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Optimization of Ingredient Mixing Ratio for Preparation of Steamed Foam Cake
with Barley (Hordeum vulgare L.) Sproutling Powder

Min Ja Seo, Su Ji Jung, Myung Sook Jang
Dept. of Food Science and Nurition, Dankook University

Abstract

This study was performed to determine the optimum ratio of each ingredient in the steamed foam cake with
barley (Hordewm vulgare L.) sproutling powder. The experiment was designed according to the D-optimal design
of mixture design, which showed 14 experimental points including 4 replicates for three independent variables
(sugar 112~139%, barley sproutling powder 1~8%, and oil 5~25%). The compositional and functional properties
of test were measured, and these values were applied to the mathematical models. A canonical form and trace plot
showed the influence of each ingredient on the mixture final product. The results of F-test, volume, color values
(L, a, b), textural properties (hardness, gumminess, chewiness) and sensory characteristics (softness) decided a linear
model, while the sensory characteristics (color, smell, taste, overall acceptance) decided a quadratic model. The
volume of steamed foam cake was increased by sugar addition, and a negative effect was exerted by barley
sproutling powder and oil. L and a of color values increased but the b value decreased with increasing sugar and
oil content, whereas barley sproutling powder tended to decrease all color values. The addition of barley sproutling

powder also had a positive effect

on the textural properties (hardness, gumminess, chewiness). Sensory

characteristics (color, smell, softness, taste, overall acceptance) could suffer counter results with the excessive
addition of sugar, barley sproutling powder, and oil. The optimum formulations by numerical and graphical methods
were similar: sugar, barley sproutling powder, and oil were 130.4%, 4.0%, and 10.7% by numerical method,
compared to 130.4%, 4.0%, and 10.7% by graphical method, respectively.
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3. ®AHol3e] M=
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271 2 7159 A7 mixture design 5 D-optimal
design(Myers RH ¢} Montgomery DC 1995)o] w2} Fig.
19] 273} Table 19 wet EFatfch B A&
S 9a AE7IZ 308 Aol &As] Bo £ F 47
I AFE 43 FEIHth $8¢ b =9 2=
I YE8EL2 40T/ 8 d7A 2 Ao
. 22138 A7|YAMB20-F, FHiEE, China)e o

2 , Agn AgE ¥ 3PeR

Gt BT Y Bl 20 mesh Ao WP L7t
2, Hlo)g #9d, B4 £& ¥ URFHoE 4
urEslgn) Aola w2 712 11 cm, MZE 23 cm,
3 ol 400 gy AFet] 2F &2
T 100CE g% ’%]71 (K-5DX, Arahata, Co., Japan)©]]
A 2382 Atk AW AolZe 30 cm FoldlA 23
2833 g Wl Ado] A220:2T)AA 14
Z A A&t

(112, 8. 25)

28.00

112.00
B: Barley sproutling powder (%)

32.00
C: Oil (%)

Flg 1. Plot of a modified distance design in the 14709 A3 A7 Fo] wat A o) ukEe] =3}
mixture region.
Table 1. Experimental design for steamed form cake wnth barleyroutling powder
No Run ; Pseudo component Actual component
j A? B C A (%) B (%) C (%)
1 5 1.00 0.00 0.00 139.00 1.00 5.00
2 1 0.26 0.00 0.74 119.00 1.00 25.00
3 6 0.37 0.26 0.37 122.00 8.00 15.00
4 12 0.50 0.13 0.37 125.50 4.50 15.00
5 9 0.74 0.26 0.37 132.00 8.00 5.00
6 2 0.00 0.26 0.00 112.00 8.00 25.00
7 8 0.75 0.07 0.74 132.25 2.75 10.00
8 11 0.32 0.13 0.19 120.50 4.50 20.00
9 13 0.87 0.13 0.56 135.50 4.50 5.00
10 7 0.62 0.19 0.00 128.75 6.25 10.00
11 3 1.00 0.00 0.19 139.00 1.00 5.00
12 4 0.74 0.26 0.00 132.00 8.00 5.00
13 14 0.26 0.00 0.00 119.00 1.00 25.00
14 10 0.00 0.26 0.74 112.00 8.00 25.00
YPseudo conponents : X ; = M 1t Xo* X,=1
(1-31)
. sugar, B : barley sproutling powder C :ail
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Table 2. Operating conditions for Texture Analyzer

A7 AEE BAI=ZY AR

Instrument Stable Micro System TA XT-2 Texture Analyser
Type compression test(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 1.0 mm/s

Distance 10.0 mm

Strain Deformation 50%
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Table 3. Quality characteristics of steamed form cake with barley sproutling powder at various conditions by D-optimal design

Hunter’s color values

Textural characteristics

Sensory characteristics

Volume .

No. Run (mL) L a b hardness  gumminess  chewiness Color  Smell Softness Taste (;::ergl_l

® ® (g cm) tance
1 5 14300+14.1 75.1#06 -1.3+09 31.3+12 1902+ 82 1083+ 47 1050+ 45 6.61+05 64405 69104 67104 68+03
2 1 128304240 74.7+02 -2.1x04 33313 246.7+16.1 139.2+ 8.6 1329+ 7.8 5.8+0.8 58210 6.9+05 6.6:06 6502
3 6 116504236 56.3+04 -95+0.1 40.610.1 424.7+13.6 234.6:16.3 218.3£149 55+1.0 65+08 5.1+09 6.1t12 6.120.8
4 12 13100+£14.1 619403 -7.1+0.9 404+0.8 288.5+172 1599+ 8.8 151.0+ 87 7.2+1.0 74£07 5905 7.0+04 7.6103
S 9 125004212 559407 -8.5+09 40.0:0.6 364.6+30.6 203.0+15.5 1902+14.2 5.8+0.7 5.6+04 6.1x09 64107 63405
6 2 1090.0+14.1 553+1.6 -9.610.4 40.6+1.1 51844362 290.9+22.5 269.3£20.5 5.410.7 6.0:04 5.8:t03 4.6:0.3 5004
7 8 14050+ 7.1 67.0+05 -6.4+0.1 39.4+05 2192+10.5 1234+ 53 1187+ 4.8 82102 72106 7904 7.6x0.5 7.8+0.3
8 11 1273.0417.7 61.8£0.7 -6.0£02 38.4+2.0 2804+ 92 1557+ 50 1470+ 4.6 79401 74+0.6 68206 6.4+04 70107
9 13 1365.0+212 62242 <17+1.2 39.6+1.4 2399+114 1352+ 60 129.5+ 58 7.840.3 6.9:04 7.3:04 74204 78207
10 7 130004183 584+14 -8.320.8 40.6+0.7 341.3x17.8 1872+ 93 1763+ 85 7.110.8 7.8:03 7.2:0.6 7.3:03 7.5+04
11 3 14000+14.1 739+04 -1.3+0.8 33.1+04 21824272 117.4:142 119.9+13.3 63103 6.1+08 64103 6.3:08 6.8+02
12 4 12380+177 565106 -8.1+0.3 404109 371:8+164 2069+ 8.1 1950+ 6.7 54108 5904 58:0.8 6.1t1.1 6.00.8
13 14 12850+ 7.5 75.620.6 -2.3:0.3 344+02 2380+ 9.2 1350+ 4.8 1293+ 50 6.0+05 5.620.7 72+0.7 64:1.0 63209
14 10 1110.0+12.8 55309 -10.0+0.3 40.5+0.6 515.0+24.9 282.3:15.8 2463+15.6 5.1:09 63208 6.0x0.7 4.8+0.6 4.8+0.6

Table 4. Analysis of predicted model equation for the quality characteristics of steamed form cake with barley sproutling

powder
Response Model F-value Prob<F Equation on terms of pseudo component
Volume Linear 80.89 <0.0001  1442.99A+732.40B+1245.10C
Hunter's L value Linear 133.56 <.0001 73.39A +1.34B+73.91C
a value Linear 45.27 <0.0001  -2.34A-29.63B-2.85C
color values .
b value Linear 16.35 0.0005 34.33A-60.87B+34.41C
Textural Hardness Linear 52.92 <0.0001  157.53A +1007.69B +286.76C
.. Gumminess Linear 55.34 <0.0001  88.25A +554.50B + 160.99C
characteristics X X
Chewiness Linear 49.50 <0.0001  91.04A +493.66B + 149.61C
Color Quadratic 21.52 0.0002 6.54A-77.15B +5.48C+107.84AB+0.96AC + 110.37BC
Sensory Smell Quadratic 18.32 0.0003 6.22A-40.00B +4.25C+60.39AB+4.73AC + 69.44BC
characteristics Softness Linear 4,02 0.0490 7.23A+2.78B +6.96C
Taste Quadratic 20.10 0.0002 6.59A-26.01B +5.45C+42.90AB+3.60AC + 38.18BC
Overall acceptance Quadratic 71.89 <(.0001 6.83A-46.27B 4 5.31C+68.55AB+3.10AC + 67.43BC
A : sugar, B : barley sproutling powder, C : oil
- 819 - STz #ehs) A A2278 A 535(2006)
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Fig. 2. Response surface and trace plot for the effect of sugar
(A), barley sproutling powder (B), and oil (C) on volume of
steamed form cake with barley sproutling powder.
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A7} AEY WA 2 A8 BF &Y AR

o Qe oPRANRAY. Y
W B Fig 3~5¢ Zom, WhEEHES 71
F 27bgol B AARIILE FUHE0l BEFTSE 9
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= 37tske 2F3E JEhdT

2 (28 00)

Fig. 3. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
color(L value) of steamed form cake with barley sproutling
powder.

x2 (28 00)

Fig. 4. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
color(a value) of steamed form cake with barley sproutling
powder.

Dewislion from Reference Biend

%2 (28.00)

Fig. 5. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
color(b value) of steamed form cake with barley
sproutling powder.
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Fig. 6. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
texture (hardness) of steamed form cake with barley
sproutling powder.
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Fig. 7. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
texture (gumminess) of steamed form - cake with barley
sproutling powder.
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Fig. 8. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
texture (chewiness) of steamed form cake with barley
sproutling powder.
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Fig. 9. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
sensory characteristics(color) of steamed form cake with
barley sproutling powder.
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Fig. 10. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
sensory characteristics(smell) of steamed form cake with
barley sproutling powder.
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Fig. 11. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
sensory characteristics(softness) of steamed form cake with
barley sproutling powder.
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Fig. 12. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
sensory characteristics(taste) of steamed form cake with
barley sproutling powder.
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Fig. 13. Response surface and trace plot for the effect of
sugar (A), barley sproutling powder (B), and oil (C) on
sensory characteristics(overall acceptance) of steamed form
cake with barley sproutling powder.
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Table 5. Optimum constraint values using two analytical
methods in the object goal
Numerical ~ Graphical
Constraints name Goal  optimization optimization
solution solution
Sugar (%) minimum 130.4 1304
barley sproutling powder(%) maximum 4.0 4.0
Oil (%) minimum 10.7 10.7
Volume in range 13234 1323.7
L value in range 65.6 65.6
a value in range -5.4 -54
b value in range 373 372
Hardness minimum 2719 277.7
Gumminess minimum 154.7 154.6
Chewiness minimum 147.5 1474
Color maximum 7.9 7.9
Smell maximum 7.6 7.6
Softness maximum 6.7 6.7
Taste maximum 74 74
Oveall accepatance maximum 7.8 7.8
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Fig. 14. Three-dimensional plot of common area for the
optimization mixture.
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