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Abstract

The objective of this study was to develop a fortified white layer cake from soft wheat flour blended
with soy protein isolate (SPI) and soy protein concentrate (SPC). The effects of the fortification on var-
ious quality parameters of cake such as physicochemical and rheological properties and cake making
quality were evaluated. SPI and SPC (3-24%) were added to soft wheat flour for making white layer
cake. Protein contents of SPI and SPC flour were 83.5 and 56.2%, respectively, while those of soft
wheat flour was 8.5%. When the SPI and SPC flours were added to the flour, Mixograph characteristics
of the SPI and SPC flour were generally similar. Mixograph peak time was significantly correlated pos-
itively with protein content. The addition of SPI and SPC resulted in lower loaf and lower specific loaf
volume compared with soft wheat flour. Loaf volume of cake was significantly correlated with specific
loaf volume (r=0.996**), and volume and symmetry index significantly decreased with increasing SPI
and SPC content. The initial total isoflavone contents of SPI and SPC flour were 1.01 mg/g and 1.48
mg/g. respectively. After heat treatment, total isoflavone content increased by 46.2 (SPI) and 56.1
(SPC)%. Texture measurement showed that hardness, gumminess, and chewiness increased as the added
amount of SPI and SPC flour increased, whereas springiness and cohesiveness decreased. Textural mea-
surement of crumb firmness showed that the cake containing SPI and SPC flour hardened more slowly
during 8 day storage at 5 and 25°C than cake containing soft wheat flour.
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1971; Khan er al., 1975). Khan¥} Lawhon(1979):=
Y2 Feeloz W mEa wkEo 49 FH7Hgo
24 Fan Frhesial AlMEA s NAEAA T
o] dln= Hastrial Blth

o gEvtl s A - Az FollA o]
Aol BHst] 2w Ao, F7) Fo #e A
T5o] 3= HJung et al, 2002; Lee?} Chang,
2003). 1990 F1}7] o] $FE] Amle] g3t F
Aol waba Aoz AAtEE wAsH St
I 90oJ(Cho%t Lee, 1996), %-2uvheke] 20028 71
I AAFEE 2000980 8.8% AT 32 o
2un], A 12 60009 TR AEES WS
2 THKim, 2004).

H AFo M= ogs F AFo] Ak - diE
Foglow, o 1 suMlEe FAF F71E A
o2 A& tkSloan, 2003). LV}t ket
MMz obH7EA] F vl g o] g-gh W A Ee o3
A A ARIAA AlstH o2 AEHE o
o oA 2 A7 e gy 7R ARER E
2& A e F el 4FHE F7HII
At 2 FHNH w5 FANE HUN 71E
’d white layer cake®] A& B AAA| tsle] 7
B3 vl 1 A3E Ryt

—_ o=

s % e

=

2 AlX white layer cakeS A|E-E wlEY7
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Massachusetts, USAYS AFE3IE T, o154 acetic
acid 0.1%& ZHzt TR/ 32 FHF(EHA
acetonitrile(8 Ui B) AME-EH 2w, FHl= SviA ¢ &
B = 85 : 152 A|Z3le] 958 & e HEg=E
T o544 #4428 1.0 mL/minZ ST &
2] 3t ofo] AEZTHE 2 genistin, genistein, daidzin,
daidzein, glycitin, glycitein® 2 HF ojo|AZetE
9] F5o tigt peak HA 2] HFA T4 (standard
calibration curve)>=H-E| AHXF5FA

Mixograph §4 &5

Mixograph 542 AACC %W 54-40A(American
Association of Cereal Chemists, 2000y <3l 10
g Mixograph(National Mfg. Co., Lincoln, NE,
USAYE ARgated ubede] ¥ FEFTEE 7
o, 7 ARl RS VIEeR SRTE A
7Fsted Mixographoll A QoA = SA X F peak
time, peak height, width at peak % width at 8
min & 3743830t

White layer cake®| Xz

AACC ¥ 10-90(American Association of Cereal
Chemists, 2000)°] wehA &% IS 0-24%71
A vpg o) #rlete] white layer cakeS A3}
o, 7|22 wWFES Table 13 7t} White
layer cake®] HWHE-E A&  9HE7)(KichenAid
K5SS, KitchenAid Inc., MI, USA)E AM&-3F%1 7,
baking pan®] #4-2 WlF-474 203 cm, Z°] 3.8
em©| 12, baking ovens Real oven(National
Mfg. Co., Lincoin, NE, USA)S AR&3ITE.

Table 1. Formula and ingredient specifications of white
layer cake

. Amounts
Ingredient _
(2) %(flour basis)
Flour(14% m.b".) 200.0 100.0
Sugar 280.0 140.0
Shortening 100.0 50.0
Nonfat dry milk 24.0 12.0
Dried egg whites 18.0 9.0
Baking powder 12.0 6.0
Salt 6.0 30
Water(distilled water) 250.0 125.0

*Soy protein isolate and soy protein concentrate replacement
level : 0-24%.
Pmoisture basis,
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AF8-3}0] 7 % (hardness), ¥+4d (springiness), 24
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cm®| 3L pre-test £ 59} post-test S 2.0 mm/
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10go® x4 48500}
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5°C, 25°CollA] 8U7F A%6tHA Texture analyser®
g% o] wisls 4t

SAHEN

S A2 Statistical Analysis System(SAS) EA|
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Mixograph §4

WIpE e e] gheka FA2 WrrRe] vhE
ol& A] REEe] 2]&22] EAd Fa3% TS v
A =, oldst 5A4E F43] et E F
Zo] S0 = AMEHI 2= 71717} Mixograph
oith. 7t W FFL BE WY A HriEle drkE
o] &5 webA T-f2l Mixograph HES ZHA
¥ tH(Finney<} Shorgren, 1972).

FAE AEe] Mixograph S4E B Table 49}
2} &, tizel dd 9rhEe] Mixograph &5
&5 7]-5(57%)#&_ ol W2l Fud 2 55 F
whle] 7ol mE Mixograph S54& Hlwsiy

Table 2. Chemical composition of tested flour samples

Table 3. Protein content of wheat flour substituted with
soy protein isolate and soy protein concentrate

Substitution Protein content(%)
level(%) Sp1 SPC”

Control(0) 8.7+0.159 8.7+0.15*
3 11.2+0.05° 104+0.16°
6 13.6+0.25° 12.0+0.67°
9 16.1 £0.35¢ 13.7£0.50%
12 18.6 +0.60° 15.3+0.25°
15 21.1+041 17.0+0.06
18 23540128 18.7+0.358
21 26.0+0.51" 203+0.47"
24 28.5+0.60' 22.0£041

YSoy protein isolate

¥Soy protein concentrate

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

W, 8 FEY H7F Al peak time2 ¥ FE
H18% H7F AIFE frelHQl Aozt AU, peak
height= 2] T 21% H7F AFE F22<
Aol 7k SASlem, peak widthe %i‘«a] T 24%
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U} Finney®} Shogren(1972)¢} ¥t3l v} i}, 18
2 Agrella] ad 229 FE Fe 9 F
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Mixograph 5732 Wbl do] ggzle] FaaA =

Flour Moisture Protein Ash Fat Carbohydrate (%)
(%) (%) (%) (%) Non-fibrous Fiber
Soft wheat flour 12.6°9 8.5° 0.2° 0.9° 77.4° 0.4
Soy protein isolate 6.5¢ 83.5°(91.3)Y 4.6 0.2¢ 5.0° 0.2*
Soy protein concentrate 7.8 56.2°(64.0)" 7.1¢ 0.1* 28.5" 0.3

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

“Dry basis.
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Table 4. Mixograph characteristics of wheat flour substituted soy protein concentrate and soy protein isolate

Mixograph characteristics

Substitution

level (%) Peak time (min) Peak height (mm) Peak width (mm) Width at 8 min (mm)
SPC" SPI? SPC SPI SPC SPI SPC SPIL

Control(0)  4.28£0.32"Y 4.74+051% 45610.16° 4471054 124+066® 11.6£0.80° 82+0.08 82+0.14°
3 340+0.04°  529+0.10° 4681004 433+0.17° 1091036 13.7£046" 43+£0.04™ 10.6:-0.40>
6 32142003 3.99+1.20% 4641077 443+058° 10.9+0.03" 163+3.71* 3.9+048 12.2+3.58™
9 336+0.16° 329:030° 453+052° 456+ 1.06° 10.6£0.07° 203+£3.50° 3.7+£043® 14.6+0.36%
12 3394009 3.36+£050% 455+-074° 464+105% 11.5+0.59% 263 +11.12 5.0+0.14° 152+ 3.04%
15 24840710 3.13£079° 4581095 4791 1.20¢ 13.3+1.86™ 335+9.74¢ 53+1.74"° 17.610.70°
18 3.67+257° 2711031 4494007 49.5+0.89* 12.7+£7.36® 457+£1.03% 52+1.42®° 17.0+1.11¢

"Soy protein concentrate
YSoy protein isolate

Means in a column sharing a common superscript letter(s) are not significantly different (p>0.03).

Table 591 Zth &, WrhFe] Fe Fo 3 w5
Fwlo] Hrbge] ulgbA Mixograph peak time?h
A ek 217h r=0.801% 9 r=-0.898#%9]
Fe] Rl Astoe] 1814, Mixograph peak width
oF whil g gk ZH7b r=0.766%* 3 r=-0.687+°]

folAel gel Aol gl

Rl o

White layer cake2| I, £, H|8X

ve) FU Y 5E TS Hrbel] Az
white layer cake®] F-3, F-4 2 H|EXL Table 6
o4 e wlel P gzl 9 Wik 7
ol= HEu& 885 cc & 920 cc o|9lon, UrlE
of Ho] Frhl W i Fohw FHUiERS /P A
AolFE A3t Az Fovt 7“\0}°1L}. =, 5
Feh JUE 3% H7) AREH, 55 ol

A%E 6% A7t ARE BEPo B folH

Table 5. Correlation coefficient between protein content
and Mixograph characteristics of wheat flour substituted
with soy protein isolate and soy protein concentrate

Mixograph Protein content
characteristics Nyl SpC?
Peak time -0.801%+Y -0.898**
Peak height -0.566 0.520
Peak width 0.766%* 0.687*
Width at 8 min -0.346 0.157

""Soy protein isolate

YSoy protein concentrate

Dx #%; Significant at the 5 and 1% levels probability, respec-
tively.
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N

Table 6. White layer cake properties prepared from wheat flour substituted with soy protein concentrate and soy protein

isolate
Substitution Volume (cc) Weight (g) Sp. volume (cc/g)
level(%) SPC" SpP? SPC SPI SPC SPI

Control(0) 9200+ 14.1°"  885.0=-7.1°  387.0x14™ 38401 00® 24+0.04° 2.3+0.02°
3 910.0=7.1%  8375=106° 387.0x14" 38301 14® 2.4+0.03% 2.2+0.02¢
6 805.0=7.1"  825.0=0.0  386.0+0.0° 3830+ 14" 2.3+0.01¢ 224001
9 887.5-3.5™  8200-7.1  3880+0.0™  382.0+0.0° 23140.01™ 214002
12 875.0-7.1" 820000  387.0114™  3850+14° 2310.03® 2.1+001™
15 875.0=7.1"  8125=3.5" 3880+0.0™  3820+t00° 2.3+0.02* 2.1+0.01™
18 8725.35" 8100+ 14.1% 3880+0.0%  384.0+0.0° 23+001%® 2.1+0.04%
2] 862535 802.5-35%  390.0+0.0° 384.0+0.0° 224001 2.1+001®
24 86252 10.6° 7900 14.1° 3890+ 14™ 3850+ 1.4° 22+0.02 2.1+0.03"

YSoy protein concentrate
YSoy protein isolate
“Means in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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Table 7. Volume, symmetry and uniformity index

Adazger A 104¢ A 33 (20008 8Y)

protein concentrate and soy protein isolate

of white layer cake prepared from

wheat flour substituted with soy

Substitution Volume index Symmetry index Uniformity index
level(%) SPCY SPP? SPC SPI SPC SPI

Control(0} 8.95+0.35% 9.05£0.07° -0.28 £ 0.04™* -0.05£0.07* -0.10+0.14* -0.05+0.07°
3 8.95+£0.07° 7.60+0.28" -0.23+0.11% -0.30£0.35* 0.00+0.00* -0.20£0.14°
6 8.40+0.14" 7.05+0.21° -0.48+£0.18* -0431+0.25° 0.05+£0.07° -0.20+0.28
9 8.50 +0.57* 7.454021%® 0.000.28° 0.2310.18* -0.15£0.21° -0.20 +0.00°
12 8.10+0.14® 7.25+021% -0.301 0.07™ 0.03+0.11® 0.00+0.00* 0.00£0.00°
15 8.40£0.28"™ 7.45+0.07" -0.1340.18™ 0.08 £0.32% -0.05£0.07* -0.05+0.07
18 8.00£0.00% 7.30+0.28® -0.50£0.21° 0.15+021%® 0.00=0.007 0.05+0.35°
21 8.70 £ 0.00* 7.40+0.28% -0.05+£0.07° 0.18 £0.04° 0.00-+0.00° -0.15£0.07°
24 7.85+0.49° 7.15+0.07* -0.10+0.07% 0.15+£0.21° 0.00 £ 0.00? -0.05+0.07°

YSoy protein concentrate
¥Soy protein isolate

YMeans in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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Table 8. Correlation coefficient among white layer cake, protein content and Mixograph of wheat flour substituted with
soy protein concentrate and soy protein isolate

Cake characteristics

Quality Volume Weight Sp. volume
parameter
SPC" SPI” SPC SPI SPC SPI

Protein content -0.963%+ -0.881%** 0.797%* 0.363 -0.972%* -0.900**
Mixograph

Peak time 0.855%* 0.738* -0.610 -0.248 0.859%* 0.752*
Peak height -0.569 0416 0.574 -0.066 -0.565 0423
Peak width -0.717* -0.511 0.623 0.523 -0.711% -0.533
Width at 8 min -0.294 0.571 0.277 -0.075 -0.282 0.576

USoy protein concentrate
PSoy protein isolate

% #%; Significant at the 5 and 1% levels probability, respectively.
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Fig. 1. Effect of heat treatment on total isoflavone
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Table 9. Texture properties of white layer cake prepared from wheat flour substituted with soy protein concentrate and

soy protein isolate

Textural properties

3111::;?(;01 ;) " Initial stress (x10,000) Springiness Gumminess Cohesiveness Chewiness
SpCV SPI? SPC SPI SPC SPI SPC SPI SPC SPI

Control(0) 2510 261D 0.85" 0.83* 87.5° 117.8* 058  0.60° 68.3 92.4*
3 269° 308 0.84" 0.83* 93.7% 1413 058  0.58™ 766" 117.8"
6 303° 369 0.85° 083  1066° 167.9° 059° 057  878* 140.1°
9 313 437> 0.84  0.83*  109.0° 1648 058 057 92.1°  1375¢
12 254° 449> 083  0.83*  127.9° 1743 059 057" 1055% 144.1°
15 403° 495 0.85"  0.83* 1369 177.0° 0.58" 0.54™ 1150 144.2°
18 314° 492 0.83* 083 1262 2053 057" 053 106.1° 169.8°
21 330° 537¢ 0.82" 0.83 12565 207.8° 058 053"  106.7° 169.0°
24 260° 560° 0.82* 0.81*  130.1° 2093 057 0.52* 1089 1727

YSoy protein concentrate
PSoy protein isolate

“Means in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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Fig. 3. Changes in hardness of white layer cakes substituted with soy protein isolate and soy protein concentrate stored
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