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Effect of Brown Rice Flour on Muffin Quality

Kyong Im Jung and Eun Kyung Cho'

Dept. of Food and Nutrition, Silla University, Busan 617-736, Korea

Abstract

The purpose of this study was to examine the qualities of muffins with 20, 40, and 60% brown rice flour
(BRF). The muffins containing 20, 40, and 60% BRF were lower than control muffins (made with regular flour)
in weight, height, pH, and moisture content. No significant differences were observed between BRF muffins
in weight and moisture content; however, height and pH decreased with increasing amounts of BRF added
(p<0.05). The moisture content of control muffins decreased after storage at 30°C and was not significantly
different than BRF muffins (p>0.05). The hardness and resilience in the controls were higher than BRF muffins,
but increasing the amount of BRF added in muffins increased both hardness and resilience (p<0.05). The cohe-
siveness and springiness in the controls were higher than in BRF muffins and decreased with increasing the
amount of BRF added to muffins (p<0.05). The gumminess and chewiness in muffins with BRF were higher
than controls and were increased when the amount of BRF added in muffins was increased (p<0.05). However,
the adhesiveness of the samples was not significantly different (p>0.05). In sensory evaluation, the external
color in muffins with 20% BRF and the internal color in controls were the highest (p<0.05). The taste, aroma,
texture, and overall acceptability were the highest in muffins with 60% BRF (p<0.05). The antioxidant activities,
DPPH radical scavenging, and superoxide dismutase-like activity of muffins were increased with increasing

the amount of BRF added to muffins (p<0.05).
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24 A% o7 A7} o £l AT ATk M) A5l
3 AT E+= ferulic acid®} p-hydroxybenzoic acid’} %
8 754 v A 54E), FANFE o83 o

T‘ﬂxﬂi(ll), F7HE FJ7F MEY 4 S #3 AT
(10), flaxseedE H7}ste] A3 WA F2 54(12),
lupin kernel fiberS #7}ste] A %3 #HA(13), HAH 2T
A7F w3 F4 54(14), apple skin powder 37} #H 9
2ol ot dlEseEe #g AF(15 Fol Uk

2 dFdAE mAY FE A4S S dvjegs A0t

@ A Azeta @r) 2 Arbde) HE FaraA, B
54 715 2 FA 542 2AS 3% o| Az g
JERES A% Al 0§ AT mAsuA AT

M=

Hyel 7B AQg= v E(C] 43 A} Seoul, Ko-
rea), @Z(Z4 53, Busan, Korea), W E (X%, Seoul,
Korea), ¢ (34, Busan, Korea), 94 ®(C] 23]
AD), 27 (A A D, NaCl 83% 17, 3l 3%, Seoul, Korea), o]
Z)9}$- 0 (F24) 3] A 47}, Gwangmyeong, Korea), @12
Aol A Fdste] AHg At dAvle 22 Ax A g5
AEss @i WA 5o dudS HA 3] st dry
iceE #7}3F 114 mill-type grinderIKA-Labortechnik,
Type A 10, JANKE & KUNKEL GMBH & Co. KG, Staufen,
Germany)Z 43k 3 904 2] E=A(Chung Gye Indus—
trial Mfg. Co., Seoul, Korea)E E3}A1#H -20°C Y519l
B st ALgs T
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Table 1. Formula for preparation of the muffins with brown
rice flour

Baker's Substitution level” (%)
percent (%) 0 20 40 60

Ingredient (g)

Wheat flour 100 200 160 120 80
Brown rice flour 100 0 40 80 120
Butter 50 100 100 100 100
Sugar 65 130 130 130 130
Egg 50 100 100 100 100
Milk 50 100 100 100 100
Baking powder 2 4 4 4 4
Salt 05 1 1 1 1

Y0, untreated; 20, muffin with 20% brown rice flour; 40, muffin
with 40% brown rice flour; 60, muffin with 60% brown rice
flour.

LB (Auto 21, AAFAAL, Busan, Korea)oll A 2587 7+
d g A2dA 1A HPAIA Al5EZ A3 Y

oElel 52, =0| # pH &F
FTZFY Fole L2 A FHH HAS LA
2t 71 F g Aad 57y A EE AHE-StA
8 7 33 95 Z4ste] Hagoz yelen,
Eole WA Hi Fo] REX FUEO=E 258 A
pHe HHA 9] FYFEAA 5 g& FE3] 3
5 15 mLE 718l vortex mixer=
1837t £%3}a1 homogenizer(AM-7, Ace homogenizer,
Nihon Seiki, Osaka, Japan)Z ©]£3}4] 1,000 rpmoil A 1¥&
3 #A8kg & pH meter® & A2 7he] A RE AHE-
3t Z} A8 B 33 WHE E83te] Wt o ®E YR it

oHEe| +EE &Y

HAo FELE 8 & A0 A 1A YA o
polyethylene filme.2 ¥7F3}o] 30°C incubatorol A 54 3¢
S EEEFLEC L EE DR REFCE B
Azt = FAlo TdstA B F FESFH7I(NA 45-
000230V1, Sartorius Ag, Gottingen, Germany)Z A}-&-3}¢]
105°C ’}}%‘7}@ Ao 2 3 AYad 57he] Al8EE AHS
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shel 7} A8 9 38 W2 Zgske] FRgho Atk
HEel 7N TR £

HHo] 7IAH 54 WAL YHE 3x3x2 cme] Y
3l 37]2 Zg} Texture analyser(CT3-4500, Brookfield
Engineering LABS. Inc., Florida, MA, USA)E A}-8-3}<

73 = (hardness), 24 (adhesiveness), &

A (resilience),
S 3 A (cohesiveness), ©2 A (springiness), 743 (gummi-
ness), 884 (chewiness)S =439t L& =3 L& 73

HHE S, AFERE 71719 SAHEAL Table 29 20t



988 349 - 27
Table 2. Analytical conditions of texture profile analyzer O{Ele| SOD(superoxide dismutase) FAFEMY =A
Analysis condition WA 5 goll 2ufFe] A SHFE 718k vortex mixer
Type TPA (texture profile analyzer) H o} 53E T = o] Q] X
Fixture TA-RT-KIT EHIT’:L id—_o}{— Iiom(;genlzere 183 ICOOOOrpr_n‘i’ﬂ 1
Probe type Sylinder Probe (TA11/1000) 123 w5 5 4R stk o] F A5 S Fsto]
?e.st Speledd ?.(?Omm/s Whatman No. 2 filter paperZ 33+ & SOD #AMHHA
Dir;%fnecre od 10.0 fnm (superoxide dismutase-like activity, SODA) =4S ¢3t
Trigger force 5¢g A5 2 AFE-3A T SOD f-AFEA (superoxide dismutase-

like activity)< Marklund$} Marklund®] ¥ (17)o] we}
color), Bt(taste), S (flavor), Z & 7 (texture), A¥FF <l 7|5 24 Fads AT LEHO)E ABATE s 5
% (overall acceptability) 2 - Fot 73, FAE SAE w8} pyrogallol®] A4 #&& S48t et A8S
ot} 4%, WS vk 1) 74 A=W 37teh TEEE 3435ko] 10 uLA 96 well plateo] H7FgF & Tris-
o Al 29 AAF Al WA 2 9= o312 Zo]7) HCI buffer(50 mM Tris aminomethane, 10 mM EDTA, pH
S8 Al Ae] S22 dastate] A =7)(25%25% 4 8.0) 150 L2} 7.2 mM pyrogallol 10 tLS #7}sfe] AL
A 1087 9521713, 1 N HCI 50 pL& #H7pste] ¥H8-&

geh 5U A o FaA s
cm)E e} : HAlol ol =3 ¢ 1 A-&-3t E‘} AXA T & < ons N s
714/\]_;(}35 ;&36—_%7], }\] ;\q 94_‘4_0 M'JJ 50% E,:l__‘_.i_ _-([5_ ] ] —rELISA reader ]o ]‘Oq 420 nmoﬂ '1 A=<
e HrElEE slgon § Ao A ge Jﬂ7}?‘& Oell= A%O&Xq g}fq SODEH;:\}%M:# jln E v HL
BlEX] 52 QoS MRS ST o T E A EE FH) tele] 3% i 2ol & MRS (%) 2 e e o
EE syt o o3& AitatAtt.

(AR AT FRE
ofElo| DPPH 2iCiZ 2715 =4 SODACH=(1- 57 % ey e ) <10

5 goll 28] 2] o eh-2-& 715l vortex mixerZ 13-
7t &33lal homogenizerg ©]-83+4 1,000 rpmol| Al 1#3F
TAset & AAEE stk o]F A5 HE FH3ke] What-
man No. 2 filter paperZ < ¥}3t & DPPH radical 27 %
=4S Y3 A5 2 AH839 Y. DPPH 2HH Z(radical) 4

< Blois®] ®Ww16)e] w2} DPPH(1,1-diphenyl-2-
plcrylhydrazyl)oﬂ 3 423 s g =334t DPPH
S92 100 mL o gLl DPPH 15x10 ' M< %9 ¥

SAHAz|

Ad A= EA SAS package(Version 9.1, Statistical
Analysis System, Chicago, IL, USA)E A3l 7z A|g9]
Py FFAAE ALt A, E4HEA(ANOVA)T Dun-
can’s multiple range testE 2 A] 5]'04 a=0.05 leveld| Al A&
7t} fFoAE HAS A

Sl Zot o o

=9} &3+t Whatman No. 2 filter paper® o 73} 9

Atk 96 well plate] A|E¢ DPPH &84S 14 v &2 &% Mmool =2 =0| 2 pH

ste] 37°CollA] 3083 WH-g-A1Z1 &, ELISA reader(VeraMax 3o Fekyl o] @ pHE =43 ZA3t= Table 33
Microplate Reader, Molecular Device, Los Angeles, CA, 2t e =L ) FFo] 64.06+042 g, Av]E TS H
USA)E ol 83ted 520 nmel M FHE=S SAFAT A4 19 sjm e 63.71£0.39~63.79+£039 g2 thzio] %7
¥ 5 (electron donating ability; EDA)S A|§5 #H7}36HA] el ol Alg 7k 2 §9A) Hol= ¢tk Im =
@& WELEA FHEAS vlaLshe] free radical?l AA (100 $5712E 10, 20, 30% A7 MW FFL =
24 MEEE YeERAAT TH F92 < 2ol & PN A goktha Bt 2 AT
EDA (%) — 2 —E%E*/\]% A7 R E %100 oF AR Aol Atk HA Q] Fol= thE°] 6.01+0.07

s F3= emE 7H4 =¢ka, ujEES H7he vwe 560+058

Table 3. Weight, height, and pH of the muffins with brown rice flour

Substitution level” (%)

0 20 40 60
Weight (g) 64.06+0.422% 63.75+0.27" 63.79+0.39" 63.71+0.39"
Height (cm) 6.01+0.07" 5.77+0.15" 5.71+0.13™ 5.60+0.58
pH 8.18+0.02° 7.92+0.01" 7.74+40.02° 7.60+£0.01¢

‘”Refer to Table 1.

YMean+SD.

¥Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple
range test.
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Table 4. Moisture content of the muffins with brown rice flour

Substitution level"” (%)

0 20 40 60
0 days 29.51+0.3774 28.50+0.22" 28.31+0.37"* 28.49+0.66™
3 days 22.9240.55" 21.74+0.59" 225240.33"" 21.75+0.64"
5 days 21.974+1.18® 21.43+0.43" 20.96+0.40™ 21.35+0.19%

})Refer to Table 1.

YMean + SD.

YMeans with different letters within a row (a,b) and a column (A-C) are significantly different from each other at p<0.05 as

determined by Duncan’s multiple range test.

Table 5. Textural characteristics of the muffins with brown rice flour

Substitution level” (%)

0 40 60
Hardness (g) 338.38+35.58"Y 438.00+18.63" 471,50 +43.08" 529.83+40.32°
Adhesiveness (m]) 0.03+0.01° 0.10+0.16 0.05+0.06" 0.02+0.01°
Resilience 0.23+0.01° 0.22+0.01" 0.22+0.01™ 0.21+0.01"
Cohesiveness 0.56+0.01° 0.54+0.01" 0.52+0.02"™ 0.51+0.02¢
Springiness (mm) 9.38+0.27° 9.36+0.29° 9.20+0.21° 8.63+0.24
Gumminess (g) 190.73+22.64° 235.80+8.01% 242,20+ 23.33° 270.03+27.86°
Chewiness (m]) 16.99+2.37 21.63+0.51° 21.84+1.85" 23.32+2.10°

‘”Refer to Table 1.
“Mean = SD.

IMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple

range test.
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TATE B o 259 E40) me YAFEAAL FAe  AAolAr} EzEET %A YehdtE A7 A0
BaAdo] ek Rl JFS x| kS Aoz At} A BFeoldnh 18 AFES A F 9,15 N Z7HA]
ol ArsteE AR AW L F57EF A kel gt ad A WA 94 Bold Ax 2 4o
w2 HA(10)9) FHFAH] FHQ Hol7} glYUThE AT ABe} e Poldt AzE.
Al e Ado|th B tlzTo] 0.23+0.012 T
74 =A e o n 20% H7H0.22+0.01)3 409% 7} ome e

oo o] Bz EX Table 63} 2t} &j#-2

7(0222£001) Aol 259 2hol7k %ot 60% 3 g ic b e =l
7HE021£0.0D3HE 2ol 7k ARATHP<0.05). $HA @ AELLE 718 A ERgeh 60% 27
u]v\:_‘_]?__l—A %]7]_%1:0] %7]_6—1_}~§ 1/]_0]_7(]_15_ 76]63:0104_‘:]}" EH %(536i126)-1’]"\: -4 —'1 ] ]’ %j\%i‘jr I(lm-ﬂ]' Shin

2T AT
o 3 == x -
Z0] 056+0012 714 A vekten 2% ke (CUE BEVITE WIS e sl didt 715

00D F1H Aolrh GiRiot 40% AT e A EE Rl & 979 492 22

20% #H7}ato] 591+

0.02) 2 60% H7FEO51+002)3= o]t AATHp<00p). 1A FF7HE H7F HAL ) W 72wk S
Ju SQOE AR Aol FHI5E 2AAA)e)  THATE ATAHUA0SNE Hel7h AT v AL
gx40] Zastgon thEEI 10, 20% H7HE Abol o= 270 527+1.28% 714 A vehgo A8 Zhel #9
FO1HQ) Aol7} YATT AL, Im S0 F474we) 12 ACNE @A GEIEES A Ao R
HA7beko] ZrlateE 7o) Bastgon T 10, et 7as s dE2TEn UA YEsts A2 54020
209 H 7}t Abolol= o] Aol o7t YTt Sl B g ol v S e Aue] Mo gk 7| ExTt TR

A7} GAFE AdFolQTt BE AL fxTo] 9.38+027 o} BA YyeElsgtths A A 322)9F FARE Aol i w
mmZ 7H4 =4 Jelgon] dnjRute] Hy)lgo] Zhet < 60% 7hre] 536+1.222 7 A UEstey A8

22 71ashe Akl o} 20% @7].:,1(9 36-+0.29 mm) Zroll §93<1 ol gtk Kim¥ Shin(21)2 &wn| 37}
9 409% H7FE(9.20+0.21 mm)BE S Al o]zt A o 2] gl gk Va5t lRFEY =4 JEge
th Ju (200 B} 9] 7@7}%01 Z7l842 ~H =7 o) Az el frol Q1 2ol 7F I Tkar &AL, Lee9t Oh(3)
Zo] BEAL Pastgon qE2ET 20% A7FEA = = #v] 30% H7brolA 719 sto] g 7|5 =7F 7
fo7el o)z} ATt YL, Im S(10)S 47129 = GER oY Als Thell foH Q1 Aol 7t fldvhar shod
H7}eko] 271842 mHe] ed o] 7HAastia st B E A9 AT &2 60% 7ktol 5.27+1.242 7}

o

A9} FAREIGA L ol= W] o] W Ax o] Azfol M} } =4 Jebg oy AlF ghel §94<0 2ol gl
o] ZFe ] M FHe] 93 Axe}l YEn AL Choi(22)& otdw] 50% H7hrell A 2] ol gt 7]
thZ0] 190.73+2264 g &2 7 A YElgton duE %7 M =4 JElg oy A8 7H -9 &9 2o E
o] F7beko] F7HE4E 235.80+£801~270.03+£27.86 g& HolA| eigtthal e & Ao} FAREAT. 2472 60%

2 Z7FATHp<0.05). Im 5100 $47HF 20% d7ke  H7keel 518413002 7H = vehtou A8 Tl
7HAE wae] HA ol Aaskl ey 30% H7k A= 7t ol Al Atol= ISl wtebA dvle va e g3t & o

F =A vestha st £ A7 2ok A A8 Z2 7ol g 7lEE°ﬂ TAAYN TS = o2 Agd
AL thx7o] 1699237 mJE 7P B vehton fﬂu] ok ARkl NEEE 60% F7 o] 550+1.260.2 74
o] HrtaFo] FUMEFE FIHSFATHP<0.05). o= =7 UrE‘rkkOUr 40% H7H(5.18+£1.30) 2 EZT (491 +
F7HE A7 W] g2TET JE o] BHA \%E}‘ixt} 1153 FoA<Q ztel7t AT Ju 52002 A7MFE
< A747310)¢= zel7t Ao AV Hob =3 40% H7ek 2HA A o] AREAR] V=Tt 7 =3

Table 6. Sensory characteristics of the muffins with brown rice flour

Substitution level” (%)

0 20 40 60
Appearance 4.23+1.319% 591+1.11° 4.86+0.99™ 5.36+1.26™
Crumb color 5.27+1.28" 5.32+1.00% 4.95+0.79" 5.05+1.00*
Taste 4.95+1.00° 491+1.27° 5.05+1.25° 5.36+1.22°
Flavor 459+1.33" 5.05+1.21° 5.00+0.87° 5.27+1.24°
Texture 491+1.27 4.63+1.39° 5.09+1.31° 5.18+1.30°
Overall acceptability 491+1.15" 459+1.22° 5.18+1.30" 550+1.26"

‘] 'Refer to Table 1.

YMean+SD.

¥Means with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple
range test.
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Table 7. DPPH radical scavenging activity (DPPH) and superoxide dismutase (SOD)-like activity of the muffins with brown

rice flour
Substitution level” (%)
0 20 40 60
DPPH (%) 9.96+3.28”7 17.61+2.72™ 21.68+4.6™ 28.01 +7.19%
SOD-like activity (%) 12.95+6.47° 14.24+4.90° 19.25+3.02" 30.59+9.08"

‘”Refer to Table 1.
Mean = SD.

IMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple

range test.
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