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Effect of Superheated Steam on the Quality of Baked Sponge Cakes
KA #HKFS
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Shoko Shibukawa

Sponge cakes were baked in a superheated steam oven and a steam—free convection oven to compare the quali-
ty of products cooked with superheated steam. The superheated steam markedly increased the heat transfer coef-
ficient in the initial stage of heating. When compared with the cake baked in the steam—free oven, the one baked
in the superheated steam oven expanded more with visible cracking; moreover, its crust was darker and harder.
Heating with superheated steam increased the rate of temperature rise on the surface of the cake, resulting in a
shorter baking time. The cake baked in the shortest time with superheated steam also showed cracking and a
harder crust than that of the cake baked in the steam-free oven. The quality of sponge cakes baked with super-
heated steam was substantially influenced by the considerable transfer of heat during the initial stage of heating.
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Fig. 1 Temperature profile of the gas inside the oven and
the blocks painted black. - - -, temperature inside the
superheated steam oven ; —, temperature inside the
steam-free convection oven ; O, temperature of the
block in a superheated steam oven ; @, temperature

of the block in a steam-free convection oven.

Table 1. Apparent heat transfer coefficients (W-m™%-K™%)
of a superheated steam oven and a steam-free

convection oven.

Initial period” Stable period?

93.2£3.1% 45.0£0.1°
43.9%0.6°

Means value = S. D. (n=3). Values followed by the different
letters are significantly different (p<<0.05).

Y Mean value for 30 s after 20 s from the beginning.

» Mean value for 7 min after 3 min from the beginning.
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Steam~—free convection oven
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Table 2. The physical characteristics of the cakes.
. Superheated Steam-free
Characteristic .
steam oven convection oven
L* 47.6=3.0° 63.6+3.3°
Color (—) a* 14.6+2.1° 10.0=0.7°
b* 27.9x2.3 30.4x1.8
Moisture loss
9.8+£1.3 10.3+0.9°
(%, w/w)
Expand ratio Center 2.7=0.3" 2.4+0.2°
(=) Side 1.1=0.2° 1.2%0.1°

Means value * S. D. (n=3). Values followed by the
same letters in the same row are not significantly
different (p<<0.05).
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Fig.2 The breaking properties of the cakes. &, superheated
steam oven ; [, steam—free convection oven. Values
are mean * standard deviation of ten samples. *p<0.01.

Table 3. Sensory test of acceptability, color and food texture of
the cakes.
Superheated Steam-free
Sample Property .
steam oven  convection oven
Upper Over—all acceptability 4.5° 11.5°
Suiff’ace Darkness 16.0° 0.0°
. Brittleness 9.0° 7.0
r
ba Hardness 16.0° 0.0°
Over-all acceptability 6.5 9.5%
Inside  Darkness 5.5% 10.5°
part Moistness 9.0 7.0°
Softness 8.0° 8.0°7

Values followed by the same letters in the same row are not
significantly different (p<<0.05).
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Fig.3 Changes in the height and the temperature distribution of the cakes during baking. O, superheated steam oven ;

@, steam—free convection oven.
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Fig. 4 Changes in the relative height of the cakes. O, super-

heated steam oven ; @, steam—free convection oven.
Values are mean * standard deviation of three samples.
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Fig.5 Changes in the upper surface temperature of the cakes. O,
superheated steam oven ; @, steam—free convection oven.
Values are mean = standard deviation of three samples.
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Table 4. The physical characteristics of the cakes
baked in the shortest time.

. Superheated Steam-—free
Characteristic

steam oven  convection oven

Baking time (min) 11 23

L* 65.7x7.1% 65.3+1.4°
Color (=) a* 12.3+3.8* 9.5+0.5°

b* 38.2+2.7° 28.8+3.8°
Moisture loss

2.7x0.9° 9.5+0.7°

(%, w/w) 0.9
Expand ratio Center 1.9+0.3° 1.7+0.0°
(=) Side 1.6+0.1° 1.4%0.1°

Means value = S. D. (n=3). Values followed by the
same letters in the same row are not significantly
different (p<<0.05).
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Fig.6 The breaking properties of the cakes that baked

in the shortest time. &, superheated steam oven ;

[, steam—free convection oven. Values are mean

*standard deviation of three samples. *p<C0.01.

Table 5. Sensory test of acceptability, color and food texture of
the cakes baked in the shortest time.

Superheated Steam-free

Sample Property

steam oven  convection oven
Baking time (min) 11 23
Upper Over-all acceptability 15.0° 9.0°
surface Darkness 8.0° 16.0°
part Brittleness 18.0° 6.0°
Hardness 12.5° 11.5°
Over-all acceptability 16.0° 8.0
Inside  Darkness 11.5% 12.5°
part Moistness 11.0° 13.0°
Softness 13.0° 11.0°

Values followed by the same letters in the same row are not
significantly different (p<<0.05).

23

NI | -El ectronic Library Service



The Japan Soci ety of Cookery Science

A AFRER R

Vol 41 No.1 (2008)

LDEZOND, F—FOIRE, BHEEFEZEHELTD
AF 3 OBAFRIE ) ILENC R ), WHOEREDE
WZ EDEZ b,

r— F OB WS % Figure 6 ICR T, AF 0 TREBE
ThHE, r—XRBIMOBEHTEL LD A SHEIX, £
NZENSINBIUIENTHY, B 0HEELEE
(Figure 2) ORESDETH o720 LI L, BMTE,
LAHEHWEOWTND, F—7 v CRERMELREL 27 —
FOENLLY, BEICKEDP o7, TN RFIT
BB L 72 —FORBERENFEVI EHE L TnbL LE
AbNb, —HT, F—FHNEOWMTERR, +—7 VK
FEDBEMN 6 AN THADIZH L, AF I VEEDOEEIT
56NTHY, HEINEDPols THIFEIIRL KD
WA (Table 4) LBEHBLTWEEEZON, XA FaY
BT, RERHCERST 22 LICX ) ERNOKGH
REFIN, ROEPL RAZEEZ LN,

R CTREEL 27 — FOEREEEMETIX, Table 512
R LI, REMOBOZERITHRINS T, L EOH
ERERE—H LT, T2, T—TVEREOBEICHNT,
AF AV TREBELT —FOFRD A0 EFHE S L7258
WEIIZEWEFRO N d o/ F—FHEBICEA L Tid,
WINOFMERIZBWTS, F—FHMICEELRENRD
Loz,

FEROBRLY, ¥ —XADREAN T 2% o 72K
RIEBERT LT 2L, AFAVOBETIH1LHE, +—
Ty OBETIE 27 MOREETHSTHY, XFa Vi
F— 7V OREG ORI Ty — S AR SRS 5 2 LA
BEThol, COREIKFHETr —F2ERTAE, RAF 2
VIEBECTARASILNENC 2 508, BEBIIA—T VS E
RBEICZY, KOBRBRLAFIVBEDHEREE -7,
Lo, BROE» S —3FREBORE LREVSAF I VIE
BEOFFB 20, BB — 7 VBB D L]
THAHolz, REWCTA—F2IEETLRICAF a7 %5
s L, BEBMOEMIILLZLIRELZFATHS
W, AT VERE O OEREDENDY, F—FOE
KBLONEYEICEZ D HEPRENI EPRENT,
REHPEERARY Vr—F %2 AF 2V TREBET 512
i, BREAR 2 E2 TR BLEND S,

DEDMERYS, SRR EMAE Lot —T & L
5L, BEAERK AR LESMETIE, RELE
DOREE, FAEROBUIELLZEPROLNI, AF
O VEBECIMBEOEREN SN EHHRESNh, 0z
EPFABRZOAELENDICKRELEZELS2HEEZLN
bo Tz, BEUKESINBIZ L ARBEESL X OWEREE
OLEFIZ, MEARMOEHIIDEFS L.

2 B

1. $Aflo oy 72 HWTARF Ayt —T 2V OMEEED

24

(24)

HE A T o720 AF I VINBADEE, MEMMOEE T
Oy 7 ORELEFIX, F—T7MBHEREEFELIK
&L, BHLAPITOBIGERIL, +— 7 MEADK
21EDETH o720

AFABLTA =T EAVT 2 EERL:T
—FOPFBERE T B Lo IR, -7 TERL
T2 —FEELTHEDIIL, AF 2 TRELHE
BITEPRIBICBRPA>TELA, WEE o7, F
72, AFAVTRBELTF—FOhFMREBITEL, ¥
— X REBHOBEHWEBLUDASWEITKRE P72,
ERREIZBVTD, REABIUEI0EWITEG S
n7z.

BRERM, $2bbr—FHNOREEEL 0T 12:3F
LR CRBEEZR I —FOMBERE T B L 72,
JERERIIAF a2 VWAL 110, A—7 %8
WaE25ETHY, MEDFr—FrkETEE, LT
EIZEVIZFEDOON VL0, BREBIUERIIESR
ol Flz, AT UTRBELIZ—FIIHRBE, X
F O TRHBELIFNOF KRG REFRIEL R, 7
— XA OBEIHTEIIFREINE P o720, F—FEE
OB EII R & o 72

FEREAREIC BT A AN OBES A ARz, AT 2
VTCREBEL X, AT U TRBEL -3k
Rp EREBAE» L — X EBITORE LA ES
BMEEUC X AR DEENRDO LNz TD LK) RIER
WMED 5 OBEREED, BRRPDEYEFORERD
MBICRKRELRFEE2E5 2D LEZON, BAFHOEMR
WZHHFSGTHIENEZ LN,

RERZBITTHICH2Y, B L THCZEBERFE
EXALER D ARAR, AHINE, BEHMETFOERICH L
BHOEZRLET,

X |

1) Rosana, G. M. (2001), Impingement drying of food using
hot air and superheated steam, J. Food Eng., 49, 291-295
2) Somkiat, P., Somchart, S., Somboon, W., Donrudee, J.
(2002), Desorption isotherms and drying characteristics of
shrimp in superheated steam and hot air. Drying Technrol-

ogy, 20, 669-684

TRAZE, BEAKXN, WERER (2004), BHKERE
Aw/-hxs7HT LEROEREL, &R 51, 167-
171

REELE (2003), EMOFEBREN BHAEROEHMT
~OIGH BEEFRLE LT, BEETE, 35 34-40

5) FEMEZEM (2005), MBEKERKERVIZROMTIEZ05H
BB AR, AMITZE, 48(14), 49-55

FIEREE, ETMR (2006), BEKERS L UHRESRIC
L AKEREGOFREHRE, AR, 53, 373-379
WINREF (2002), AF—ravRyvavi—T7,
EREE 35, 106-107

3)

4)

6)

7 #

NI | -El ectronic: Library Service



The Japan Soci ety of Cookery Science

BEIKEER DB ik D

RHEAFEIC S 2 53

— ARV —FOREHE—

8) Philippe B, Patricia F. (1995), Vitamin C Destruction
During the Cooking of a Potato Dish, Lebensmittel Wissen-
schaft und Technologie, 28, 506-514

EHH, BREE (2005), BHKER LRV 2ERON
— %7, BEmTE, 48(14), 40-48

MBEM, BAREL, HPEE SRER (2006), &
KREFRIC L ABFEFHEHMORS, FEREE, 39, 163-166

Patricia, F., Philippe, B (1997), Reheating of a Chilled
Dish of Mashed Potatoes in a Superheated Steam Oven. J.
Food Eng., 33, 57-80

Murphy, R. Y., Johnson, E. R, Duncan, L. K., Clausen, E. C,
Davis, M. D., March J. A. (2001), Heat Transfer Properties,
Moisture Loss, Product Yield, and Soluble Proteins in
Chicken Breast Patties During Air Convection Cooking,
Poultry Science, 80, 508-514

BT (1989), ARV T —FDWik,
22, 84-93
14)  #I#TF (1998), RAEIZHBIT AMBOEHNBITB L O

PERRICE T 50198, REGE, 49, 949-958

9)
10)

11)

12)

13) AR,

bz
BHOKEL TR L2 R]a o

RAEMETZHLPIZT 5720

a—»
-,

15) WHEF, #ILEE, &IEF (2002), AF—harN
7Y a ryA— 7 OINBGEE, KEGE 53, 331-337
16) AKBIEE (1992), 7 —FBEHRO X H =X 4, FAEFZ
25, 153-158

ELET, kBETF, KEL#T, WHAET (1994), A
RYD TV FOBERBREIIBIT2EREERRE ST
OB (28 AROES - HIRLEERBE, FHERE
27, 39-44

REREER, BFEZ6, (2005), BHUKEROEE, &5
T, 48(14), 20-28

HARE— (2005), BEAKEKEZHVLIERMIE Z0M
AR, AMTE, 48(14), 29-33
20) fRELHERE, Wit FEFL (1997), BEUKEKE
EIZBT D EE, O RENOREBE, BABMESHRT
# (B#), 63, 2764-2770

17)

18)

19)

(FEL194 2 A 28 H&AF, R 194 10 B 17 H %)

ARV A —FHhAF—rarRraryt—7rB8Lk

UCRERDA — 7 TR L7, BEKREARL, BREOHOBMEER2ZE L (NS, BREATER L7 —% 12
e, BEUKESTHERE LT NEBREDPA->TE LA, RBOBFIRCRY, BEAE L, I, F—FREHROE
BEAEEZRD, EREMOEMEICEHES Lz, RERMTEREL T, BEUKBERTERLL —FORBIMIZITRIL

DREFEL, B hole. BREURERIC L AEHAM OB WEEED,

(25)

AEMOREICEERZS A TWAEER LN,

25

NI | -El ectronic Library Service



