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Physical and Sensory Characteristics of Low Calorie Layer Cake
Made with Different Levels of Hydrolyzed Oat Flour

Eun-Seung Song, Sang-Jin Kim and Myung-Hwa Kang*

Department of Food and Nutrition, Hoseo University

This study was carried out to investigate the effect of rheological and sensory characteristics of the low-calorie
layer cake. It was made with different levels of hydrolyzed oat flour based on the weight of shortening. The
specific gravity of cake batter by increasing of hydrolyzed oat flour was decreased. The viscosity, however, was
increased. The microstructures of cake crumb observed by the scanning electron microscope showed the
decreased number/size of air cells, and the fat particles were also decreased. The texture profile analysis showed
statistically significant differences according to the different levels of hydrolyzed oat flour based on the weight
of shortening. The hardness, gumminess, and chewiness gradually declined by the increasing hydrolyzed oat flour
level while springiness, cohesiveness, and resilience increased. Although taste, texture, and flavor decreased by the
addition of hydrolyzed oat flour, it was increased in the appearance, color, and overall preference of the layer
cake. Taken together, our results suggest that a 45% addition of hydrolyzed oat flour could be the best replacer

for the low-calorie layer cake.
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Eille AoE dHAEA thdst 2Fe] "rE5 Qi o]
v BEY ST fARE A2e R, 23] Ad
F e WEAS 7T e B@53EA AR &g,

A E T8 AFANA A &S Folgle At
FAPHJA o, HZee Ae] dF Fs JAANE oA
4 A+ EZAQ  maltodextrin, rice flour, modified food
starches, hydrolyzed oat flour == polydextrose®} 72 =]yt
AlEo] MgEo ARHAZTS SolEes APREA B
L =S I Yoo gy AR Ee] AAFHe 2
A QA 5 3, @9gs: 238 YHeEE Ao
A JAT AAZ ABRHL = full fat Alo|Z} FA}
3 B4 AE 2 353 ARAS Jehlle ARE, 182
A 7Fed AR tid A7 AY sl

A 2 Ao A2 olo] Aoz AE 5 &
EY di4l gslEA AW S hydrolyzed oat flourS
oy 7] HER gATeEN EYH e AF5HoZ 7]
&9 Aozt S5 AY A F2E e § Sle
A A H&g AR FPHA
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SHEA AEHAEE A BEI = hydrolyzed oat flour
(Bob’s red mill natural food, Inc., USAYE AME3IeH, A
Z TLFHE USEF T Hrlete AME-EA
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Table 1. Formula for yellow layer cake

) Substitution level (%)?

Ingredients
25 35 45 55

Flour 100.0 100.0 100.0 100.0 100.0
Sugar 125.0 125.0 125.0 125.0 125.0
Whole egg 50.0 50.0 50.0 50.0 50.0
Shortening 450 33.75 29.25 2475 20.25
HOFV 0.0 11.25 15.75 20.25 2475
Salt 2.5 2.50 2.5 2.5 2.5
Baking 56 560 56 56 56
powder
Water 95.0 95.0 95.0 95.0 95.0

PHydrolyzed oat flour was expressed as HOF.
PBased on the weight of shortening

gom, Y Ao B ¥ wFIt 9d FHo2 EF &
¢t Wol Eolgle uEg FojllEth wix = dACME
kR A Ao 2 AxAR, 2L EF FIL speed
28 187 £ F A7 8 inche] MW fAAE 27
I 300g0] WHEL B 180°CE PlE] A¥E BN 35
B2 790, & AolAE Adx] Az A7 F AT
A A&

A F FA SA3AT o
T FFFY 9EE 1.00gmLE, 22 B39 HE o|&st
o ¥l e FAS% FHFE IS AL Wel 7, 2L
]

158 715 ARE W9 FAE A F = T F
B Fgo= Yol HIFOE I 78] W ST
= 53

Hh=9] A% Brookfield Digital Viscometer(Model LVIDV-
I, Stoughton, USA)E ©]§-5te] 3P| nizo] ¢ & 3t
2= 70 g¥< nlo]F o #H3l 6 rpmolA] No. 4 spindles ©]
£31 102 7HEo= 187 SN 73] vHy EAsIT

FARMAEI0|Z (Scanning electron microscope, SEM) &Y

o) B Alojze) ukE(4 gye FulE 70°CE 34"
deep freezeroll Al 3HFEE< WEAIZ & FHAZRII(DW 3,
Heto-Holten Co., Denmark)?] go] —50°CollA A7 B2t &
A AzANAY. SHAZAZ] A|SF Polaron sputter coater
(SC761C, Netherlands)Z gold= ¥ 3}3. SEM(XL 30CP, Phil-
ips Co., Netherlands)2 ©]-€3t9 21.3kVollA S00M=E &
Ak 2EY A} 71FY o EEX = 3 9
SEMALRI O] oJ3f) Z7g skt

Eh x Ed

Aoz @He ALolA 247k 437 Aoz rheElE &
a2z AAsiN AFY Axdd 428 g EsiHE
(Toshiba, Japan)E AME3t 30cme] AZelA &F3IA

Aolz wa Aol FE H4S AH Aolad A4
WEold WA e Edo] deht Lol
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Solu] sl QBN AolLE AW F Ao 247t
A% % 23990 7] A Aclze FFN 7L F A
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Aol BAL 2B AW Alo]aE oA 24
B#AS o Computer system3 AZE texture analyzer
(TAXT, Stable Micro Systems, Godalming, Surrey,
England)& AF&35le] Texture Profile Analysis(TPA) #41&
AAEAY. TPA 48 53 4ol A8 thsle] hardness,
springiness, chewiness, gumminess, cohesiveness, resiliences
243190t BHRAS Table 294 22 73] ¥hE 243190}
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Tabel 2. Operating conditions of the texture analyzer Zdxnt o &
Parameters Operating conditions
Load cell 5.0 (kg) sl HE H Hx
Pre-test speed 5.0 mmy/s Hydrolyzed oat floure?] H7F3g €Tldle] Wi k=g
Test speed 1.0 mmyv/s H]%: ‘;‘l 7@-17—'— ’%‘;8 @3"]“:‘ Table 3-"]’ Zg”:} :z[’__q] H]%\%
Post-test speed 5.0 mm/s A A&l uhel LKEY] tig AdE 25% 7= &
Distance 15.0 mmy/s o7} YR 45%L] AL-ouk o2 Blge] B} FoFo T
Trigger force 20g Al Vebstth, HXEE hydrolyzed oat floure] thA|ke] 7}
Trigger type auto G2 f-o2Ho 7 Z7IstY T Matthews 5@ 3Jo|E A
Force grams ol Az A £EYY s Feo] me A7 A o)A
Distance millimeters & 509004 AEE 27187 WS shear forcels 7443}
St Hsdct Ruth®®F Berglund'® 52 =|ube] $hak
ZsHAL o] F&FE Aola W HIFo] FAdtal, Sahi®eE W
Azd d=z2g golo EED HE HArle EEne o] Hrt #&5E s Ul 37] 4R olso] A AH
B5ad 109S oz 78 MR A Azd A 93 A w8 %ty BIaich Hydrolyzed oat
o]3E ALoA 24X 7 A T dWxzuo] 9 el A flour A7MA] W] Azt S7Fskal HSo] 72443 A gt
ARH7E @ﬂ% FrsARdoM FREJ. AlE= appearance, 9] e T & F A& AoF Yzpdr
color, flavor, taste, crumb texture, overall preference®l] )3
7V s WS 1H0E Sta, sPeE ApE Auot = Himo| T
7¥ehe 58 WUPHE ol&slYh AlEE KA SAE FE Aolze] wighd] F &£EY FACl thall hydrolyzed oat
9z =3l FEI A A3l B PAjo| wolr] A flours] #H7} Pl&S galsle] A3 WwEe] FAPEAEH

3k & 7o) NEE H71e Fole ukma] 220ce] B 73 A1 Fig. 14 2 ARl uehd wie} zhel AP o
A]

2 ks Aol b vE AEE HrsiEE sisith Agol F71ER HFe)l air cell, fat-starch poole] =7
7} rasheE A —_2: E 4 A% ©]= hydrolyzed oat flour?]

SAXzE Aol SIS XEE B FRE ORI e AL
EE SAZ3= SAS packageE o183t FAA 3% 2 Jlrﬂ'ﬂoi‘jr o] A4 AYAIE H7HA B,
or, o4 7EL Duncan’s multiple range test® o =0.05 a3 72 9 8 BHA $Eo| FTobd A FHS 9%
FEAN sl NI Rt =R R 2w e Agos 27

Table 3. Specific gravity and viscosity of cake batters made with different levels of hydrolyzed oat flour based on the weight of
shortening

Substitution level (%)

Parameters
0 25 35 45 55
Specific gravity 0.99240.0182 0.988+0.023 0.97740.035°° 0.959+0.013° 0.976+0.013*
Viscosity 45557+£5790° 59914+3293° 67914£9304° 82814+6428* 825004+10028°

UBased on the weight of shortening
AValues are MeantS.D.

PMeans with different superscript letters within a row are significantly different at ¢=0.05 level as determined by Duncan’s multiple range test

Fig. 1. Scanning electron micrographs of cake crumbs made with different levels of hydrolyzed oat flour based on the weight of
shortening

A: 0% based on the weight of shortening, B: 25% based on the weight of shortening, C: 35% based on the weight of shortening, D: 45%
based on the weight of shortening, E: 55% based on the weight of shortening
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Fig. 2. Vertical sections of cakes made with different levels of
hydrolyzed oat flour based on the weight of shortening

A: 0% based on weight of shortening, B: 25% based on weight of
shortening, C: 35% based on weight of shortening, D: 45% based
on weight of shortening, E: 55% based on weight of shortening
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A3IA 335 Hydrolyzed oat flourss BHEujoll A
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Aolz9] Bd EAE YER) F+= vertical section® Fig.
20 eIt} 259 4] hydrolyzed oat flour 55% 37}
Al Yol 7 2L Ao R e ol hydrolyzed oat
flour A7H AE7} ol #8 FE2H W5 U F7] Ax9

Table 4. Water loss of cake batters made with different levels of

hydrolyzed oat flour based on the weight of shortening

Substitution level” (%) Water loss (%)
0 10.81£1.11%2
25 10.8240.70™

35 10.44+1.16™

45 10.55+0.55™

55 10.32+0.77%8

PBased on the weight of shortening

DValues are MeantS.D.

9NS is not sgnificantly different at 0=0.05 level as determined by
Duncan’s multiple range test
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o] B4 24 AFE Table 591 vepiAoh Alol=9] hard-
nesse= hydrolyzed oat flour®] H7}ge] S7185E 743
o BAHOR fogt Aol oFSIrt. Springiness= 25%
9} 35% WiAAl ZHAshs AR 45%9F 55%04 oF
Al Z7)8l3th. Hydrolzyed oat flour F-37F*] Cohesiveness
=4 A3} 0470190} 25% H7MA 05002 FoHo= F
7Y ot H7Ee] mE Aol vEREA] 94ttt Hydrolzed
oat floure= Al°|AE = &+ T A¥E 29
2 gRFHog WS A7A = RS Y, AsiEg
& sk Aus AEYF e SRS Alole Fgo=
cohesiveness7} Z713F 7202 AZFHTH®). Gumminesse T
A Zol 2718452 744 Ed feldd Aol oAU
A Eol oJs] Aol Aol AT AL=w AztHrt
Chewinesst WA &2 o] F71EFH e 53 438 B
R tFFelA 7P A vdERgoy FAFCE foF
¢l zpolE oYUk, Resilience?| &3 A3 tFFol vlw
| 25%, 35%, 45% % 55% hydrolyzed oat flour 7}A)
fFoHoz F7tshe AR UEHTH

ZsHAl
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Table 5. Texture profile analysis of yellow layer cakes made with different levels of hydrolyzed oat flour based on the weight of

shortening
Substitution level (%)"
Texture parameters
0 25 35 45 55
Hardness 3765.1+1206™2 3031.24780.4™ 2981.4+829.8™ 3211.61852.2% 3223.3+1004™
Springiness 0.85720.054™5) 0.838+0.009™ 0.849+0.011™ 0.860£0.018™ 0.867£0.015"
Cohesiveness 0.470+0.014) 0.500+0.010° 0.501£0.009* 0.506+0.026" 0.500+0.014*
Gumminess 1742.44534.7°% 1512.74368.6™ 1488.9+396.3" 1617.3+396.1 1615.4+481.5"
Chewiness 1507.44455.6" 1266.6£302.0% 1264.2+338 9™ 1387.3+321.6" 1396.1+400.8"°
Resilience 0.270£0.020"? 0.317£0.013* 0.322+0.015° 0.32510.022° 0.3331£0.026°

DBased on the weight of shortening
?Values are MeantS.D.

NS is not significantly different at o=0.05 level as determined by Duncan’s multiple range test
“Means with different superscript letters within a row are significantly different at 0=0.05 level as determined by Duncan’s multiple range test

Table 6. Sensory characteristics of yellow layer cakes made with different levels of hydrolyzed oat flour based on the weight of

shortening
Substitution level(%)"
Sensory parameters
0 25 35 45 55

Appearance 2677 3390 3.64% 364" 403"
Color 276° 317 343% 341% 367
Flavor 3.40° 346" 326" 320 334
Taste 366" 356" 3.40° 361 339
Texture 376" 346" 3340 361% 353
Overall preference 3.14° 3.36® 3.27® 3.61° 3.41%

UBased on the weight of shortening

Means with different superscript letters within a row are significantly different at 0=0.05 level as determined by Duncan’s multiple range test
NS are not significantly different at ®=0.05 level as determined by Duncan’s multiple range test

Aol 749~ hydrolyzed oat flour®] F7}Fo] Zrledrs ME
7t foHoE A YEWT 9 A SAFE &

O

gH5el 8 op YAt EF Bl 25% hydrolyzed oat
flour 7N 7FF A3=rt godoh gre] A9 vzl 7
A =L O TREo] 45% A 2L AoE HriEge
v bl meb foAR] Afole UERA] 2Rt ols)
2o AR AP hAIES hydrolyzed oat flours #o]o] #)|
olze] I Mg FHATIV HA 9} el FFE v)H
A Fdhz Ao® YERI F7e] Z9<= hydrolyzed oat
flour 45% HA7FA] Azro] hz3 FAKSE 2102 JeRgt)
ANkl A5 wel thet A3} hydrolyzed oat flour 45% 3
7 7HE =9k

o oF
pl =

B AFqxds d=25 golo] Aela ARA LEY g4l
—’Fﬁ]—% Al 2 A &S] hydrolyzed oat flouwr7} AFEE 4=
<A 1 7S AL oE JEA] HIEE giRsted A
g ALF FHolo] Aol 54L& Hrlstdith Ael= vt
—4 53 Aee AW A gl S71ErE vEe ga
iR HEw Frtelanh. FARAA €l S A AW
A Eol F71gol wet air celldt A Awbte] 9} A7]
PASIET AnE ES4E AWs 122 nygo B4

d 2443 gAEol 57F 45 hardness, gumminess,

2 chewinessE 7r48l$1Z springiness®} cohesiveness, resil-

iencew™= Z7}8}ATH ‘—o:xq B 7}l A hydrolyzed oat flour
45% H7M 7P fpd Ao HIFEAS A tiAlEel
A Frketn #53 Hrleld 58 Aoz ekt

whebr A thAE 9] hydrolyzed oat flours A E#H Flolo]
Aolz AxA £EY il v Hristes dHe F2E

YeRHE A Al 242 AR Slgol ARSI
Ul 2
2 AZE 20008 % sAWEne] e r] A 9
 waE o Az dXoln oo TA=Yu )

o
o

1. Alan, L.H. and Luci, A.L. A system approach to formulating a
low-fat muffin. Food Technol. 49: 92-96 (1995)

2. Paula, A., Lucca, B. and Tepper, J. Fat replacers and the func-
tionality of fat in foods. Trends Food Sci. Technol. 5: 12-19
(1994)

3. Judie, D.D. Emulsifiers: The interfacial key to emulsion stability.
Food Technol. 42: 172-186 (1988)

4. Moon, S.J., Oh, H.S. and Lee, M.H. Physical and sensory charac-
teristics of butter sponge cakes prepared with soybean oil and
hicook. Korean J. Soc. Food Sci. 11: 323-329 (1995)

5. Lisa, P, Janet, M., Johnson, W., Barbeau, D. and Stewart, L.
Evaluating of alternative fat and sweetener sysiem in cupcakes.



56

10.

11.

12.

13.

14.

15.

16.

g2 EAekE A Al 34 A A 13 (2002)

Cereal Chem. 68: 552-555 (1991)

.Lin, PY,, Czuchajowska, Z. and Pomeranz, Y. Enzyme-resistant

starch in yellow layer cake. Cereal Chem. 71: 69-75 (1994)

. Duxbury, D.D. Modified food starch key to low-fat bakery line.

Food Processing 98-100 (1991)

.Ruth, H., Matthews, E. and Dawson, H. Performance of fats in

white cake. Cereal Chem. 43: 538-546 (1966)

. Wootton, J.C., Howard, N.B., Martin, J.B., Mcosker, D.E. and

Holme, J. The role of emulsifiers in the incorporation of air into
layer cake batter systems. Cereal Chem. 44: 333-343 (1967)

Chen, H., Rbenthaler, G.L., Leung, HK. and Baranowski, J.D.
Chemical, physical, and baking properties of apple fiber com-
pared with wheat and oat bran. Cereal Chem. 65: 244-247 (1988)
Kim, CS. and Lee, Y.S. Characteristics of sponge cakes by
replacement of sucrose with oligosaccharides and sugar alcohols.
Korean J. Soc. Foods Sci. 13: 118-126 (1997)

Pierce, M.M. and Walker, C.E. Addition of sucrose fatty acid
ester emulsifier to sponge cakes. Cereal Chem. 64: 222-225
(1987)

Song, E.S., Kim, S.J. and Kang, M.H. Characteristics of low cal-
orie layer cake by adding different levels of polydextrose. Korean
J. Soc. Food Cookery Sci. 17: 367-372 (2001)

Berglund, PT. and Hertsgaard, D.M. Use of vegetable oils at
reduced levels in cake, pie crust, cookies, and muffins. J. Food
Sci. 51: 640-644 (1936)

Kim, MH., Kim, J.O. and Shim, M.S. Effects of resistant
starches on the characteristics of sponge cakes. J. Korean Soc.
Food Sci. Nutri. 30: 623-629 (2001)

Miller, R.A. and Hoseney, R.C. The role of xanthan gum in white

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

layer cake. Cereal Chem. 70: 585-588 (1993)

Sylvia, P, Marija, C.A., Paul, N. and Richard, T. Oat beta-glucan
lowers total and LDL-cholesterol. Australian J. Nutri. Diet. 58:
51-56 (2001)

Giese, J. Fats, oils and fat replacers. Food Technology 78-83
(1996)

Suh, D.S., Chang, PS. and Kim, K.O. Physicochemical and sen-
sory characteristics of layer cake containing selectively oxidized
cellulose. Korean J. Food Sci. Technol. 33: 216-220 (2001)

Sanchez, C.C., Klopfenstein, C.F. and Walker, C.E. Use of carbo-
hydrate-based fat substitute and emulsifying agents in reduced-fat
shortbread cookies. Cereal Chem. 72: 25-29 (1995)

Anon. Fat substitute update. Food Technology 44: 92-97 (1990)
Oomah, B.D. and Mathieu. J.J. Functionality of commercially
produced wheat flour solubles in cakes, cookies, and wieners. J.
Food Sci. 53: 1787-1791. (1988)

Matthews, R.H. and Dawson, E.H. Performance of fats in white
cake. Cereal Chem. 43: 538-543 (1966)

Sahi, S.S. Influence of aeration and emulsifiers on cake batter
rheology and textural properties of cakes. 9th-11th, UMIST,
Manchester, U.K. (1998)

Gordon, J., Davis, E.A. and Timms, E.M. Water-loss rates and
temperature profiles of cakes of different starch content baked in
a controlled environment oven. Cereal Chem. 56: 50-57 (1979)
Paton, D., Larocque, G.M. and Horme, J. Development of cake
structure: Influence of ingredients on the measurement of cohe-
sive force during baking. Cereal Chem. 58: 527-529 (1981)

20014 119 29 A5



