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Quality Characteristics of Sponge Cakes Containing
Various Levels of Millet Flour

Hak-Gil Chang*
Department of Food and Bioengineering, Kyungwon University

Effects of normal (non-waxy) and waxy millet flours on properties of sponge cake were examined. Total dietary
fiber contents of normal and waxy millets were 5.04 and 5.72%, respectively, while that of soft wheat flour was
2.23%. Alkaline water retention capacity value generally increased with addition of normal and waxy millet
flours, whereas peak, minimum, and final viscosities decreased. Mixing time and mixing height decreased with
addition of millet flour. Lightness of cake crust increased with addition of normal millet flour, whereas it
decreased with addition of waxy millet flour. Lightness of cake crumb decreased as the amount of normal and
waxy millet flours increased. Increasing proportions of normal and waxy millet flours resulted in significantly
decreased loaf volume. Replacement of 10% wheat flour by both normal and waxy millet flours did not
significantly affect characteristics of sponge cake, but addition of more than 20% millet flour resulted in

significant differences in quality characteristics.
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Az Al &2 FEe] 7] e WrhRe] olsishy FHEA
7} sponge ceke AZAA & FARR vl o A= Wt
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B 3o AE AEE 20019 E0 AAHE HEREE A
Ahel ApxEE AhE Y8kl E71(1KA MF10, 1IKA-
WERKE GMBH & Co. KG, Saufen, Germany)® 2 3}
ARgalETE AREE Wz 9 xpx 2ue] 9)xp=7]E 100-140
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Al A EE e AE 100092 HFeted ¥ F, 01N
sodium bicarbonate €< 5mLS 718l voltex shekerZ wHt
g TS, 1000XGellA 1587 d4die]d &, 45dS A
St H2 Al5e T YARE A AEFTH gv] 9Es
2 FAEAT A5 33542 Repid Visco Andyser(RVA,
Mode 3d, Newport Scientific, Narabeen, N.SW.,, Austrdia S
o83t} AlE 35002 HHsI tett canigerd] Wi FHST
250mLS FH7tete] dgds wHE &, 25°CollA] 95°C7kA] 1
3L A 50°C7EA] 5°Cmine] £==2 71E 2 WZEAlA initid
pagting temperature, maximum viscosity, minimum viscosty =
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Fig. 1. Mixogram of typical soft wheat flour.
Peak time (min): MP, Peak height (cm): Height at MP, Width at peak:
Band width at MP, Height at 8 min: Height at TX

Table 1. Sponge cake formula and ingredient specifications

Ingredients Amount % (flour basis)
Flour (sifted) 100
Sugar (fine-granulated) 100
Fresh whole eggs (with shell) 100
Distilled water 40
/__-\
/ \
3.2 cm 4.2 cm B 4.2 cm' 3.2 c;
B C D E
| }
| 1
14.8 cm
Fig. 2. Measurement of volume, symmetry and uniformity index
on sponge cake.

Volumeindex=B +C+D
Symmetry index=2C-B -D
Uniformity index=B - C

Aol dfdoZA = Ed(normd millet, waxy millet)e] 7t
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Hademere, England)Z hadnessE =% 3k3ith olw A%
probe= A7 25cm, =4 £ 1.0mmiseco] ATk FEAA
© 15%S AAste] F&3] SR F A Sek=S 5t
Fow, &g, 27 U FH¥F 7|5 %= 9point scde scoring
test ol wEt Z2AFSEA
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Table 2. Proximate composition of tested flour samples

Flours Moisture (%) Ash (%) Protein (%) Fat (%) TDFY (%)
Soft wheat 13.64+0.562 0.40+0.032 9.39+0.14° 1.51+0.04° 2231014
Normal millet 11.58+0.52° 344+0.03° 10.01+0.08° 2.86+0.16% 5.04+0.27°
Waxy millet 11.28+0.40° 3.20+0.03° 10.68+0.277 2.63+0.032 5.72+0.66%

Total dietary fiber.

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

Table 3. Alkalinewater retention capacity (AWRC) of millet and
wheat flour blends

Flours Blend (%) AWRC (%)
Soft whesat 45.6+0.85Y
Normal millet 10 479+1.13
20 495+0.71%

50.1+0.71%

40 52.1+1.56™

55.3+1.70°

Waxy millet 10 49.0+1.41%
20 50.8+1.13%¢

30 534+ 1.41%

40 56.0+2.12°

50 60.1+1.412

YMeans in a column sharing a common superscript letter(s) are not
significantly different (p>0.05).
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Table 4. Rapid Visco Analyzer pasting characteristics of wheat and millet flour blends

Initial in Maximum viscosi Minimum viscos Find viscos
Flours Blend (%) Tem pr.)??C)g (RVU) Y (RVU) Y (RVU) Y

Soft wheat 72.3° 1145° 81.0° 165.0°
Normal millet 10 75.3° 110.5® 735° 1555
20 74.7° 104.5% 68.0° 1525

30 76.22 102,54 62.5° 151.0"

40 76.6° 102,54 60.0% 150.5%

50 71.8° 95,2 57.5° 147.0°

Waxy millet 10 2.4 100.5™ 67.0° 1395
20 76.22 87.0¢ 53.0f 1135°

30 73.4° 75.0 44.0° 4.0

40 72.3° 65.59 30.0" 86.0°

50 71.6° 61.0° 36.0 775"

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



Z &%) 3717} Sponge Cakeo] F4E/3

Table 5. Mixograph characteristics of wheat and millet flour blends

of] M2 gk 955

Fours Blend (%) Peak time (min, sec) Peak height (cm) Width at pesk (cm) Height a 8 min (cm)

Soft wheat 3.00 46 09 41
Normal millet 10 240 42 0.8 41
20 155 37 11 36

30 110 32 10 32

40 - - - -

50 - - - -

Waxy millet 10 230 4.0 09 41
20 143 35 10 36

30 130 34 11 33

40 1.00 32 0.9 30

50 0.58 2.8 0.8 27
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Table 6. pH and specific gravity of sponge cake batter in wheat
and millet flour blends

o, HlFE Fashe AFS BHASH, Chun(30)8] A--ollA
sponge ceke A% Al FuREEe] H7hgo] et webA H
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e & 5 3
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H|-&-4-2 Table 7914 ®+= nvlel Z¥th. Sponge ceked] 1% Al
w2 g xpxee] 7kl S7Ktel webd Fuleh vjgze] 2t
Zdte e Biet, 53] Wzt A(x2E 77 40% 7t
SIS o, Fujet BlgAe txed v«lxw zto]7F AU
o]} ,;8 A4S Pomeranz 5(17)2 A" A cdlulose, whest
bran & oat hulls 59 2ol d/9S H/IEgo=Ex Fa ¢ v
%ﬁol Aagttal BAg 23 2hom, cake weight S7FeH
o webA cekeo] HI-8F o] FHAaEtEE X5 10% oY H7et
= 7/-18_ 7% cakeo] HYAL E 5 9l
3 Sponge cake2] volume, symmetry 2 uniformity index

= HWH Table 87 Zt}. Volume indexe thZ&-o] 153524
7HE =& e Bow, Wz W x| HyiEe] Shgle
wehA] ZAAshe 34 Ho cke —r-47} 2oty e B F

M/\/\q Symmetry forme cake?] 43S He ZoZ, vz
S-oll 7ol F7igtell whetbA Z7P0}E AFE Hon,

Table 7. Sponge cake properties prepared with wheat and millet
flour blends

. ific loaf
Flours Blend pH Specific gravity Flours B(l%d V?';Te W(e;;ht Sp\e/agl ume
(%) (g/mL) (cclg)
Soft whesat 7.43 0.59° Soft wheat 830 281° 2.96°
Normal millet 10 7.40° 0.68* Normal millet 10 780% 284~ 2.75%
20 7.23 0.71% 20 745%° 285>~ 2.62%¢
7.17° 0.72°% 30 705 283%* 2497
40 7.10% 0.86% 40 640> 287 2,23
6.93 0.87® 50 630" 288* 2.19™
Waxy millet 10 7.39%° 0.70™ Waxy millet 10 7507 288 2.62%¢
20 7.25 0.69 20 745%¢ 287® 2.59%
30 7.14% 0.82%¢ 30 680 2882 2.36
40 7.05° 0.86** 40 605~ 286%° 2.12%
50 7.05° 0.8%% 50 570¢ 2882 1.98¢

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 8. Volume, symmetry and uniformity indexs of sponge
cakes prepared with wheat and millet flour blends

Flours Blend V_oI ume  Symmetry Un_iformity
(%) index index index
Soft whest 15.35% 0.15° 0.05°
Normal millet 10 14.35% 0.20™ 0.05°
20 14.00° 0.55° -0.05°
13.60~ 0.70" -0.10°
40 12.60% 0.80 -0.10°
11.65% 0.85 -0.20°
Waxy millet 10 13,55 0.25% 0.05°
20 12.60%° 0.30° 0.05°
30 12.45® 0.45 -0.1¢°
40 12.20° -0.05° 0.15°
50 11.70° -0.45% 0.15°

YMeans in a column sharing a common superscript letter(s) are not
significantly different (p>0.05).
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Fig. 3. Overall acceptability of sponge cake prepared with
normal ([J) and waxy millet .
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4 o157Hx| FAsH F7 stk

Table 9. Crust and crumb color of sponge cakes prepared with wheat and millet flour blends

Blend Crust color Crumb color
Flours

(%0) L a b L a b
Soft wheat 54.9 16.5° 354 812 -35° 24.5%
Normal millet 10 59.5% 15.1° 355 79.3° 3.2 25.0°
20 60.1% 14.1 35.1% 778 -3.0° 26.1°
30 59.5% 137 337 76.0° 27" 26.8°
40 60.1% 11.0° 337 75.2° 2.1 213
50 63.3 10.8 32.1° 3.2 -1.9% 30.07
Waxy millet 10 61.6® 14.4> K7k 78.4% 21" 23.9¢
20 60.3" 137 33.0° 73.8° -1.8 23.6°
30 58.7° 10.1% 316 70.3' -05* 23.8¢
40 58.7° 9.2 30.8° 68.3° -0.7* 24.2
50 56.4° 9.0 209 64.5" 0.2 26.1°

YMeans in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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Table 10. Sensory characteristics of sponge cakes prepared from wheat and millet flour blends

Blend Coalor )
Flours %) Exteral m— Grain Texture Havor Tagte
Soft wheat 7.40° 797 717 6.97¢ 7.00° 7.10°
Normal millet 10 753 6.93° 6.73% 7.00° 6.87¢ 6.40
20 6.87* 7.13% 6.53 6.60~ 6.27™ 6.33
30 6.07™ 6.00¢ 5.807™ 5.87* 5.87™ 5.60*
40 6.07™ 5.73 5.67%° 5.80* 5.40%° 5.33%
50 487 413 5.60%° 4.80° 4.80° 427
Waxy millet 10 6.80 6.93° 6.47°% 6.47™ 6.27™ 5.93™
20 5.93 5.87 5.807™ 5.73% 5.27%¢ 5.60~
30 5.67™ 5.07™ 5407 5.40% 5.57%¢ 5.60™
40 5.13%° 4.80* 5.67%° 5.27® 5.20% 5.40%°
50 453 447 5.47® 5.33% 487 493

YMeans in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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Fig. 4. Changesin hardness of sponge cakes prepared with wheat and millet flour blends during 6 day storage at 25°C.
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