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Physicochemical Properties and White Layer Cake Making Potentialities of
Wheat Flour and Soy Protein Isolate Blends
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Abstract The protein contents of soy protein isolate (SPI) and soft wheat flours were 83.5% and 8.5%, respectively. The
addition of SPI increased the protein content but decreased the sedimentation value. Alkaline water retention capacity
(AWRC) value increased with SPI addition and was highly correlated with protein content. Increasing SPI flour content
significantly decreased the maximum, minimum and final viscosities. Mixograph peak time was positively correlated with
protein content and AWRC. The pH and specific gravity of the cake batter increased with increasing SPI content. The SPI
addition reduced the loaf and specific loaf volume compared with soft wheat flour. The lightness of the cake crust
decreased, while the redness and yellowness increased, with SPI flour addition. SPI addition resulted in a decrease of over-

all acceptability, but an increase in hardness.
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Table 1. Formulas and ingredient specifications of white layer cakes at nine soy protein isolate levels

Replacement level of SPI for soft wheat flour (%)

Ingredient

0 3 6 9 12 15 18 21 24
Soft wheat flour (14% m.b.) 100 97 94 91 88 85 82 79 76
Soy protein isolate 0 3 6 9 12 15 18 21 24
Sugar 140 140 140 140 140 140 140 140 140
Shortening 50 50 50 50 50 50 50 50 50
Nonfat dry milk 12 12 12 12 12 12 12 12 12
Dried egg whites 9 9 9 9 9 9 9 9 9
Baking powder 6 6 6 6 6 6 6
Salt 3 3 3 3 3 3 3 3 3
Water (distilled water) 125 125 125 125 125 125 125 125 125
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Table 2. Chemical composition of tested flour samples

. . Carbohydrate (%)
Flours Moisture (%) Protein (%) Ash (%) Fat (%)
Non-fibrous Fiber
Soft wheat flour 12.6 8.5 0.39 0.9 772 0.4
Soy protein isolate 6.5 835 4.60 0.2 5.0 0.2
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Table 3. Protein content, sedimentation value and alkaline water
retention capacity (AWRC) of wheat flour substituted with soy
protein isolate

Substitution Protein Sedimentation AWRC
level (%) (%) value (mL) (%)
Control(0) 8.7 16.7° 48.2°
3 11.2° 15.9% 51.0°
6 13.6° 15.8* 52.5¢
9 16.1¢ 15.8% 53.7¢
12 18.6° 15.7% 54.6°
15 21.1° 154 55.9
18 23.58 14.3* 56.2%
21 26‘.0h 13.5° 57.1F
24 2&.5i 13.5* 59.5'

YMeans in a column sharing a common superscript letter(s) are not
significantly different (p > 0.05).
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Fig. 1. Relationship between protein content and sedimentation
value of wheat flour substituted with soy protein isolate.
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Fig. 2. Relationship among alkaline water retention capacity
(AWRC), protein content and sedimentation value of wheat flour
substituted with soy protein isolate.
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Table 4. Rapid visco analyser pasting characteristics of wheat
flour substituted with soy protein isolate

oo Initial Maximum  Minimum Final
Substitution . . . . . . .
level (%) pastmog temp.  viscosity VISCOSItY VISCOSItY
49 (RVU) (RVU) (RVU)
Control(0) 72.4%D 237.7" 166.8% 292.6%
3 74.8° 213.0% 1440 270.1°
6 77.3¢ 198.1° 133.9° 255.0°
9 80.4¢ 193.3 128.4¢ 248.6°
12 81.44 172.8° 117.3¢ 232.3¢
15 83.0° 143.6° 104.3¢ 209.9°
18 84.0¢ 122.8° 93.3° 189.8°
21 84.0° 107.6° 83.0° 170.8*
24 84 47 96.0° 77.4% 159.8

UMeans in a column sharing a common superscript letter(s) are not
significantly different (p > 0.05).

Table 5. Correlation coefficients among rapid visco analyser
(RVA), protein content, sedimentation value, water retention
capacity (WRC) and alkaline water retention capacity (AWRC)
of wheat flour substituted with soy protein isolate

RVA properties
Quality Tnitial i — :
parameter  pasting Maximum  Minimum Final
temperature Y SCOSIY  viscosity - viscosity
:éﬁt:ﬁ 0.952%%)  L0.993*%*  0.992%%  -0.993**
ensteetgi)n -0.826%%  0.955%F  0.942%%  0.964**
AWRC  0962%*  -0965%*  -0.983%*  -0.956**

D% Sionificant at the 1% levels probability, respectively.

Table 6. Mixograph characteristics of wheat flour substituted
soy protein isolate

Mixograph characteristics

Substitution
level (%)  Peak time Peak height Peak width ~ Width at
(min) (mm) (mm) 8 min (mm)
Control(0) 428" 45.6° 12.4% 8.2°
3 3.40° 46.8° 10.9* 43%
6 321° 46.4° 10.9* 3.9
9 3.36° 453 10.6° 3.7
12 3.39° 45.5¢ 11.5% 5.0®
15 2.48° 45.8° 13.3% 5.3%
18 3.67° 44 9% 12.7% 5.8

"Means in a column sharing a common superscript letter(s) are not
significantly different (p > 0.05).
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Table 7. Correlation coefficient among Mixograph, physicochemical and rapid visco analyser characteristics of wheat flour substituted

with soy protein isolate

Mixograph characteristics
Quality parameter ; -
Peak time Peak height Peak width Width at 8 min
Protein content -0.801%*% -0.566 0.766** -0.346
Sedimentation 0.458 0318 -0.792%* 0.290
AWRCY -0.796** -0.590 0.711* -0.489
Rapid Visco Analyser
Initial pasting temp. -0.665* -0.579 0.566 -0.328
Max. viscosity 0.799%* 0.529 -0.765%* 0310
Min. viscosity 0.799%* 0.510 -0.709* 0.356
Final viscosity 0.815%* 0.530 -0.799** 0.295
DAlkaline water retention capacity.
2% **: Significant at the 5 and 1% levels probability, respectively.
Mixograph S4 gmLEAN AEAo] 3 Aoz JeiEt. B IueE A
7t H EFES EE W A ArkEe 7HEe SRl uekA 7Bk ATE BRoY, 12% A7

9] Mixograph HEE ZHA Hrh30). FAIE AE9 Mixo-
graph S92 H¥ Table 6 2t} tiz7<) ¥ E-9] Mixograph
FTEE VIRGT%E 3t R Fawe Hrigd wE
Mixograph S-4& ¥|as] BWH, peak A7 2 ZTo 18%
A7F ARE frolFEQd zelrt A%, peak ¥OIE 21% H7E Al
FE fA Zel7t ARSH, peak Kol 24% H7) Al 34
A Frkele AES BHAh

Mixograph 5735} ©Hi#a 3 Rapid Visco Analyser (RVA)S}
9] AATAIE Table 73 2t} Mixograph peak A|7Fa ©hg
TFS r=-03801**] 1= RO Aol Y, ¢FIYSF F
TEHE r=-0796**2] 1%¢] Ho] Fode] Atk

L7HRe] £ IS #7189, Mixograph peak A7+
RVA initial pasting temperature®}= r=-0.665*2] F2] Agto] 9]
R, s, H2Pe 9 IAFAcoe 47 axe] Ho 4
Fol AU}

White layer cake battere] pHel H[E

e T Frlo) w2 white layer cake ¥H5¢] pH 2 H]E
2 Table 85 2t} =T (HEE) pHE pH 69124 B 3
o] Arigo] 1% weba Zobsle Ade] Ao, 2
2 AR 9t

White layer cake WHE9] H|Z-2 HW(Table 8), HETE 0.69

Table 8. pH and specific gravity of white layer cake batter in
wheat flour substituted with soy protein isolate

7hte @y viFo] thi
7R Azt fo48 BolA Ut Kyung 5319 Fi4k
2789 white layer cake 2437 3[4 A7 wE FEANA
o #3 dFME 2FLe B HF2 076 gmLelUL, F
31419 sucrose-fatty acidE 8% H7FFOEMN H|FZ 0.73 g/mLe
2 o 7oy 93l 8k o Vaisey-Genser 5(32)9] ¥
NM= tf2Te 739 082 gmLlelov F3lAlE HIICEA
AolZ ¥k HlFo] AT RIS

White layer cake®| £Io|, £H, ¥ HIEH

Ba) e Fristod A=E white layer cake®] ], FA|
g H4-HLE Table 94 B upel o) izl @i A
ol #IE 885ccol e, AHRA £ FHY AFEE 5
7HA Aolg Az A3 Rzt L[ B I
AE 3% A7F ARE g7k FAE f3A Rt
Ao, AAAHQ] AAE BA £y T Frte] F$ 24%
A7F Al T ¥is] 10.73% Hiell 7ZHAER] ¢rol white layer
cake A2 A F79 3§ AHLTE 10%% A g
Aol2 Az A £l I FriF AT Forte 7%
Aol ik B 4 3ok wEkA wigAe] BisE BY WS §
AR 8L A7) o Aok FAEE 2 WEEe] o
93] 22 g B & ok

Lrheol B FOEE 324% H715te] AlXE white layer

Table 9. White layer cake properties prepared from wheat flour
substituted with soy protein isolate

Substitution level Batter pH Specific gravity Substitution Volume Weight Specific volume

(%) (g/mL) level (%) (cc) (® (ce/g)
Control(0) 6.91%D 0.686" Control(0) 885.0°V 384.0% 23°
3 6.92" 0.688° 3 837.5¢ 383.0* 2.2%

6 6.86° 0.693* 6 825.0¢ 383.0° 2.2

9 7.02%4 0.699* 9 820.0 382.0° 2.7

12 7.12¢ 0.700* 12 820.0%¢ 385.0° 2.1°

15 7.11¢ 0.715% 15 812.5% 382.0° 2.1°

18 7.04% 0.717™ 18 810.0™ 384.0° 2.1%

21 7.11¢ 0.731° 21 802.5% 384.0° 2.1%

24 7.10¢ 0.734° 24 790.0° 385.0° 2.1*

YMeans in a column sharing a common superscript letter(s) are not
significantly different (p > 0.05).

YMeans in a column sharing a common superscript letter(s) are not
significantly different (p > 0.05).
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Table 10. Volume, symmetry and uniformity index of white layer
cake prepared from wheat flour substituted with soy protein
isolate

of el5}e}2]

3 white layer cake #2474 539

Table 11. Correlation coefficient among white layer cake,
physicochemical, rapid visco analyser, mixograph, and cake
batter characteristics of wheat flour substituted with soy protein
isolate

Substitution Volume Symmetry Uniformity
level (%) index index index Quality parameter Specific volume
Control(0) 9.05°) -0.05%® -0.05? Protein content -0.900%*%
3 7.60° -0.30° -0.20° Sedimentation 0.837**
6 7.05* -0.43% -0.20° WRCY -0.937**
9 7.45% -0.23% -0.20° AWR(C? -0.960**
12 7.25% 0.03* 0.05° Rapid Visco Analyser
15 745% 0.08° -0.05° Initial pasting temp. -0.916%*
18 7.30® -0.15% 0.05° Max. viscosity 0.888**
21 7.40% 0.18° -0.15° Min. viscosity 0.933%**
24 7.15% 0.15° -0.05* Final viscosity 0.866**
YMeans in a column sharing a common superscript letter(s) are not Mixograph
significantly different (p > 0.05). Peak time 0.752%*
Peak height 0.423
Peak width -0.533
cake?] #3, T B #UAFE BR Table 10914 = wheh Width at 8 min 0576
A, tz27e] FIAF7E 90501020t e Fehd 3% F7t Cake batter
Al Aol R/} 885.0 cedll A 837.5 e Aol wabd ¥ pH -0.689*
IR FE 76022 H43] Fadhe & SISk Specific gravity -0.829%*

AR o2 Fe] Fehule] Hrie] il wghr] Rz
F7F Aadhe A4S 1Y Aoz Hufrt HolHE & 3
At dAFEE Aoz F¥E 2y Ao, B Fdw A
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Table 12. Crust and crumb color of white layer cake prepared from wheat flour substituted with soy protein isolate

Substitution Crust color Crumb color
level (%) L a b R o o

Control(0) 58.0°0 10.6* 35.2% 78.6°" 2.7 12,9
3 57.7° 12.0® 36.9° 78.5° 2.8 14.3°
6 56.3% 12.4% 38.1% 76.7° -2.8% 14.7°
9 55.1% 12.4%® 38.0% 75.6% 2.7 15.3¢
12 55.6™ 13.5% 38.5% 75,304 2.7 15.5¢
15 54.5° 13.4% 38.9¢ 74.2% 2250 16.1¢
18 54.2% 15.8 39.7% 7434 2.5 16.7¢
21 53.4% 15.1+ 40.9° 74.3%¢ 2.5% 17.0°¢
24 51.4% 15.1¢ 41.1° 73.0° 2.4° 17.3

DMeans in a column sharing a common superscript letter(s) are not significantly different (p > 0.05).



540 ST EAEER] A 38 WA 4 5 (2006)

79 b
78 }
77}
76
75 b
74 b
73 ¢ .

72 . A
42 ¢

y =-1.28x+ 955
r=-0.897"

Crumb £ ° values

a1 F -« ®
40 F y=1.10x+21.4

’/r r=0.678"
38 |

values

37
36

Crust 5

34 . . A :
10 12 14 16 18

Crumb 5 ° values

Fig. 3. Relationship among color values of white layer cake
prepared from wheat flour substituted with soy protein isolate.
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Fig. 4. Relationship between external and internal color of white
layer cake prepared from wheat flour-soy protein isolate.
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Table 13. Sensory characteristics of white layer cakes with varied levels of soy protein isolate

Sensory characteristics
Substitution
level (%) E’égig;al Grain Texture Inct(e):lrcr’lf | Flavor Taste accg;gﬁﬁi ty
Control (0) 7.9 7.9¢ 8.3° 8.4° 7.8° 7.8% 8.1¢
3 7.6° 7.6% 8.2° 8.1° 7.8° 7.6 7.9¢
6 7.6° 7.7% 8.1% 7.9% 78 7.6* 7.8¢
9 7.5% 7.4° 7.7 7.4% 7.8° 1.7° 7.8¢
12 6.9% 6.4° 6.9° 7.0% 7.8° 7.9 7.6%
15 6.9 6.2% 6.8 7.1% 7.6° 7.9° 7.6%
18 6.4 6.2% 6.4° 6.5% 7.4° 7.6* 7.1%
21 6.1* 6.3* 6.4° 6.3 7.0% 7.5 6.8
24 5.8° 5.8* 5.7 6.1% 6.4° 7.2% 6.4°

YMeans in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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Fig. 5. Changes in hardness of white layer cakes substituted with
soy protein isolate.
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Fig. 6. Relationship between mixograph peak time and hardness
of white layer cake substituted with soy protein isolate.
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