(0) 5.70 5.95 5.45 6.55 6.50 6.35 6.80
13 15(0) 0(-2)  500(0) 7.35 6.85 7.25 7.20 7.30 6.80 7.35
14 15(0) 10(2)  500(0) 7.10 6.60 6.95 6.75 7.15 6.05 7.15
15 15(0) 5(0) 470(-2) 7.20 6.70 7.05 6.85 7.25 6.50 7.25

16 15(0) 5(0) 530(2) 7.25 7.50 7.35 - 7.20 7.30 6.75 7.30
“The number of experimental conditions by central composite design ‘
X, : saltwort (g), X; = salt (g), X5 = wheat flour (g)
Yy, = appearance, Yi» = color, Yi3 = smell, Yi4 = taste, Yis = softness, Yis = moistness, Yi7 = overall acceptability
“Coded values
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Table 11. Predicted optimum conditions for the highest
sensory characteristic of the steamed foam cake added

with saltwort
Preparation conditions

Sensory Estimated
characteristics X" X X3 response_ Morphology

(max/min)
Appearance 11.69 6.02 502.89 7.50(max) maximum
Color 9.14 2.03 516.56 7.92(max) saddle point
Smell 10.26 3.30 504.30 7.57(max) maximum
Taste 11.40 3.52 505.41 7.58(max) maximum
Softness 10.78 3.67 498.78 7.79(max) maximum
Moistness 6.00 4.63 487.12 7.65(max) maximum
Overall 5.88 3.12 495.19 8.03(max) maximum
acceptability
YX, = saltwort (g), X, = salt (g), X3 = wheat flour (g)

2)

max : maximum, min : minimum

Table 9. Polynomial equation calculated by response surface methodology program for the steamed foam cake added with saltwort

Response Polynomial equation” R Significance
Appearance Y:11=-71.935764+0.307292X, + 02. 102917X, +0.307431X,-0.010250X,* , 0.86 0.0492
-0.004500X,X2-0.011000X,"-0.000083333X,X3+0.000167X,X3-0.000306X3
Y1,=-56.838194-0.120625X, +2.837917X, +0.226736X3-0.005250X *
Color 2 2 0.86 0.0483
+0.017500X,X,-0.022000X,"+0.000250X,X3-0.005833X,X3-0.000194 X3
Smell Y13=-53.142014+0.274583X, +02.784167X2+0.230139X3-0.008750X1‘ , 0.90 0.0224
Sensory -0.003000X,X>-0.012000X> -0.000167X1X3-0.001333X2X3-0.000223X3
characte-  Taste Y14=-119.965625 +0.003125X, —1—20.219583X2 +0.503125X3-0.005750X, , 0.96 0.0013
ristics +0.000500X,X,-0.020000X; +0.000250X1X3—0.000167X2X3-0.000?00X3
Softness Yis=-1 14.392708;0.184583X1 +0.150000X; +§).491667X3-0.006750X1 0.90 0.0219
-0.020000X;"+0.000667X,X3-0.000500X 3
Moistness Y16=-167.720486-1.038333X,-0. 1622500Xz +0.737361X3-0.003250X ,* , 073 02416
+0.001000X;X,-0.036000X; +0.002167X,X3+0.001000X>X3-0.000778X3
Overall Y 17=-111.366667-0.238750X;-0.417500X5 +0.488333X5-0.003250X *
acceptability + 0.005000X1X2-0.019000X22+0.000500X1X3+0.OO1000X2X3-0.000500X32 0.94 0.0044

YX, : saltwort (g), X» = salt (g), X3 = wheat flour (g)

Table 10. Analysis of variance showing significance for effects of processing variables on the sensory scores in preparation of

the steamed foam cake added with saltwort

. F-ratio
Preparation Overall
conditions Appearance Color Smell Taste Softness Moistness o
acceptability
X" 8.887 691" 11.96" 25297 11.08 2.35 20.837
X, 0.35 3.48 L1r 13.857 3.40 1.59 472"
X, 027 1.70 0217 8.23" 1.58 1.43 2.87
VX, : saltwort (g), X2 = salt (g), X3 = wheat flour (g)

"Significant at 5% level
“Significant at 1% level
"Significant at 0.1% level

@z Fere) A A2W AS5EQ006)
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Fig. 11. A three-dimensional response surface illustrating optimal conditions for sensory scores in appearance of the steamed
foam cake added with saltwort
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Fig. 12. A three-dimensional response surface illustrating optimal conditions for sensory scores in color of the steamed foam
cake added with saltwort
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Fig. 13. A three-dimensional response surface illustrating optimal conditions for sensory scores in smell of the steamed foam
cake added with saltwort
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Fig. 14. A three-dimensional response surface illustrating optimal conditions for sensory scores in taste of the steamed foam
cake added with saltwort
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Fig. 15. A three-dimensional response surface illustrating optimal conditions for sensory scores in softness of the steamed

foam cake added with saltwort
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Fig. 16. A three-dimensional response surface illustrating optimal conditions for sensory scores in moistness of the steamed

foam cake added with saltwort
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Fig. 17. A three-dimensional response surface illustrating optimal conditions for sensory scores in overall acceptability of the

steamed foam cake added with saltwort
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Fig. 18. Superimposed contour map for optimization of variables in the steamed foam cake added with saltwort
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Table 12. The optimum range of the steamed foam cake
added saltwort for optimum response by superimposing of
contour maps

Saltwort(g) Salt(g) Wheat flour(g)
Optimum range 8.3~13.8 2.5~6.6 486.5~511.5

€ B THTable 13).

V. 29 U HS

= =21T—

£ AT 7154 BA0lag Astud st 54
o2 AFY FAolad] F2T s AzHHS

Mol HH g wge WIED BAUGespose 3,

surface methodology, RSM)2.& o} 7|54 & ]°]i
9] FEsE A% VIxAEE A st T2

7V AEZ BAolZ(elst T BAlA) AFE 2 ?‘l
APHAE 38%1 SHAR sk SA A AlEH(central
composite design)ol]l Wt 167] A A2 F2 HFSA
o e HX, 5~25 ), £&FY HX, 0~10 g), 2
7152 KK, 410~530 9 EPESE AFHT Wi
9] B2l HFH AE, & BAAY E2F 549
7y, Az, 92349 BeAAY] Hrb FES weEs

2 3ol ARsagoen, 1 A% e gk 4.
L WE% A=Y 23 IANE AT 2% 1% ol
o s2lA FHel ABAAT, LE HHE
98 dEe wRou 2 3 Bz Fol AT 2
IFe F& A2 FgAAT ¥, F45, 3
=, A4 4PHL 1% o9 FElA, BEE

Table 13. Predicted and experimental values of response
variables of the steamed foam cakes added saltwort at

|

0

optimized
Response variables Predicted Experimental
Cake  Specific gravity 0.46 0.44
batter  Viscosity 17467.26 17921.83
Volume (mL) 1471 1503
Hunter’s color values
L 74.27 77.25
a 4.13 3.78
b 32.00 31.34
Cake AE 41.08 38.65
Textural characteristics 4
Hardness 241.83 229.41
Gumminess 137.22 140.92
Chewiness 136.21 117.67
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