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Quality Characteristics of Sponge Cakes Containing Various Levels
of Black Rice Flour

Young-Seo Park and Hak-Gil Chang*
Department of Food Science and Biotechnology, Kyungwon University

Abstract In this study the replacement of wheat flour with 5 to 30% black rice flour was tested to examine its effect
on sponge cake making properties. We evaluated the effects of the substitutions on various quality parameters of the cake,
such as physicochemical and rheological properties, cake making quality, and texture characteristics. The water holding
capacity value increased with increasing amounts of black rice flour, whereas the alkaline water retention capacity,
Pelshenke value and sedimentation value decreased. The mixograph peak time and peak height, and the Rapid Visco
Analyser peak, minimum, and final viscosity decreased with the addition of black rice flour. Increasing proportions of
black rice flour resulted in reduced loaf volume. However, replacing 15% of the wheat flour with black rice flour did not
significantly affect the characteristics of the sponge cake. The textural characteristics of the sponge cake crumb were
influenced by the addition of black rice flour, and sponge cakes containing the additives showed increases in hardness,

gummines, and chewiness.
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Wl E83hs 3o FeE gy ol8Ha Jlon, 1
Hat o] Aol AMET Stk Fulg o] &¥ dFE
7HRE VIR Awe FRSAH0, A=A, AN % 24 2%
g} el mE Are] 54(8), f4rle F5E T354(9)
To] et ot wEE Aol

e & dTeMe FUVREE A7 EEY 54 R &
B2 Alo]29] At EHE 2ARE v 2 AFE Ry

%

M= A

=

E Ao AgE Zoje 20043d%0 Ad AxFE FWHEC
A AdE AL FYste E471(IKA MF10, IKA-WERKE
GMBH & Co. KG, Staufen, Germany)Z 23sle] ARE3I T}
S0)71E(100 g)¢] Y=ZHHL sieve shaker(Rotap RX-29, W.S.
Tyler, USAYIA 1A B¢ 183 5 £33 Soj7tRe] &
Fe AT YR E FHEMTAD)S Y AME
L=

Mze] olaEty sS4

Aubge] B2 AACC H10)9 wE A ¥ &, &
32 air oven method(AACC Method 44-16), ZA T
FZH(AACC Method 30-10), Z3]& TS basic method
(AACC Method 08-01), @A %2 micro-Kjeldahl method
(AACC Methed 46-13)2Z 73t} Alkaline water retention
capacity(AWRC)y= AACC Method 56-100 wehy 4] Ez)d]

AR 1.0gs 33l ¥ &, 0.1N sodium bicarbonate -8



o7 Bl o]518)8 B3} 2% Aol 2 FUSA 407

smLE A7Fsld voltex shaker® ZuFgF THS, 1,000 x gollA 15
B2 94228 F, A5AS AASA g2 AR T 9
AEY A AEESF O] YEEE HEAISATE Water hydration
capacity(WHC)= Collins®} Post(11)¢] WHE thh WIPsly &
Ak &, YAEHD AE 3g8 HF F 15mLd FHRT
2 Feia 387 st o 1A Aol BRIEIT 2,000 x
gollA 3087 AR F Jede s HA" A 59
FAE & NE-E2 FAIBAh A8 $354& Rapid
Visco Analyse(RVA, Model 3d, Newport Scientific, Narrabeen,
N.S.W, Australia)s ©]8-3le] AR 350 g& HH3I] test canister
o ¥I ZFF 250mlE Hrieke] dEE TE F, 25°C
A 95°C7tA] 22]3 tA] S0°C7MAl 5°C/mind] £EZ JHE %
WA A Z32%(initial pasting temperature), 3 Z7 = (peak
viscosity), 24 E(minimum viscosity) 2 #|F = (final viscosity)
£ &A399(12,13).

Mixograph 54

Mixograph 542 AACC Method 5440A el wlahA 10-g
Mixograph(MIXSMART Version 4.0, National Mfg. Co., Lincoln,
NE, USA)E AHS-3l wlg i 3y F&E 78 v, 2
A g SRS 7|FEoR FFHFE HUlslY o3t 2ol peak
time, peak height, width at peak, width at 8min 52 &33}
At

2WX Ao|l3e M= % 84

2H=] Alel=e] wighe Y7FE 100%, 28 (fine-granulated)
100%, 2ZF 100%, 255 40%2EAM 2R Aoz AFE
279 71ZAE WA AR 831488 ST AFE
ol B¥E ZA d7] 93t s53°ce] EZ 575 mixing
bowlE 40°CE F+XAA|7]= hot mixing methodE AHE-3FATH
(14,15). &, 292 Aol=Z wFL &)X 30%, L&A 8
£ ¢ 3 o, SRS 140mLe AH7tete] 28 Bt &
Fslal, A&lA 3027 T8I cream mass(egg-sugar batter)
5 wEATh

Cream mass 240 g2 bowldl]l 27|12 AE(R7ME, 39 715
7F A1 27HE) 100 g2 F71 o, U 2F0F 403] w
274 £33 Aol WS pan(FEAE 148 cem; Z2°) 69cm;
WRED 1260 mL)o 330g B, 180°CHlA 3087+ baking st
St

Zo7hge] HAZEEL 5,10, 15, 20, 25, 30%EA] Aol ¥
o] pHe} HIES A3tk 9 F717F B 23R] Aolas
3087 pancll A WZHAIZ ¥, Eu), A, N 4HE 259,
volume index, symmetry index, uniformity index= AACC
Method 10-919] 7]&e we} A3t 28R Alol=e] crust
9} crumbe] 7L MTA(Model CR-200, Minolta Co., Osaka,
Japany& ARE-3l] I, g b valueS 233l

28R Aoj=e @A E Texture analyzen(TA-XT2, Stable
Micro Systems Co., Haslemere, England)® 7%= 52 233
ol AME-E prober= A 25cm, EALEEE 1.0 mm/seco) YT
B 139 At $835] Z8A1Z H gAl $aks
= siglen, 3, 23 8 FFH 7|5=E 9-point scale scoring
test Yol el 2ARIAT

A4S Statistical Analysis System(SAS) $4 packageZ A}
43t Duncan’s multiple range %3 AZBAE o] 24 4
AE 7k AAE AESATL

M=ol o|slety EY

ZAE A5 ¥R Table 13 Zth 293 dFe F
gHo] 1095%2A Er|2] 6.70%ET} 4.25% =%, IE- &F
& ZH7t L15%2A SEERY 22 3 BT

ZRI 712 Y% BXE B9 Table 29 7] 59
B8 140-230 meshell 97%, ZUI7FEE 91%=E ¥-2EH] Qo] &
m7kRe) dEst o & RE & F A3 Choi F(16)2 A
Bz nE Zu7tE 4540 3 AFdLoA, uvt
29 HAYEe AZRZA, AAZZA FFel 391415 umz
FALE YEREE etz 233 ) ook gubFeg i
o) JEREEE Ho2E B3 A HAxE 79 o|fdE 54
& wsAFl e g HEAFY FHEA AFPAY IFE WA=
Roz LA ATH17).

Water holding capacity(WHC)®} alkaline water retention capacity
(AWRC)= 27HEe] B34S d&3ke AREA F7U Aoz
AEE Aastsd Aol 83 ANEZ 2o]3 ok £ AT
oA "7REe] Z0)7MEE 530% H71EI-S W WHCSE AWRC
o] W3lE BW Table 35} 2t} Ju|7kEe Hrteko] 30%7HA]
Z713t] olebd WHCE 214% Z7FI53, AWRCE &F 10%
7} 7243519tk Quinnd} Patton(18)°) 2l3IH WHCE A% $ ©
WA HAEre-s BAEe o2 WHC 33 & UF
Ro] 484 Al AASY WHCEAN 847 884488 A
g vlw 2= oolela ¥l b Aok 3HH, Lin 5(19)
2 ¥4 w & gajio] AAHOEN F4go] TURICL B

Table 1. Composition of wheat and black rice flour samples

. . Carbohydrate(%)
Flours Moisture Protein Fat —— —  Ash
©%)  ® %) Fiber O™ (%)

fibrous

Wheat flour 1330 1095 110 030 7430 035
Black rice flour 11.75 6.70 175 1.50 7865 115

Table 2. Particle size distributions of wheat and black rice flour

v (Unit: %)
Particle size (mesh)
Flour
<10 120-140 200-230 >230
Wheat 245 30.01 67.47 0.09
Black rice 8.78 75.40 15.67 0.15

Table 3. Water holding capacity (WHC), alkaline water retention
capacity (AWRC), Pelshenke (PK) value, and sedimentation
value of wheat and black rice flour blends

Blend WHC AWRC PK value Sedimentation
ratio (%) (%) (%) (min) value (mL)
0 64120770 69.7£01° 415+2.1° 25014
5 66.1£1.8 66.8+02* 41.0+14 227+1.1°

10 749+1.9° 657+01° 415+077 21.0+1.1¢

15 765+13% 66.6+02% 405+0.77 20.0+0.0*

20 773+£02° 652%02° 405+2.1° 192+04"
25 769+1.0° 65.1+£03° 40028 17.7+04°
30 778+1.1° 627+0.1* 385+0.7° 15.5+0.7°

DThe same superscripts in a column are not significantly different
each other at p <0.05.
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Fig. 1. Relationship among water holding capacity (WHC),
alkaline water retention capacity (AWRC), Pelshenke (PK) value,
and sedimentation value of wheat and black rice flour blends.

Zalded, olgd AMIE nFo] Hol Zu7kee] thldoe] g
7H e ujsle] gA WAEE ¢ + Utk AWRCE cookie
spreadeh= H2o) AP-S ZH=t, sugar-snap cookie?] A=E g
A7 EAE oAZsed] 2 HESL rh20,21).

3, IO/ S A71eE B3HE9] Pelshenke 343 FA7Ee] ¥
35 HW, PK 32 SH7H Arkgol J7isei= Wiyt |l
o AAe Fu7kge] Hrhge] Uk wEbA 25 mLel
A 155mLE ¢F 38% HAdhs @48 Bt gvkgoz Hg
£ 3287171 20mL o3kl A vasE® il S7)7}
FrWto s ArhRe wud EAo] v FoAle
g & & 3ok

EZAMEE H7H BEE-e] WHC, AWRC, PK 3t 2 A7t
o FAE 29 Fig. 13 2th WHC AWRC 2 IArstshke 7+
7} r=-0.852%*, r=—0877**2] Ao] o] WHC7I S7idel wt
g} AWRCS} Arte 747 Zxe] Ao FA(r=0818*% r=
0.946**)0] AT PRIt A7} Aloldlm 1=e] Ao Fa
(r=0.892)& eERA.
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Mixogrpah S

Mixographs @ EFSA0lM 2o 443 54U 554
dashed] F2 o845 $ou, mixographs I Z7IAthel
YoM wkEe] gle2x EAS Wik AL B8 IR &
&, B9 A%, AZTAFY 2 58 d3sked s £8&
31A ol &H T UrhR2). LIIF EUIIEE 0-30% M &
ol sl 58% T8l mixograph EAE A Ao
£ Table 49} o] En7}g 7o) S713el wetA peak time,
peak height & width at peaks Z43le A4S BAL width at
8 min F7iste ATE BAth

Mixograph?] L EA] EAL FHHLE ZHFE gluten-
forming protein®] &J3IH FAAHY, wEA 7 d F5L FFXL
2] mixograph patterng ZHA "tk B AFA peak time,
peak height X! width at peak’} ZHA3dle 2 Ju|7bee] 7t
o o)3le] B9 gluten-forming protein®] ZrAFo @M L7t
29 HiZe] i 3ol ZaFE AoE ATHT().

9 mixograph S47 ©|s15HE A3 FRAAE 24
Table 59} 7o) ZAIE A7} gy 3% F E= Fo| 4
o) it F, Fu7kEe Hrlgel F7letel webd PK #
3 AR 2 AWRCIF 743814 022 mixograph peak time

Table 4. Mixograph characteristics of wheat and black rice flour
blends

Blend ratio, Peaktime Peakheight Widthat Width at

(%) (min) (mm) peak (mm) 8 min (mm)

0 58+43" 588+14" 2624259 94+0.5°
5 58%05"  56.0+0.7° 20.0+2.1% 11.8+2.5
10 51+02°  529+0.7° 187+21° 11.9+0.1%
15 47£0.1® 509+08 17.5+05 12.2+0.8*

20 45+0.1" 48.0+08 169+29° 13.1+0.6

25 24+1.0° 457+£02* 167+0.8 14.0+04°

30 20+£0.3° 478+02° 164+0.1* 145+09°

DThe same superscripts in a column are not significantly different
each other at p <0.05.

Table 5. Correlation coefficients between mixograph and
physicochemical characteristics of wheat and black rice flour
blends

. Mixograph characteristics
Physicochemical - -
character Peak time Peak height Width peak Width at
(min) (mm) (mm) 8 min (min)

Pelshenkevalue 71940 013+  0.866** -0.850%*
(min)
Sedimentation 0.724*  0022%%  0.843** —-0.856**
value (cc)
Water holding _ x Kk _ *k ok
capacity (%) 0.736 0.909 0.749 0.868
Alkalinewater | 7pex  ggggrx  0.g81%*  —0.853%*

retention cap. (%)

D% **: Sjonificant at the 5 and 1% levels probability, respectively.

Table 6. Rapid Visco Analyser pasting characteristics of wheat
and black rice flour blends

Blend ratio __Litial Peck  Minimum  Final
(%) pastingtemp.  viscosity ~ viscosity  viscosity
O ®RUY) R ®)

0 713£04% 261.4%10.18 176.0+7.7° 266.1 £8.48
5 713+ 1.1° 237.6+4.8" 151.9+3.0° 235.1+52F
10 723+£1.1° 2065+49° 1256+6.1% 201.8+54°
15 715407 187.5+02° 1141+£04° 184.5+0.6°

20 720+00° 160.5+£82° 958+64° 158.7%6.7°
25 733+1.8 1438426 843%0.1° 1432117
30 73.0+£1.0* 125.1+12* 745+14° 1267%1.3°

UThe same superscripts in a column are not significantly different
each other at p <0.05.

o] Zadle AL BT o9 & EAE peak heightd}
width at peakoll M= T3 AFE £ F AU WHCS peak
time, peak height T width at peaks}e #<] 4#g HAth

Rapid Visco Analyse(RVA) 2|8t 5354

FAAFY RVAS] o3 3542 Table 63 Zoh F07HF
o] F7ygel FUigel wekd Eshere 71.3°CAM 73.0°CE
o Fvkshe A% Eiov FAFRL fo48L8 it 28
1} peak viscosity?} minimum viscosityt ZUI7FES] HrlRe] &
7ysre] wEtA 7zt 26149014 1251RVU % 176.091A4 745
RVUE HA=7t 3430 gaste 2%E BArh o9 22 &
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3tepo] ZAagto =N Yehle AdE Ay, 53] A =
FAEE WG9S final viscosity?} SHI7HE H7HEFe] F7HE
w2} Rold RS FHolAE AR Ex} Alo|e] F|§o] dojd
o Az FAo) ofsly] wWE Ro=E AZHETH23).

A 79| 0|58ty 543 RVASHY AEAAE HH Table 75
2t} RVA E85st AA7E 2 AWRCE 242 r=-0.846** B
r=-0783*%9] 39| Atho], peak, minimum, = final viscosity:
277}, PKX 2 AWRCSR= o] Ao} Aol et WHC
ole wwe] Ho] Akio] AATh RVA EAZIE 1% & E

Table 7. Correlation coefficients between Rapid Visco Analyser
(RVA) pasting properties and physicochemical characteristics of
wheat and black rice flour blends

RVA properties
Characteristics Initial ~ Peak  Minimum  Final
gel. temp. viscosity viscosity viscosity
%)  (RVA) (RVA) (RVA)
(Srfii;nemaﬁ"“ value  peageen  09gs*x  0.981** 0,985+
Pelshenke value (min) 0.689 0.852**  0.812**  0.830**
(‘o"/'a)ter holding capacity o) gg7e+ 0.924%* 0912+
(1]

Alkaline water * wx *ok %
retention capacity (%) -0.783 0.905 0914 0915
Final viscosity (RVA)  -0.841**  0.998**  0.999**
Minimum viscosity . %
(RVA) -0.840 0.995
Peak viscosity (RVA)  -0.849**

D % Significant at the 5 and 1% levels probability, respectively.
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)2 2FA] Aol FHEA 409
= Ro Ago] e, 332 %4 Peak, minimum % final
viscosity9he 9] Ago] slo] Zsheert Sl wet Jx
7} ZaFe 4 4 AATH Peak viscosity®} final @ minimum
viscosity$he= Ztzt x9) Ao o] Utk o] 2 A
2 Chang® Kim(24) 2 Zeng 5(25)2] 97 Ze} dAsith

%9, mixograph peak height®} RVA 547+ #A& BEd
Fig. 29} 72t} Mixograph peak height®} RVA Z3heErto] o
AT (r=-0.826%°] UNS ¥ RVA peak, minimum % final
viscosityehes 3129 A9 el AU

2AHX| AHo|=3o] M= H 54

En|7l2e] HrPh 28R Aol batter?] pH & H|Fo v]X]
E 9% 29 Table 83 Zth Al°)Z batter®] pHE ZH]71F
9] FH7lggo] Z71ge Wl ZAZL 33%2A] A Wgtem,
H|Ze tia Zrlske AEL B Chang(15)9] A7AM=
2 Aola Az A 2 ELE HUIge 2N pHe AL
2 Zylske ATS 2900, Sung 5(26)8 AFAIAE F

1>
i

En7REE AR A9A Aelay] Ry, A E H|EH
HEE B En7l2e Hrlgre] 0-30% 7ol wEkA Aol
o] 9} v &AL oixFe vsiA ZHt 15.7% 2 15.1% 2
Zsiden], £A& HiT gtk

g, 29 Ao)=9] volume indext Table 8olA B uls}
7Z+e] 18.90-17.0524 BAIHLoE {2 Ao|7} AL Wk o}
Yt symmetry index®t uniformity indexse= Fr2lAde] glo] 23R
AolA AzA Fv7te] A7t AelZd & FFE VXA %
o2 IdEn) Chang(15)9] G971 3t 28R Aola A
ZA ZEZE Hgoza Aol=Ze symmetry index9t
uniformity index7} ¢1FS1 pol7t Utk BuEPEH, ol

200
> O v- 7.55x - 271.2
= r=10.976
g= 140 |
g3
> 110 }
=
= L®
80 °
50 . ) ,
45 50 55 60
270

y = 10.28x - 341.1

220 b r=0.972""

170

Final viscosity
(RVU)

45 50 55 60

Mixograph peak height (mm)

Fig. 2. Relationship between mixograph peak height and Rapid Visco Analyser characteristics of wheat and black rice flour blends.
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Table 8. Properties of sponge cake prepared from wheat and black rice flour blends

. Batter Cake properties Loaf index
Blend ratio - - -
(%) pH Sp. gravity V(E::L::I)ne Weight Sp.(g’é)/lgl;me Volume index Symmg;itl’y Unillf(ég;nty

0 7.68°0 0.70* 9434 238° 3.32¢ 18.90° 0.75° 0.06*

5 7.65% 0.71% 910 282 3.22¢ 17.95° 0.65* -0.05°
10 7.56%° 0.72%¢ 885t 283° 3.12% 17.50° 0.95° 0.16°
15 7.53% 0.74% 860° 280° 3.06™ 17.50® 0.80° 0.10°
20 7.49° 0.73%* 850° 283° 3.00 17.30" 0.50° -0.10°
25 7.44° 0.75% 840% 281* 2.98° 17.30® 0.70° 0.11*
30 7.43% 0.77¢ 795° 281° 2.82° 17.05° 0.80° 0.11*

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

Table 9. Correlation coefficients between specific loaf volume of
sponge cake and physicochemical characteristics of wheat and
black rice flour blends

Physicochemical characteristics Specific loaf volume (cc/g)

Table 11. Texture properties of sponge cake prepared from
wheat and black rice flour blends

Blend Initial stress Hardness

ratio (%) (x1000) @ Springiness Gumminess Chewiness

Sedimentation value (mL) 0.994**
Pelshenke value (min) 0.894**
Water holding capacity (%) —0.878**
Alkaline water retention capacity (%) 0.995%*
RVA" characteristics

Initial pasting temp. (°C) —0.805*
Peak viscosity (RVU) 0.983**
Minimum viscosity (RVU) 0.977**
Final viscosity (RVU) 0.981**
Mixograph characteristics

Peak time (min) 0.630
Peak height (mm) 0.908**
Width at peak (mm) 0.824*
Width at 8 min (mm) —0.492
Batter pH 0.963**
Specific gravity —0.802*

* #*. Sionificant at 5 and 1% levels of probability, respectively.

A7 B WE Aozt & 4 Slvh

23R Aoz v &HF} Furhe EFEY olFEY 54
2 wEe] AAzte} AAE BA Table 99 2t Aoj=Ze] 1
A3t water holding capacity, 2325 % HiEe] vlE3e 7
A =-0.802* ~—0.878*%)0] Yo}, diFHe] A= A
2F2H(r=0.824* ~-0.995*)°] Ut} o9 22 AI= Sung

oL

&
9]
9)
=
(<]

0 264%Y 153% 0.85% 101° 86°

5 274 156® 0.87° 101# 88*
10 259° 174 0.83% 113% 942
15 239° 181° 0.85® 119% 101%
20 249° 186 0.88° 128" 112%
25 306° 193¢ 0.87° 126> 110%
30 275° 208¢ 0.87° 138° 120°

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

(26)9 FETIYE AUk 2R Alolad A7AFet FARE
RS B

23R FAo]=29] crust colors 7S] ko] F7Fgl
oebA L oa B b3t BFVE Aadhe A%E 2L, cumb
colors Er|7h7e] H7bkol S7Hdel webs Lt bt A
FAoY et RroHoE IRk BHE BATHTable 10).
ol FWZFEt e F5E AFAl st 29 HrhE
o] /Il wetr AFA o] ZsiA vehd Aos £

oj¢} 2+ AFE Jung TS FUIZIRE AU Ae &
Hojl #F AFAME Fr7hee] Hrbgel Frigel wabs
o AZe QEAORD Mo AFAo] FFeiAEA HAHom
o] ol FA Vbt At dAske Aot

Aoz Ao JFgFe WAE 9 Aol & T,
718 dERE, 53 Fol e, diEez 7)ge] & 2g

Table 10. Crust and crumb color of sponge cakes prepared from wheat and black rice flour blends

Blend ratio Crust color Crumb color
(%) L a b L a b

0 50.5 1.5 182+02f 33.1+0.78 834+ 1.9 42+0.2* 21.8+0.7°

5 49.8 +2.1° 17.0+0.5° 31.5+0.9f 69.5+1.3° -06+02° 12.7+£04°
10 450+1.24 16.3+04¢ 282 +0.6° 61.9+1.0¢ 04+£04° 13.7+£0.3¢
15 443+1.1¢ 15.3£0.4° 27.1 £0.44 52718 24+0.7¢ 10.7 £04°
20 43.0+1.2% 13.8+02° 24.8 £0.5° 473£1.7° 45+04° 103+0.1°
25 422 +0.9® 13.4+0.3* 23.6+0.3° 451+1.3* 5.1+03f 9.7+04°
30 40.8+14° 13.4+£0.3° 22.9+0.5* 447 +£0.6* 631048 9.7+ 0.4*

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



Zol7he B3R o|518te B3t 2EA Aol FAEA 411

? Ao)lZYFE By} 23 BFErt ¥ AoE RIFHT gl
) U718 E AU 29A) Aol=e] crumb Bl S Table
1o BE ule} 720 initial stress(x1000)= 239-3062-2 2|7t
o BA1 fo4de] fith 28R AelZIAEE Z7HEY
A7} ko] Z7Kl wWekd 153914 2082 F718121 Sung(26)
o] HZFUMS H7Hg 28R Aojae] A=t 210-6074 H
3l 8] @ FFo|Yrh. Springinesse A7kl E Aol7t §1
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