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<Fig. 30> Gumminess of sponge cake made with fructooligosaccharide
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<Fig. 31> Chewiness of sponge cake made with fructooligosaccharide

repl aCing for SUGAT,  rreeseesessssssssssssssstmstitiitttisiit ittt sttt
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A 2 A £2FA Aola (Sponge cake)
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Fracturability: The ease with which the material will break.

Hardness: The force required to compress the material by a given

amount
Cohesiveness: The strength of the internal bonds in the sample

Adhesiveness: The energy required to overcome attractive forces

between the food and any surface it is in contact with.

Springiness: The elastic recovery that occurs when the compressive

force is removed.

Gumminess: The energy required to break down a semi-solid food

ready for swallowing

Chewiness: The energy required to chew a solid food into a state

ready for swallowing.

Modulus of deformability: the initial slope of the force- deformation
curve before the first break in the curve (i.e. before fracture of the

sample)
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Fig. 2. Typical curve of texture profile analysis. Texture profile
parameters are determined from: Fracturability = F1, Hardness = F2,
Cohesiveness = A2/Al, Adhesiveness = (based on) A3, Springiness = DI,
Gumminess = hardness x cohesiveness = F2 x A2/Al, Chewiness =
hardness x cohesiveness x springiness = F2 x A2/Al x D1, Modulus of

deformability (based on) slope, S1
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Table 1. The sugar composition of fructooligosaccharide

Sugar Composition (%)
Nystose 24.8
Kesrose 312
Glucose 20.0
Sucrose 15.6
Fructose 34
Others 5.0
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A2 d AL HE

1. 2ZA Aela9 Ax

Aola AR5 EFH &S Table 29+ 2k AEE T3k mixing bowl
50C water bathell F&3Fe] bowle] %5 40 + 2CZ FA|sklaL, AolA
+ 3 HHForm type) &2 A xstrh w2 23] Ao Aa, WY}
= TEote] £33 FAUrh ARl GRE ¥l AFA 0%, L&A 87
7F uHkske] cream mass (egg—sugar batter)E "HSIth Cream massol] B
HE W, 72 Y aF4e R 403 wEA £33 Aola whES pan
(HF A5 18 cell 300 g& €L 180T AlAl 303F T+ F, A2oA] 24]

B YA T ARE LGS

T b

Table 2. Formulas for sponge cakes with various concentrations of

fructooligosaccharides
Ingredients (g) CON FR1 FR2 FR3
Flour 100 100 100 100
Whole egg 200 200 200 200
Butter 15 15 15 15
Milk 15 15 15 15
White sugar 100 70 50 30
Fructooligosaccharide 0 30 50 70
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The American Association of Cereal Chemistsy |,

of the AACC, 8th ed. 10-15.

6. Alol=29 £ 2

36)AACC, 2000,
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Frnedu) = 2 i]E%)E]:(g]) T2 199
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23EA] Aol=a9] e Ky AFE  (volume index), WAA AxE

(symmetry index), 794 A& (uniformity index)E =A3sto] H 7}tk
=, AACC (2000) WHel wef Alola FAF& 2o = dust = Fig. 3%

2
e o AEsslt

37)G. Summu, Sahin, S. and Sevimli M., 2005 "Microwave, Infrared and
Infrared—-microwave Combination Baking”, Journal of Food Engineering 71, pp
150-155.
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crust®} crumb@ Wro] #3138 3 Petri dish (50 x 12 mm)ell 715 wol 2
ZHAl (Color meter JX777, Minolta Japan)E ©]-83%te] Huntere] Wk (L,
lightness), A% (g, redness), ¥ A% (b, yellowness)= YERARATE *%

= Wye] HAX = L = 9846, a = -0.23, 7123 b = 1.020]%]

"
e

-
r

45 cm

Fig. 3. Measurement of volume, symmetry, and uniformity indexes of
sponge cake replacing for fructooligosaccharide. Volume index = A +

B + C. Symmetry index = 2B-A-C. Uniformity index=A-C.
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10. 237

2EA] Alo]AE 3 x 3 x 3 eme] YHAR et =4S SR, 1 =
A2 Table 33 Zrt} (Texture analyzer TA-XT2, Stable Microsystem.
LTD., UK.

Table 3. Operating condition for texture profile analysis.

Classification Condition

Pretest speed 10.0 mm/sec

Test speed 1.0 mm/sec

Posttest speed 1.0 mm/sec

Probe ?11(? mm DIA cylinder aluminium)
Sample area 3.0 mm’

Contact force 50 g

Threshold 200 g

Distance 10.0 mm

Strain deformation 90.0 %
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SPSS (ver. 14.0, SPSS Inc, IL, US.A) ZZ195 A3ttt

A4 A3 2 n@

2
—
({2
)

EREDEDELE S

Aol WS BEAF (dry ingredients)”} &3l H4FE o] 9= aqueous
=

phaseE &Aooz 3= oil-in-water emulsionO] t}. Aol

A}o|T}.38) E3] ﬂlolﬂ HJ%FA pHE HF xﬂ%A Al Hzbe| JIFE F=
Z 23k g2l

whepa] WS ZeE S udo R thA|ste] Az ~EA] Aol wk=

°] pHE S48ttt (Fig. 4. FR1¢] pHE 7R ot ko f2o4

1 Afel7h @Itk FR2 R FR32 tix+-9] pHETH oA o= =2 pH +

=

=

r]I.

F& Uitk 98724 A7k Fe5), WEe pHE 24 Aola A
Aol g} dixstel HrlHe Zetw g nge] ¢ vldsie] fo)4
Z7hetsark.

o

38)F. Ronda, Gomez, M. Blanco, C.A. and Calallero, A., 2005, "Effects of Polyols and
Nondigestiable Oliosacharides on the Quality of Sugar—free Sponge Cakes”, Food
Chem. 90, pp 549-555, R.C. Hoseney, and Smewing, J., 1999, "Instrumental
Measurement of Stickiness of Doughs and Other Foods”, J. Text. Stud. 30, pp
123-136.
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8.50
c
8.30 -
b

810 -
L
= a

a

7.90 - {

7.70 -

7.50

CON FR1 FR2 FR3

Fig. 4. The pH values of sponge cake batters made with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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8.5

8.3

81 4

1283 ‘%’

77

7.5

o 20 40 &0 20

Concentration of fructooligosaccharide (%)

Fig. 5. Simple regression analysis between the pH value and the
fructooligosaccharide concentration. Significant difference were detected

between two factors, p = 0.001.
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2. ¥kx9] H]F (Specific gravity)

FR1 % FR2+v= dlx27Hth Alo]a REse] HlFo] volxlo
grokeh Whde] FR3S iz % v AP Hu fodo
< eI (Fig. 6). @3] 7124 21 (Fig.7), ¥H59] Hl&
o]z AlzAe| Ay tjx|ste] Ayt PESe| el $u) vl ste]

O

LV
do
lo

s )
-
)
rlr

™

AW oz ~EA AolAL HFL 045-050 Alelo|th3d)  dlZzT-¢} FRI1
o Wb H]T2 AWhAQl 2EA AolA wkEe] v WS YeERhAATh wE

Fe MFA EYSE T Fol BEFE ANAALE, wE WFE X

g Aolz wrEe] wjFo] zow Aol Husk AA L, WRE
Pz

Ao] = ®sln A Aolazt slo] eksha A7) ekl o]} zo]
W] MEe HE AFe] EQo] 9T A wEe] Aola Azl
wel WFe AAsA 2dsis Aol Basjt

39)M. Mizukoshi, 1991, "Thermal Expansion of Cake Battter”, Phenomenon of
Suspension (2). Pain 38, pp 46-49.

40)017 7, 2<%, 2010, TFLAE MUt 2EA Aojae FHEA,, TaxAAdEs
sksl ] 25 sk A AEEsletE] pp 615-624.

ADSFE, 2T, LA, WI1E, 2003, TUTA vEH Arbug L Lo 2@
ole] Ao mAE o zs]: ;o TelarA) Zalels) =), 35 Al E 7383 pp 856-864.
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0.50

=]
=]
045 A
b
835" 4 i
0.30
FR1 FR2 FR3

—1—

Specific gravity
=1
5

CON

Fig. 6. Specific gravity of sponge cake batters made with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not

significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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045 -+

Specific gravity
o
i
=]

035

0.30

o 20 a0 60 80
Concentration of fructooligosaccharide (%6)
Fig. 7. Simple regression analysis between the specific gravity and

the fructooligosaccharide concentration. Significant difference were

detected between two factors, p = 0.002.
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3. ¥t=9¢] A% (Viscosity)

=79 A=t oF 6300 cps= 7}

Faach iz} FRI1, Aloldl=

9]

o Fwrt 37

fol49l Aol7h e ki FR2

FR3-&

)
=

B

I

AE=E yehdAd (Fig. 8). @37+

S
T

bt

9]

of folHom Z7)

Al H o

A< =
Nes

Q17o]th2) Aol wh

s

I

)

22

=
1

AoR AR ST

Ao AR

?;51_

PN
iy

A

R ESE O

L
a-

42)011 7, L=, AA=E, pp 615-624,

43)%4 A1 =2, pp 615-624.
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6200 - 1

6000

CON FR1 FR2 FR3

Fig. 8. Viscosity of sponge cake |Dbatters made with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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6200 -

e000

O 20 40 60 30
Concentration of fructooligosaccharide (%)
Fig. 9. Simple regression analysis between the viscosity and the

fructooligosaccharide concentration. Significant difference were detected

between two factors, p = 0.001.
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Table 4. Pearson’s correlation coefficients between the fructooligosaccharide

physicochemical factors of sponge cake batter.

concentration and the

FR pH Specific gravity Viscosity
FR 1 0.890x=: —0.793#x 0.861x:x
pH 0.890x: 1 —0.77 3% 0.984x:x
Specific gravity —0.793%: —0.77 3% 1 —0.693*
Viscosity 0.86 1= 0.984x —0.693* 1

FR; Fructooligosaccharide, *; p < 0.05, **; p < 0.01.
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Aok BE AR R X 2087 5 4e] SreklaL, O fells 2k
W3h7l ohuks] yehytth & FR1 2 FR2E Aloj=2 Wi 2% w3} okt
o] fFAFsAATE FR3E 158 o]FolE tixrrot v yRers el
o FoA zpel7t YRR okt AClAE W e TN A4l
SEE 892-907TCE 100C Hup v 252 fA & Zgegeude
100C7HA= el o3l el =R ek epa] eS| ade] Ad 7

ol

HF-S-=4=A19 (high fructose corn syrup; HFCS
A9 Azxe| ##I AP HiEI %4.

polydextroseE Ab&3F ~EX] Aold= HEWhS ARG Alo] =] Hlste] W

t}48) AdEro] 15-25%E HFCSZ tha|gk Alo]l=Z+= Alo] ] Zstal texture’}
31 49 50% o]/e] HFCSE ARE-3H Alo|as F371 2rolx| a1 7 a1/ o]

/)Y, 4, 987, 348, 3, A5 (19%5), TolAdEEE G 2=
e Beld 449 Adetd B4, TRRAEASIA, 27, dFAE
170-175.

46) 17, A=, pp 520-529.

47)T M. Freeman, 1989, "Sweetening Cake and Cake Mixes with Alitame”, Ceral Foods
Worlds 34 pp1013-1015.

43397, AF&, 1990, "dIA AW sE o] &3 Sponge Cake o 54, , Td=zxz
3175 6, b2 #33], pp 59-65.
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49)H.]. Sauacle, Ziegler, H. F. and Weideman, J. H., 1983, "High Fructose Corn Syrups
for Bakery Applications”, Baker’s Digest 21, pp 26-28.

50)P.E. Coleman, and Harbers, C.A.Z., 1983, "High Fructose Corn Syrup: Replacement
for Sucrose in Angel Cake”, J. Food Sci. 48, pp 452-456.

SDol 4l ol &, o4, 1999, &L ALGF 2EA Aol Beld, w5 %
9ox 54, TeEAEgPaels A, 28, @54 FG YT, pp 547-553.
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Internal temperature [°C)
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=3 --0-- FR1
s FRZ
254 —s— FR3
15 T T T T T
) 5 10 15 20 25 30

Baking time (min)

Fig. 10. Internal temperature of sponge cakes prepared with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FR1; 30% fructooligosaccharide + 70% white sugar, FR2, 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Significant differences were not detected among tested

samples.
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2~E2 AeolAe] FHE UETEG AT FA7F 6 mhouy gz

S} FR1S 91291 2ol7} itk (Fig. 11). w3 A4 A3} (Fig. 12), 7

o|A9] T Ay} tx|sle] HrtEE ZRESe| ] ol nldste] #
= y = 0.1302x + 260.92, R’ = 0.695).

2EA] AolAY] R HFS AT AP Fig 139 2o dlx2+9 FRI
Afolof oAl Apol7b vpEpA] ehgko ), FR29F FR3 Abolell A= oK
o =& FEgES JERSTE gesl AR A3 (Fig 14), Aol F+
e dea Xt HArtEe ZEEZade] el vlgste] oA
2 F71skTh (v = 00472x + 36532, B = 0.945).

e uFe] FEIFHEE sucrose, xylitol, sorbitol®.t} & A5 v
Lo A= erythritol?} fFAFSHS], TR EE 30% FLoA= AAdol
0.9, ZetE2glardo] 091 50% FEodA+= AE 093, Z2ES1d 0.78

49
A I P

= 70% s5EolA 4097 AA] Aere 12%, THES TS 0.72%] T
EAAES YJeERQEs) mElb Ao FFo] dz2TrEY =2 32 Z
FESg Y HUl o3 FERHESG @yl Ao ARFAL)

52)01d s, WAks] 1997, TdiAAn 8 o= s oglshdl ddo) #s A+, |, a2
ek 8| Ay 29, FhrAEek 3] A, pp 1089-1093.
53)7&7Ai=31, pp 1089-1093.
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CON FR1 FR2 FR3

Fig. 11. Weight of sponge cake prepared with fructooligosaccharide
replacing for sugar. CON; control (100% white sugar), FR1; 30%
fructooligosaccharide + 70% white sugar, FR2; 50% fructooligosaccharide +
50% white sugar, FR3; 70% fructooligosaccharide + 30% white sugar.
Same letters in a figure denote values that were not significantly different
(p < 0.05), analyzed by ONE-WAY ANOVA and Duncan’s multiple range
test.
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Fig. 12. Simple regression analysis between the weight and the
fructooligosaccharide concentration. Significant difference were detected

between two factors, p = 0.001.
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Fig. 13. Moisture contents of sponge cake prepared with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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Concentration of fructooligosaccharide (%6)

Fig. 14. Simple regression analysis between the moisture content and
the fructooligosaccharide concentration. Significant difference were

detected between two factors, p = 0.001.
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3. H&3

2EA] Aelae] R AvE tAste ZHESE Y] Fo] FUHEST
2 Ry 724 (Fig. 15). E7¢ FR1 Abe], FR1¥} FR2 Apo], &
FRe} FR3 Atolell fo]AQl ztol= #AZHA| @tk @wd] e Ay
(Fig. 16), 7Zlol=2e] T &2 AT tAsto] H7bs = THES g &l
Hlglste] fojdoz st (v = -0.381x + 10239, R = 0.693).

=l

it

S st 5 2EA] A
ol FHL FUFetAL F¥= AU wiLol, Fulet SEFY HERE A
Z5= H]874 (specific volume)S Fig. 17014 ¢} 7o)l A&7 thxxt}
ottt tiz7-¢F FR1 Abel, FR29F FR3 Atololl oAl ol #SHA %
otk @3 R4 Ay} (Fig. 18), Zlol=e] wlg4e Awy} fhx|ste] 7}
He ZHESYAFY o Hl#ete] Feo]Hor AT (v = -0.0034x

l %
AES FIE FASE 9¢S s AolAe Jiue= F7|9 £, &
ul Aolze] AL FAAA T FFEY & UIHFE Yo dEe] wks A
4 FA R we ke AR st o5 FEFS Wh=rhsH) g Alo] Al
specific volume WF=ol % 3719 G & o Aolae =4S JA
AA F= 259 () y #do] Qthse) Alolae] F4d 5o Fash

29 9 sl AR wa'E 27 ARAE B7 BN A=)
syslo}l fEo] YFE Fxo ko] FaFEST)
54)0)1 17, 2% AA+=E, pp 615-624.

° AA ==,
55)H QG N, 1998, "&ejage] H 7 Ao FE I st v

rlr
o2
o%
[
5
%
A
1
]
o2

= J
56) A=, pp 875-8%0.
570137, S &, AAI =, pp 615-624.
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Fig. 15. Volume of sponge cake made with fructooligosaccharide
replacing for sugar. CON; control (100% white sugar), FR1; 30%
fructooligosaccharide + 70% white sugar, FR2; 50% fructooligosaccharide +
50% white sugar, FR3; 70% fructooligosaccharide + 30% white sugar.
Same letters in a figure denote values that were not significantly different
(p < 0.05), analyzed by ONE-WAY ANOVA and Duncan’s multiple range
test.
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Fig. 16. Simple regression analysis between the volume and the

fructooligosaccharide concentration. Significant difference were detected

between two factors, p = 0.001.
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Fig. 17. Specific volume of sponge cake prepared with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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Fig. 18. Simple regression analysis between the specific volume and
the fructooligosaccharide concentration. Significant difference were

detected between two factors, p = 0.001.
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4. §71&

i
o

[e]
S

I

B 2EA Aol w714 & (baking
loss rate; BLR)S =743 23 Fig. 1994 2l FR19 H7]&4d&0] vz
TEU FRF oot F I Abolol #o% Q1 AFel7t yEhA] ekt FR2
o} FR3< dl&+ % FRIET fodoz ve w7|Ed8S ey ¢
T3] A3 (Fig. 20), Alol=9] H7|E4&S Agd dx|ste] H7te+=
el ¢kl mjElete] feojAHow st (v = -0.0433x +
13.025, R’ = 0.6%).

[kl

vk
=
ofl
o
fr
M o
?.L"

Aelas Axshs HF 42 “wr7I"2A, w7l M= BT o
Hkg-o] dojubAl H=H|, Al Aol Fuo vk A ¥4, @l
WA, A2e] 23}, A wbg Solthse) wkso] do] HFsto] 5] &
ZFE AL mlAde] e AARY 2744 FREEA VA2 Wb w7 &
Aol WA H) = oA FES FTV|E WAHE Aolae] Fy

59, WS, 010, ARE AR Aol FARY,, eFNFRR
317, 26, A Fxe #53E], ppl98-205.

59)Y. Fujiyvama, 1989, “The Method of Experiment”, Japan International Baking School,
Tokyo, Japan, pp 3-57.

60)P.T. Berglund, and Hertsgaard, D.M., 1986, "Use of Vegetable Oils at Reduced
Levels in Cake, Pie Crust, Cookies and Muffins”, J. Food Sci. 51. pp 640-644.
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Fig. 19. Baking loss rate of sponge cake prepared with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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Fig. 20. Simple regression analysis between the specific volume and

the fructooligosaccharide concentration. Significant difference were

detected between two factors, p = 0.001.
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Table 5. Correlation coefficients between the fructooligosaccharide

concentration and the physical factors of sponge cake.

Weight Volume SV BLR Moisture
FR 0.834%x* —0.832%x —0.833%%  —0.834*x 0.97 2%
=k, p < 0.01.

FR, fructooligosaccharide, SV; specific volume, BLR, baking loss rate,

Moisture; moisture content.

Table 6. Pearson’s correlation coefficients of the physical factors of

sponge cake.

Weight Volume SV BLR Moisture
Weight 1
Volume —0.655% 1
SV —0.770%x  0.917x 1
BLR —0.987%%  0.665% 0.770%x 1

Moisture 0.914#x  —=0.768%x  —0.792%%  —0.914s%:x 1

*; p < 0.05, *x; p < 0.01.
FR, fructooligosaccharide, SV; specific volume, BLR, baking loss rate,

Moisture; moisture content.
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6. Aol o#
F39 A 3% (volume index),

Bylz| e AP0 gz2TRg B2 By =2 Jehldo (Fig. 21). L
Hub gz FR1 2 FR2 Afelol =52 &
FR3 Atelellie fo]#3l Aoli= glE A= vEyr %%‘H%v‘i‘—@. Az}
(Fig. 22), 7lelze] R xe Agy dxste] Hrtee ZHEgeugo]
Foll WlEste] el ew 7astt (v = -0.1874x + 13892, R = 0

P AR F (symmetry index)

e Y T
Fi. 2. o= ARAR A A .
EgelugoR hAstels ~EA Aolad e #AT 5 Atk

W

A A F (uniformity index)

TG F= 2EA Aloj=2e A WS dehll= Aow txz9 4
AT Atelell el Al 2ol 7F yebbA] gkt (Fig. 24). "2 30-50%671
£ THEZHIGOR AR W, Aol FIHART HETEY F

mepa] 2~ER] Ao]A A XA Awe] H0%AE ZHES a]zﬂgf; o A
stoe Alo]=Lo] S ¢t oAl ApolE yERNAl okt o]l g
At 2EA Aol A xA] xylitolt) 2 H7letdS Wb fAFskTh

61) o174, 2=, AA=E, pp 615-624.
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Fig. 21. Volume index of sponge cake prepared with

fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FR1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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Fig. 22. Simple regression analysis between the volume index and
the fructooligosaccharide concentration. Significant difference were

detected between two factors, p = 0.03.
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Fig. 23. Symmetry index of sponge cake prepared with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +

30% white sugar. Significant differences were not detected.
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Fig. 24. Uniformity index of sponge cake prepared with
fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +

309 white sugar. Significant differences were not detected.
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Fig. 25. Simple regression analysis between the lightness of crust
and the fructooligosaccharide concentration. Significant difference were

detected between two factors, p = 0.001.
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Fig. 26. Simple regression analyes between the redness of crust and
the fructooligosaccharide concentration, and between the yellowness
of crust and the fructooligosaccharide concentration. Significant

difference were detected between two factors, p = 0.001.
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Table 7. Chromaticity of sponge cake prepared with fructooligosaccharide.

Crust Crumb
L value a value b value L value a value b value
CON 46.66+0.23° 11.33+0.12° 20.70+0.26° 80.60+0.36° -3.23+0.09 27.73+£0.15
FR1 43.33£0.15° 11.46+0.15° 20.50+0.35° 80.56+0.31° -3.29+0.02 27.90+0.10
FR2 39.93+0.15¢ 11.86+0.12° 18.91+0.20° 80.03+0.32° -3.20+0.03 27.43+0.23
FR3 37.66+0.38¢ 12.56+0.21¢ 17.63+0.21¢ 79.06+0.15° -3.17+0.05 27.66+0.21
CON; control (100% white sugar), 30% fructooligosaccharide 70% white sugar, FR2; 5093

fructooligosaccharide + 50% white sugar, FR3; 709 fructooligosaccharide + 309 white sugar. Same letters in a
column denote values that were not significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and

Duncan’s multiple range test.
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Fig. 27. Hardness of sponge cake made with fructooligosaccharide
replacing for sugar. CON; control (100% white sugar), FR1; 30%
fructooligosaccharide + 70% white sugar, FR2; 50% fructooligosaccharide +
50% white sugar, FR3; 70% fructooligosaccharide + 30% white sugar.
Same letters in a figure denote values that were not significantly different
(p < 0.05), analyzed by ONE-WAY ANOVA and Duncan’s multiple range
test.
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Fig. 28. Springiness of sponge cake made with fructooligosaccharide
replacing for sugar. CON; control (100% white sugar), FR1; 30%
fructooligosaccharide + 70% white sugar, FR2; 50% fructooligosaccharide +
50% white sugar, FR3; 70% fructooligosaccharide + 30% white sugar.
Same letters in a figure denote values that were not significantly different
(p < 0.05), analyzed by ONE-WAY ANOVA and Duncan’s multiple range
test.
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Fig. 29. Cohesiveness of sponge <cake mmade  with

fructooligosaccharide replacing for sugar. CON; control (100% white
sugar), FRI1; 30% fructooligosaccharide + 70% white sugar, FR2; 50%
fructooligosaccharide + 50% white sugar, FR3; 70% fructooligosaccharide +
30% white sugar. Same letters in a figure denote values that were not
significantly different (p < 0.05), analyzed by ONE-WAY ANOVA and
Duncan’s multiple range test.
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Fig. 30. Gumminess of sponge cake made with fructooligosaccharide
replacing for sugar. CON; control (100% white sugar), FR1; 30%
fructooligosaccharide + 70% white sugar, FR2; 50% fructooligosaccharide +
50% white sugar, FR3; 70% fructooligosaccharide + 302 white sugar.
Same letters in a figure denote values that were not significantly different
(p < 0.05), analyzed by ONE-WAY ANOVA and Duncan’s multiple range
test.
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Fig. 31. Chewiness of sponge cake made with fructooligosaccharide
replacing for sugar. CON; control (100% white sugar), FR1; 30%
fructooligosaccharide + 70% white sugar, FR2; 50% fructooligosaccharide +
50% white sugar, FR3; 70% fructooligosaccharide + 30% white sugar.
Same letters in a figure denote values that were not significantly different
(p < 0.05), analyzed by ONE-WAY ANOVA and Duncan’s multiple range
test.
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Table 8. Pearson’s correlation coefficients between the texture characteristics of sponge cake replacing

for fructooligosaccharide.

Hardness Springiness Cohesiveness Gumminess Chewiness
Hardness 1
Springiness 0.965% .
Cohesiveness 0.910% 0.916% 1
Gumminess 0.998:x 0.966x 0.916% 1
Chewiness 0.994:x 0.975% 0.919x 0.954x 1

5 p < 005
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ABSTRACT

Physicochemical Characteristics of Sponge Cake replacing

for Fructooligosaccharide

Baek, Yong Ha

Major in Food Service Management

Dept. of Hotel, Tourism and Restaurant
Management

Graduate School of Business Administration

Hansung University

In this study, sponge cake good for the health was prepared with
fructooligosaccharide that is similar to sugar physicochemically but very
different physiologically and the effects were measured on physicochemical
characteristics of sponge cake batter and quality characteristics of cake due

to addition of fructooligosaccharide.

As for the experimental results of physicochemical characteristics of
sponge cake batter prepared by replacing white sugar with
fructooligosaccharide, pH was increased(8.15~840) more than that of
regular sponge cake(7.3~7.6), specific gravity of batter was reduced and
viscosity was significantly increased in proportion to the amount of
fructooligosaccharide added through replacement. That is, pH of batter
showed strong positive correlation in viscosity and strong negative

correlation in specific gravity and weak negative correlation between

-7 -



specific gravity and viscosity.

The maximum temperature of the center of cake appeared during baking
was 89.2-90.7C and there were no significant differences in temperature
change. In addition, weight and moisture content were significantly
increased in proportion to the amount of fructooligosaccharide and volume

and Baking Loss Rate(BLR) were reduced.

Volume index of the appearance of cake was significantly reduced and
the balance of sponge cake was maintained even when replaced up to 70%
of sugar in symmetry index and uniformity index was increased more than

the control group.

In color value of cake, lightness(L value) and yellowness(b value) of
crust were shown to be low and redness(a value) was significantly higher
than the control group and there were no significant changes at the inside
of cake even when 30-70% of sugar was replaced with

fructooligosaccharide.

As for the result of measuring texture of cake, as there were more
amount of fructooligosaccharide in it, gumminess and chewiness of cake

were low

The experimental results show that balance, texture, and keeping quality
of sponge cake products have been improved by using fructooligosaccharide
as sugar replacement. Accordingly, it is expected that consumers will have
a wide range of selections as calories are low and functionality are
enhanced if it is studied on more confectionery and bakery products as

high calorie sweetener replacement.

[Key  words] fructooligosaccharide, sponge cake, physicochemical

characteristics, color value, texture of cake
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