pISSN 1225-4339  eISSN 2287-4992
Korean J. Food Nutr. Vol. 28. No. 6, 1011~1018 (2015)
http://dx.doi.org/10.9799/ksfan.2015.28.6.1011

THE KOREAN JOURNAL OF
SI Z QO]
FOOD AND NUTRITION

HE X2Z10] 2 Gluten-Free & db=9o| ZXFEtM N} M S
ARG TR )
FFAFATY ALAAATR, FHATSIE A EG ot

Effects of Mixing Speed and Time on the Dynamic Viscoelasticity of Dough and
the Baking Properties of Gluten-Free Rice Bread

Sang Sook Kim and "Hae Young Chung’

Korea Food Research Institute, Seongnam 463-746, Korea
"Dept. of Food and Nutrition, Gachon University, Seongnam 461-701, Korea

Abstract

The effects of mixing speed (3, 6 and 10 speed) and time (2, 5 and 10 min) on the dynamic viscoelasticity of dough
and the baking properties of gluten-free rice bread were investigated. The specific gravity of the dough was not affected
by the mixing speed and time before and after fermentation. The elasticity (G') and viscosity (G") of the dough increased
and the tan 6 (G"/G') decreased with higher mixing speeds and longer mixing times. The specific volume of the gluten-free
rice bread was affected by the mixing time in response surface methodology (RSM). The hardness of the gluten-free rice
bread showed a decreasing trend as the specific volume for the gluten-free rice bread increased. The appearance of the
gluten-free rice bread was symmetrical at high mixing speeds and long mixing times. Overall results indicated that the quality
of gluten-free rice bread could be improved by controlling the mixing speeds and mixing times for the dough.
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M =2 (Nishita & Bean 1979; Nishita & Bean 1981; Bean MM 1986;
Kang 5 1997). B7}F Hl=2 EG o) Kzl S =0
22 &) 2H|= Mg Wtz FH Aasty 9o, & 9UriRel b/ SHEE o] Y-S Wyt opg), ki

Sejtete] Azh 1905 B AHE 19959 1065 keol | ©) WAEE FA4o] Y53, WA, A%, panning X baking 3
Ao] 20020l 873 keQ 2 Folo] I & Aol T A Sl BebgRte] AUtkKulp 5 1974). TrehA ol £A)
7F3ka QItHKim YN 2002; Cho 5 2004). 2+ 2=9 0] 7]ukS 2 237 ) B EAS H7lsta 9o (Lee MH
R3] YA = & AH]9] 90% oA AFX|5t= 48 HE 2007; Lee 5 2008; Kim & Lee 2009a), 2] 7] &= FFAS
w olo] W, W, 220 )& AL oheh #ARE 98] AWEAR(Lazaridou 5 2007), §3HA(Kim & Lee 2009b;

o] 83 thofFst Awkro] 7|1& o] W FQsih Demirkesen 5 2010), £ (Ahlborn 5 2005), 7 F(Nishita 5
A7V 0] AL A7IRE A Y3l AT A 1976; Sivaramakrishnan 5 2004; McCarthy 5 2005) & AF 2
279 28 @ AL o] BT ARENES JFS  /FE@lco F 2011) TS HrlHo 2 WA w3t gA

Ft 02 eA Lom(Nishita & Bean 1981; Bean MM 2870 20 stich. el A4, WS4 @ S4 271
1986; Park - 1988; Kum 5 1993), 71 9fofl 9] £, 2be] 2 Axq Bue] SHoIN SAAL BARE Azt W
37) @ ety B4 Sol AR GRS Wit o] AAAEL WMEY AR BARE AL wnct B
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AHo| F7FeRAL, 347 AR ¢ BAA A=Y HItE
Z7}Zo] Yrha 3FHTtHIee & Lee 2006).

2 AFolA= & oA AlEQ 2] 4 MAds
3 ko] 1G5k EAS AW gluten-free AW WS90 W
£23,6 2 10h) 2wk AIZH2, 5 9 10&)°] w2 §HS
T4 AR AW 54 245 S3A gluten-free Ao
A wyt 21S A% 712 A2 E A5k, gluten-free 2

el mrh e Az e systug gk

[e]

© oz

ST

1. M=

2 AT A gluten-free BHo] A xof AHgH B7MRE=
(5772 3(Gunsan, Korea), 1 &]of] ALE-E Ao A==
AR 7152 (F)CI(Seoul, Korea), '} It = (F)FH
3= (Jincheon, Korea), B A E-H+= (F)A=25(Seoul, Korea),
HPMC+ Dow Chemical Company(Midland, Michigan, USA),
AT AF3E(Seoul, Korea), QIAEIE o] AE X Societe Industrielle
Lesaffre(Marcgen-Baroeul, France), -5-3}A)| sorbitan fatty acid
monostearate+= (F7) QA1 DA (Seoul, Korea), CMC+= 112 CMC
(Nonsan, Korea), hemicellulase= Novozymes(Bagsverd, Denmark)
oA Fdste] AT

2. HES A Gluten-free AHHO| F|XE

Gluten-free A2 Kim 5(2009)2] e o] Q)3 A =3}
AP Pttt Ax AEEZHE 100%, A7 10.7%, &
W 9 3%, BAES 3%, HPMC 3%, a3 2%, °|AE
1.5%, 5-3HA] 1%, CMC 0.29%, hemicellulase 0.018%: rfwb, rice
flour weight basis percentage)= Hobart mixer(K5SS, Kitchenaid,
Benton Harbor, MI, USA)E ARESte] wHE &&= 1o A 30
e ST F, AE A=A E(90%, riwb) T 7]15(8%, rfwb)
< 7kste] k&&= 3ghoA 2, 5 9 10% E3}she], wuk
&&= 6dolA 2, 5 9 102 E3sto], it £= 1094 2,
59107 Este] 247} wkSs wERTh B EREES
300 g© 2 W(170x80x50 mm)of| &3}, &% 35T, A&
= 80~95%°A 6087t WrEAIZ|I, 170CE o E3t 28
(National Mfg. Co., Lincoln, NE, USA)o||A] 3027t H7]E 3}
et

3. Hi=9| HIE 2 S& HEHM(Dynamic viscoelasticity)
Gluten-free HF£2] ¥rd AL H]F2 AACC method 10-15
(2000)°] o8l Z7gst3ict Wh=o] T2 He/dS TA Rheometer
(2ARES-11A1, Rhometric Scientific ARES, New Castle, Co,
USA)E ARgste] S5t 2 AoAe AEE WA &

=4 EFIYEIA

A strain sweep testE st AFHAJS HeEb= H HellA
strain &2 0.5%2 A3}, 532 frequency sweep testQ} &
2| time sweep testS 3Y3}F o, o|uf] & 25Cof|A] paralled
plate(25 mm diameter, gap 2.0 mm)E ©o]-&3}o] 43}t

4. Gluten-free Mol HIEX

Gluten-free 2-2] H|-8-2-2 722 & 1A|7F 52t HPAIZ]
o S5k 2] H|-8-A(ml/g)S Ao B uj(mL)yE
FA(9E Wiol A4bstglon, Aol Buj(ml)= AACC
method 10-05(2000)0] 2]t £X x|SO 2 =HstF T

5. Gluten-free Mtto| BIAX EM

Gluten-free 2] Bl A% EA-L Texture analyser(TA-XT2,
Stable Micro Systems Ltd., Haslemere, England)E ©]-23}4
Bourne MC(1978)¢]] 213 7|45 Hhyo = BA3AT} TPA
(texture profile analysis) 2.2 33] HHE(53] 23/A43), &
153] &A3lo] 7k o2 7 T (hardness), 5-2FA(adhesiveness),
EHA(springiness), -2-7]AJ(cohesiveness), 7AJ(gumminess) LU
2] /d(chewiness) g T8I} ojuf AM-E 7hExA| ZxE
0](25%25x20 mm) F7| 2 3}, two bite(50%) compression, plunger
A &2 35 mm, crosshead speed= 1.7 mm/sec2 Z435}%th

6. SHEA

2 AL 33] vhE At on, AHwt Apo|HF2 SAS
(Statistical Analysis System, ver. 8.2, SAS Institute Inc., Cary,
NC, USA)E ol -5t} HAHEAS AXshelth. BAHEA 2
3 AR Aol7} Gl BAY A9, HPEe) B 21
apo] = RS ZH3t7] 8 SNK(Student Newman Keul)
of ShEUIE WHE AHE BT Gluten-free WZHe] WA &
9k A7kl tht gluten-free W u]-8-2]9] FHIH= SigmaPlot™
9.0 software(SigmaPlot® 9.0 User's Guide, Richmond, VA, USA)
2 Aest] SARAS Axstgon, EYUst Fad
He2 HEE wHE AZHX)S wE $E2(X;) 2719 891
o= AL, e gluten-free Ao H|-GH O =
A3}, HH-3-F HEA H(response surface methodology, RSM)
2 ©o]L3}Y contour plote 2 YEMNATH

2o 3

59108 EPstel, Wi S 64 2,5 % 108 BF
of, WY S 108014 2,5 W 102 EFNe} 22 WFS
AZSTE §HE S5 % A O gluten-fiee ¥15] 3
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Table 1. Effect of mixing speed and time on the specific gravity of gluten-free dough

3 speed 6 speed 10 speed
Characteristics'” - P - - - P - - - p‘ -
2 min 5 min 10 min 2 min 5 min 10 min 2 min 5 min 10 min

Specific gravity Before fermentation™ — 1.09°  1.07% 1.05° 1.11® 1.04° 1.15° 1.06° 1.06° 1.11%

of gluten-free

After fermentation 0.35 0.34 0.37 0.40 0.36 0.37 0.34 0.35 0.41

dough

D Mean of three replications with five repeated measurements per replication.

? Values with different superscripts within the same row are significantly different (p<0.05).

35 r

—=-3 speed

——6 speed

——10 speed

31 r

29 r

Temperature (°C)

27 . . . . ,

Time (min)

. 1. Temperature change of gluten-free dough by
speed and time

A3} ZHE Table 1,
W3k Fig. 1] Yet

Gluten-free §152] WY £ =(3,
5 9 10l &gt E4 v‘i’—’—‘ﬂ
L= Wik AJ7ke] &%t <
A|lZko] A5 H|Fo] A
o] AL wuk A|7to] ALE H|E
WHE £ 6gho| A 1087F vt

a3 Hl?f"ﬂfﬂ
o Aol =7 9]
2] 139 4% 2ol ATk Table 1)

WHE &5 9 X7k 25t gluten-free WHS Q] 2% 3}
A T Ao] 142 TN o] T WEe] 25 Aol
Rt Zeg Wof 29tk 72T mi £57} Behs

=T
2719 W59 L= FAISe AEE Hol FUThFig D).

o F715he Aol 9lom
Z54e 1) vFol Y B
WY & 9 Az SR W 6l

CUE 5 5] uFe dE A

J

_g

OI&t Gluten-free HIFO| SXH

Gluten-free 2 AR A] HI=9]

getA =1, gluten-free HHS

=730l w2t A S

242 & o 443 olstal)

=

"Significant at p<0.01.

Sfal mek S B A7l T2 §HE 9] 5 YehDynamic
viscoelasticity)& RheometerS ©]|-835}0] 52 strain sweep test,
=7 frequency sweep test I 52| time sweep testE S5}
t}. Gluten-free ¥F59] A& ThAIZH T 28) ik} 314 A
76 10B)THE A] HEE] BA(G), FAG), tan §GG)
o] thgt strain & 3}H= Fig. 2, frequency & I+= Fig, 3, time &
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Fig. 2. Effect of mixing speed and time on the viscoelastic
properties of gluten-free dough as a function of strain
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Dynamic frequency sweep test
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Fig. 3. Effect of mixing speed and time on the viscoelastic
properties of gluten-free dough as a function of frequency

= Fig. 4o Uit glek.

53 strain sweep testo]| A& < FAIZE WRE HEE2 A
SAIZE wHE RS B3 straino] WS wi(10'~10°%
strain) ©HJ(G)0] #Q2H, straino] FoPA4E ©J(G)0]
B w=A gastn G saine] ke B107~
10°% strain) 1<+ AIZE Wk ko] A< ©hAZE wnk Bk
uth wgron, simino] obd4s HAG)S o AAHe
t} tan §(G"/G') straino] k- w(10™'~10°% strain) 114
AAZE wyE wEEo] A& whAZE myh REEHETE 2epa,
straino] obd4% o2k 7 LrehdrhFig. 2).

S 2 frequency sweep testo| A= frequencyol AF&glo] 1L
& FAZE W B A& DAE wk ko] H]af W
B$X(G)S HojF Ut Frequency’} 2718428 114 ZAA7H
WRE WSS A& A wit jESo] vl HAJ(G)ol 2=

Mo
b

- Q8D =4 EFIYEIA

Dynamic time sweep test
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Fig. 4. Effect of mixing speed and time on the viscoelastic
properties of gluten-free dough as a function of time

7kt d&el Ao, tan §(G/G)E HA oz St
= S HoAF3UH(Fig. 3).

53 time sweep testo| A= A|Zko] Z|dof whel 114 ZHA
Zb wyk vk A& A7 ak §ESo] vls) gY(Gha
A(G" ol ¢ WEA Z713lF.oH, tan §(G"/G)= 23] &
A8} THFig. 4).

3. mik = 3 AJZH0 2|8k Gluten-free Aio] £4
Gluten-free AW A] wRHF £=(3, 6 D 10T 2 wHE A
(2.5 5 108)0] of5 o] o3 S47 BAH 24 2
= Table 26] peh} glck. o] RAE ¥EE uk A)7E
8 4mo] wheh 2 Aol glgloM: o] Rujel v
BE T S50, 6 9 105hel A ¥HE Ik A7) A

F7ksteet

BA

Ju o K
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Table 2. Effect of mixing speed and time on the characteristics of gluten-free rice bread

3 speed 6 speed 10 speed

Characteristics'” - - - - - - - - -
2 min 5 min 10 min 2 min 5 min 10 min 2 min 5 mn 10 min

Weight(g) 267 267 266 269 271 268 270 272 269
Applarrj:;e o Votume(mL)™ 858°  955°  1042*  906° 944 1,007 912 928"  1,002°
Specific volume(mL/g)™ 3224 358 3920 337 348 374° 338 341 3.8
Hardness” 468" 359% 304° 389 358® 315° 386 3790 340°
Adhesiveness -729 -683 -739 -820 -739 -481 -851 -804 -9.17
" Springiness 0.94 0.94 0.94 0.93 0.93 0.96 0.93 0.93 0.94
Cohesiveness™ 0.64° 067 069" 068 070" 074 067 071" 072*
Gumminess 293 241 207 260 250 233 257 267 242
Texture Chewiness 275 226 195 242 233 225 240 249 229
Hardness 725 646 558 683 672 715 655 769 720
Adhesiveness 0.18 -189 -263 -005 -460 -479 -083 -591 -620
- Springiness 0.83 0.85 0.85 0.88 0.85 0.87 0.86 0.84 0.88
Cohesiveness 0.36 0.41 0.43 0.39 0.42 0.42 0.40 0.40 0.42
Gumminess 251 265 231 257 275 298 248 317 292
Chewiness 212 228 200 228 238 260 214 274 257

D Mean of three replications with five repeated measurements per replication.
? Values with different superscripts within the same row are significantly different (p<0.05).
*Significant at p<0.05, ““Significant at p<0.01, “*Significant at p<0.001.

Gluten-free 28] W § 27} W2 mk A|7H 2 Wi &5
9] a5 otE 7] $J3) gluten-free B A= A] S Q35 H 0
S2 meiHE QA WE) WYk AZKX)T T SE(K)

I

3.4
2719 89le SR AR, AW vl§A S W ’ /

4

HEE sto] Wk A7k} wylt &5 o) ofgt gluten-free &

H]-&& 9] § 3= Fig. 59 YElY Qlth Gluten-free 2] H] 3.
A g W A W S 29 JARN A}, =
29 HA4L g3 2ol ek 4 o

Mixing speed
) ~
T ¢

3.4 3 = 3 3
Y = 3.2162+0.0636X; — 0.0047X2(R2: 0.56) 5 4
Y we] vlgA, X meh AlZh X mEh & / / / / /
4l
3.4 35 3.6 3.7 3.8
Gluten-free ¥H52] Wyl A|7H3) wEl L2 0 Ojgh 2 H) 5 l . I : : : , :
|A0 RS v EHEAH o2 UERH contour ploto] A] 22t Mixmsﬂme o e
W] Wik SEnrh wuk Azl 23 kel v]gHo)
g & 92 FeH, wit A7to] 445 gluten-free A
9] v g o] 2A YeElthFig 5). Fig. 5. Response surface plots illustrating effect of mixing
oE &5 U A|74o] what A 23 gluten-free o] AE speed and time on the specific volume of gluten-free rice
(hardness), £-2}4J(adhesiveness), EHAJ(springiness), -3-%]4J(coh- bread

esiveness), AJ(gumminess), %3 A(chewiness) 5 ElAZ] E
A& 27stel ulmslglon] A Zhe Table 200 ek glck  Amel -GN §)2g)

Gluten-free A% A= 2417 & Aol Az &4 Zit

Aol Mol Fglom], 1 9|

Ao = z}ol7) i) vl=o] Wk AJ7to] A2 A

LR
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9 Axe Woton, wRt £ 30 52 64 1087 2
giste] ghE Aol Awr) oh2 Ag o] Hldl ket 2
Az 24X & Ae 57 A3t Wik HEoF A7) o &
W Aol Zfol= Yo, wyk £ 3tho| A 1087 1L
ghste] ghE Aol F =7t tha WA 2AME Itk Table 2).

Gluten-free ¥F59] Wit £ 9 A[7ko] wE 2o] o

AFA B YA

AL Fig, 69 LBk} Glck 4 45 3, 6 9 10Ge]A] ut
Z SN AlZko] A4 W] Rulsh AR T, SHA B
AT} o] BHSA Rohn BE £ F BFS gl
oh WY SE 6Tl 289] A9, shed] Fio| TR
meFol ek wk £= 3, 6 9 100 A BES A]F 108£7HS
2 9HE Abo] A48 We] 9 iAo moo] the AY

Speed Time Upper shape

Side shape Cross section

2 min

3 speed 5 min

10 min

2 min

6 speed 5 min

10 min

2 min

10 speed 5 min

10 min

Fig. 6. Effect of mixing speed and time on the visual appearance of gluten-free rice bread
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ol u]3) 2 AaPolgich. W mope] e 297 oni
W ST 3G FE WY S 6ol WE AT 1087 9
Z3to] WHE Wure] 797} ThE AT Hld tha He
AL Hol Feom, W $E7} B UHE A7k] 242
e by 2 29 )3 mopo|girh. Gluten-free 2]
Zuiv 9o 49 WY SE7t 245, W Azke] 4%
=, Ao 7heu Sio] B4 42 mekS Uehigla, &
W A B Fom, 9 N9 iRl e AL

109 h(Fig. 6).

AEH o 14 AR Wk whEo] A TARE Lk )
Zo ]3] AJ7ke] Aukgel Tt SAG)T BAG)l E7H
shom, glutenfiee o] 237} 245 vlgHo] £k,
H] 8 50| £S48 gluten-frec 0] AEL A UEhta,
gluten-fiee 2 mope] 29 X9 o R/l AL AFS B
of F9ITk. Thebd gluten-free AW A% A] 15 BAIZE W
BhZo] A ThAZE WY WERT A A B3} QLS Ao
2 Alad"ch

Q0 o A=

Gluten-free 28 A2 A ¥Ee] S4o] uhe Au 54 2
g 9ja) ik £EG, 6 % 10%H B @ik AT, 5 W 108
of o2 gluten-frec WH=+9] Rheometero] |+ &2 HeH/dt
TAE ©]83l gluten-free 9] texture profile analysisS 43
sttt Ha A g v|FoAe whk £= 6ol A 108
7r b Al H]Fo] 7Y w9k, HE F w0 H|s2 Ua
A "HF=29] H|F9] 34% 50| t}h. 54 strain sweep test 2
= 14 FARE mRk vk e 102)2 A& ©hAZE wwk
HFEGH 28)0] B3] straino] WokS w107 '~10% strain) T
A(G)o] =tttk Straino] F7FE,E BHAY(G)S © WEA
48, tan §(G'/G)= R =A YEbsth 3 frequency
sweep test AI}= frequency’} 742 114 AA7F Wb
W2 A& gAIZE wwk vk Bl HA(G")} tan §
(G"G)= 27 Z718H= 4] AUtk E3 time sweep test
ol M= AlZto]l Aol met s FAE wRk vk A&
SAIZE wEk gEEe] Bls gA(G)T FA(GNo] o wEA
Z7Ft9.om, tan §(G"/G)= F23] 439t Gluten-free
wapo] W AT Tek SE W A7o] elg 57 Az
gluten-free 0] W]-E22 wHl &E=H T wHk A]7ko] 93]
o & FFS oo, 1 AT wit jEEo] A& A
7wyt vkSETE A2 gluten-free AH] H]-§-Z o] 2A
UERsTh Gluten-free AW A2 2A17F & 2o BlAA &
A A, Aot SN FAR QL Aol E Hof Fglom,
W A7) A4 Ao H 7t A UEhytt) Gluten-free

A A% 24X T A A A3t wyk £k A7k

gt A 74 of| 9] Zfol= §litt. Gluten-free 29| SH T}

Y] e,y £t S48, whk AlZto] A4E Ao

7heH] FEo] B4 42 BRS YER L, A mekol 2

9 A AR7t HL HgFS BoFch webA gluten-free

2 ZAZE wyk ghso] A& A7 wuk vt
E W7 S ALRE RAE QT

B 4TE FUSLNER $URINEYI$7189
BRI 4ENEALAYS A7H] QPO +Y
Q7T QR ole] A=Y
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