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Abstract

In this study, the quality properties were compared by replacing allulose with a ratio of 0%-100% instead of sugar
used in sponge cake. There was no significant difference in specific gravity, pH, and degree Brix of the dough
according to the allulose content, but the brightness decreased and the redness, and yellowness increased as the allu-
lose content increased. The volume of the sponge cake decreased as the content of allulose increased. Symmetry
was uniform in the cakes replaced with allulose compared to 100% sugar. There was no significant difference in
baking loss and moisture content. Hardness, gumminess and chewiness increased as the replacement rate of allulose
increased, and adhesiveness was highest in 100% allulose. In the hedonic evaluation, 100% sugar and allulose 25%
samples showed no difference, and the other samples were evaluated lower than the control. The maximum replace-
ment ratio of allulose for sponge cake is considered to be 50%.
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A FHolM AFxEo] AL3lE LdEZ2(Allulose)=
I o) AA ZA AAA ) BAHA BAEe dow A
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Yangsan, Korea), & E 2 2(CJ Cheiljedang Co., Ansan,
Korea), A ®(CJ Cheiljedang Co., Incheon, Korea), &7
(NJwellfarm Co., Anseong, Korea), W E{(Anchor Butter,
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Table 1. Ingredients content of sponge cake according to
allulose concentration

Ingredient (g) control ~ AL25 AL50  AL75 ALI100
Wheat flour 375 375 375 375 375
Allulose 0 112.5 225 337.5 450
Sugar 450 337.5 225 112.5 0
Whole Egg 675 675 675 675 675
Butter 75 75 75 75 75
Salt 3.75 3.75 3.75 3.75 3.75

Total 1578.75 1578.75 1578.75 1578.75 1578.75

Mixing -
(Water bath, 40°C to 10 min )

l

Mixing -
(Kneader, 17 min)

l

Mixing -
(With spatula, 60 times)

l

Mixing «—
(With spatula, 60 times)

!

Panning
(300g per pan)

l

Baking
(Temp: 180°C/150°C, Time: 25min)

l

Cooling
(Temp: room temperature, Time: 2hour)

l

Measurement

Egg. Salt, Sugar

at speed #3 8min
at speed #2 5min
at speed #1 4min

Wheat flour

Butter
(Heat in boiling water, 60°C)

Fig. 1. Manufacturing procedure of sponge cake.
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A71aL AR 2w &89S S7HAIT17] sk st
WS ARESEATE B2 10 mesh Aol 2¥ A
, HElE 60£1°CE S F3I3ith. 83 &4, 49, &=
&3}71(A200C, Hobart Co., Troy, OH, USA)°l ¥
| 8%, 2ebellA] Si, 1ol A] 487F wykste] AR
< A5 wEES Y0 AFFACE 603, HEE
27 603 £33 Aola WS 18 cm pandll 300 g
3 180°C, o}gE 150°Co = o d3t o &
(JSOF-150, JS Research Co., Gongju, Korea)l|A] 257}
T Thy A2oA 2417 Y & A 52 ARSI

HIS
W2 o] H]F(specific gravity)S 52| Ao ik Alo]=
Wzo] EAWZ Uehd A0 2 AACC method 10-15
(AACC, 2000)° w2} H|FHE o]&ste] Alol= Az 3
4 5 EHFe HEE FY ¥ W59 FAE ¥ 7%
o2 Ztolx A3 ofele] 2oz Akt
Specific gravity
WS =32 o Fl(g) - W13 e FA(g)
=5 T A4 - R A FA(e)

pH

QE=2] pH (Docu-pH meter, Satorius, Géttingen, Germany)
£ = 5 ol SF5 45 mlE ZEW(B01348WA, Nasco
Whirl-Pak Co., Fort Atkinson, WI, USA)ol| Y3 2Ev}HA
(Bag mixer 400VW, Interscience Co., Saint Nom, France)
2 287 speed 322 wWHISH & H|F o Yo 20l

=

HIEH

H|-8-4 (specific volume, mL/g) < Wk 1 go| xpA| s}
= Fa g, Ale|=e) Fyjo] gk A9 v& ALttt
Z2AAA | AE T F AoA 2417 WY & FAE
J 22 olg3] ¥92 24 g

AH st FEZH7|(MA35M-000230V1, Satorius Co.,
Géttingen, Germany)E ©]-&3lo] SRS =43}
A B2 Alol=e] F(crumb)®] T F-EolA 2g& AF S}
AL AFFAC mel FESE7IE 105°CoA ko] 2
W71 AzEEE A ste] F435
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F2] Alo] =] FF Aol E ol &3he] AT,

71 A Aola 2] ¥ ()
- B3 % 3 Aol =] TA () y
7] A Aol= wkE2] FA(g)

100

M

Aol=Ze] AY2E(crust)?t I (crumb)e] M A3}
Al(CM-5, Konica Minolta Co., Tokyo, Japan)E ©]|-& 3}
LZH(" =, Lightness), a#t(Z] %=, Redness), ba(Z4 =,
Yellowness)S =743t o™, 5 W3 7S 1L=96.85, a=-
0.02, b=1.68°]At}. THX2E(crustye Alo|=Z2] 9o ¥4
oMM T4 TS SN H A (crumb)yS HWO =
o5 =43l 7ted FES A § A T4 HFES

AAAE ol g3l st

2[HEY

Aol=mel 9 54L& AACC method 10-91(AACC,
2000) WS Farste] Alola T4 FEg dddte] B
AR = AH(crumb) T F ES A9 EE EASAL C
£ FAHoR2 FAFAT A9 CAkolol BAS €9 E
Atole) DS EAIEIL 3 X E(volume index), A A
(summetry), @97 (uniformity)S Fig. 29} Z& F4o 2
ALtstdet Aolae]l 93> 7MW EHNEX-5R, Sony,
Tokyo, Japan)Z Y3l AFstom, A5} 7hve}e]
=ol¢t A& dAsH FAE] sl S o] &3t
Fgatsint Aol AFS FFstr] Al AL w7l
Al ZHo] HAA] GEE HYFsitt

=

Aolze] 2H7He NBES 25x25x25 cme] AAZE
02 AE v Texture Analyzer (TX-XT2, Stable Micro
Systems Co., Vienna, UK)E ©]-8-3}4] 7d =(Hardness), -

| Y

A B C D E
| |

| 18cm ‘

Fig. 2. Measurement method of volume, symmetry and uniformity
index of sponge cake according to allulose concentration.
Volume index = B + C + D, Symmetry = 2C — B — D, Uniformity
=B -D.
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2+ (Adhesiveness), -2 d (Springiness), 573 (Cohesive-
ness), 74 7d(Gumminess), % @ ~J(Chewiness), & (Re-
silience)S S 3FAth AME-§ probe= SMS P/500]1H =
A 2712 pretest speed 10.0 mm/sec, test speed 1.0 mm/
sec, post-test speed 1.0 mm/sec, distance 10.0 mm, time
2.0 sec, trigger force 3.0 g, sample size 2.5 x2.5x2.5cm

2 skt

7|lS= "It

AR Ao 0] A ke AFoietae] Ajg F<l
20t 2ot 187, oSt 329 e ® Al
H71eHE-2 2] FH(Appearance), A (color), & (Flavor), 27t
(Texture), BH(Taste), WA Q1 7] S (Overall acceptability)
2 o] Brhsiiern, 7lss HrAE 9 A=A
ul-$- v} 97 wlg- EThRE o|FojH Tt A|EE dFR
5 ARESl] ARl b S E HA F3sle] FE
Z Ao FA HAld AIZEZ i SIS FAlo Hol
Agste] vuRGrtE & 7 AA YAt AR A 0]
= BY Axg F A BEskal, 2x2x2 em®] 7|2
AstA A=A s ute; F2R9] o 2 Al Fe o, Al
B7F Atelell 48 A= 7 =S ATE ATt
A= ATt A &2 98] <1 ({HIRB-190507-
HR-2091-0502) wro} X8 3}31 .

e f oft U

HE AFELE 33 ol whEERon, dAAEA
(ANOVA), Duncan T $]7 7 (Duncan’s multiple range
tes) C 2 oS EASIATH B SAEAS f9
FEL p<0.05%92., SPSS version 25.0 (IBM Co., New
York, NJ, USA)E A-&-31%1 T}

ZT Y g

S22 thA v]&E 2Elste] ThE 2AXA o)A vE
9] A3t A= Table 29 72t} v]|ZL
o]

[e]

FAA 7] 712 A7 eIt RSkl ATH(Yang
et al. 2003). & AHNA A EEC] HFLS 0.33+0.02-
0.35£0.02 915 Uepilon, G522 oAl w2
OJFRl Apol= HolA AL, XA o|Ae] HAF HF
°] 03522 X738 Hwang & Kim (1999)2] A+ Ao}
H)23k ghS B9lTh Kim 2019y A71FE o]&dle] o
25 #olo] Aoz wiFe] H|Fo] YER20] Frigol w
2t FoAQl ztol7t A= Ao E Histe, YIRS A
gk 2R A o] A HE=F9] vlFo] YERS TRk whEt f
o] AolZ YEhfA| ke B AFols e AT A=
HAT ol AMEH ©Zke] S o] ulg zpolof|
E ZoE dddr. & A3 A9 widge] 2 iy
60-70%°] 3L, Kim (2019)> A" wjgago] &7 iy
100% ol’dolct. Aee] wighaS 47 tiv] 60-70%Y 7
T 7127F A FAAA AL P F71E AEE] o
I JE f7] e dHs AFo] wrEeAH, 7t
F8e AFol FAET 100% o7 thAeHA 2 H5-
o] wekste] GA FAAA G gl sk H

L3k AFo] THEofA|7] wjiol| H|Fe] Afol&
20 2 AYZ+Eth(Nakayama & Kimura, 2017). pH 3
A A3 737£0.16-7.45+0.032 HA o A B7Hl] F9
ARl Afol & HolA] AUt FAAR AVHE B GER A
E AIg 25 oo Aelae] FHAER d+4A% &
E2220] gafo) wg}l pHE 2291 AJo|7) glE Ao=
Ueh ¥]528 8-S Hol3 Jtk(Kim, 2019).
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ez 20| giA] vE&S DSty T 2HAA|A0] A
H| 825 243 A= Table 33 vt SEEX YA F
of & FA= W= fIQAN e dEE20 A
Hl&o] 555 42 F9E Yot A"y 2183t
2R A o] A(control)2] H]-§A 2 4.60+0.46°11 9, AL25
4.01£0.01, AL50 3.87+0.01, AL75 3.32+0.02, AL100 3.30
£0.038.2 4E2 2 YA Fo| F/EFE Faste Ho
2 Uehth Agd GEEAE 50%ww)e] Fdgjos
e 3 W7EES} 111Z2 4o] 71EE & DSCE ALE-5fe]
33} 545 B Young et al. (2016)2] AT AollA B
65.87°C, ¥E 22 £9L 7833°C, A &9& 9733°Co|
33p7F A AT o]l g 338F o] xfoldf 3 dE

Table 2. Specific gravity, pH of sponge cake batter according to allulose content

control” AL25? AL50 AL75 AL100
Specific gravity 0.34+0.0291 0.35+0.02 0.34+0.03 0.330.02 0.34+0.02
pH 7.45+0.03" 7.43+0.07 7.4040.08 7.370.16 7.41%0.11

Deontrol: control with sugar 100%

Y AL25-AL100: various concentration of allulose, AL25: allulose 25% + sugar 75%, ALS50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%
IMean+SD
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Table 3. Weight, volume and specific volume of sponge cakes according to allulose content

control" AL25? ALS50 ALTS AL100
Weight (g) 268.73+3.089NS 268.04+0.49 271.41+1.44 271.37+1.37 269.70+2.83
Volume (mL) 1,237.334£2.51* 1,074.67+2.08" 1,051.00£3.61¢ 901.67+10.41¢ 884.67+£13.61°
Specific volume (g/mL) 4.60+0.46* 4.01£0.01° 3.87+0.01° 3.32+0.02¢ 3.30+0.03¢

eontrol: control with sugar 100%

Y AL25-AL100: various concentration of allulose, AL25: allulose 25% + sugar 75%, AL50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%
IMean+SD

**Means with different letters are significantly different within the same row at p<0.05 by Duncan’s multiple range test

*o}oq 37t Hopa
AoR HRIttA 3} ;Jﬂ'(Lee 2010, Lee & Oh, 2010). &

AFolE AgeT Ass Al SEEs BAD
o] gold58 AAA N vgA] ghshs ANE

2

&) d B1&S Gty T AR A oA
TR F7] £HES Table 49 2} A 422

29| Hl g W& T ;P F ol AQl zpole gle Ao
2 UEFATHp<0.05). ¢EE 20 thA| el wet W3S A
3 AN = agiéﬂ A Foll e T
27t e Aoz YeRgtiHwang & Lee, 2018). g
U oAl Zole AR control 33.67+3.28, AL2S
33.96+0.77, AL50 34.14+0.75, AL75 34.62+0.69, AL100
34.87+1.030. 2 LE220 thA|Fo] ESFE U1
HAed, ol ABET 4E229 FH5F0] ¢
1o] Yolo 7 FkEitl(Lee & Shin, 2021). #7] &
& A EZFO] FoAR] Apol 5 HolA] gkton, e
£ 10.40£0.63%-10.94+0.33%= U EFSITH F5 34 oA
o] ZFlAIW Rkl Q= o] WAt IR W
Skal Wkl A E ] e 71XE WA s Heol H7]

ot
N m{o

LR e o HE oM
i rlo
o

(2019)9] GERAZE AT HAH A= Folo] Aol
o] F4 54 Aol st dERAZ gAS AT}
A 514 e A B BF 37182804 §2H9] 2po
FRE AR BIse] ¥ A7e} fAle g veh)
Att.

AH
S

H

dEE20] A Hl&S gt whE LHAA oA
crust?} crumb®] M=+ Fig. 3, Fig. 49 2t} Crust®] ¥
Z(L) 3 tEzo] 375120522 7P Hkem AL2S,
AL50, AL75, AL100 =202 $E2 20| Frefo] 7kt
et Zasidt. dE2AE AT AR ke Lake] ¥
9 25.80+0.40-29.85+0.800. % A S TEOZ AN S
2ok o] F AT A (a) B2 tHEO] 13.87£0.242
7P wskeH, dERAVE UAlE AR ZellM e el
sojol we}t Fiste 4TS 2o, AL759 AL100
8.23+0.23, 5.26+0.600. % FA7} gl AL Vet
o} A= (b) hS tETo] 134840252 7H =9k
G229 Stgfo] Z7}A4E 7HASHE S Hold 9
ow AL753 AL10S 8.41+£0.20, 5.28+0.32% 2|27}
e Ao Yestth Cruste] M= 54 23 o= 3,
AT zF SN 7} BT GdEF A Sheko] ol u}
2t A Ao ® Faste FAE BT A" ol EE=
2= A ste] deEA0lAE ATAH cruste] M= 574

rr

E£AEo] BASHA HtHAhn & Kim, 2007). ¥E22= A YEZXAE 50% IS AE7F controlol] VIS Lak
PR EETYOl YN Eoh YBEL YAF]l F/1E B bghe B agtS F/HHTL S5 chHwang &
TH w7 EAEC] SIS AR AF5T F Yo EE Lee, 2019) L7t Zars g2z i 97 Eow My
22 A g o FolA atolE B Ao £ F o vlE| g4 ARlEs S 9% o E AFdAME
2 §le Aoz A7ETh Hwang & Lee (2018), Kim 2o ¢S BT 2y a, b 2F Z;_/I:s =R
Table 4. Baking loss rate of sponge cakes according to allulose content
control” AL25% AL50 AL75 AL100
Moisture contents (%) 33.67+0.49™ 33.96+0.77 34.14+0.75 34.62+0.69 34.87+1.03
Baking loss (%) 10.86+0.60°™8 10.94+0.33 10.77+0.97 10.40+0.63 10.68+0.67

Deontrol: control with sugar 100%

PAL25-AL100: various concentration of allulose, AL25: allulose 25% + sugar 75%, AL50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%
IMean+SD
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control? AL25? AL50 AL75
concentraton of allulose

Fig. 3. Color value of crust on sponge cakes according to
allulose content. "control: control with sugar 100%; »AL25-
AL100: various concentration of allulose. AL25: allulose 25% +
sugar 75%, AL50: allulose 50% + sugar 50%, AL75: allulose 75%
+ sugar 25%, AL100: allulose 100%. *“Different letters indicate
significant difference at p<0.05 by Duncan’s multiple range test.

* R OL Oa §b
B 1 N : \
10 % i \ \\ : \
control AL252 ALSO AL7S AL100

concentraton of allulose

Fig. 4. Color value of crumb in sponge cakes according to
allulose content. "control: control with sugar 100%; »AL25-
AL100: various concentration of allulose, AL25: allulose 25% +
sugar 75%, ALS50: allulose 50% + sugar 50%, AL75: allulose 75%
+ sugar 25%, AL100: allulose 100%. ““Different letters indicate
significant difference at p<0.05 by Duncan’s multiple range test.

Atoe thE A34E B= o= gt Blgddl oA
T G7Fe] FHgo] =& B ATe] v gu| ol 2 wlo]
&F "Wh-g(maillard reaction)e] © #HAX7] wWlEoz AT
(Hwang & Kim, 1999). Crumb®] W& thzTo] 75.08
£1202 7 =4 JERG O™ AL25-AL75E 72.97+0.74,
72.58+0.45, 71.48+0.100.2 74 E FAES How
AL100 67.95£0.662.2 FZ4 34 "ozt ANLE

A = 22 .57+0.21-24.49+0.46.2
2 YEhdth Control 20.89+0.45% 714 wHA] eI
Crumbe] HEE =22 20| dgo] Lol ule} 7h4as)
T AAEE GEZ 20 o] 21| el Z7}18la

= YEREE YAS Al5Ee] AERts

o] Aot 2 & 4 Utk ol B

1ol Ag 7;_}&,1
o] Yyeht Aoz AZEtH(Kweon et al., 2009, Baek e
al., 2008).
QA=A

dE2 20 giA vES GElste] e 2HA A oA

F-3](Volume) A3, thA A (Symmetry), T4 (Uniformity)
S =A% A3 = Table 59 2t} H3] A E+= control©]
153.50+3.280. 2 7P =7 UEpst o dE2 20 thA) 7ol
Z7VE S AL25 146.33+1.16, AL50 129.67+2.52, AL75
121.67+4.62, AL100 110.33+4.510.2 H3] %7} o}z
E oz yeygth ¢E2A5 gAHE tE drei =
UEZ 29| A H]go| ZolAFE W2 21 X1 E YE}
W B A7 fARE 235 YERITHKim, 2019; Hwang
& Lee, 2018). Fig. 5914 HH GEZ 29| gfo] F71g
of met Zol7t Yol A & F e, olg s A
= FH9F AAAS & F vk GEZ 29 FEpo] o}
AL 7129] kA o] WolR 7] wftol 3|7t FojEaL
o|Z Qlate] A A o] A Eo|k WolA= Ao R Azt
©thShin & Roh, 2010). ™34 (Symmetry)S Alo]2 &
¥ #HES Ut = ARRE 09 7S A +F
o] ¢tHdt 7S <om gt} Controlo] 5.50+0.502 7}
T2 S BHo g3 ¥ JoE YEgon, 4ER
22 A" AEES] A3 H9l= 1.33+0.58-3.00+1.74

2 8o1A0l ol U} controldl BIE] A =
& Ao ® Yehyith 794 (Uniformity)S 2] A o] =

9o A8 Yepll= Zo = 0o 7S st

conrtol©] -4.78+0.092 7F WAl ygkom AL25-AL100S Tk Al 7Rl f-o]F o] Aoz HolA] FPAT, 4R
-3.58+0.18, -2.42+0.09, -1.62+0.39, -0.51£035% F7}st= o A®RE SHT AL25-AL7T5S] U4 32 -0.3320.58-
Table 5. Volume, symmetry and uniformity index of sponge cakes according to allulose content (unit: mm)
index control" AL25% ALS50 AL75 AL100
Volume 153.50+3.28° 146.33+1.16 129.67+2.52¢ 121.67+4.62¢ 110.33+4.51¢
Symmetry 5.50+0.5° 1.67+1.53° 3.00+1.74° 1.83+1.44° 1.33+0.58°
Uniformity 0.83+1.26°™¢ -0.33+0.58 -0.33+0.58 -0.17+1.04 1.00+1.00

eontrol: control with sugar 100%

Y AL25-AL100: various concentration of allulose, AL25: allulose 25% + sugar 75%, ALS50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%
IMean+SD

**Means with different letters are significantly different within the same row at p<0.05 by Duncan’s multiple range test
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AL25?

control”

AL50 AL75

AL100

Fig. 5. The surface and cross section of sponge cakes according to allulose content. "control: control with sugar 100%; ?AL25-AL100:
various concentration of allulose, AL25: allulose 25% + sugar 75%, AL50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%.
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Table 6. Texture properties of sponge cakes according to allulose content

Sample
control” AL25? ALS50 AL75 AL100

Hardness, N 111.95+7.11%¢ 125.42+4.0% 137.10+£6.79°¢ 257.26+16.9* 169.76+12.04°
Adhesiveness, J -0.15+0.129N8 -0.2340.18 -0.17+0.14 -1.03+0.93 -0.86+1.12
Springiness 0.96+0.01* 1.02+0.09* 0.98+0.02% 0.94+0.02° 0.94+0.03°
Cohesiveness 0.71+0.05N8 0.77+0.05 0.76+0.04 0.74+0.03 0.78+0.05
Gumminess, J 79.82+7.52¢ 96.69+7.83° 103.71£9.66° 191.18+16.01* 132.05+7.15°
Chewiness, J 76.75+7.42¢ 98.76+13.83¢ 102.14+9.88¢ 178.94+12.90* 124.8249.48°
Resilience 0.34+0.03N8 0.41+£0.07 0.40+0.06 0.37+0.05 0.40+0.03

Dcontrol: control with sugar 100%

D AL25-AL100: various concentration of allulose, AL25: allulose 25% + sugar 75%, ALS50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%
IMean+SD

*“*Means with different letters are significantly different within the same row at p<0.05 by Duncan’s multiple range test
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Table 7. Consumer acceptance of sponge cake according to allulose content

Sample
control" AL25? AL50 AL75 AL100
Appearance 7.22+1.92%" 6.36+1.48° 6.34+1.75° 4.4+1.69° 4.76x1.78°
Crust color 6.78+2.02° 5.36+1.82°¢ 6.64+1.48° 5.42+1.75¢ 5.96%+1.68"™
Crumb color 7.52+1.73% 6.56+1.49° 6.16+1.66° 3.84+1.83°¢ 4.12+1.73¢
Flavor 6.74+1.72* 6.3+1.71® 5.88+1.72° 4.76£1.79¢ 4.8+1.41°
Texture: Softness 6.98+1.79* 5.72+1.83% 6.14+1.78° 5.74+2.24% 5.204+2.24°
Texture: Moistness 6.48+1.95* 6.02+1.70® 5.60+1.87° 5.62+1.96° 5.3242.10°
Texture: Elasticity 6.14£1.73%N8 6.02+1.69 5.64+1.77 5.76+1.66 5.884+2.01
Taste: Sweetness 6.62+1.64" 6.32+1.74* 6.32+1.45° 5.94+1.79* 4.28+1.74°
Taste: Aftertaste 6.66+1.82° 6.32+1.73* 6.26+1.52° 5.32+1.94° 4.40+2.11°
Overall acceptability 7.34+1.57* 6.51.57° 6.22+1.58° 5.12+1.89°¢ 4.12+1.81¢

Deontrol: control with sugar 100%

Y AL25-AL100: various concentration of allulose, AL25: allulose 25% + sugar 75%, AL50: allulose 50% + sugar 50%, AL75: allulose 75% + sugar 25%,

AL100: allulose 100%
IMean+SD

*dMeans with different letters are significantly different within the same row at p<0.05 by Duncan’s multiple range test
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