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Quality Characteristics of Sponge Cakes Made with Different
Quantities of Broccoli Powder

Chan-Hee Kim* and Kyung-Ryun Cho
Department of Food and Nutrition, Hanyang Women's College

Abstract The substitution effects of broccoli powder for flour in the preparation of sponge cake were determined by
physicochemical and sensory analysis. The specific gravity and viscosity of the cake batter and cooking loss of the cake
increased with an increasing amount of broccoli powder, whereas specific loaf volume and moisture content of the cake
decreased. Lightness, redness, and yellowness of crust and crumb decreased with increasing broccoli powder content. A
texture analyses revealed that the hardness, chewiness, gumminess, adhesiveness, and fracturability of the cake tended to
increase in proportion to the amount of broccoli powder in the formula. In the sensory evaluation, cake prepared with 5%
broccoli powder was similar to the control in moistness, softness, chewiness, and springiness. These results suggest that
adding 5% broccoli powder is the best substitution ratio for sponge cake.
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Alolze] FAIER! B/HF= BHEI(CI Cheiljedang Co., Seoul,
Korea), 82 HWHCJ Cheiliedang Co.), 272 95% FAH
(CJ Cheiljedang Co.) 223 AlgH(Pulmuone Co., Seoul, Korea)y>
AAE FYste] dEg AAS & ARSI B2EE](Yoogi
Market Co., Hwasun, Korea)= 20097 109 EUIE|Z 743137
3 2 9 4 o]lgH BRE A9 5FA%Sigma Co., St
Louis, MO, USAyS A3}

H2E2| 24| UHME M

AW RS 2F3HA )0l BAE Ao wEt vk Zd3)
Atk F FE-2 105°ColA di7tEazY, @3-S Somogyi
W 2okl S micro-Kjeldahl A 3, ZA-S Soxhlet 5=
=W, 23T 550°C A3spos ksl
Hz=a| Bato| ascorbic acid ¥ B-carotene &2 A

Ascorbic acid F2(10) A& 5g° 4% metaphosphoric acid
gNe Hrlate] 50mLE L3k YAEE]7])(H-500R, Kokusan
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Ensinki Co., Tokyo, Japan)E ©]-8-311 300 rpmellA 158 &<t €
ARF3 & I AJENS syringe filter(0.45 pm, Waters Co., Mil-
ford, MA, USA)Z A#43g vy HQs wiF= 345k
HPLC(Younglin SP 930D, Young Lin Instrument Co., Anyang,
Korea)oll Y3t HPLC #4Z74L& UV detector 254 nm,
symmetry C,, column(3.9x150 mm, Waters Co.), mobile phase+=
5mM I-hexane sulfonate:methanol(6:4, v/v), flow rate= 0.5 mL/
min, injection volumee 10pLE 39T FEFEH-E L-ascorbic
acid, purity 99%(Sigma Co.)& AM&-3}S1t}. B-Carotene T=F-2(10)
AlE 0.1 g2 phosphate buffer? mM, pH 7.2)°] 0.7mM EDTA
9} 1.5mM ascorbic acidE FH7FeH & 3mLE i E2HAZI
% 2-propanol 1 mL%} SDS 05mLE H7}ele] #Aslslsich.
£ & hexane:dichloromethane(5:1)% 1.2 mM BHTS &§3F &
6mLE 7kl EAMAT]AL 25°C eFxolA] 158 WS
el #Asterdh o3 4°C, 5,000 pmellA 107 €4
o F olfiFS EEste] ALRE QAE FLATIL |

HPLC bufferdl] 83)A1A syringe filterZ 33t T3 10 uLs
HPLCO F3te] #4931t HPLC 42712 UV detector
450 nm, symmetry C,; column(3.9x150 mm, Waters Co.), mobile

lo, F—lE ‘1°l' 2 w

phase= acetonitrile:dichloromethane:methanol(7:2:1, v/v/v), flow
rate= 1.5 mL/min, injection volumeS 10 uLZ 3R ¥FEZS
all-trans-B-carotene, purity 95%(Sigma Co.)E& AFE-3}3iTh.

2AEX Alo|3 M=H
Aolze] BREE dS AUES Wel a3E #FE] ¢
3l Table 19 YR vle} o] L7k FAC] tisle 0, 5, 10,
15, 20, 25% TA|3F 2EA] Ao|aE FHRM ()R AZ3HA .
2FEA] AolAe= Alde] ARH wet o] TR wiEe=
Us  JdEd L7 100%] skl ' 166%, AT 166%,
AF 2%7F 71E WiE R gEA UAINE B AdAae BeF
T thAl el wep 72F 2EA] Aoz A7 Wz 3 B4
A #FZs] g8 2R, A", 8-S SHoR = F
EA Aoz wiH&(12)S o]&stHT Aolze] Az
o] 7|2HE FHATII AR S-S ST Al
EHE =34 8l7] 93t 45°Ce] B2 FEehHA] gAE
40°CZ FAAI7]+= hot mixing methodS ARE-SIAL(11) W
3EAZ UEATh 19 A E Al (whole egg)dt B T
A Wi RAEoA 30%, a&oA 827 AFHE =X 7](Model

Ea
s
B

fo te o rr X mo ™k
Lo N Mo

= HEZg o] Hrhd vEEs A58 ¥ 43S e
B Ao R mEA E4Et cake batters FHFEUTH 3T
A= o719 Aola RiFd &8 Yol AFFHS=E mEA
e o v WSS AT HiSo] B 7be
WSS IFFA0 R Y& Holx Fojlily AE 15em, &
o] 3cme] el 300 g8 "ol $IE 180°C, °FHE 160°CE &
ddd QE(FDO-7103, Dae Yung Bakery Machinary Co.,
Incheon, Korea)ollA 2587+ & tha A2o)A 1A A= W
WAzl & 2 B4 #s A 9 A AR

ol
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AEX Ao|3 vk=e| H[BH M= &3

2FEA] Alo]la W] B]F(specific gravity)> Alo]3 Az 3
4 F AT I FAE 935t o] A= ALSIATHI.
olm] R/ WrE 1gmlE 785kt

Wz Aola v=g @2 e AN 3o 74
M 25 g Aol FAN el 7
2EA AolA W] e g2 edE WSS 65¢¥ 100
mL H]o]7 o] suEtA dol F24Z(TC-500, Brookfield Eng.

Labs., Middleboro, MA, USA)°|A 25°CE 443141 Brookfield
digital viscometer(Model RVDV-1+, Brookfield Eng. Labs.)& A}
43} spindle number 3, &% 0.6 rpmolA] spindlee] 7
s7] Alzkete] 13 Fo) AEghe 38 W 23 ST,

AEX| Ao|3e] F7|EAMEN HIEY &

2EA] AolAe] FAE F& F Ao A7 ¥R &
S99 R TAXIHE o&3ATH14). wIEd e
F71 A vk Al 2 H A7 59 Aola FA zol=
WEe] B goZ Updla vlg-8e Alolae] Fulo tigh vt
= A9 vz AEIIATH).

2EX| Ao|79| +EEY 5

2EA] AlolAF Alzdt] 1A]7F WS 39} polyethylene film
o2 Wgdfed 20+1°CelA 397+ A%d8HA] Microwave Moisture/
Solids Analyzer(WAVE 9000, Stable Micro Systems Co., Guild-
ford, UK)S AME-3te] 7HE AxTd oz AN |
J Aeg Aolze] FARE Al 38 WE 2w, =
g Aol 0dE 2ET vy AARES 230°CIH ARl A

gl 2-

K58SS, KitchenAid Inc., Detroit, MI, USA)2] whipperS ©]&-3} He 2% 105°0)% {3t FHE 238 ARE celld] &7
egg-sugar creams A1 F 2E Al A E Aol 3] w9 E w FaL Tk
Table 1. The Formula for sponge cakes substituted by different levels of broccoli powder for flour (Unit: g)
. Ratio Samples”
Ingredients o
(o) Cco B-5 B-10 B-15 B-20 B-25
Flour 100 100 95 90 85 80 75
Broccoli powder Variable 0 5 10 15 20 25
Whole egg 100 100 100 100 100 100 100
Sugar 100 100 100 100 100 100 100
Salt 2 2 2 2 2 2 2
Water 40 40 40 40 40 40 40

YCO: sponge cake made without broccoli powder

B-5: sponge cake made with 5% broccoli powder substitution for flour
B-10: sponge cake made with 10% broccoli powder substitution for flour
B-15: sponge cake made with 15% broccoli powder substitution for flour
B-20: sponge cake made with 20% broccoli powder substitution for flour
B-25: sponge cake made with 25% broccoli powder substitution for flour
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Table 2. Operating conditions of texture analyzer for measuring
the texture of sponge cake

Table 3. Proximate composition of broccoli powder
(%, dry wt. basis)

Parameters Conditions

Moisture  Carbohydrate Crude protein Crude fat ~ Crude ash

Sample size 30 mmx30 mmx30 mm

Probe P25 (25 mm, dia cylinder aluminium)
Pre-test speed 5.0 mm/sec

Test speed 2.0 mm/sec

Post-test speed 5.0 mm/sec

Distance 40%

Time 3 sec

Trigger type Auto

Trigger force 10g

2EX| Fo|32 M £

EEA] AolAE Azt A7
o2 WEste] 20+1°CAA 3U7F AN 19 Ao R S
=319 AlolA9 crustd} crumb F2] A2 AT A (CR-200,
Minolta Co., Kyoto, Japan)E A}&3l%] Hunter L(lightness),
a(redness), b(yellowness) #to-2 AL ZF A|5Y 33 Wi

S48k

I2]3F &9} polyethylene film

2EX| Fo|39 2 2F
2EA Aol g

tlxg 7} 8 (Nikon, Coolpix S4,
Tokyo, Japan)Z #lo]= & J

e 54E dEelt

2EX| o379 M &H

2E2] Ao)Ao] A7 Azt 147 BRS F9 poly-
ethylene filmo.Z H3-5l0] 20+1°ColA 347 AAsPAA 19 7H
O 2 Texture Analyzer(Model TA-XT2, Stable Micro Systems
Co)E AH&ste] SAston M2 Table 29k 2t
TPA(texture profile analysis) 418 F3lo] 2zt Aolze] ATA
(hardness), %3/ (chewiness), 732 (gumminess), v—ﬁ/“(coheswe—
ness), -21J (adhesiveness), ¥HJ(springiness) 2 413/ (fractur-
ability)S 7tz 33 W SASIAL oW AolAe AJ=
3 cmx3 cmx3 cmZ 2R probe?] FARET IA 3l Aola F
AR o] ZA7LS BVt

AZX| #Ho|2o| BSHA
F5A Aol e HEIY JSHY21-234) 1032 #

SAAYe R MAEY FHEL Za A8 Hr iy 9 5y}
o)
A

1

S A A LY B 59 S

3 7wl Y g BRslEe] sl ARl ok 2
SE 09l ) o 5] 59 B N0 FAS @ F B
Sl $RES SRtk SHA] A ALSE FRE AE

A Ao]=2] éé%}(m()lstness), F-E 28 (softness), % E A (chewi-
ness), §F4(springiness) 522 78 HHEHH S Falc), 44:
A A E ik, 7R Aslithe ARgsted 13-4
THOR A4E 549 Axrt AsiAe Ag UEES 53
ok AlEE Aol 1A WA AlejAe}h 20:1°CAIN 3 &
ot A&k AolaE ZHzF 3emx3 emx3 eme 7|2 A= 37}
7 2= U;(]-_I,]i Z3sle] =g e U358 Wik HA|
of ¥ 22 ¥ &3 AEE H“—‘:— AL A AzskAach 18
o ARE Hrtet Foll= WtEA] B2 UM 7REHA A+ &

2 AEE HUIRIEE sl9en AL To 932 HAskel|
8t HAH R AQFEE AIZRE 2530202 Gt Egh

10.6+0.61"  49.5£0.23  28.5%1.71 2.6£0.12 8.8+0.18

YEach values are mean+SD (n=3).

*H (randomized complete block design)
et A AR ?101 ol F2= wiE 6714 A&
£ BF Wrieles etk A ke 49l AA 33 v A
Altler RE H7he 2F 3-5A] Atelo] AA| 0}013} ZH] 72t
135 Arks AEFYEH A4 20-264) 308 tdez
2EA] AolaE A3 F /‘e% oA IAIZE W

e e 2P FEe] AuE FE Ars ALY
At FEL 9F”Happearance) Bl (flavon), crumbe] #4(color), 2
ZH(texture), AAZ2 715 %= (overall acceptability) 52 78 71&
= Aol dojdit) 48X E AAE g}, 7S

Folgitho 2 F7IsITh(15).

pal

SHXE|

RE A¥AIE SAS software(version 8.12, SAS Institute
Inc., Cary, NC, USA)E ©]-&3}e] E4HE4 (analysis of variance,
ANOVA)YS AA)312L Duncan®] ©5H 9177 % (Duncan’s multiple
range tes)O 2 ZF A F 7H] {FOAE 5% FEolA AT
ot 7IAA SR A A BE Aol AHAAE ¢

o}®7] 913t Pearson®] FAIA FAS AAISATH(L6).
Azt g n@
oEgal gool YuE

=

=
et B4 A= Table 391 UYERAUTH BEZE] 2w

I grskE %P%LS— Z}zF 10.6%, 49.5%% LFERgTh whaE
28.5%%} 2.6%= e} B2 EE] YA
e B, 17)01]*1 xﬂAl S o ek 2009} 5.9%, AW gk
0.6%} 0.1%R = wl$ =2 shFolQtt. olzjsh UubdE 3
o] & Aole £ A Ayt BustE B2 FEeo)r] wE
olgtx A7 EL) Z3I|Ee] FFT 88%E Ho] HEF|e F
71" geFo] FR3IU Hd Wi 5(6)2 A}t FARIIH

=

H228| 29| ascorbic acid & p-carotene &
B23E] #%9 ascorbic acid FHS 47 mghZE UER} B2
2] ARE AEE AR o2 B2,17)004 A 7261,
120 mg%lths vl 2L ol ol BT s
g F ascorbic acid7} FHHE Aoz AztE BaFge 2@
9] ascorbic acid FH°] 41 mg%AThH= Kim 5(10)8] Rie=
A}3II ). B-Carotene IS 2.04 mg%= LFER} Hyun 5(18)
o] gt 0.76 mg%kith wi¢ =2 FqFS HYY BEEY &
2ol A 147 mg%A T Kim 5(10)2) AZEoe =4 Vet
st BEFE7F dAksE-S 711 ascorbic acid®} B-carotenes
ok hHakal 71wl s drd S UEldthE B
A (34,1009 2 AP A AR wEA] BERIEE 7

54 ARE AF) o §VIA =8t APPolE Fo EIE B
F Qe wa ohlet wsk Al YR Seter 4L
Sete] w912 913 HFNLAE ol§T 5 9 Aoleta A

g3t}
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Fig. 1. Specific gravity and viscosity of sponge cake batters
substituted by different levels of broccoli powder for flour. "In a
bar, means followed by the different alphabet are significantly
different at p<0.05. ?In a line, means followed by the different letter
are significantly different at p<0.05.
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Fig. 2. Specific loaf volume and baking loss of sponge cakes
substituted by different levels of broccoli powder for flour. "In a
bar, means followed by the different alphabet are significantly
different at p<0.05.?In a line, means followed by the different letter
are significantly different at p<0.05.

AEX Ao|39 F7IEAMED HEH
2FEA] Alo|ae #7]EdE&3) ¥4 Fig 20 YERIAHL
w7184E] A controlo] 15%% WERo] LrHE Egol o
gt HH%H]-E— ATk 180%, A& 120%= Az 729 6.85%HL
BE A7) HlwA 28] oo =& ARE HAEH ©]
= %_ I, AR, A9 902 ARSS sy E Wil Ao
2 AZE B-59 718482 controld FA7E §IAA R
Uz Alo|F= tiAFo] BSFE FoHom ZUIATh &
714 28 Qo Yl wiso] WA wf P AW V)=
7t e SAll Rl ZIAE SEdo s B gt
(11). & Ade] 9 ¥z vlsg d3=2= dixEo] 20%7H
T 7FsE Zlolgtal AR BREE e FRAEE
witel] o] o] BEFE Aol AL YA FE F
FElo] Aol ofsiEung SRR PRIt EESA k3t
Al =Hol 7EFATEE Xié}ﬂ—t— ot mEtA] 71EA] ZIA =
STHshs R o] Tk Wie] dAste FEEAHo]
AR AZHEL Lee 5(22)% iAol £He g
| Aolae] F71Edgo] 8oz ~7}o}°it‘r1 By
Ash= AFo|ct AlolA] Hu =i Y= v
A B controlo] 2.79 mL/gS 2 YER /\ix] L OED)
|22 5.86 mL/g(13)ell Hlal 22 RIZ FHEG=d o
EAgo] & oo vRIAE RiEe] Hig] o= 7+
FHET 2 Agy $As midv 2 3% Hwang?t Kim(23)<]
Al M = control®] 1.75 mL/ge] S H]E&4S Rt} H]8-4
o] 2.75mL/gS YERA B-5¢} controlE A3 U A] Ao|aE
o] &AL 178257 mL/gO & HIe] Fo] WEFE #7|d
o] AXHA H|EHL2 FojHoz s WM tAE
2 AMES B2 Bl EYog R ] sMEe
Alel x&eo] Z3le] PlﬂOiOk g TR BEFE 2]
2sl7] wjio] A oR Ao 3t AUE FAHHA &
Alo]|Ze] Fzo| WP} & &4013}1 Az, ol#e Ad=
W= U 7|2 BQE 2 He Bt MEe] st Alelae] F

O JN 2&
ar dN e & >

% o
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Fig. 3. Cross sectional view of sponge cakes substituted by
different levels of broccoli powder for flour. "See the legend of
Table 1
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AZEX| Ao|3e| et

2EZ] Aolae] 4R HslE Table 49 Ul Ax A%
ol control®] 29.5%%13 B-255 A9 UHR] BEIFe 2
A AlolT+= 29.42-30.39%= YERNO] controlzt FAFSFAY <F
7F 371 FEEEE B ol BEREd Ege FEAYE
o] Aola W s3ld HE] FE FEE A= 4TS &
ozx Aolae HFHS fX|5] wiolgtal A7t Control
I HlwA] FEEEe] fojdos Y wes HQl B-259] A
= Buo FEANE g¥o] JUHoz Aolg 77| Wi
Ql Aoz HRlth & BEFe] o] HIIZ st W/HE Ul
B o] Aol FEEFH| Al ulg}l 71gA
FEEH] O AXERZ g Aoz Rl ZAFAT Al
ola W mslEl MEe] S FHhe ARt Bt weii B
2 Y giA Alelae BRyEe gAY Hxd wnEt 3
o Wy} vt e Aol FEFH A== A=

o] 15% AEAAE 7158 RO Holth 1 olge 3lel A
129] B5EE ASANTE AZET 0|9} e A AE

A AolAol FEvts R FAELE 2-10%2 F7FE A5 4%

[e]

olah gl el conrolith F7FIEOLE 4% ol
Pl o8le Fol FASIATH Shin F4)el Bk fA4t
& Agolgdeh. 49710 WE FEIY Wl A5
2 WE Aolzrt YYH HAFS Bl A 2H LY staling)
o= Qg Folze] ¥ Fue] AWHY] wholeka Az,

AEX| FHo|32| M

2E2] AolAe AMe =43 A= Table 594 ) Alo)=A
A (crus)®] 749 HEE YERHE Lakol control 63.7591 Wk
W BaFe] B2 oA AolaE 53.19-61.98% YER} oA Fe]
S7VEE B e HolHA XA AFIAL. s
el = agtd FMEE e = bl controlo] 71 =
2 e Bl W giAFe] BEFE fodeg 7asisth
Alo]Z Wi (crumb)®] L, a, bt= B5F tiA|Fe] S71E0E &
ooz 7+4shs Bl crustet 593 AES UYERNATE £3]
agts A ZE Bege Edo) rXle mAoz Qs dA
A Ao B25e] 9ol 86308 S9to gL ofF
$ TAo] Mojng #AAY & Yotk HEEe Eug g
FE b FA} ol Aot Aola 7k FeoA=
YERR] ekth. A7 w2 Ale] Wsly ARseE o
Aol WSS crust®t crumb®] L, a, bgko] BF s B
o] FY3 A3FS el ole Alola A9 FRI
Fujo] a2 Qs air celle] RE7F XL oz o] 2
AR oFYx7] wjFEolgtxy AztHETh T Aol= cruste}
crumb2] Aol xpolE HQl AL Alolm EHIY YR 2% 3}
ole] 93t Aoz Aztw|m 2EXA] AolA ARA A B
71E crustet crumb®] L, a, bgke] B fASg Y By

Kweon 5-(20)°] A¥}eke frALATE

rol o

AZX| AHo|32o| 2E#N 5o

2EA] Aolze] e Fig 39 YT BEEy B
< AVEEE air celld] FEo] A3lE o] H|Fo] FUIEHA A
oA Rurt #aste AE & Uen M Foxe= 2
F= YU Nagae 525y wH=e] B]ES A|E9] 7133
Aol YIS Fo] HlFo]l AW FIIF F2 L3 air cellE
& QgAdo] "ojxH u|Fo] vrom uj- oFsla BAER]7] 4
& crumbe] A|ZETIL 3T B AT M= controlol] M]3 H]
Zo] AAsA Z7HE B-259] @S §okogw Azlo] wws)
Hoj R e 2ER] Ao|ante F4A Hole T{= Aol
o] A FARKATE B Alo]Fe] FARIE R A

Table 4. Moisture content of sponge cakes substituted by different levels of broccoli powder for flour during storage at 20+1°C

Storage time Samples”
(days) co B-5 B-15 B-20 B-25
0 29295040227 430.39+0.38" 429.91+0.19® 429.54+0.11% 429.42+0.45% A28.55+0.41°¢
1 429.08+0.12° 430.27+0.31° 430.08£0.33" 529.03+0.11° B28.13+0.12° 327.35+0.08"
2 827.37+0.17 828.20+0.34® 828.91+0.11° €27.79+0.21% €27.43+0.36 €26.36+0.42°
3 ©26.35+0.35" ©27.24+0.23" €27.17+0.17* 026.78+0.25% 026.17+0.17 P25.27+0.38¢

"See the legend of Table 1.
JEach values are meantSD (n=3).

Jn a row, means followed by the different lowercase letter are significantly different at p<0.05.
YIn a column, means followed by the different uppercase letter are significantly different at p<0.05.
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Table 5. Hunter L, a, b value of sponge cakes substituted by different levels of broccoli powder for flour during storage at 20+1°C

Storage time Samples”

(days) Cco B-5 B-10 B-15 B-20 B-25

0 AD63.75+0.147)  461.98+0.02° A57.84+0.18° A54.18+0.01¢ A54.03+0.01¢ A53.19+0.02°

. 1 862.58+0.01° 860.57+0.13 852 76+0.17° 850.68+0.04¢ B49.26+0.12° B47.48+0.32"

2 €61.57+0.03" €59.70+0.15" ©50.10£0.05¢ €48.45+0.05¢ €46.59+0.04° €45 47+0.05"

3 P60.34+0.01 P55 45+0.02" P48 81+0.49° P46.2120.59" P45 36+0.10% 44.69+0.04°

0 A14.03+0.06" A10.51+0.56" A8.62+0.91¢ A7.57+0.14° A5 74+0.12¢ A4.24+0.32°

Crust 1 813.510.36 AB1(),1240.54 Ag 5840.35° A7.5940.46° A5 4340.46° AB3 64:£0.24°
rust-a 2 €12.91+0.02° BC9.46+0.13" AB7 57+0.07¢ 86.56+0.16° AB4.95+0.63 BC3.22+0.11°
3 D12.35+0.06° €8.9440.08" B7.13+0.64° €5.40+0.17¢ B4.62+0.10° €2.83+0.57°

0 A29.49+0.09" A26.37+0.02" A25.87+0.10° A25.43+0.11¢ 422.0120.08° 220.07+0.14

b 1 528.40+0.41° A25.84+0.56" 525.05+0.44 824.91+0.47° 520.56+0.61° AB18.91+0.89°

2 €27.28+0.46" 823.81+0.43 €22.78+0.16"™ €22 .30+0.08° €18.0120.12¢ B18.32+0.45¢

3 25 83+0.11° €22.28+0.56" 20.210.02° 20.05+0.03¢ 16.71+0.61¢ €14.78+0.54°

0 A81.08+0.17° £69.02:£0.04° 264.92+0.01° 260.09+0.04¢ A54.58+0.03° 453.09+0.28"

L 1 B80.42+0.14° 268.93+0.13" 863.49+0.10° 850.27+0.03¢ B53.040.03° B52.1240.59°

2 BC80.29-0.04° 867.42+0.01° €60.54+0.07° €56.830.09" €51.79+0.04° €50.79+0.04

3 €80.1120.08° €65.68+0.01° D58 86+0.58° D55.87+0,04¢ D50.19:£0.06° D49 28+0.24

0 A2 36+0.06° A.4.8340.08" A.5.3940.05° A.6.75+0.01¢ A7.67+0.02° A.8.63+0.14

Crumb 1 8.3.79+0.07* B.5.50+0.01" B_6.94+0.01° B_7.96+0.01¢ B_8.66+0.05° B9 37+0.55"
umo - a 2 BC_3.88+0.08" €.7.4340.05 €.8.63+0.18° €.8.73+0.01° €.9.29+0.23¢ €.10.42+0.03¢
3 €.3.94+0.08° P_7.65+0.11° €.8.76+0.57° P_8.98+0.07° P_10.30£0.20°  P-11.06+0.21¢

0 226.24:+0.24° A577£0.01°  42534+024%  £25.84+0.01% 225 .61+0.21° 224.91£0.11°

b 1 AB5.85+0.01°  B25.47+0.07% B24.5040.07"  B24.55+0.06™ 823.900.53° 823.6240.55°

2 B)5.57+0.45° €24.86+0.09° €23.7840.04° €23 .40+0.43" €22.26+0.14° €21.48+0.15°

3 €24.85+0.07 P23.75+0.05%  P22.63+0.02% D22 21+0.52° 20.69:0.56° 2(.27+0.57"

USee the legend of Table 1.

PEach values are meantSD (n=3).

9ln a row, means followed by the different lowercase letter are significantly different at p<0.05.
Yn a column, means followed by the different uppercase letter are significantly different at p<0.05.

7REISE A= AFEHIAR A 2 82 UEhd

A AT Lee T260)= 2EA Alo)A AEA] UM 22

|

¢

A7VEFE Aol FYo] Yopxltha Hilste] fARRS B
Ak 27 ZL air cell?] TER thyA ~EX|(sponge) T-Z2E
12l control# Hwa| B B-59F B-1094= #dshaAE W

g air cello] 8otoz #AEo] Ryl @ Azt Rege A
=7} controld} FAFSITRE A & 4 ATh wetA Aoz =
A B2Ee 2] giAe g Ao B ues 5-10%
A7t 7bsd AoZ ofdEn Aola AR AFAEL] UiA
= Alolze] 9 TS A= AR HYTh

2EX| Ao|3e 4

2EA Aoz B2 Table 63 Al A= FARL
control3} B-57} Th& Alo]=e] Hls] w2 7S HAL thA| o]
F/ETE 9802 2 @S JEMITh Alolae] AA
air cello] HEAFE Fo7t AXHA Yotk o225
Fo] Ao AZA 5% AEe BEEeE B gAE 72EF
Hof| JgS IA PIRA] o} 7] Aol FAIHER F
g} 7A/do] controld FARHAl UEFEAITE DA FFo] BEF

71322 *01 A& =] l i 1 Axgo] fejHo=m Frtet
A4J1L BRAe] W3l o
2 ZVske wde A

o & ooff mY rlo

‘015} Park —(27)
1S 3-15%= ﬂ]olﬂoﬂ %‘37}6}9\5‘\%@] 3% WA A= control
FARBI O 2 olgel oAl A9 Aol Zviekitke
_H%__Lopiq— Mlzﬂ/\%y]_ xel—/HL:_ control‘»]- B- 57} 1:}% 7-]]0]3_0]]

LHE

ual felos el Eoi" vEge UL GATFE 3
AT E AGBEE ZE olft RO SUR A
Ao1s e Agele] T WA e e el

9] QalAe] ta AAXE RO sjAHE o]fd A=
Alola AxA TR HFES WHEss 43439 JFol
Skl Bad park 5(28)2 A Adebw FALEIATE H
A HHA Ax FFo= controlo] 7P Wty HEEE B

TS AT Foldoes S Ao Adrs =

E Jolzel A F7kehe mol €91e Aola ) Aie) w8
O15}o] crumbZHE] crust ZO.F FEo| Az} o]Eale] wla}

crumb Z-& GHIREA crust Z& FROZ 2d HAo] F}
a7 el Aeg Azt ¥ AN ©e BE Ao
3 7| FoxE Holx| gt UrkES] 5-10% AEE B2
) o= gAs Aolae FEdEke] S71sA] control
F AR A2S A F Je Ae® Jehg Aoz w3}



Hge] ol 47k

L] A3EX

L —

ELECESE

465

Table 6. Texture characteristics analysis of sponge cakes substituted by different levels of broccoli powder for flour during storage at

20+£1°C
Texture Storage time Samples”
parameters (days) co B-5 B-10 B-15 B-20 B-25
0 P9100.9242.137Y  P105.91+4.17°  P118.09+0.88°  P132.5243.21°  P149.05+4.71"  P181.7443.48"°
Hardness 1 €154.46+338°  ©159.3749.28%  €166.9246.30°  C188.31+621°  ©262.63+2.22°  €287.68+4.72°
(g/em?) 2 B216.88+4.92¢  P229.1148.59%  P238.3448.49°  P258.16+4.62°  P329.21+12.87°  P370.44+10.48"
3 A263.64+1.320  A265.88+2.92¢  A27836+2.48'  4326.43+1121°  *397.93+14.75"  *450.69+8.41°
0 D64.95+1.36° D66.58+2.13¢ D75.11+0.91¢ D843742.07°  D9822+2.87°  P114.26+1.93
Chewiness 1 €97.68+44.87°  €103.644331%  €109.5942.14°  €124.18+0.75°  €176.670.56"  €190.413.55°
(@ 2 B141.7745.17°  P139.46+6.89°  B151.48+1.74°  B177.544422°  5205.61+11.42°  B231.17+10.96"
3 A65A1£6.15°  A67.5442.69°  A182.77£0.97°  A212.054621° 424583348  4287.6143.98°
0 D68.03+2.13¢  P71.45£3.05¢  P76.82+1.64° P77.174026°  99.01+1.34°  P121.48+2.94°
Gumminess 1 €103.48+5.79°  €108.73£2.09%  €109.91+1.89°  €125.03+1.87°  €176.06+1.61"  €194.36+3.45
) 2 B137.85+5.01¢  P139.78+7.16°  P155.9442.55°  PBl64.1144.41°  P211.85:10.72°  B237.54+5.41°
3 A170.6242.94°  A170.54+021°  A182.2642.29°  A216.2942.05°  A254.63+3.18"  A298.82+4.87°
0 20.67+0.01% A0.66+0.01° A0.660.01% A0.68+0.01° £0.67+0.0° 20.67+0.01%
Cohesiveness 1 40.66+0.01%° £40.67+0.01% 40.65+0.01° 40.66+0.01%° 240.67+0.01% 240.68+0.01°
(%) 2 40.65+0.01* A0.66+0.01% A0.68+0.01° 40.65+0.01% A0.65+0.01% B(.64+0.01°
3 A0.65+0.01° 40.65+0.01° A40.65+0.01° A0.65+0.01° A0.64+0.01° B(.640.01°
0 P.0.19+0.01° €.0.03+0.01¢ €0.02+0.01° P0.130.02° P0.25+0.05 D0.44+0.02°
Adhesiveness 1 €.0.09+0.02° $0.08+0.01° B0.13+0.04" €0.2140.02° €0.34+0.02° €0.57+0.03
) 2 50.03+0.01° B0.130.02° 50.19+0.01¢ B(),32+0.03° B0.51+0.02" B().64+0.03"
3 A0.10+0.02° A0.19+0.02% A0.27+0.04¢ A0.410.04° A0.65+0.07° A0.810.02°
0 40.96+0.01° 20.96+0.01° A0.95+0.01% 40.940.04% A0.93+0.03% 40.91+0.01°
Springiness 1 AB() 950,01 AB() 95:+0,02° AB)03+0.01°  B0.92+0.02% £40.92+0.01% 40.89+0.02°
(%) 2 BC).93+0.01° BC).92+0.01°  BC0.91+£0.02®  AB).91+0.02® 40.91+0.01% A0.89+0.02°
3 €0.92+0.01° €0.91£0.01% €0.90+0.01% 50.89+0.01° B().860.02 B().85+0.01°
0 P2.96+0.32° P2.57+0.41¢ P4.33+0.20° P6.36+0.21° £9.27+0.06° P12.63+0.49°
Fracturability 1 €16.66£0.92¢  C17.51£1.45¢  ©20.47£0.19° €25.9241.49 €29.80:+0.88" €32.3140.72°
) 2 B21.70+0.65¢ P28.46+1.22° B30.95+1.84¢ B37.6241.08° B44.65+0.45" B56.1440.81°
3 A41.8340.11¢ A41.69+1.12¢ A45.89+2.34¢ A53.73+1.16°  %60.87+1.61°  "69.47+0.76°

"See the legend of Table 1.
PEach values are meantSD (n=3).
In a row, means followed by the different lowercase letter are significantly different at p<0.05.

YIn a column, means followed by the different uppercase letter are significantly different at p<0.05.
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Table 7. Characteristic intensity rating of sponge cakes substituted by different levels of broccoli powder for flour during storage at
20+1°C

Sensory Storage time Samples"

parameters (days) co B-5 B-10 B-15 B-20 B-25
0 A6 00£0.812%9)  A6.50+£0.52° A5.50£0.84° A3.70+0.48 A2 70£0.46° AL60£0.51¢
, 1 A6.10+£0.73 26.60£0.51° B5.000.47" A3.60£0.51° A2.5040.52¢ AL40£0.51¢
Moistness 2 A5 800.42° £6.60£0.69° BCY 70+0.48° A3.300.43 A2 7040.82° A1 .4040.51°
3 A5.70+0.67" £6.30:£0.49° €4.50+0.52° A3.50£0.27° A2 40+£0.51¢ A1.400.63"
0 A5.90+0.73% A6.50+0.71° A5.6040.84° A3.6040.51¢ A2 600,53 A130+0.48
1 A6.20£0.91° A6.40+0.69" B4,700.48" A3.60+0.51° A2 40+0.43° A130+0.48
Softness 2 A5.900.73" A6.3040.67" B4 40+0.51° A3 30:£0.48° A2 30:£0.46 A1.3040.43¢
3 A5.70+0.67" A6.40+0.69° B4 704£0.67° A3.50+0.52 A2.50+0.51¢ AL40£0.51°
0 A160+0.84° A1.700.48° A3.00+0.47° A4 40£0.51° A5.50+0.52" A6.60+0.52°
, 1 A2 00+0.66° AL40£0.51" A3.40+£0.51° A4.60+0.52° A5.60+0.51" A6.70+0.48
Chewiness 2 A1.9040.73¢ A1.800.78¢ A3.200.63° A4 5040.52¢ A5.5040.53° A6.7040.48°
3 A2 20+0.78¢ A1.80£0.47° A3.200.78° A4.5040.53° A5.50+0.52" A6.70+0.48
0 A5 801,13 A6.50+0.53" A510+0.31° A3.7040.48° A2.6040.52¢ A1.50+0.53¢
o 1 A6.10+0.56" A6.30+£0.82° B4.60+0.51" A3.6040.52¢ A2 5040.52¢ AL40£0.51¢
Springiness 2 A6.00+0.81° A6.00+0.66" B4,500.52" A330+0.48° A2 30+0.41° A130+0.48
3 A5 70+0.67° A6.20+0.78" B4,600.69" A3.40+£0.51° 8).400.96° AL10£0.31¢

"See the legend of Table 1.

PEach values are meantSD (n=3).

In a row, means followed by the different lowercase letter are significantly different at p<0.05.
YIn a column, means followed by the different uppercase letter are significantly different at p<0.05.

Table 8. Consumer acceptance of sponge cakes substituted by different levels of broccoli powder for flour

Samples"
Sensory parameters
CcO B-5 B-10 B-15 B-20 B-25

Appearance 5.80£0.912") 6.70+0.48" 5.40£0.69° 3.60+0.51° 2.50+0.52¢ 1.30+0.48°
Crumb color 6.00+0.81* 6.30+0.67* 4.90+0.99" 3.50+0.52° 2.40+0.51¢ 1.40+0.52°
Flavor 4.20+0.78" 6.20+0.91* 6.30+0.48" 4.90£1.37° 2.70+0.67¢ 1.60+0.51°¢
Texture 5.90+0.87 6.50+0.52* 5.60+0.84° 3.70+0.48° 2.50+0.52¢ 1.30+0.48°
Overall acceptability 5.40£0.96° 6.60+0.51* 5.90+0.73* 3.80+0.63° 2.40+0.51¢ 1.20+0.42¢

"See the legend of Table 1.
f)Each values are meantSD (n=3).
9n a row, means followed by the different superscript are significantly different at p<0.05.

Table 9. Correlation coefficients between textural properties and sensory properties of sponge cakes substituted by different levels of
broccoli powder for flour

Sensory properties
Moistness Softness Chewiness ~ Springiness  Appearance Texture Overall acceptability
Hardness -0.966**" -0.967** 0.974** -0.966** -0.961%* -0.967** -0.943%*
Chewiness -0.979%* -0.978%%* 0.984** -0.979%* -0.974%* -0.980** -0.958%**
Gumminess -0.911* -0.914* 0.917* -0.915* -0.907* -0.919%* -0.907*
?(e)xzur{?;s Cohesiveness -0.535 -0.545 0.453 -0.507 -0.543 -0.529 -0.561
prop Adhesiveness -0.939%* -0.934%* 0.967** -0.934%* -0.923%* -0.935%* -0.891*
Springiness 0.977** 0.977** -0.981%* 0.978** 0.973** 0.977** 0.956**
Fracturability -0.982%* -0.983%* 0.979** -0.983** -0.980%** -0.985%* -0.972%*
Dx #%: sjonificant at p<0.05 and p<0.01, respectively.
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