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TEELYat S/AISES T, (ORI et Al et

Abstract The quality characteristics of muffins with different types of rice flour,
such as soft flour (CON), soft rice flour (SRF), floury rice flour (FRF), and rice flour
(RF) were assessed by using Image ] program, which includes their particle size
analysis, moisture content, pH, color, specific volume, baking loss rate, texture.
(D[4, 3]) is weighted mean diameter, which is directly obtained in particle size
measurements showed large values in the order of rice flour, floury rice flour, soft
rice flour, and soft flour. The moisture content was high in the CON and SRF
groups with small particle sizes. There was no significant difference in pH, L and
b value. The a value was significantly low only in the RF group with large particle
size. The smaller the particle size, the higher the specific volume and baking loss
rate. Image ] showed that the number of pores decreased when fewer smaller
particles were the powder, but the pores were larger. Among the rice flours, the
SRF group, excluding the CON group, scored high in all the acceptability elements.
The results from this study can be used as basic data that can contribute to
research on various rice-processed foods.

Keywords muffin, rice flour, particle size analysis, gluten free, Image J

1. M2

[ .

B(Oryza Sativa L) 4, 550 3 AA 34 8 IEF 3 ofU=E, SeuetilA+=
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of WHE 4HE FoleiT weetAY 2THR H4ES
aslAFgo] F7H5H lol, & 7HBAE A% Al S
W A0S 1049 AuT} 9 23% HSIAHKOSS,
). olgt o] & 4] Fejsk HurgolH 3oz
WSSt 7] te] 7198 o) B % AL & v
% U4 BAEES 2T 5 9l Yto] B Aoz Held

(Ha 5, 2022; Joo2 Choi, 2016).

e AFEOE ol g3 AL BT Fez B

sfete] ALGSHEE|, UuHAOE B Wo s} %Y Ax

7 ot B R S ¥ 4B SAARS Folol ¥R
=]

7Fgel ol8sta AtHJun T, 2008). LU FAAES
=2 FREEFE 7] dgol A% 9§85 27go] WA
Utk FA A7FRY] G Bty fls)
FHoA= A4AR A8 59 FU5425, HE,
w22 5L fEsiyed, 1% Hizu2E Adu¢
£ AYs Aoy W 59 FFHE &4AETE
4 IPA LT} Hol A4 A7FE AR Al A&Ago] 4t
7He-& A7t B EQtHHa 5, 2022). A Al
7HEoE FBEHI Y AVIEEE UEATIRS 1R
WA(7A]) o] e, BEErtREs YR giéAEL
2 A7NR] JAA7| 7 FPste] AFE o R 2o]ul §lo
o, 7t HE2 gA2E0E 2o|il Qltt
758 A7FRE o]goto] A xgE AFof gt APA+
2 2Fdne] g A9 H45KKim 5, 2019),
7t29] SRt go] e & F719 o]ty E4(Seo T,
2020), & ¥l U2 719 734 4(Kang 5, 2010),
7FEEE A7 M¥(Kim 5, 2020), 1otv| 7hE W
(Kim} Lee, 2011), ThFst 279 SMu| & A 25 v
(Song &, 2017), A& HHE 2Est & J==4] A9
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2.1. 48 M=z

2 Ao AR 7158 A7FRERl E4u|(Baromi2,
Serom Food, Icheon, Korea)= AlEFE0f|A #Q5to] A
Bolgion, A2hg A7FFel B A7F(Daedoo, Gunsan,
Korea)9} & #7122l 712 W& (Daedoo, Gunsan,
Korea) S0 Fsto] ARESFRITE. ¥FeE(soft
flour, Daehan Flour Mills Co., Ltd., Incheon, Korea),
AdEHwhite sugar, Samyangsa, Seoul, Korea), H¥
(butter, Lotte Food Co., Cheonan, Korea), Ho|7 o2
H(Sungjin Food, Gwangju, Korea), Al&(Seyang Co.,

Anseong, Korea), $-8(Seoul Milk, Seoul, Korea)=

A 59 shtEoted)s Tofste] Agshgnh

2.2. ofH HZ

s gejstel Az Bul g 9 Azge oy
A% B9 Table 13 2 Hjglgo] et Begos
Azstgh. WEE 60CE FHYAA & F uEy
(GF-0519H, M.Y.K Electrical Co., Dongguan, China)
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Muffins prepared with different rice flours

Table 1. Formula for preparation of muffin

Ingredient (g) Capacity

CON"  SRF FRF RF

Soft flour (g) 150

Soft rice flour (g) 150

Floury rice flour (g) 150

Rice flour (g) 150
Egg white (g) 70 70 70 70
Egg yolk (g) 30 30 30 30
Sugar (g) 100 100 100 100
Butter (g) 100 100 100 100
Milk (mL) 45 45 45 45
Salt (g) 2 2 2 2
Baking powder (g) 3 3 3 3
Total 500 500 500 500

CON, soft flour muffin; SRF, soft rice flour muffin; FRF, floury rice
flour muffin; RF, rice flour muffin.

AR 330 U Aok 387t Eddsto] WS sl
Ttk W0 eBAE Wil AFo] AR YEE A2 T,
=2l HElS] HBZ 30 g YL 4loj&
Kotk A A ZlRERE, we )
@) dol4meHE Y 2408 WA Aokt 948
T4 T Ao Y3 viEl Sof 70 gl AIolE
. $IE 180T, oFfE 170CE dd QE(FDO-7103,
Daeyung Bakery Machinery Co., Ltd., Seoul, Korea)
oA 2587 7+ HES st o Ao 1A7E 7
¥ & ArE ARESHEH.

oL

23 ZHEY 55
23.1. = 24

Hy Ao AMGE A7HRY] AdEFE= FofA IE o
T E2A7](Mastersizer 3000, Malvern Instrument Ltd.,
Malvern, England)Z £%3}%1, ethanolS FAHE )
2 A&tk 54 F52 DI4, 31, Dv10, Dv50, Dv90
< 575311, span ofFf9] 402 A4FSHSIT Laser
obscuration 9% W& B F 53] vhE S5t} 3
# P (um)E Foec
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(Dv90 - Dv10)
Dv50

Hy o] ESRFS AR FA4IROIA AR 0.5 g& Foto
$E BA71(MJ33, Mettler Toledo, Zurich, Swizerland)

2 ZAsI90m, A2 27} 53] BEstel W+ EE

HAR eI

233. pH ¥ M =X

MO pHi= Wi (crumb)ol A AHFRE Al 5 g} S7
45 mILE 239t & E4)71(BL642KR, Hai Xin Technology
Co., Ltd., Schenzhen, China)& 4027t £4] & paper
filter(Whatman No. 2, Whatman Ltd., Piscataway,
NJ, USA)Z o5ttt pH meter(FEP-20, Mettler
Toledo, Zurich, Switzerland)g °©]-&sto] %5130
53] HhEsto] P+ EFHAE YeRfoh HuEe] A
= ™o X E(crust)S colormeter(CR-400, Konica
Minolta Co., Osaka, Japan)Z =43}, Lk(lightness),
agt(+red/-green), bZt(+vellow/-blue)& UWEHATE.
AFSSE & WA T (standard white surface)2 1=93.52,
a=-0.37, b=4.12%1 o1, AL 717} 203] ¥ S7 5o
Bt EFHAE YRR
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Baking loss rate (%) =
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(Batter weight - Muffin weight)

x 100
Batter weight

Mol 272 HEle] 7|18 2x2x2 cm’E Fet Y
2 polyethylene ZAAC| Hisly $E F9HS 217,
Table 298] A2 & Texture Analyser(TA-XT2, Stable
Micro System Ltd., Haslemerd, UK)Z ©o]-&3}o] =735}
At 24FEL ZAX(hardness), 24 (springiness),
H2ZXM(adhesiveness), 2 Al(cohesiveness), HIA
(chewiness), A4 (gumminess)e 2tz 203] HHE =435}

of g+ EEUAR Lrehhgict.

2.3.6. Mo ©H I 7|15 HE
vHe) gel 2 713 BES Kim 520209 $HS 3

st} SAsIGIH. 7159 i 9 271 o] Yool
Ho|=& e}t B3l7)(CLX-3185FW, Samsung, Suwon,
Korea)E ©]&3}t9 SfAE 500 dpiZ A7 F 700x 700
pixel2 HF3 Image ] ZZI1H(Image ], National
Institutes of Health, Bethesda, MD, USA)2.E 7|F 7§
= 92 A7|5 747 53] §HE SAsto] EA5HIH

2 Ato]
Rl

= %
o} Bl A8E ARE AZ F AL 142

Table 2. Conditions for measuring texture properties of muffins
using texture analyzer

Measurement Value
Deformation 70%
Trigger force 50¢g
Load cell 5.0 kg
Post-test speed 1.0 mm/s
Pre-test speed 2.0 mm/s
Test speed 1.0 mm/s
Plunger diameter 75 mm ¢

https://www.ekosfop.or.kr

S0 Hhisto] dAet 9719 ALHA RAH2x2x2 cm’)
og é}E} 1Y AY polyethylene Wloﬂ 37+ LP—’,\—EE HA

S8 70 HEUAT Ae *JOME}
73 S FoRIthE olglel /2wt 245 w
H4g grlsH tdch B4 24T B7ks 471 3 9ot
e 94 2248 74 A=Y ofF i, 74 obF
Ao ol WA B It wE4E w2 4
S 3715 stole. £ Aol AR B B
Zojst Aesisiusle] S weres, 4ol utek
A8t th(Approval Number: IRB_2023-04).

2.3.8. SAIXzZ

Mo BAEAHLS IBM SPSS Statistics(Ver 25.0,
SPSS Institute Inc., IBM Corp., Armonk, NY, USA)E
ol83to] Mgt EEHAZ UERYQITh Al 1he] B9
A= A iR BARES(ANOVA) B4 8 & Duncan's

multiple range test& ©]-85F p0.05 FEolA 24
< HAsIeH

-

3. 2t & 1H

31 F&2 54
3.1.1. g

A7V SHE deote] AR Mo ARES HEE
(soft flour), BIE&7}2(soft rice flour), ¥&u|(floury
rice flour), 7} 8% (rice flour)d YAA71E 43 2
I}= Table 33 Fig. 100 YEFHAH. A=e JAF A4 9
B+ AA (D4, 3D A= F1 10%, 50%, 90%°] sidst
= YAL7], A=Y £ E(span)ye HEIHUH. D4,
12 aegarte, 240, 7hEHA0] 247 53.49, 84.94,
249.20 pm= Yeh} WEA7I27} 71 2o 7HERA o]
7P A vEsew, vEE2 44.79 pmE UEHT
(p<0.001). YA B+ 27Ql Dv50 HEadrts, B4
], 7FEgEo] 77} 40.01, 36.85, 208.13 pm= UL
4|9 B Aol 7HF AL THEHAEe] ot A7 0]
7P 3A yEsew, drEE2 33.52 pmE UEEHTH
(p€0.001). Span< EFE&7}E, E4u| 7t3@&o| 2zt

(O8]
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Muffins prepared with different rice flours

Table 3. Particle size of different types of rice flour

ltem Soft flour Soft rice flour Floury rice flour Rice flour F-value

Particle size”  Dv10 11.45£0.17°? 16.72+0.13 7.78+0.25° 25.89£2.55° 554.100""%

(um) Dv50 33.5240.15° 40.01£0.91° 36.8513.78" 208.13£17.37° 1,390.597"
Dva0 95.69+2.37° 96.87+11.01° 168.87+76.54° 535.80£71.71° 238.849™
D[4,3] 44.79+0.72° 53.49£10.32° 84,9457 72° 249.20+28.22° 129.579™
Span” 2.510.07° 2.02+0.22° 4.2411.43° 2.44+0.15° 27.100™

D[4, 3], volume moment mean; Dv10, Dv50, and Dv0, the measured diameters below which 10%, 50%, and 90% of the particle population lies,

on the basis of volume.
Nalues are meantSD (n=5).
9"6(0.001.

“Defines the width of the particle size distribution and is equal to (Dv90 - Dv10) / Dv50.
“dMeans with different letters within the same row are significantly different by Duncan’s multiple range test (p¢0.05).

10 r

Volume density (%)

= Soft flour

Soft rice flour

=Floury rice flour —===Rice flour

0.01 0.1

10

100 1000 10000

Size classes (um)

Fig. 1. Graph of the results by the Mastersizer 3000 with data indicating the particle size of the powder used for making muffins.

2.02, 4.24, 2.44% YERgon B8R0 2518 UEhy
THp<0.001). PAE9] B Z9 glo] B35 A9 +
ohS YER=d|(Takd} Jung, 2022), & AF-oAE 8f
A7V59] span°| 7H§ WA UEHIL ol #FAsL 7t
} 2 o|FojF7] ol Fdgt 3719 YAE UERR AT
4=, 7 22 spang UER E-0]E 47
ARAA] = AAAREC R Qo] FdAo] WotA 7P
#e Uttt AlsE 278 of8sto] A=t
AFAA 7FE9] dT7= B E HSAE B4
TS vA = 5938 910 F(Hera 5, 2013) YA
A719] Zae 713H 9 T A

L A

o 1% o
S

e rle riu o R

S oF A oln
=2 2 T AT

034

(o]
A7E

WS ABA HHEAT

BEE o £2E 7]

= v = L
S4ola o 4 9k
3.1.2. #& o
Whzo] 578 Gelstol Az viHo] SRR 2

g3t Z3= Table 4] YeHIT. Hio AREE= &7t
FE= A 7g A7FEQ1 972 (soft rice flour, SRF),

7ta-& A71EQl EA0|(floury rice flour, FREF), B8 &

7}ERl 7HE A (rice flour, RS ARSI, HEHE
(soft flour, CON)& |20 2 s}o] HWo] LE3aF &}

https://doi.org/10.11002/kifp.2023.30.4.630



Korean J Food Preserv, 30(4) (2023)

Table 4. Moisture contents, pH, color values, specific volume, baking loss rate of muffins with different types of rice flour

ltem CON" SRF FPF RF F-value
Moisture contents (%) 34.37+0.92% 33.87:0.79° 32.7440.69° 32.96+0.92° 41839
pH 8.69:0.02 8.680.03 8.67:0.01 8.70£0.071 1.735
Color values L 71.362.00 71.3741.22 71.3641.81 72.26+1.98 1.902

a 8.90+1.43° 8.86+0.78° 8.57+1.33° 6.23+1.41° 30.894™

b 29.181.00 29.14+1.10 29.24+1.01 29.52+1.21 0.777
Specific volume (mL/g) 2.98+0.03° 2.74+0.12° 2.430.06° 2.0740.07 162.869"
Baking loss rate (%) 11.49+0.65 11.2741.53 10.71£0.50 10.0910.47 2.910

CON, soft flour muffin; SRF, soft rice flour muffin; FRF, floury rice flour muffin; RF, rice flour muffin.

2)yalues are meantSD (n=5).
9'5¢0.05, ""p(0.001.

“dMeans with different letters within the same row are significantly different by Duncan’s multiple range test (p¢0.05).

ol Bl Wit WAV F= WHE AR E YA
717} +gsto] ATE o Wol ARG, EAu|= S84
L7} Gol 14 A7t AL CE fEoid, 7IEHES 9
A|Z{ o7 wo] AFgHr}. SRF, FRF, RF= 2+ 33.87%,
32.74%, 32.96%% SRF#-9] &30l 71 ¥, FRF
9] RG] 7MY WA UEhoH, CONTY =3
2 34.37%2 UEFHTHP<0.05). HH A|Zo] ALEH 7}
9| pEdFE dEavle, BEdu], Zpede] 747
10.73%, 8.47%, 10%= UEHgon, g2 12%= Y
Eftt ROl Alget 7 7HY WS UrEhHD#
ojwf AgH =2 AR YA Ex= EWO| F5HEH
(Jeong &, 2013; Jung¥ Kang, 2011), ¥ oA+ 7}
9] RO F2E MU EFo| A ey
7F29] o] Mo IS vHHA AlREH

3.1.3. pH ¥ M
A7V9] FRE Dfoto] AT HuEe pH ¢ M9
Z7 AIE Table 40| Yttt M3 pH= SRF,
FRF, RF7} 22} 8.68, 8.67, 8.70°.& 3914l X}o]& 1}
EFA] dgkom CONZS 8.698 YERHTHp)0.05).
Lee 5(2019)9] 271F ¥ AFolAes Q75T A7FR2
HHY A2t W pHZE 2141 Zfolg e A] kot
A7V57}F pHell 932 v|XA] Ge=rha Bastisd], &
Ao HEl A2 Al H7HE A=A 7T Dol
7] w0l pHollA §-2JAQl Zpol& WEtA] Eokeal A

https://www.ekosfop.or.kr

29t #HE9 Mzod PxE yehfe L3 SRE,
FRF, RF7} 22k 71.37, 71.36, 72.262.2 §-91&Ql o]
E YehA 4otom, CONT-S 71.3628 uUehgth
(p0.05). AMEE Yel= agkS SRF, FRF, RF7} 22
8.80, 8.57, 6.23°& RF#*o] 7H} @A, SRF+Ho| 7Hd &
A Udehton, CONTE 8.9028 YeRGth(p<0.001).
FATE YehfE bgke SRF, FRF, RF7F 22+ 29.14,
29.24, 29.528 F9HQl zolE YER|A ggroH,
CON+-Z 29.182 UEHHAHp)0.05). A7 4L 3
7HEE RA, AR A 59 BARSE we oA T8
ot Wdgs ¥ shepd wgheo] e HEthKimdt
Lee, 2011; Lee 5, 2007). OWUPE Aol A= HH A

Z A J7H AR $F 2 v S 5YsHA 1dst
AL, 7MY FHT 2eotely] Wil W] Lkt bak
o] FHQI AolE YA AYTh AlmHT M F
REZRE agto] WA Uehst=dl, Qin 5(2021)9] AA+
of 2H 7} YA Mo PR vkl B
o1917] wol]l & AAT7|7 agtol FFE nHHAL AR
=3

3.1.4. HIBXY U Z7|2ME

A7VR0 Z7E gEfoto] A3 Mo vlEd E H7]
£AE 24 AIE Table 40 Uepigich ol vl84
2 SRF, FRF, RF7F 22} 2.74, 2.43, 2.07 mL/gl.& &4
%o, CONT2 2.98 mL/gl& =35 UcHp<0.001).
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Muffins prepared with different rice flours

A7FEE AxH W2 33k HEo] BAA Wue F8
FE25 FAct=t, old JdAA7I7F Tt JFe vl
ot & YA A7ME= AEo] 357t XPE7] Ao 2
AZE} e 228 Y83 sp7]o 22 Fuje} Yo
UokA] Z3t 7182 7HAA "rk(Kang 5, 2014; Qin 5,
2021). B7F29] Y7t #S4E BHHo| §7| o] 5
3t=]7] 419 AE9 sfago] w2 A AP==H o= &
HE FAsk= bl 92 vI-HChoi 5, 2015). Qin &
(2021)9] &8 Aol A= 2 JAE 71 B7EEE= H| I
S3p7F ojef g &9l BaS Algelr| wiol dA 2717t
S5 By 4steittal Buskla, Park 5(2008)9]
2 Ao Ak A7FR9] YA 717 BHE9] Bl o
FE vA AR 2717t AL A7MEE Rort 24 Az"
ol Hrsieie) & Aol A A7HRe) 4R} 717} 2
255 H&Zo] A yeht A& Hop A7tR9] 4R A
71 B840 IS vAtL AlREh HEo w74
E2 SRF, FRF, RF7} 242} 11.27%, 10.71%, 10.09%%
UERE I Fo13 2l Zpol= yEA] ghgtor, CONT:&
11.49%2 YEFHTHp)0.05). F7|&Ag0ld S H=
St 7HsiAlE Foll sl BpW k= 5719 &4 9|
StH, o= 724 WY U A Asto] HofsiA|gt 4
£ H{Fo] SEoth 35710 o3t B3 R St

AZ1IL SRS Fofdtttal Btk (Lim &, 2010).

Shin(2015)] AFoIHE ZRES F3H4] e BB
W7helo] AT AzFch 24 Wgo| AAEo] Hu

ol skl T, Hwang¥ An(2020)2] 38 #H 19
#B7|1E4g0] Z7HEE Hulo BAZL Hojxe A
Holtky Huslgith B Aol dizto] H]s)
A EAH g4 E0]
Aotgled], A7 4R 2719

G wrop A7FET] Hl83 9 F7|EAEC] WA &3

ST AbrE.

3.1.5. ==&

A7V FRE 2ol Axg Huel 237 24 4
I Table 59 YeEFHICE Ml = (hardness)+= SRF,
FRF, RF7} 22} 866.87, 1,309.18, 1,609.20 gC& =4
Rom, CONTOAE 943.58 go=2 UERHTHp<0.001).
Park 5(2008)] 2} AtolAl= YAA7|17F 22 A7+
Y4 ALt Woltal HsHylal, Hlo| A2 = H|&
Ao| S45 7]Fo] A1l FZAo] R ¥, H-EZ0]
4255 7150] AdaiA A7t S7Fthal Halstivt
(Kim¥} Chun, 2008). Jung¥ Cho(2011)9] du] HH A
To A Bl-§Zo] o FZo| desto] Frrt A &
et Yepstal, Park 5(2008)9 Al At AE 9
A7} g A7V D7IEE ARESto] ARgE AME o=
BE7b AN 7R YR ASE H et Ropkit
2 Bl wEbA 2 AFoA= JAY 2717t F
5 HEA 4 7|39 ddE 2Zo] REg7| fjZo] 4
T7F Yolxl= Ao g Al EHt) H2Fg(adhesiveness)<

CON, SRF, FRF, RF7} Z+4 -2.34, -10.33, -6.35,

Table 5. Texture analysis of muffin with different types of rice flour

ltem CON" SRF FRF RF F-value
Hardness (g) 943.58+112.37% 866.87+146.00° 1,300.18+140.17° 1,609.20+165.56° 141,312
Adhesiveness (J/em) — -2.3411.42° -10.3318.20° -6.35:3.31° -7.3546.74% 6.597"
Springiness 0.88+0.04> 0.90+0.01° 0.880.01° 0.87+0.01° 11.319™
Cohesiveness 0.58£0.01° 0.630.01° 0.58+0.01° 0.5440.01° 293.698™
Gumminess (N) 545.78+65.60° 546.27+86.88° 760.92+82.99° 871.80+93.99° 91.445™
Chewiness (N - mm)  478.8464.93° 493.48+76.88° 670.11472.49° 753.93t77.27° 82.520™

CON, soft flour muffin; SRF, soft rice flour muffin; FRF, floury rice flour muffin; RF, rice flour muffin.

Nalues are mean=SD (n=20).
9™0¢0.001.

“dMeans with different letters within the same row are significantly different by Duncan’s multiple range test (p¢0.05).
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-7.35 J/emZ ZAJ1(p<0.001), & o ¥reH= =
7191 e84 (springiness)= CON, SRF, FRF, RF7} Z+Z+

0.88, 0.90, 0.88, 0.87(p<0.001), Y2 Z2%=S et
Y= 23X (cohesiveness)S CON, SRF, FRE, RE7} Z+
7+ 0.58, 0.63, 0.58, 0.54% Z3={cHp<0.001). A4
(gumminess) CON, SRF, FRF, RF7} Z}Z} 545.78,
546.27, 760.92, 871.80 NOoZ(p<0.001), YA
(chewiness)> CON, SRF, FRF, RF7} 27 478.84,
493.48, 670.11, 753.93 N - mmO.2 ZA=|tp<0.001).
2 AFoAE A7 AR 2717 A2 s wE o) A4
I FEAEL WA SA= U=, ot M AHKimd}
Lee, 2011), 271% &4 E4 d7+(Kown &, 2019) 5l
M= A7FE G A717F 25wyl 34 2 4T
/Jo] Rrpyl Birsto] F Aqte} 22 AHFE UERIH
AlE9] 242 FARY SF, WidH], 29 5 oY
g 8Rlof FFF W=t 1% A7IFY dAA7|= & 7}
SAEY B4 FFE Foh ErEoH(Kown 5,
2019), & AFoAE HEY FAHES YIRS A7IRE
A7 dloll 7HRS] JAF Z717F 2270l 9FE F

3.1.6. &H oA 7|5 T
199 B7E deplel At shaol o a9

Uetd o AR F
Fig. 4%} Fig. 59 H’E]'LH%E}- 7] _'zg)
FRF, RF7} 22 481.57, 565.33, 777.33712 SRF%OI
7F AA RFIol 7H Eol] SA4=<%lew, CONT2
286.33712 =3HAHp(0.05). 715 A7 34 AfE
SRF, FRF, REF7} Z+2} 0.34, 0.30, 0.29 mm*2.& SRF#

CON SRF FRF RF

Fig. 2. Overall view of muffins made with different type of rice
flour. CON, soft flour muffin; SRF, soft rice flour muffin; FRF,
floury rice flour muffin; RF, rice flour muffin.
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Fig. 3. Appearance of cross—section on muffins with different types of rice flour. CON, soft flour muffin; SRF, soft rice flour muffin;
FRF, floury rice flour muffin; RF, rice flour muffin. (A) Scanned images of cross-section on muffins. (B) Binarized images of muffins

by Image J program.
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Fig. 4. The pore number of muffins with different types of rice
flour. CON, soft flour muffin; SRF, soft rice flour muffin; FRF,
floury rice flour muffin; RF, rice flour muffin. Different letters
(a—c) in the figure indicate significant difference by Duncan’s
range test (p¢0.05).
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Fig. 5. The pore size of muffins with different types of rice
flour. CON, soft flour muffin; SRF, soft rice flour muffin; FRF,
floury rice flour muffin; RF, rice flour muffin. Different letters
(a-b) in the figure indicate significant difference by Duncan’s
range test (p¢0.05).

o] 7¥& AA, RF=o] 7H¢ AA 4= em, CONTE2
0.44 mm’2Z ZHEAtH(p<0.05). A& A]EofA u]4
F27F BAEE olf= 71E Al B B 9 HEY 5
Stof| o5l LAY, ThulEy
e S7HAIA 71?: Hy A
(Park 5, 2021). HH9] v]-&4L F&= IFolA FAH=)=
712 Pl whet ‘*E}Zlktﬂ &0 To7h Xggd
Z YA B EE o A7 22 25 E QR o]
oﬂ A2 By 9 FdsHA] F3t 718 7HA "okl B
t9tHKang 5, 2014). £ 7oAz 7179 Yaa7]7}
255 7% = Qo 7139 F7]= FobA =Tt
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HHo] 7|2 g4 2 u|Lo] gL v]HTT AlREH,
Kim 5(2023)2] 244 A% 27} 2425E 713
o] 2UE7} oA AFE Ueho] £ A7t §A%
AE 2ok

3.1.7. #5597t

WRol $7% Festo] Az HHo] P 24
4315 Table 6o Urehiglet. o, 3, o, 247 @ 3

HHAQl 7SE = AVME F SRFwol Z¥zb 5.27, 4.57,
4.87, 5.07, 5.73°& 7P &=A B71=12H(p<0.05), M
2 F9FQl Apolg UEPA] 9k tH(py0.05). l# &7t
F % SRFi¥} FRF, RF#o] 59142l ZolE YEtHIE
tl(p<0.01), o= 7S] JAA717F 22 SRFHe] HH
59| 7132 1124 J5tia vlEAHe] JF= vF] W
2ol o Faroll FAQ AolE Uetigitta Ata st
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Table 6. Sensory properties of muffins with different types of rice flour

Sample CON" SRF FRF RF F-value

Acceptability Appearance 5.33+1.24% 5.27+1.46° 4.1341.53° 4.1741.53° 6.348™
Color 4.87+1.33 4.93+1.23 4.57%1.45 4.63t1.45 0.503
Flavor 4.67+1.52° 4.57+1.01° 3.601.28° 4478117 4577"
Taste 4.67£1.27° 4.87+1.43° 3.30£1.37° 4.43%1.25° 8.298™
Texture 5.031.27° 5.07+1.31° 4.0741.11° 4.03+1.45° 5.996"
Overall acceptability ~ 4.93t1.28° 5.73t1.62° 2.97+1.40° 4.67+1.35° 20.207™

Intensity Particle feeling 3.30£1.32° 3.83+1.58% 4.43+1.52° 4.47+1.41° 4.330"

after swallowing

Sensory scores were assessed on 7 point scale where 1=extremely weak or dislike, 7=extremely strong or like.
CON, soft flour muffin; SRF, soft rice flour muffin; FRF, floury rice flour muffin; RF, rice flour muffin.

2)Xalues are meantSD (n=30).
9"5(0.01, ""p(0.001.

“IMeans with different letters within the same row are significantly different by Duncan’s multiple range test (p¢0.05).
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