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Effects of Beetroot (Beta vulgaris) Powder on Quality Characteristics and
Retarding Retrogradation by Shelf-life of Sponge Cake

Ka-Young Song - Hyeonbin O - Yangyang Zhang - Ki Youeng Jeong - Young-Soon Kim'
Department of Food and Nutrition, Korea University, Seoul 02841, Korea

Abstract

Purpose: This study investigated quality characteristics and retarding retrogradation of sponge cake added beetroot powder. Methods:
Sponge cakes were prepared using 0%, 2%, 4%, 6%, and 8% of beetroot powder. The specific capacity, baking loss, and dough yield
were calculated. Moisture content and pH were also measured. Color values were assessed using a color measurement
spectrophotometer. The retarding retrogradation was calculated employing the Avrami equation. Results: The specific capacity
increased in parallel to the addition of beetroot powder’s elevation, but baking loss significantly decreased. The dough yield was high in
6% and 8% additions however moisture content did not differ. The pH was increased in 0-4% additions. L and b-values significantly
decreased according to the level of beetroot powder. For retarding retrogradation, a 4% addition had the effect of delaying the sponge
cake’s staling. Conclusion: These results suggested that the beetroot can be considered a good material to improve the quality
characteristics, sensory properties, and after the addition of 4% of beetroot powder was able to delay staling. Therefore, so it is assumed

to improve the sponge cake shelf life.
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I.ME

HE+& olrag AQuirt ga A& AAE o8
U] Aol A= 7oA F= Aufsty Q77 Bwe 2
EO|tHKim SJ 2009). HIE+x= H|EFQ](betaine), S&}H 0]
T, gdlE, viEw, g4t 5 A1 ks 4o 359
S E(Kim BS & 2010) TR Z=tel(galatans), HE
(pectin), ©F2=3}e})(asparagine) 2 SFEFY(glutamine)
T3 oAl fUIAE &Yl 5o AEE sk
ATHKim SJ 2009). HIE ¥]e] PR 100 g3 43
kcal2 AZ2y A|Folil ©3E o] il
79.92%7F Bol™ BIEFT Bo(H4hF X Hmanganese)©]
FTHe AFoR2 TRA~RIY ZHS Wt FHE

e RG9S $th(Pajares MA & Pérez-Sala D
2006). HIE Bl HER] AAE 7HAA 1o, +&
gl HERl A F AANE He 212 HEpAobd
(betacyanin)©|THLee TS 5 2005). HIES] F A AA]H]
HEFA o2 QEEAJOII A SjtEE i) 9 3eke]
T35S AYL AtkLee TS 5 2005). HEFAoPH-S 4HY]
Aoz Az Aelg W ol gHoton, Ve A
A AFAANE EVLE o] 2By &2~ HAER, A, A
g, ofo]2=Ia 9, AR, AlEE 5 A & AT
=0l AR5 STt Grebben GIH & Denton OA 2004). H]
EE o]&3 A3gdTzE HE BT ) dAzEg
ZHo| Az L FFAEA(Jeong IJ 2014), HIE 7} 7}
ol 2 M2l FHEA(Seo EO & Ko SH 2014), H]
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EE g A7i"ey "ol FHEA A7H(Ko SH
2012), HERE FZE9 s €4 ¢ YTHEE A
7he ES5E Y] WARAAE 5 olshetd A4 F nAdE
o] M3KLee JH & Chin KB 2012), 2433} R ES 73
Ag)e] FHEX(Cho Y & Choi MY 2010), = BHIEZQ]
APt B T ARG AAR S FE A Qb
Aol HX= Y& Jeong HI 5 2010), HIE 71+5 7}
3k wholdn] f7)o] AlzzA 2 3KJoo NM & Kim SJ
2010), AlgXF2, HIEF2, eAoiHES 7tk AW
gt2ele] FAEAC] #g AF4(Shim JH 5 2003) 5°I
AT

2EA Alojd= AolAe] 7RO E AFE ¥ES FA
st ARk @hildo] WAl oaf wHEoiZIthWoo 1 5
2006). 2~EA| Aolde FE ABS o] g3t THI=
@Yol oJal Az FHHS TS ARESte] A
F REs A5k HEHS 2 71Fe] vAE 2
el VxR F53ta &71YE A4S FTHChae
YC 1997). H 2=EA Alolae] FHIFEE Hall Lot

FUHS AMSS ZHOE 7)eA8 ARE 7R AlF
gt 871 S7FekaL Qo] FEolu AAk, HY T &
g o] 8313 = FAoIth AYAFEE AHALA 7
e 7 2EA Aol FEE4(Suh KH & Kim

KH 2014), AHAu7nl Bhe H7isk 2ZA] Aoz
FAEA(Park JS T 2011), ANE-U ELS HILS A
39| FHEX(de la Hera E 5 2012), 18] =3} &
= H7heE 2EA] Aolae FEEE(Lu ™™ 5 2010) 5
o] Jlow HEE AAAM Fokd HEsl o]§ 7t
e FRIg ATe oA mHIg Aol

2 dAFdAe AL dut, abst 9 g ayd
< Ad HE B4g ksl »EA AolaE Az
st #4 B 2 3l mxe gkl dis) &4ska

2} sk,

I, Mz & Ay

1. M=

H| E(Haesolfood, Jeju, Korea)i= -60°C ©]3}lol|A &2
ZAZ(FD8508, Ilshinbiobase Co., Ltd., Gyeonggi, Korea)3t
% 9 A 7](HMF-560HK, Hanil, Incheon, Korea)% 243
3Fd 80 mesh A(testing sieve, Chunggye Industrial MFG.,
Co., Seoul, Korea)ell W& -20°CellA] W& X IHKF-600F,
Lassele Co., Ltd., Gyeonggi, Korea)d}lHA| A5 2 AL&-3}
Aot ®EE(CJ Cheiljedang Co., Ltd., Incheon, Korea),
HE|(Seoul Milk, Co., Ltd., Ansan, Korea), 2Z{(Pulmuone
Co., Ltd., Seoul, Korea), AABHCJ Cheiljedang Co., Ltd.,
Incheon, Korea), &>=(CJ Cheiljedang Co., Ltd., Shinan,
Korea), T-¢14HQingdao Fuso Refining & Processing Co.,
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BlE AEA o]0 FASA R s B 697
Ltd., Qingdao, China)2 AlFolA FU3FATH

2. AEX| Ho|=ze| M=

2F A Alo]=ZE Hong HH & Min KC(2003), Yi SY
5(2001)°] 7ol FEHIE WS MFT THHE
o]-gsled H=EE FaF| 0%, 2%, 4%, 6% L 8% T=<
HE 42 thAste] ~EA Ao|ZE A3 THTable
1). B(bowl)oll 180 g o] EZS Ho 1Tkl A] 30%3t
table mixer(KMCO010, Kenwood, Havant, England)E ©|&
st Aol ABd Ag, FAARE Hal 4TelA 5&
3ty 2ulETkE ol 8ste] Ao|Fal 4TollA] 5
BZF oA 3T 1 F 1ol A 303 3T
W22 23] Ao X %, HE 293 A0 FoEme
HEE Y1 et w5& sttt 49 v
HIE, w7] SAEF W= &5 NET 334 vhEsto
243190}, E3to] 9hmE WEL 8 inche] Wl 350 g
247t dol 170°ce] vl ddE O EMCI66GAAWSA,
Youngreem electron, Seoul, Korea)ol| A 2083t 9] 22
oA 1A B F B4S AAEHAT

3. BIZO| HIE, 37| AAE, U5 +80| &3
2FEXA] AlolA Hb=9] HlF(specific gravity), w71
E(baking loss), ¥+ F~&(dough yield) AACC method
(200000 we} AR 3514 BEse] 2% F 242 A
23T
Specific gravity (mL/g)= Weight of cake dough/
Weight of water
Baking loss (%)= (Weight of dough - Weight of cake)/
Weight of dough x 100

Table 1, Formulas for sponge cake prepared with different levels
of beetroot powder

Beetroot powder content

Ingredient (g/100 g of wheat flour)
Control B-2 B-4 B-6 B-8
Soft flour 100 98 96 94 92
Beetroot powder 0 2 4 6 8
Citric acid 0.3 0.3 0.3 0.3 0.3
Butter 20 20 20 20 20
Egg 180 180 180 180 180
Sugar 120 120 120 120 120

Salt 1 1 1 1 1

Control: without added beetroot powder; B-2: addition of 2 g of
beetroot powder/100 g of wheat flour, B-4: addition of 4 g of
beetroot powder/100 g of wheat flour; B-6: addition of 6 g of
beetroot powder/100 g of wheat flour; B-8: addition of 8 g of
beetroot powder/100 g of wheat flour.

2016; 32(6):696-703
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Dough yield (%)= (Weight of cake / Weight of dough)
x 100

=3
S
O

T

o

4. &

TEFE 1 em FAE ARE 22EA] Aol W HF crumb)
5 g2 Fsl He4d RS 7)(MB35, OHAUS, Zurich,
Switzerland) 2 Al Z.o] F-A7} WA S w7px]9] F&
TS AR 33 HEste] S & W &2

AR e,

AL
0

L

5. pH &H™

pHE= Alol= W5 10 g2 90 mL SRt 338 & o
Z7](Unidrive 1000D, Ingeni-eurburo CAT M.Zipper GmbH,
Staufen, Germany)= 1427t 23} A7l ¥ pH meter(SP-701,
Suntex, New Taipei City, Taiwan)E ©]-83}] A|5d 33
A HHE St HAgt FFUAE UERAUTH

o

M =23

A E= A T A(CR-400, Minolta, Tokyo, Japan)E
AHgStel LEH(BE), agh(HAE) 2 b(@4E)S 34
SR o, AEF(MAHS EF AT Hlwd AlF9]
AT 202 JERE 3oE e A8 o]8ste] At
Stk ol AGE EE WA LIS 9574, aftS
0.34, b3k 1.87°]1Utk. BE #2 AI8T 334 nHEs)
o =339,

22FEA] Ao]Ae] 2ZA7H2 theometer(Compac-10011, Sun
Scientific Co., Ltd., Tokyo, Japan)E ©]-&3}lo] =3} Th
A E+ 30 x 30 x 30 mm®] 7| = two-bite compression
test2 UGS probe(20 mm diameter)E ©]-&3t] A=
(hardness), T©F=/d(springiness), -3 “d(cohesiveness) =
3 (chewiness)= 7+ 334 QhE3sle] SA 33T

8. L3 £x =4

A% 713e| mE 2EA Aol 3} S5 theo-
meter(Sun Scientific Co., Ltd)E ©|&3le HEE =4
g & Avrami ¥ 2(Rojas JA T 2001)=
Avrami A|5E(m) 9k NP1/ E TEFATH

o] g-3te]

E—E
£~ B

log [- In ]=logk+nlogt

E: ANAE, E: A 39 BE, Ep 2719 A=, k
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WSS T < (time-1), n: Avrami A<=

9. AH|X} 7|SE XA}

2RA 7185 ZARE HiEhA 309 S TR A
3tk AlEE 30 x 30 x 30 mme] Z7E AL 20 cm9)
AN ol Axte] drERE AIRMSE FAISHY
Agstdet. B7PEHS 75 A =M o2 2P appearance),
ko] (flavor), H(taste), ZZFH(moistness) E AT A

(chewiness)< H7}ste] FA A 28t

10. SHXz2|

ZA1A8]= SPSS Statistics(ver. 12.0, SPSS Inc., Chicago,
IL, USA)E o] &3l E4HEA(ANOVA)S AAsHE o
Duncan's multiple range testoll &3l p<0.05 F==ollA Z+
NEZEY] oAl AtolE HE3HATh

1. BE=o| HIE, 27| &4EN = =2

HE B985 37s 2EA Alolae wi=e] vF, o
7] £4E 9 WF 589 SHZIE Table 29 2
H|Z2 tlxTo] 0.67, HIE £29] Hrigo] Z71d4=
HZL 0.55-0718 Fodog Zulsles AFS g
ATHp<0.05). ol H2F ELS H7ist ~ZEA] Aola
o] njFo] tiETo] 0.61, 40% H7o] 0.730.2 =73
Axel A3 0 H(Jeong HC & Yoo SS 2010), =HA|
A 2] HrbeF] wet vlFo] 0.35-0.530.2 7St
= 239} FASFY THSuh KH & Kim KH 2014). B3+
ol &2 17t 41E AolTdAE HrrEFel S el o
g} BlFo] 0.57-0.590.2 Zrlels AEFS YEIIY
(Jung SY & 2015). w7] €& A5, vE &2 A7}
g wel {57 EHEC] fFolHoR fadhe
YERJ A tHp<0.05). H7] £AES F+ 34 5 W50
Fo] HEFEsIY FF7Ite]l F7k=Eo] HHo] v Hx|,
E 5o] #Aste 7|AZ Mo £AFEE HAoE A
Eo] el Mao] X4d7 AR Aodfe A
FEAZH s w7 &£4&0] v Yehd Ao=
A AZTKChoi GY 5 2007). Svls 23 747 2=
AolZNA Zulsst g B Hriske] S71ge uet
17 £4&0] Zashs Aol FARBIATHKIm KH
5 2009b, Choi SN & Chung NY % 2010). HIE ~¥3|
Aolze] Hix F&& HE BT 6%} 8% 7ol
93.07%%} 92.16% = 714 =A UelTh

o

2. aEEtEl

HE B H71sl ~E x| Alo]79 2332 Table

ol

http://www.ekfcs.org
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Table 2, Specific gravity, baking loss, dough vyield and moisture content of sponge cake with different levels of beetroot powder

Beetroot powder content (g/100 g of wheat flour)

Properties
Control B-2 B-4 B-6 B-8
Specific gravity 0.67+0.01"" 0.55+0.01 0.64+0.02° 0.65+0.01™ 0.71+0.02°
Baking loss (%) 9.35+0.01° 10.17+0.01° 8.94:£0.02° 6.93+0.17° 7.84+0.05
Dough yield (%) 90.65+0.01° 89.83+0.01° 91.06+0.02° 93.07+0.17° 92.16+0.05°
Moisture (%) 30.08+1.94° 31.23+0.62° 30.73+3.51° 31.47+1.58"° 28.4042.24°

Control: without added beetroot powder; B-2: addition of 2 g of beetroot powder/100 g of wheat flour; B-4: addition of 4 g of
beetroot powder/100 g of wheat flour; B-6: addition of 6 g of beetroot powder/100 g of wheat flour; B-8: addition of 8 g of beetroot

powder/100 g of wheat flour.
" Values are Mean=SD of 3 replicates.

“¢ Different superscripts within the same row are significantly different by Duncan's multiple range test (p<0.05).

29} Zt}h HIE B 8% H7kEo] 2840%% 7MY W
FEEFS ey AIS3F fFolFQ Aol (I
Thp<0.05). °]i= HIEQ] WERR] Ma F AR 2o dF
o] A%k FRAFHOE A3 Aoz gAY, F=RAF
go] 555 A5 FRIFS 7FASHA Fth(Lee TS
S 2005). R 7R sl 11.69%, HIE 2%
o FEFFo] 5.24%= Yl "W7HF SRl thvlske
HIE B29o] Hridgo] S7184E 2~EA Aojae &
ghego]l Ak Ho R AAZITE AlF £ HIIE
S7FEFSE 2EA Alo|FddA FEF ] thaT 36.59%,
AT B2 1%7F 36.08%, 2% 7] 35.80%, 3% M7}
0] 35.05%, 4% H7hEol 34.00%=2 TAshe= ZAie}
FALSFH O M(Lee S & Lee JH 2013), T4 E2-2 H7}
gt ~EA] AolFME iR FEETF] 36.00%,
Tk B 6% H7brol 33.00% 2.2 BA4F Eoro] Hu)bek
o] F71el wet o] aste S UERNRL
tKSeo EO & 2015).

3. pH

HIE ~EXA] Alo]|39] pHE Table 33 2T thxT9]
pH7} 6.88, BIE % 2% F7}ro] 6.98, 4% 7ol
7.000-2 0-4% F7HAl, 7ol S7keol wet pH7F 5
7Vebe AEFE Ao 6% A7 8% H7bdlA+
OhA] ZFashe AEs UefiIth HIES] Hrbe tix

I vlwste] Az A9 pH Wslels & 4

RA T A 717o] AojHel wel pHYF FATA A
ste Uz gy HES HVt 571 &5 pH
o Z+A Wsirt ewbetAl JEebAl EthPark BH 5
2009). RIEQ} &7 QFEAOPIA 313FES FAAE T}
A3l Ye A TuE 2EA] Ao A% pHZF 2T
o] 7.69, 5% H7}ro| 745, 10% H7}o] 7.63, 15% 3
7htol 7.56 0.2 YER} AlEZE FoZR] AolE UERY
A FUTHKim JH & Lee KJ 2013).

4, Mo

HE 2~Z2] Ao]79 X Table 49 2T HIE &
Tho] Lk 37.56, agkS 17.18, bak-2 3.93, AEGES 61.68
o|lom HE Eoe Hrlgo] FUIE wEt 2EA
Alolze] Latd bt o8 oz 7hAas B agh
oHow F7tste AEFES YEMAUTHp<0.05). AEZS]
75, HIE &32e] HrleFo] 71kl we} 28.19-51.028
Z7Fke AES etk ol LEAOPIA F3E
<l HlEtAobd Mol ot Z1o = Lgke] 749 wlekAlof
U AT S7hshel whet Y] EHUt 7HAE o] Rt
A3HAA] Lgtol Yol Ao E #AoE™ wiE s
g UEE agtd 371 o2 AAZIKSon EI &
2003). vlatdw) 2 H7}F 41E Aol ZoA HrMEF St
of we} Lat¥} bake]l ZAshal agtel F7kshe Ads}

o g

Table 3, pH values of sponge cake with different levels of beetroot powder

Beetroot powder content (g/100 g of wheat flour)

Properties
Control B-2

B-4 B-6 B-8

pH 6.88+0.03"" 6.98+0.02°

7.00+0.02° 6.87+0.02° 6.89+0.02°

Control: without added beetroot powder; B-2: addition of 2 g of beetroot powder/100 g of wheat flour; B-4: addition of 4 g of beetroot
powder/100 g of wheat flour; B-6: addition of 6 g of beetroot powder/100 g of wheat flour; B-8: addition of 8 g of beetroot

powder/100 g of wheat flour.
Y Values are Mean+SD of 3 replicates.

*® Different superscripts within the same row are significantly different by Duncan's multiple range test (»p<0.05).

http://www.ekfcs.org
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Table 4, Color values of sponge cake with different levels of beetroot powder

Hunter’s color value

Beetroot powder content (g/100 g of wheat flour)

Control B-2 B-4 B-6 B-8
L 74.99£1.56" 63.02£2.27° 62.58+1.96° 51.8142.43° 48.05+1.12¢
-2.91+0.09° 9.35+0.54° 5.55+0.19" 12.95+0.54° 14.27+0.64°
21.53+1.20° 18.59£1.16° 21.62+0.85" 16.540.83¢ 15.74+1.10°
AE 28.19+0.47" 37.26+1.39° 38.35+1.29° 47.44+1.95" 51.02+1.01°

Control: without added beetroot powder; B-2: addition of 2 g of beetroot powder/100 g of wheat flour; B-4: addition of
4 g of beetroot powder/100 g of wheat flour; B-6: addition of 6 g of beetroot powder/100 g of wheat flour; B-8: addition

of 8 g of beetroot powder/100 g of wheat flour.
" Values are Mean+SD of 3 replicates.

*¢ Different superscripts within the same row are significantly different by Duncan's multiple range test (p<0.05).

e T —

Control B-2

—

Fig. 1. Photograph of sponge cake with different levels of beetroot powder,

AAstP o H(Jung SY 5 2015), 0] 713 Hrb 2EX
Alo]F(Park YS & Chang HG 2007)¢} ¥ B A7} 3}
£ AolF(Kim KH 5 2009a)°l4 H7}eko] Z7}3tol)
w2l LEksd bgkel Z4skal aghe] Skt Aol fAL
st o] B9 M7t =29 AolAdME HUHE F
7hell we} Lgke] ZF4stal agko]l F7tske AdS UE
Wlth(Park HM 5 2011). 2~EA] Ao]|H9] Mxof P&
& FE FAARE AEE 22 TR A, de
P Fo| opuytEzryd W A Eajo <% Zi
S8 ®Bu%3 tkShin JH 5 2007).

NI
o r

5, ZXIZt

a
HE 2EA Aolae] A7 S4E Yohus]
AR, o, S04, U4 5 Sgsgon, Az

fro 2

5 1o

Table 53 2t} AE& l27(86.97 N)Z H|w 3] H|E
B2 H7kEo] 125.47-147.03 NO.2 H|E B H7leko)
Z71kel et A7t STkl o, ©EAde] A9,
E 872 2% H/REE AQsta AEZE F9)HQ] Aol
UATHp<0.05). S 2 749 0.72-0730.2 A8t 72
2l ZFolE AATHP<0.05). WP HF, th2T(57.14
el vla] HE B2 H7E2 82.43-93.95 J2 &2 43
A& YRR ol HIE 7FF 7} Mol A BHE &
4 HrbFo] S APAol FoFHeE Frlske
Aol FAA 2 H(Seo EO & Ko SH 2014), &4F i+
A7} 2EA Alolze} ATt H7E 2EA] Ao Ao
Al FAEe Ut wet Axet FAel STl
SRl frelAQl Aol7t fle AFet YRI5 THKIm
JH & Lee KJ 2013, Seo EO % 2015). =3+ A} Bt

Table 5, Texture properties of sponge cake with different levels of beetroot powder

Beetroot powder content (g/100 g of wheat flour)

Textural characteristics

Control B-2 B-4 B-6 B-8
Hardness (N) 86.97+9.53"° 147.03£30.47" 125.47+16.74* 130.03+11.40° 143.00£16.65"
Springiness (mm) 0.90+0.70° 0.86+3.03° 0.90+0.68° 0.90+0.37° 0.90+0.92°
Cohesiveness 0.73+1.20" 0.72+3 46" 0.73+1.95" 0.73+1.89" 0.73+3.83"
Chewiness () 57.14+9.36° 91.04+40.29° 82.43421.53° 85.43+16.37° 93.95+16.00°

Control: without added beetroot powder; B-2: addition of 2 g of beetroot powder/100 g of wheat flour; B-4: addition of 4 g of
beetroot powder/100 g of wheat flour; B-6: addition of 6 g of beetroot powder/100 g of wheat flour; B-8: addition of 8 g of beetroot

powder/100 g of wheat flour.
D Values are Mean+SD of 3 replicates.

*® Different superscripts within the same row are significantly different by Duncan's multiple range test (p<0.05).

2016; 32(6):696-703
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A7 2FEA AolFoA HA=rF tiERT 13771 gollA
15% 71 186.86 g2 F7leRom, HaAo] iz
T 167.87914 15% 7k 206,072 F718l= Aaolx
FrARSFATHPark YR 5 2008). ol& HAlg2 H717t A
ol3 W 7]z gk vt A4 BAES Welste] Aoz
o] R 2A& gusiA THE FoZ oA, Aola
o FR3 g I A5, Fy] SO we) Aoz
AuAo] GEtxE Ao g AlgHTHPark YR 5 2008).

A AR £5E ol&st ZAAs FEE UetlTE
1-4 Arole] o= 1232 AR Iy Fxvr 9%
Aol EAolH 3-49] gt ZAA3 o] 4hlkA o)
37} gbd3] o] Fojd wizkA] ARSI XWE-S YERd
THKorea Food Research Institute 1997). tiZ=3} H|w s}
of 38} A &l 7]ES Avrami A G (n)7t ES @S

HlE AEA o] FAEH R st 24 701

2 BHEATtHKim SS & Chung HY & 2010). thzo
Avrami A 5(n) @2 1.19595 YeERJlon nHE R
4% A7 8% H7Fol 096349} 0.66442 23
Hlwsle] w3t XA a7t e A= Yehsth ARt
Fr(lhe SE4T0 952 S84 s =3 119
£ 5 Ul S gho] AE&4E, AR
#ol 245 =3 Ad a3yt & AL YERATHKIm
SS & Chung HY 5 2010). AZHE<R(1/k)] 3 dl =T
o] 13.79, HIE &% 2% H7}ro] 5.94, 4% FH7haol
22.22, 6% Z7Fol 41.32, 8% H7FTol 54.642 hET
I vlaste] HIE 28 4% o) H7F Al =3 oA &3
7} Yehs A2 AAEAT = hydrocolloid(CMC,
k-carrageenan) S Mol 7} A, Ao HAx F7} Fol
izl Hls) WA Uehd A A= FUHE AAs
= A3} FARIE S H(Lee ST 5 2008), BIEo] 374
A58 wERRIT i F Aol df=E e As W
HHEFHo| FolAHA 2~EA] Alola9 3P} Add A
2 oA Chung HC(2008)2] Aol 4% sourdough
o H7teFol SVl way ARt A (1/k)el el St

Table 6, Avrami exponent (r), rate constant (k) and time constant (1/4 of sponge cake with different levels of beetroot powder

Beetroot powder content (g/100 g of wheat flour)

Avrami equation analysis

Control B-2 B-4 B-6 B-8
Avrami exponent (r)" 1.1959 2.1593 0.9634 1.9932 0.6644
Rate constant (k)” 7.25%107 16.83x107 4.50x107 2.42x107 1.83x107
Time constant (hr) (1/k)” 13.79 5.94 2222 4132 54.64

Control: without added beetroot powder; B-2: addition of 2 g of beetroot powder/100 g of wheat flour, B-4: addition of 4 g of
beetroot powder/100 g of wheat flour; B-6: addition of 6 g of beetroot powder/100 g of wheat flour; B-8: addition of 8 g of beetroot

powder/100 g of wheat flour.

" Values obtained from slop of plot log{-In (Ei-E/) / (Ei-E¢)} vs log t.

? Values obtained from slop of plot In (Ei-Ey) vs time.
? Values are Mean=SD of 3 replicates.

Table 7, Sensory properties of sponge cake with different levels of beetroot powder

Textural Beetroot powder content (g/100 g of wheat flour)
characteristics Control B-2 B-4 B-6 B-8
Appearance 4.48+1.56™ 4.48+1.83" 5.12+1.39° 4.60+1.55° 4.96+1.46"
Flavor 5.28+1.06™ 4.7241.21% 4.7241.02% 4.72+131° 4.24+1.39°
Taste 5.00£0.96" 4.92+1.29" 4.88+1.13" 5.24+1.01° 4.28+1.49°
Moistness 4.68+1.41" 4.56+1.36" 4.76+1.20" 5.36+0.95" 4.7241.28"
Chewiness 4.92+1.35" 4.68+1.28" 4.84+1.11° 5.36+0.95" 4.84+131°

Control: without added beetroot powder; B-2: addition of 2 g of beetroot powder/100 g of wheat flour; B-4: addition of 4 g of beetroot
powder/100 g of wheat flour; B-6: addition of 6 g of beetroot powder/100 g of wheat flour; B-8: addition of 8 g of beetroot

powder/100 g of wheat flour.
Y Values are Mean+SD of 3 replicates.

** Different superscripts within the same row are significantly different by Duncan's multiple range test (»p<0.05).
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