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Abstract

This study was intended to investigate the characteristics of muffins prepared with allulose which is low-calorie and
physiologically functional rare sugar. Volume and specific volume of muffins increased significantly with allulose addition,
but not with its contents. Muffin heights also increased as allulose was added more. Baking loss rate and moisture contents
were not significantly different among samples. Allulose seemed to have nearly same water holding capacity with sucrose.
Lightness of muffin crust and crumb both decreased, but redness and yellowness increased according to allulose, the reducing
sugar addition by Maillard reaction. In the texture profile analysis, Hardness of AL100 was higher significantly (p<0.05)
and springiness, cohesiveness and fracturability increased according to the allulose contents. In the sensory evaluation, ALO
was the sweetest and ALO and AL25 got higher overall acceptance score. Physical characteristics were not different (p<0.05)
among ALO, AI25 and ALS50. As a result, 25% sucrose substitution with allulose can provide low-calorie, anti-hyperglycemic
and tasty muffin.
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Q1 t(International Sweeteners Association

o =27 ot AHZ 3 vl G, AN AE S

o] A% EAE HFEHWHA A HAHES £017] Yt
Aze) A% oA ol g 2uEe aFES} B
OFA 3L YEH(Malik & Hu 2012). o]of thekgt Fefo gt
FEAS0] o] &5 o] /UEHL ok Av=d= €= W
= Zbu| E(nutritive sweetener)?} FHS WA ¢ Zulg
(non-nutritive sweetener)7} $l=d], i}
todextrin, tagatose 5-©] ZA}o]| dl|g3}aL, saccharin, aspartame,
FAp sttt ol HAulEE AF
24, WY A 2, Aok 24 ¥R Sol 88 Fo B
iEg, 794, AR, AR, otol23d, 2AE F o

3, sorbitol, xylitol, mal-

sucroalose, stevia =-0|

(2012¢l 712), B o)z AL w2 Z7ste] AR
27hgo] Be AYTIE FulE ARl A9, 2019971 o)
9 oF 6.2%% 71 AR 4=l JIokKim 5 2016).

International Society of Rare Sugar(ISRS)|| A= TFF9}
1 F%=AE ‘Rare Sugar’ 2kl o5t 22 A thAA|
2 2715k tHLevin GV 2002; Mu = 2012). o] % 3fkel o
EZA(D-allulose)= 2L A= 9 7|54 T o2 [UPAC
A © 2= D-ribo-2-hexane©] ™, YA L2l psicofuranine
o 2R E 0] “psicose”T e BT WA o] £30] 4
AR EAE A% A=Y 70%E Ye= 3FolthEble

" Corresponding author: Sun Mee Lee, Dept. of Food and Nutrition, Daejeon University, Daejeon 34520, Korea. Tel: +82-42-

280-2477, Fax: +82-42-280-2468, E-mail: sweet@dju.kr

- 195 -



196 A - o] Am]

S 1959). AAAA= A9 EASHA Fem, 1930E ol 2
oA AL = en, Fala, AXE, HolE Al 59
2 EAstaL, Y5 v 2otof| A A E It Zhang 5 2009).
otH, =7} wpdo] A E3HE(Cree & Perlin 1968), =
7] 28" A (Luger & Steinhart 1995), 7}59 ALt
T 59 Tkt AlFelA A g thBinkley & Wolfrom 1952;
Thacker & Toyoda 2008). 3}3+24] © 2 = D-fructose2] B4~ 3
Aol A ketose-3-epimerase®]] &J3f| o]/4dstz whEoA|H, Tt
ST YEA AgA o2 AR T §leh 2014 FDAC] A
GRAS(Generally Recognized As Safe)Z XA =0 A& AHy
Ao] BzAR 8T 4 A HUTHZhang 5 2016)

Qgmal sstplq Ag F4HA gt Apme 7
WRE ol8E 4 glovl, 4% WY +ES WRE FuEy
7)%&(Hayashi 5 2010) ¢]of X &F(Matsuo 5 2001), &
AZMoller & Berger 2003), 417X & &8 (Takata 5 2005),
24 Ak 27 A3KSuna 5 2007)52] ot AE A A
FSlE Aoz d8A ok A2 Alol2y A} AlE A
FARAECE AR =2 Z2E FA5H, o=F A Al
oA oI A7 BHAE o8 7HA] EAIE €eXth w
ZA AegS diAIsts A EY A9 2 Wufjolx #
Auf o] @S Uehfis 3 ArEY AR daRtR
o ZARYE WFHe Nt ASEHL Jou, A9 AT
i Al "lAA, Fu), A gh ol At ks doA &
H|Z} 7155 B7te) ¢F $2 AT 7, giAE v
9] 4= IS 7I1AA HrkStruck F 2014). oJ2] 7}A]
A FF=2 ddAFE Axd AE 2747 o g,
WA A EE ATAg] A APATEes ZHES
Jugo s A|23 AEA Alo|29] E23}eH2A £ (Back
YH 2013), A3 ep7LEAE ARGsto] A2t W o] A%
717ke| W2 =24 54 d-HHwang 5 2015), 3t wa
Az Al & F77F F20 v|Al= G| it A (Park 5
2011)¢} AFI(Kim & Lee 2015)7} 71 € &2k (Park GS
2015) 7k wHA Al zo] W3 A4 5ol Uth YEES
= e A% 71548 BE ek, AFeEA 9 ok
dol MAENL, dHH e 2 AR Qs AYA
© 2 FAARI o877t 2 S o|tH(Zhang 5 2016). 1
AU HYS 7|22 3 ARF dEELE o83 AF
(O’Charoen - 2014) 5-°] & i oF2] Ao o]- &3 A+
= BA Yt o]0 & dAFtelM= AZ =Y 7]54 rare sugar
¢ dERLE AES tiAISH HH Az ARNEStaL, 1 &
S Lol A} sHith
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=4 EFIYEIA

H Ao AL AR e dEZA(C], Incheon, Korea), &
YE WU7}F(Samyang, Asan, Korea), ¥]4d%}(Samyang, Ulsan,
Korea), v} 2} £74(Bumafood, Bucheon, Korea), 73 ™HFE
(Seoulmilk, Yangju, Korea), &ZF(Seobu, Pocheon, Korea) 9§
(Seoulmilk, Yangju, Korea), H]©]7] o2t (Sungjin, Gwangju,
Korea), 2~ (Daesang, Muan, Korea)©]%lo ™, 2017 8o

RIT

2. MEQ| M=

H7-2 Heo 5(2010)9] ¥ WHPFste] A= uijgn]
&5 Table 13} o] Azttt on] AFS T8 dEZS
9] oF& AA A= tiH] 0%(ALO0), 25%(AL25), 50%(ALS50),
100%(AL100)= thAste] Hd7lsteh. B7Hs, #ol] uhe-
t et vid el 7AE Aol A gAEol 9L, o7l A, &
EE2A AFE YL F AE AE7)(LW-2003A, Liantek Elec-
trical Appliances Co Ltd, China)®] 2¢t &£ =2 157 &3}5}0]
ok A9 HEo £ & @4 76t 4d &=
2 133027 4900k E3kE 7bRet 998 2T 187 ¢
mixing8}ith. 67 T1H W(70<53<43, 12| E(mm)<o} A B
(mm)xFol(mm))of] FARR S ZaL ¥hE5-& 70 g¥ Fste] B
2 5 olRET YIEE 200CE o F3 2 E(FDO-7102E,
DaeYung Bakery Machinery Ind. Co., Ltd, Korea)o]|A] 2557+
FSTh. LBl Aol gl 3 ALolA] T A2t
Yot ¥ AR ALgSYT RE APL 35 o] w2

3. HEO| 21|, HISH, 27 248 ¥ 50|

oY Rul FES o] §3tel 2 ABUAACC 1983)
2 23, o2 RE vgHmleE Fodtk F7]
AEL WFS FA% T F vIEe] A ol 2Ry T

Table 1. Muffin formulations containing different amounts

of allulose (Unit: g)
. Sample
Ingredients
ALO AL25 ALS50 AL100

Wheat flour 300 300 300 300
Sucrose 180 135 90 0

Allulose 0 45 90 180
Butter 90 90 90 90
Egg 90 90 90 90

Milk 210 210 210 210

Salt 3.75 3.75 3.75 3.75
Baking powder 15 15 15 15
Vanilla sugar 3 3 3 3
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shgon], Folt oW 349 /MY £ BT SHo

2 Ze A2 ol Sk

AT VR 8 P viHe] SR AR OF 3
g2 Fsle] 105C Ax 2E(HY-8000S, Chang Shin Scientific
Co. Seoul, Korea)ol| Al AOACH(2000)¢f wha} AAU7FE Az
Hoz st

v

o

5.

et hol _4 A== AMIA|(CR 2500d, Minolta, Tokyo, Japan)E
AFE35}e] B = (L-value, (100) lightness<black (0)), 2] A &= (a-
value, (+) redness—greenness ( - )), W = (b-value, (+) yellow-
ness—blueness( - )) & St I FHg 2 eI
o, o] wj AMgE EFE WA L2 93.03, agtS - 197,
b2 7.870]34th.
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6. ==zt £

™3 9] texture’= rheometer(Compac-100, Sun Sci. Co Ltd,
Tokyo, Japan)Z ©]|-23}9] texture profile analysisS A A| 3}
o} WAl YRS 30x30x30 mm=Z Za} Z E(hardness), 4]
(cohesiveness), BF2]/J(springiness), % 3] 4J(chewiness), $-417]
A(brittleness)S ZA5+Ach. S22 Table 29} 7ttt

AFFTe tistl 209 S o= dE2s AN
= 25t Az vl F79 wHH tis BeAAE A
stk 45572 Has 42 1A AlEstied, 98 A=
HE o] &35t 7R 9] ZH % (crust color), WHZHH = (crumb
color), HE] B2 & (cross-section softness), =3t 4
I=(moistness), 7+ (hardness), TH(sweetness), 2-BH(bitterness),
Fu|(flavor), AH| 2] 7] Z = (overall acceptance)S ZAFSHH T

Table 2. Instrumental setting for the texture profile
analysis

Option Texture profile analysis
Probe diameter 10 mm
Table speed 120 mm/min
Deformation 30 %
Load cell 2 kg
Sample-adapter distance 0.50 mm

22 H7F Az wEe 54 197

sfof Az WA 54 APL =
= m ory H}Eo}oq AR o, ATH= SPSS BA package
program(Statistical package social science, Version 22.0 Chicago,
IL, USA)S o|&3te] Hoat BEHA gho 2 Yetfla
ZA7k AFol9] 8-2]A-2 Duncan's multiple range test2 %4
3} TH(p<0.05).

2ot % nF

1. 2818 EM

1) HEIS £I|, HIZH, 27| 248 U 50|
JERAE Hrbe viHe) Bl w g, F7) &4
o]t Table 30] thehi ule} 2o,

wge Bt AL YERAE WA g Uz
To] YEZAE HUE ohE AP Z| v|F) SolHoz
Srowl, R oA A7} ) e $o)H9 Folk Lhe
WA ettt O’Charoen —‘05(2014)—0— At ZR}e] 7|EAJo] &
gR20 4%, 4] vs) B Ao Busle] YA
o) ofel@ /124 ol AAAY 34 Fold] 719
3 Ao gztEojx,

H o] &o]= AL0°] 4.56 cm, AL257} 5.75 ¢cm, AL509]
6.03 cm, AL100°] 638 cmZ YEZ 2 AE HU5HA] & o
ZFoA FoFoE I, dEES HUMFo] SRl
wet ol7t F7boke AL Uehhglon, el He &
o219l Afol7k ek ghsieh ol #71Axe] A
AAZ GEZ 29 L 74 thst d-(Young 5 2016)
oA dEZAE H7IRE F7I7F A= A7 7190 vl
qelmoz wolzh wekths Antsl AT Taylor 5
(2008)] ATNHE AFS ErheAR oA Al erbEsg

al
=

i1

Table 3. The physical properties of muffins prepared
with different allulose contents

Sample
Volume  Specific volume Loss rate Height
(mL) (mL/g) (%) (cm)
ALO 165.33+3.01°  2.64+0.05°  8.76£0.40"5 4.56+1.53°
AL25 179.67+234°  2.86:0.04° 851045  5.75+0.10°
AL50 180.3339.91°  291x0.17°  9.02£049  6.030.10
AL100 176.00£7.90°  2.81+0.14°  8.65:0.46  6.38+0.05

*® Mean in a column by different superscripts are significantly
different at p<0.05.
NS Mean not significant at p<0.05.
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Fo| worgol Wk F71¢] Fol7t Hole AR £45)
of & Aot fARE 23S YehfRIth ol BEAY |
Feo] Yol 2R84 4] Zag &S ¢ gol AT
T 7 g2l Aoz vFsGon, dEES JA| HVIE
29} QA3 keto-hexose 25 2H3l Qo o] 3t A}
& B4l yehute Aor AZdn

T7] SHES BE AT AololA 422l lolE 1
R A] 9AQLTE Lee 5(2017)2 EF7FEAE HiARE thtol=
o Zeigtels] B4 dtollM dRe oF 30%E AT A9
o AUk ARERE ti2T Afolol A= &Y 194
A Zpol7h Qi ALR Histo] & Aot wARE 2oE
e Siet

228 W74 vRe] $E3FL Table 40 Lhehd
vle} Ztth 4B SRS AL0o] 32.16%, AL257} 32.43%, ALS0
o] 32.20%, AL100°] 31.65%2 Lelytal, S22 A H7lek
2 59122l Kol LpehbA ghgtek. ol 44 2
A G AL B 24080 YoIAE B AT §9)
91 Apol7h Uhehbx) ot SARE A4S Uehgict.

3. M

FERAE WK Y Mm99 F30EY
B FUREOR ol 34590m, 1 A3t Table 59}
z

Hy | o Ao FES YEhl= L2 AL0Y| gt
o] 7792 71 A HEhten, YEELE WA w
Lgto] #ej& o= Hgpon), ALS0Z AL1002| #2]2 Ao
© WERA 9tk HaEe] i FA] ALOOIA 7 EA
SHENL, FERLY FFo| TUIEFE FYFLE Ha
AT ANE=S YEhl = agh2 Ma 9 ofF e Yif B2F
oA GEEL Aol STt wEt FAH LR F7IEHA
Ouf, AL259F ALSOAROol A = 22 Ql &polE UEh A=
HATE FHE=E YEH = bl o F Aol 7=
QA H7EQ] AL25, ALS0, AL100o] A&k ¥ 713t ALOY
Hlel FofA o2 22 ghE YERHAT T2 bk Al A
g A7l FeHer U2 ghE UEidleH, EER

Table 4. Moisture contents of muffins prepared with
different allulose contents

ALO AL25 AL50 AL100

Moisture
content 32.16+0.77™5  32.43+1.05
(%)

32.20+0.06  31.65+0.71

EREL R

Table 5. Hunter’s color values of muffins prepared with

different allulose contents

Sample L a b
ALO  77.99+0.93°  5.43+0.74° 36.35+1.97
AL25  69.20£0.94°  14.40:0.69"  43.03+0.66"
Crust AL50  587742.95*  1524+039°  4230+1.18°
ALI00  582942.44°  16.41+033°  42.82+1.10°
ALO  79.80+124% -487+022°  26.11+0.89°
AL25  77.49+129° -3.04+046"  28.19+1.04°
Crumb b b b
ALS0 7423068 -246+0.17°  29.09+0.37
ALI00  70.8740.54"  -0.46+0.78°  32.01+1.49°

*4 Mean in a column by different superscripts are significantly
different at p<0.05.

2 100% AR AL1009] gho] 7H #A &4 = ek 2
BHom ¥ u FEmAo| Wil Folel ket mjHle)
QoL Y mEoA] Lk RobA| 1L, aft bt woHAl=
BEFE YeEtHth o= O’Charoen 5(2014)8] 4E2AE
Hohe v ME BAET, SERAE WlE ATl
A A7 di2tol Hlsf Lgko] Wit bgto] &4 4
st Aukel S-AHA T T, Hwang 5(2014) EFVIEAE
7¥et W o] AFoA Ef7EL] fhFo] ool whEt Lk
& WOlAT o, bRHE Z7IEHE ATE Hol B AT} 4]
g 23S YER AT Hwang 5(2015) E3F B7IEAS 3
seto] Rzat ool Yo} B7bEA Brheo] Fotrlol
o Y= Uehis Lgte sl AES tehs a
e pagthn maslglt ojee WE o) 7hash A4
o M| FTh= QEX Y] HAE oA TAYsE
+= Maillard ¥F-g-2 2 ZdJE ) Maillard ¥H-8-2 3-Ldg3} of
024k HEgo 2 AP H =), BtEAS} dERAE AT
of vj3j o] oug Zwo] Wo| JYPu= o2 A
ZHEtH(Young 5 2016). webA dE2 e FHpo] St
Ei ot ANEs HEA F7k Aom 4%

i

O

L
Tr\L ol

4. =X

G222 AE 78 W T2 A X (hardness), EF2A(springi-
ness), =73 Ad(cohesiveness), A3l AJ(chewiness), -4 2] A(frac-
turability) & =73+ Z3H= Table 63+ Zth

AL AL AL, AL25, ALS0-L 521 & ¢l 2o 7} 911,
AL1009] AE7} G- o 7 B} Tailor S(2008)
2 AYE BEAR qAIZE T4 HE) o B4 24
Hoichn B3sto] 3 A7) Aatet gt B4
AL GBRA Aokl WIS foldoz 7}
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Table 6. Texture profile analysis of muffins prepared with different allulose contents

ALO AL25 AL50 AL100

Hardness 116.33+2.08" 107.33+8.33" 114.75+8.62° 142.00+12.36°
Springiness 74.12+4.22* 79.73+1.69° 85.61+1.55° 89.13+0.64°
Cohesiveness 54.75+1.76" 63.25+2.64° 66.97+3.75™ 68.53+1.51°

Chewiness 63.7143.17° 68.97+7.11° 76.84+7.18 97.44+10.33
Fracturability 47.29+4.58" 54.266.69" 65.83+6.83" 86.8749.51°

*° Mean in a row by different superscripts are significantly different at p<0.05.

S BYE U, oo S0 =ATRLE B}
3 muolq Ed@Eag Aol Fobdel uet 34
o] olATha dto] £ Aok FARE TS Lhehpgich
3142 ALO, AL25, AL502 §-2] 29l Z}o]7} §la1, AL100<]
HAAge) foH oz $A Basle) Ame} 2o A% 1t
B gich RAA B3 ST SRAA et A
Zol EE2 Hrhago] Wobdel uheh gl Fvhsheck

5. =dEo}

GEZL9 AFS FEsto] A=t
I}= Table 73} 7t}

AT WEO Ao et 7e s GEEA Vbl W
ool Wl oA o ® Fqou, ALSOZ AL100AR]of A
= Y39l AHolg UElA = ggtth ol W Mx &
Aol Aot T Zho] dERAE VIS AlRA
=4 EAESN =, A= O] tha &2 gho| B
Aog ¢ 2 H7HE Uil 2oz B4k o= &
E229] 7o whet ZAWHnk3-o A=7t o st ol
g 49 9hg Ao] Ayt Il A BrbEe ASE AR
Hrh R e £S5 A== ALSOT ALI009IA =3tk 7

T9] e, GEEA HUFFO| =2 ALS0Z AL1009A] =4
UERL TPAS] 240l 4] AL1009] H=7t FoH o= #31E
A FARE 235 UEHR Sioh AR A1 T8 AL0OY A

wwe] WA 2

FoA R =A Ueg, ol YEEA7L AR Hls|
A et Y] 2ol Ao AleEHTh £3HE <l 7|E
T ALOT AL257F fojH o' wokow, foA o= &
grout, AL259| 7|3 =7} 7P B Uebdth

Q0 W A=

FER20 PFS YT WRY Bt B4 B
53718 AASkEch vHel Ruet ngHe GEass
A9e o fAHOR e g ey, Sl o
2 Hol UrEhA] otth MR ol SERs Wl
o Wolel uet Fo202 AXE Ao teglch F
7] SAET $EFE G022 Hol7t flgiTh MHY 9
Bopzuol o] [ghe AERA G gt gejxow
ZASGT, gkt b fAHOR Frlsterh 2H e
A Aok MAS ALO, AL2S, ALSOL £-21212) Zol 7t §]
1, AL1002] A=7} o)A oz =gtth etely, SAA T}
BARAYS GBE2 APl BoldSS fYFoR 37}
she A e ek B AR i Zus
FER2 F7lge] wobdel utet £ Ureheta, i)
5T A=Y H s BT ALSOZ ALI009A =3ttt AA
49l Sghe ALOOIA M o= B veldeh F3A 9
EEL ALOT} AL2STE §9HOR $5hom, §oHolx]

|

e
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Table 7. Sensory evaluation of muffins prepared with different allulose contents

ALO AL25 AL50 AL100

Crust color 1.78+1.00* 3.11x1.64° 6.00+1.72¢ 5.72+1.84°
Crumb color 1.61+0.98° 3.11+1.49° 4.78+1.80° 4.78+1.35°
Crosssection softness 3.33+2.03% 2.56+2.28° 4.44+1.69° 4.33+1.68
Moistness 3.61+1.91° 43942 43 4.89+1.78° 4.89+1.91°
Hardness 3.2241.83° 2.9441.70° 5.11+1.41° 4.611.98°
Sweetness 4.71£1.99° 4712239 3.18+1.91° 3.53+]1.88"
Overall acceptance 5.67+1.72° 5.78+2.10° 428+2.11° 4.22+1.99°

*° Mean in a row by different superscripts are significantly different at p<0.05.
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