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Effects of Ratio and Temperature of Soybean Oil or Butter on the
Quality of Sponge Cake
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The purpose of this study was to examine the quality variations of cake and cake batter when either butter or
soybean oil was added in plain sponge cake batter. Soybean oil or butter was added to the batter at ratios of
20, 40, and 60% at 20, 35, 60, and 80°C. The physico-chemical properties of cake batter and cake were measured
to evaluate the effects of ratio and temperature of butter and soybean oil. At higher ratios of butter or soybean
oil and lower temperatures, the specific gravity of the cake batter increased while the interrelations among
weight, volume, and specific loaf volume decreased. L- and b- values were the same, but a-value increased
remarkably with higher ratios of of butter. The effect of adding butter or soybean oil on hardness was shown
to be lowest at 40% and 80°C. Baking loss in the baking process with soybean oil decreased with increasing oil
quantity and temperature. Moisture content did not change with temperature, but did decline with increasing
amounts of butter or soybean oil. These results show that the optimum condition for sponge cake would be 40%

soybean oil at 80°C.
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Table 1. Sponge cake formula

Ingredients Weight (g) £ b2 (%)
Flour 200.0 100.0
Sugar 3320 166.0
Egg 3320 166.0
Salt 4.0 2.0

Yf. b.: flour basis.

Mixing bowl Whole egg
!

Mixing Mix at 2 speed for 30 sec
| Add sugar and salt

Mixi Mix at 1 speed for 30 sec
1xing Mix at 8 speed for 4 min
!

Scrape down
{

Mixing Mix at 8 speed for 4 min
!

Scrape down
}

Mixing Mix at 2 speed for 2 min
i1 Add ¢ake flour 100%

Mixing Mix at 1 speed for 10 sec
}

Scrape down
{

Mixing Mix at 6 speed for 10 sec
il Add oil or butter

Mixi Mix at 1 speed for 5 sec
1xing Mix at 6 speed for 5 sec
i

Panning 300 g
i

Baking 190/160C 15 min
)

Cooling 30 min

Fig. 1. Preparation of sponge cake.
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21 cm, Zo] 45cme] ol 3008 ol H7vl= 2E(Oh-
Sung Co., KoreayS AR&-3t] S1E 190°C, o}=hE 160°C 3}
oA 1587t 5715 st

Umo| vlE, cake? FH|, FU, H|8N, F7|AHe =
71EM ¥ REHE

Wh==0] H|S(Specific gravity)e AACC methods 10~15@¢]]
wgt &35t -, v FAE S vS Pl 715 gol ¥
AE 33 ¥HE 245l SFe] g v 23 Hjg 7
3t 715 v cakeS Wl 3087 Wz 3 A
£ 33 & 243t 571§ Rl Aelze Rye 4
HOL o] &3le 33 whE 2438 Alolze vjgFH®L
7159 BuE Bg FAZ o] TEit AF AEY
FEGFL Aolze] AAREY 9, ol 1 g AAY F
ZHRRL FH3le] AACC methods 10~15%29) wiel 29HA| air-
oven'goll o) 33 WHE S TE B3, cake?] H7] AA
X9 F71E&A0] Guht =R oprr] $sle #7) A
s BA9E F3 A 308 o] FA| Aol wkEe] 7A)

HoE W

Cakeo| & &3

WzZhE  cake®] crumb Color Difference Meter(Hunter
lab, CQ-1200X, USA)E A}&-3}od, L(lightness), a(redness),
b(yellowness) ft< 43 WHE- SA5AT AE 21cm Aol=
oA e EFE 45cmE AYF 12emE FEs)] o}

= AFATEA A 35 A A 5 (2003)

Table 2. Operating conditions of rheometer

Test mode TPA

Probe Type P/35 (¢: 35 mm, cylinder probe)
Pre Test Speed 1.0 mm/sec

Test Speed 1.0 mm/sec

Post Test Speed 10 mm/sec

Distance 25%

Time 5 sec

lyzer TA-HDi(Stable Microsystems, UK)E A}&-3l4 texture
profile analysis(TPA) modeZ HZE 83
o] W &4 Z7L Table 2%} 2t}

EHEN

RE AEL 3 wE3l] AY F 33 wkE 24t o
o7 v|F, FA, 9, v|&H, A4, Ax T AE 2349
EAA 7= SAS(Statistical analysis system) programs ©]-§
slo] AFOlE ttestE, Fo B H4AHEA] (Analysis of vari-
ance, ANOVA), Duncan’s multiple range test® 9 &3
5% TN FAFs

&3t f 0

Cake H=9| H[E
HEF 2 HEY

A&t H7pe pErt 297

# A 1emE A2 60X60X20cm’® et A3 ol WiEe] HiFe wXE FFL Table 37 2Tk Aola
ol BE AHogE WL =9336, a=-097, b=043)2 A}  wFe] ¥FE W59 5S4 wE @it Alo|aRtsd
85130 em AE@b) @2 the] Aoz 73t o] o AE, A bFo] Ytk AL WS B2 377 REHA S
Aa, B AbS] Fh2 W] I, a, b @ AR L, a, b 3 < ouldit} 72 FAY wEE Fg o H)Fe] oW 7
zko] g o83k 7} FolR| 3 H]Fo] wow Ryt AR wjEe] A
HFE REvhe AL ARPFNA Fasit e B3
AE = J(AL)Y + (Aa)” + (Ab)? Aojze) YRZANE 2 de wAt) BFe] Fod
Rzzo] 2Hsla FAL 2HA7L HEoR|H, HlFo] ¥
Rheometer0fl 2|8} texture S om JRzHo] w2A B3l 2Fo] ARl A¥HA} v
A2 caked 6.0X6.0X20cm’ZE HY3}] Texture Ana-  o}Th Uuk AF|AHA )] H]Z-E Misukoshi®E 052 7
Table 3. Specific gravity of sponge cake with soybean oil or butter
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 0.49 20 0.57 0.60 0.65 0.607 £0.04*
35 0.55 0.58 0.61 0.580+0.03°
60 0.54 0.55 0.59 0.560+0.03¢
80 0.53 0.56 0.58 0.557+0.03¢
Average 0.49°° 0.548£0.02° 0.573 £0.02° 0.608 +0.03° 0.576 +0.03*
Butter 049 20 - - -
35 0.58 0.62 0.73 0.6431+0.08%
60 0.55 0.57 0.63 0.583 +0.0448
80 0.54 0.55 0.57 0.553+0.028¢
Average 0.49% 0.557+0.02° 0.580+0.04° 0.643 £0.08° 0.593 £0.06**

ABCValues in rows with different letters are significantly different (p<0.05).

**Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
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Table 4. Weight of sponge cake properties with addition of soybean oil or butter
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Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 277.90 20 274.55 276.60 280.25 277.13£2.894
35 279.05 280.80 281.00 280.28 +1.078%¢
60 280.60 281.20 281.95 281.25+0.68°
80 281.30 281.60 281.65 281.52+0.19¢
Average 277.90°48 278.88 +3.03® 280.05 2,32 281.21+0.75° 280.05£2.26*
Butter 277.90 20 - - - -
35 276.50 277.00 277.65 277.05+0.58*
60 276.80 277.55 278.45 277.60+£0.93*
80 277.15 277.55 279.05 277.92+1.004
Average 277.90™4 276.82+0.33¢ 277.37£0.32bc 278.38+0.70a 27752 £0.81%*
ABCValues in rows with different letters are significantly different (p<0.05).
**Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
Table 5. Volume of sponge cake properties with addition of soybean oil or butter
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 1405.0 20 1087.50 1055.00 967.50 1036.67£62.07°
35 1195.00 1075.00 980.00 1083.33 £ 107.74%¢
60 1215.00 1105.00 985.00 1101.67 £ 115.04%¢
80 1250.00 1157.50 1057.50 1155.00+96.27¢
Average 1405.0 1186.88+£70.04*  1098.13 £44.60° 997.5+40.67°  1094.17£94.13*
Butter 1405.0 20 - - - -
35 1077.50 1025.00 960.00 1020.83 £58.86°
60 1240.00 1040.00 980.00 1086.67 £ 136.14°
80 1295.00 1055.00 975.00 1108.33 £ 166.53°
Average 1405.04 1204.17£113.09 1040+ 15.00° 971.671:1041° 1071.94+118.28**

ABCValues in rows with different letters are significantly different (p<0.05).
**¢Values in columns with different letters are significantly different (p<0.05).
**%Values in group with different symbols are significantly different (p<0.05).
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Table 6. Specific loaf volume of sponge cake properties with addition of soybean oil or butter

Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 5.06 20 3.96 3.81 345 3.74+0.26°
35 426 3.83 3.49 3.86+0.395
60 433 3.93 3.49 3.92+0.42%
80 444 4.11 3.75 4.10+0.35°
Average 5.06* 425+0.21° 3.92+0.14° 3.55+0.14° 3.90+0.33*
Butter 5.06 20 - - - -
35 3.90 3.70 346 3.69+0.22°
60 448 375 352 3.92+0.50°
80 4.67 3.80 349 3.99+0.61%
Average 5.06* 4.3510.40° 3.75+£0.05° 3.49£0.03° 3.86£0.43*%
ABCValues in rows with different letters are significantly different (p<0.05).
2Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
Table 7. Baking loss of sponge cake with soybean oil or butter
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 7.37 20 8.48 7.80 6.58 7.62+0.96*
35 6.98 6.40 6.33 6.57+£0.36"
60 647 6.27 6.02 625+023%
80 6.23 6.13 6.12 6.16+0.06°
Average 7374 7.04£1.01* 6.65£0.77® 6.26+0.25° 6.65£075*
Butter 737 20 - - - -
35 7.83 7.67 745 7.65+0.19*
60 7.73 7.48 7.18 7.4610.28%
80 7.62 748 6.98 73610344
Average 73704 7.73+0.11° 7.541+0.11* 7.20£0.24° 7.49 £0.27**
APCValues in rows with different letters are significantly different (p<0.05).
**“Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
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Table 8. Moisture content of sponge cake with soybean oil or butter
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 29.68 20 26.70 23.50 22.70 243£2.128
' 35 27.80 24.20 23.50 252+2318
60 28.50 25.20 23.50 257+2.54%
80 27.70 24.40 24.50 25.5+1.88"
Average 29.68** 27.68+0.74 24.33 £0.70° 23.551+0.74 252+1.98*
Butter 29.68 20 - - - -
35 26.80 26.00 23.90 25.6+£1.50°
60 26.50 26.00 23.80 254+1.44°
80 25.90 24.90 23.80 249+1.05°
Average 29.68*4 26.40+0.46° 25.63£0.64° 23.83£0.58° 253+t1.21%
ABLValues in rows with different letters are significantly different (p<0.05).
*“Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
Table 9. The L value in crumb color of sponge cake soybean oil or butter added
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 84.18 20 85.16 84.53 85.32 85.00+0.424
35 84.95 85.24 84.64 84.94+0.30*
60 85.77 84.36 84.42 84.85+0.80*
80 84.29 84.66 83.93 84.29+0.374
Average 84.18+4 85.0410.61" 84.70£0.38% 84.58 £0.58% 84.77£0.52*%
Butter 84.18 20 - - -
’ 35 83.79 82.80 82.71 83.10+0.60"
60 83.47 8292 83.54 83.311+0.34"
80 83.60 83.05 83.58 83.41+0.31"
Average 84.18* 83.62+0.16° 82.92£0.13 83.28 +0.49" 83.27 £0.40**
ABCvalues in rows with different letters are significantly different (p<0.05).
*“Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
Cake@| AYA} TgEo] Qi Ao ARHT. wEQ S4o2 JREw
FAe H7PlEd HUA] 2o wEh Alx8 A7 ol & WEY] AXA 001% H7HHE oME i F9
ol crumb®] M7Z-& Hunter MXHAIS] L, a, b B AE %O oz we A WA Hof agtd 9FE F= 24
2 BAEE e $49 A= Table 9~129F 22}, Hunter AlgEn}®® gAae 2 el bake tiFiek W BF
AR L, 0, b 2 AE LS FRS HE] 2E G182 ol vimTel fol4E vEriA 2otk meb ol #4
Aolg VBTt FUAE HolA g 2EE TE BE o ApIgeld ArNe exdlE ¥ 9%E v gt
A SUTE Cumb® W% S vehlle L uiFR A I AaEh ALE ABgS dlETet R A7l
hgol wet tlzesel felRE Uehigiont 4 mEe]l @ Aole ol astent, wElY Afole Hrh
Aol ATk HElE A7kl wet vizste] el 7zt o] 40, 60%°1A &Sl 2pelE HERdT. ZHA|A oA )
W0 AN usiTh AMEE ekl ke AR Ol e SU) 7Y Hoisle A oAU ¥ 4
e grom, MECIE +gkom Uetor, tiFael  B7 i Ao Frhu Boh & Ae wdd EFEY
734 &=o) uie} 20, 80°CollA %k ﬂlz%ﬂrﬂ FAE B wbgo] glojof shal e} wmrt &?4_?‘& Aol & Aoz
Grk. wEe] A9 vee Azhgel weh 4 ER fe  wEA QA
HQ) Aol§ RGom, A Luel mebde e
o] g wgk ZolE veph 538 WEY Hyp& Rheomter0ll 2|8t texture 58
20% A7 Al 0381 Rol, 60%2] 7S 1.052 *o|g Ho Agf 2 HEY] ArplES HAe] 2x7F 2HAA
59 el @7k Al RE9 Aolo] metE & Mok olze) Axel mAE FTL Table 13% Ak FXE EF
Qe A2 % o Mg AR GRS IMIE 83vh 3 2 duAmAA e 045kge R YERIE T
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Table 10. The a value in crumb color of sponge cake soybean oil or butter added

Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil -0.62 20 -043 -0.25 -042 -0.37+0.10°
35 -0.37 -0.60 -041 -0.46£0.124%
60 -0.54 -0.46 -041 -0.47+£0.07%8
80 -033 -0.52 -042 -042+0.10°
Average -0.62* 0.42+0.09° -0.46+0.15° -0.42+0.01° -0.43+0.09*
Butter -0.62 20 - - -
35 0.37 0.71 121 0.76+0.42°
60 0.39 0.67 1.03 0.70+0.328
80 0.38 0.60 0.90 0.63£0.26°
Average -0.62* 0.38+0.01° 0.66£0.06° 1.05%0.16° 0.70£0.30**
ABCyalues in rows with different letters are significantly different (p<0.05).
*P<Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
Table 11. The b value in crumb color of spbnge cake soybean oil or butter added
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 1932 20 19.16 20.62 19.52 19.77+0.76*
35 19.87 19.36 19.99 19.74£0.334
60 19.82 18.92 19.72 19.49+£0.49*
80 20.29 19.56 19.29 19.71£0.524
Average 19.32%4 19.79+047° 19.62+0.72* 19.63 +£0.30° 19.68 +0.48*
Butter 1932 20 - - - -
35 19.41 20.98 2091 2043+0.89%
60 20.76 19.81 20.57 20.38+0.50*
80 20.56 20.24 19.76 20.19+0.40*
Average 19.32* 20.24+0.73° 20.34+0.59* 20.41+0.59* 20.33+£0.56**
ABCValues in rows with different letters are significantly different (p<0.05).
**“Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
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Table 12. The AE value in crumb color of sponge cake soybean oil or butter added
Ratio (%)
Control Temp. (°C)
20 40 60 Average
Soybean oil 21.78 20 21.24 22.83 21.51 21.86+0.854
35 21.98 21.39 2222 21.86+0.43*
60 22.62 21.34 22.05 22.00+0.64"
80 22.62 21.80 21.86 22.06+0.46"
Average 21.78 22.12£0.66 21.84 £0.69° 21.91£0.30° 21.96 £0.54*
Butter 21.78 20 - - -
35 22.06 23.93 23.94 23.31+1.08%
60 2342 22.84 23.26 23.17+0.30°
80 23.18 23.15 22.51 22.95+0.38"
Average 21.78* 22.89+0.73%® 2331£0.56 23.24+0.72° 23.14+0.61%*
ABCvalues in rows with different letters are significantly different (p<0.05).
**“Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
Table 13. Hardness characteristics of sponge cake soybean oil or butter added
Ratio (%)
Control Temp. (°C)
20 40 60 Avereage
Soybean oil 045 20 044 0.46 047 0.46+0.02%
35 0.42 035 0.40 0.39+0.04°
60 0.30 0.30 0.36 0.321+0.03¢
80 0.29 0.26 0.30 0.28 £0.02°
Average 0.45% 0.3610.08" 0.3410.09° 0.38£0.07* 0.36 =0.07*
Butter 0.45 20 - - - -
35 045 0.44 0.49 0.460.034
60 0.41 0.37 044 0.41+0.04%¢
80 0.41 033 042 0.3940.05¢
Average 0.45*8 0.4210.02* 0.38£0.06° 045+0.04* 0.42 +0.05*

ABCValues in rows with different letters are significantly different (p<0.05).

***Values in columns with different letters are significantly different (p<0.05).
***Values in group with different symbols are significantly different (p<0.05).
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