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Properties of Gluten-free Rice Breads using Different Rice Flours
Prepared by Dry, Wet and Semi-wet Milling

Myung-Hee Lee and Young-Tack Lee

Division of Biotechnology, Kyungwon University, Seongnam 461-701, Korea

Abstract

Rice flours produced by different milling methods, dry, wet, and semi-wet milling, were used to inves-
tigate bread-making properties. Wet milled rice flours were produced by two different steeping temper-
atures of 25°C and 55°C, and semi-wet milled flour was produced by milling rice pre-treated with spray
washing. Bread-making properties of rice flour with the addition of 3.5% HPMC were tested. Wet
milled rice flours produced higher loaf volume compared with dry or semi-wet milled rice flours. Wet-
milled rice flour steeped at 55°C appeared to produce good rice breadswith relatively high specific loaf
volume. Among rice breads added with HPMC, crumb hardness of bread prepared with semi-wet milled
rice flour was lower than the other rice breads and increased slowly during 3-day storage at 25°C.

Key words: rice flour, milling method, gluten-free rice bread, HPMC, bread-making properties

34, vy, A8, S,

FsiA AHEEHIT e FAolh
718 & MUkt wisd o &
s3lste] whEe] F2 8 (gluten)
gk whEo]l ekl
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A5 eEh= AHRHES S tRFTEeR )
ez A 37F Al =59 th(Bean?} Nishita, 1985;
Nishita er al., 1976). 28-S Az 734 &
AHE A7V e r2E FAde FFd
o] gl oy ZZd gle o] Aze
713 o2 ool WETKulp er al., 1974).
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A ThFS gumZ o] Hrbel gt el AR
& AAE B} UtiJong et al, 1968; Mettlert

Seibel, 1995; Kang et al., 1997). 254 &71&
o hydroxypropyl methylcellulose(HPMC)YE % 7}&}
of Ae k= Ao] Buhel WA AWl P}
AZF Qe 7F et 274 g AL S B
3}3) th(Nishita ef al., 1976; Sivaramakrishnan et
al., 2004). HPMCE #7712 W&o 488 343}
3 CO, MEE FolFol wel AAg F7E
AE Fes sl Awk AjzA] AvERel BEA
= Ao 5 o}z o o) ol E ] H|E ¢



AEabdo] whe 87128 Gluten-free BMHe) Az 54 181

2o} 727, 3354 5 Zelgetd 54 B Rk o}
1a}(N1sh1ta9Jr Bean, 1979) AEWH L= AE 7]

5 A8 71A QolEe] el FHd YL

ﬂlx}% o2 B IEATH(Nishita®} Bean, 1982).
A7VEE %}% iz Ecks AdARS 2
T Flishe FAAE o s A
A gl ANARE gy FAAES RS
ol o3t Z}o——i s BrrFe] AgAo] HAA
3} thEm(Choi®} Kim, 1997; Chiangs} Yeh, 2002),
o} a7 5o HE ArFEAEe] AxA A
et oz o8 k. FAAEAM
FRAAYE g H2d0A OHd—OW Aow, 2
=1 151%1501677}*1 AN T 2EoA £A
Aglste] & AEe] 7hEdel tﬂﬂe FEAd F
A o]l W IEUTHKim et al., 2005). E3t
BT lofr] R tialel] Aepa] wY
(spraying)oll 2|8 gt & A& i A7HE
o] Az whete AE vl JrHChoi et al,
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Aglo] ARESE B7IREZ 2004734 B2 13 9
g A&3td A8 Hydroxypropyl methyl-
cellulose(HPMC)= Sigma A &S FY3td A3}
Rom Ae og o, ERE AlFAM st
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AXARE #71F= ¥ulE Air Classifying Mill

(ACM, }JH’EW*%M olsf} ALt A x3}
Atk FAARE A7REE HrE 25°C B 55°Ce]
%591 Zofl 3AI7H 50} AT & o W s
roll mill7371Al, 7A71% 350l 2d F34A o
S(AA 53 2 0475 mm, 2HA B3 2
0.106 mm) EF71x71E ARE-ste] 718l A|z=38}
Atk whE A7HRe] Az AR AR
o]zl A7|E ME o]&ate] wujd *&91 e
Zhe] ol25 & 2x7F FAFeHEA A EE &
Al 1027 AAE(1,700 mpm)st TR Air Cldsmfy-
ing Mill (ACM, t7}a-9-tj A1 2258 ARl A

st A|zstsih
HPMC &7t WIIRe| Sal5y &4
Z7Fo] HPMCE #7138t 33ldde 454
=2 A (Rapid Visco-Analyzer, Newport Scientific,
Sydney, Australia)® AE=W3E AN =, 2
7V 3.59(14% ba51s)° Sl BAAIA 25 mL
2 ZAZ AIEE RVA cupdll ¥ 50°CoA 1+
7 fA8 3 B 12.16°C S22 95°CT7HA] F7}
AL 95°ColM 2587 FAARFE TA] 11.84°C
o] £57 50°CE WA FA3UT o] 25E
TN E, HTHE, 95°CAA 258 Fo Ax,
50°CE ¥7t5-o] HFHEE AT

HPMC 27| Gluten-free 40| Xj|z=

gol] AR 7184l ABHIE Table 134 2
o Nishita er al.(1976)°] ¥H& #HF sl ARG}
ATt Aol AR mixerE+ 200 g small bowl
£ 7} pin mixer(National Mfg Co., Lincoln, NE,
USAE AM&-3l9t) &, 9YUE mixing bowldl] ¥
A 7AzBel 238 ¥ § 1527 9880 &
S5 Egeion sE e 2 e
Uzl AzdEe] ¥k AAE] mixero] 3L 15
7+ E39 o mixerE LY U] UEE H
7he o Ao R 187 & EFsich ut
FE 1 tpd LYUE vE] ZET wax paperoﬂ &
710 £o 2 H¥sgion Aygw t& < pan(140
x80x60 mm)oll HI &5 30°C, & 87%i i
H proofing cabinetol| 4] 1.5417F &<t 76 mm constant
height® proofing3}%1t}. Proofing ¥ 191°C oven®ll
A} 355-7F baking@Fith.

Aol E A

Ao baking 5 1/‘14 B A o R
Ays AN T FI(co)E EAAEYHoZ =

Table 1. Baking formula for gluten-free rice bread based
on flour basis

Ingredients Flour basis (%)
Rice flour 100.0
HPMC 35
Salt 20
Sugar 7.5
Oil 6.0
Yeast 3.0
Water 83.0
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Asigom o 2R Aol vl H (cc/p)S T3 o] HPMCE vi-¢- Fa3 258 A=A &
o} el Ae= A7 (top crusy S A wokEro] &R Wl ofs) AdE MAE HAs)
WF-(crumb)2] -2 A2HA (Minolta CR-200, Japan) =t FHE 98-S itk HPMCE 222x9] &
& ARgste] Fgstqith HFefellA F3lste] Tt Jol e mEAb1
A AB AR A9 gl AJEiolA %k (Sarkar, 1979)

Mol BIAR =X olaf HPMCe] 98 ob71e Fue nksel was
Aupol A 4L Texture Analyzer(TA-XT 2, Ao M9 S 2= Qs = Aom
Stable Micro Systems Co., USA)E Ag-3le] =3 AAZTE Hzx HEd oM F7tE AT 5
9k WL 20mm FAZ Foe 5 Auwe) ¥ 9= & (onset temperature)e VMR o] £3}

of WERh tha 25°CollM 397 AdehEA A4 xe) ¥ Tk ofzl HPMCS] Asle] E3HQl date] 7]
HEEE FAsilen, olY A& 40 mme] EFrE Qlehe Zloz wasglon] AN a9t HPMC

probeZ AME-3ld 0.5 mm/secd] HEZ 10 mm7HA] H7F9] onset temperatured]s= ¥ Z}o]E Ho]X]
YEste At skt

RVA HiAmE A7) /9 dAgle] tix

SAHEM Tl ARG FRE RoFglon BE #7RR|

SAEA]2 SAS EA packageE ©]€-3l%] Duncan's A HPMC H7Fghge] F7ige] wet g =rt

multiple range testg AAIEt] f-2144-8 ARSI Z71slik. HPMC H7Hgol Z715kol me} sy

2 A7REo leﬂc/} 7P F7F Fol Flew &

o3 AR A7RRe] A 25°CelH g BrbRot

55°C 7k "‘ﬂﬂﬂﬂ A7p] Hs) oFd B 73

HPMC 27} 47122 RVA E4 apoloith, =Aa Wr}E wl B2 Mol Haldt A

A7VEel E25H HPMCY 7 58 €33y An7} XA A7l vs) JHEv) o
(0~5%) RVAS] &3lokAtel] nAle S 2AlSH B3 vyl JtH(Choigt Kim, 1997; Koh, 2001).
AZ= Table 22} 72t} Gluten-free 2] ) Zo) HPMCE $Hidh= A7bTe FRESSS A71e

Table 2. Rapid Visco-Analyzer(RVA) pasting properties of rice flours by different milling methods

HPMC  Onset temp. Viscosity(RVU)"
conc.(%) () Peak Trough Breakdown Final Setback
Dry milling 0 64.9+0.7 327.1£18.5 107.549.2 219.619.6 216.3%122  -108.8+6.4
1 65.7+1.5 336.6+10.9 113.9+0.6 222.7+11.1 216.8+1.9 -119.849.2
3 63.312.9 348.5+134 115.243.0 233.3%+11.7 217.3+44 -131.219.5
5 65.120.4 350.618.8 114.5+4.4 236.116.5 215.043.6 -135.6+5.3
Semi-wet milling 0 65.1£2.1 333.4%10.7 105.2+2.1 228.249.0 2113134 -122.1£7.9
1 64.7£2.0 353.4+10.9 116.742.2 236.718.8 218.1+24 -135.318.6
3 64.011.1 362.4+12.5 119.1+4.7 243.318.6 217.9148.1 -144.615.5
5 64.912.1 363.319.6 118.61+4.7 244.7+6.8 218.315.3 -145.1£5.5
Wet milling
25°C steeping 0 63.5+1.2 327.1%15.2 101.815.7 225.419.7 209.316.7 -117.819.2
1 63.811.1 326.9+149 105.614.9 221.2+10.1 212.3+4.7 -114.6+10.4
3 63.7£1.8 338.7420.9 108.2+6.5 230.4+14.7 213.449.1 -125.2+12.8
5 64.2+1.9 355.9420.7 111.215.8 2447149 21621102 -139.8%10.5
55°C steeping 0 64.910.0 327.5+11.7 106.7+4.5 220.817.3 2164164 -111.1£5.7
1 65.8x1.8 324.1£12.6 109.1+4.4 215.1+8.2 216.316.0 -107.816.6
3 63.7£1.5 338.3£17.8 113.743.1 224.6+14.9 2172448 -121.1£14.1

5 63.4%1.0 352.6+29 118.1£2.9 2345105 2244125 -128.210.4

YThrough = minimum viscosity after the peak, breakdown = peak viscosity minus through viscosity, setback = final viscosity minus
peak viscosity.
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Table 3. Baking properties of gluten-free rice breads
prepared from rice flours by different milling methods"

. Loaf Loaf Specific loaf
Milling .
method volume weight volume
(ce) (g) (ce/g)
Dry milling 362.74£14.3% 149.5+4.5° 2.4+0.39

Semi-wet milling ~ 427.940.9° 1452+3.0°  2.9+0.4°
Wet milling
25°C steeping ~ 444.5+4.8" 142.3+3.1>  3.1£0.5°
55°C steeping 527.8£1.8° 143.04£3.7*  3.7x0.5*
"Values are means of three replicationststandard deviation.

Means with the same alphabet in each column are not signifi-
cantly different at p<0.05 using Duncan's multiple range test.
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Table 4. Color of gluten-free rice breads prepared from rice flours by different milling methods"

afkS 55°C
Z3 wolA 7}
1T bIES HEGAIAE AR R

Milling method Crumb color Crust color
L a b L a b
Dry milling 63.0+1.6° 11.2+0.4° 31.610.1% 73.0+2.6° -0.3+2.6° 8.543.6
Semi-wet milling 61.712.5° 12.4+0.4° 33.1+0.2° 71.941.2° -0.810.5 7.611.1°
Wet milling
25°C steeping 56.7£1.2° 13.940.1* 31.240.5¢ 72414 .3° -1L1£1.8° 8.2+1.3
55°C steeping 56.4%1.4° 14.240.1* 31.1+0.9¢ 71.1£1.9° -1.010.8™ 7.5£1.0¢

"Values are means of three replicationststandard deviation. Means with the same alphabet in each column are not significantly

different at p<0.05 using Duncan's multiple range test.
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Fig. 1. Changes in crumb hardness of gluten-free rice
breads prepared from rice flours by different milling
methods.
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