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Abstract

Purpose: To improve the quality of basic gluten-free rice bread composed of white rice flour, salt, sugar, yeast, skim milk powder,
olive oil, and water, the effects of transglutaminase (TGase), whey protein (WP), propylene glycol alginate (PGA), and
hydroxypropylmethylcelluose (HPMC) were investigated. Methods: TGase, WP, PGA, and HPMC were added to rice flour
cumulatively. The pasting properties of rice flour blends as well as volume, shape, color value, textural properties and sensory
evaluation of basic rice bread (RB1) RB1+TGase (RB2), RB1+TGaset+WP (RB3), RB1+TGase+WP+PGA (RB4), and RB1+TGase+
WP+PGA+HPMC (RBS) were compared. Results: Consistency of rice batter increased upon addition of TGase, WP and PGA, and RB3
and RB4 had higher specific volumes than others. PGA improved volume, crumb air cell uniformity, and resilience but lowered
elasticity and moistness of RB. HPMC increased, hardness, moistness and softness, and slightly reduced volume. Conclusion:
Therefore, it is suggested that hydrocolloids, PGA and HPMC may be necessary to improve volume, crumb structure, textural properties
and overall eating quality of gluten-free rice bread.
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[, M 2 F A7 A F Aok @7 A BIFRE AR &
A& AFEA e ARtk FuolA -EEE AuiE]
vt SR FA 0 WS HolgA Rt wEH F T oy MA| WARE ARRAF] 5%E PGA] £k Qo]
Ao} W gl ALe] A 4 1 WistE MA Z=e] AZEst ZHE 3 G &S o] 83ty Hlo|AY AFLS Ax P
FAEAA DFE T O AFES AREA AHESH Z83lHE Bo AErt JgHa Qo
A2 mey II7FRE o] 83 21Fe] Avvt A3 F ZFEe WilFo] IFHE B84 Tl Fejoid
7FtaL itk 53] W Wg FA 02 s vl ml=n 3 2FEdo] &3 A HV‘Q‘I‘H FAEE S
1 2 25 5o 9 AFIRT ol AA & ‘)r 74 ol e we 23w Aty 1EW TEEe
E}"‘W AR 85I e A7IHFeIHh 2016 Zk7] el WS FEA ok MkEe] o] ~Ed o
W osEyeke] Azt 1909 AA]EFo] 61.9 kg(Korean waggo) ] WAE o]2k3lelag) HlEo] doE Eo
Statistical Information Service 2017)2.%2 A& 7HA3stal FZ72 sl =g o x3E= Fr) 59 7];41 z
Dot AT 1T B7HF &Pl 9F 3334 kg2 3 HY £ e $EE /NI Yov(Yano H 2010,
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Kittisuban P 5 2014) 7} o] o] Sojvfa vz
o) Al <l RSN Wl T, Fos)
2ol 7143}, o] Alxd Fa3 ALE = FF
de 9 dexel Adjepye] ddlo] He dide &
HAHA B FEE WA Qoiﬂ(Hischenhuber C &

2006, Battais F 5 2008, Sapone A & 2012) FH2 2
o]2jo] X, l‘jE‘OH = o °‘°i 1101] Z11= =

A A8l At dejehyo] o= E A9, B
st SFdol FRE A B FFH I AF
AHAE d3t Jt(Nelsen Jr DA 2002, Moore MM &
2006, Torbica A 5 2010). ¥ #H A3l FF=lo] Y2l
Wl dolgks Ao Leld F aMAEe] 2TE xy
AEe @ Bl F7Ha QoM oF Awstel
AT7F A&EFH o R o]|FojX 3l Uti(Yano H 2010, Park
SI & 2012, Kim JM & Shin M 2014 Hager AS 5 2014,
Kittisuban P & 2014, Matos ME & 2014, Cornejo F &
Rosell CM 2015).

e AA AT W oPdo] HASIL Y= FLF &
2 32 opAolell A A EE FRUS PR o
TH FolA WS GAT 5 e B FYoE
HAL ek #e deA FE Bl glov] Ry

oF, @A gl &ashso] T2 4AS 7FAAL Atk (Marco
& Rosell CM 2008, Phimolsirpol Y & 2012, Hager AS
2014). YRido® AAF FAAROZE AIIFE A
3 AT ATFEE SRS FHehA] goEE )
e lw Alzol VIESD FAo] of# EAIF 0]
L7HEE tAlstr] olHoh 53] AAAlES EPEP?}
&= AELsHaA A7t & AjofAA ot =4 F
7} ol@i ®He| EolglE mPo QI3 4tuE) 44
9 ER AgSdls AFaA S mE AR
e Be WITE GFOE AXATWA ARo
4ol gy ol 71g4o] WojAH olojuz B

YAt BE LEES Hol WHTE TE PO
HﬂOlﬂfﬂ AE Azel wiFHRA ke EAH] Utk
YT EANE AT # ARPOL AtE WARE
AdEReH WHEE dAlD = dves Aol BaFg]
THShin M 5 2010, Park SJ 5 2012, Kim JM & Shin M
2014). M2 AE WHoz A4S Ao] 18-20°C0l A
THY te 2L FHE A2(18-20°0)00M TR
12%77],;<] ng_o].oq AzAete HJJ]O]. H]—No]q z_‘:/kl
AZolA 2o A7FREE Ax=AZIEA Yeld 5 s
A dajde] do| o3 42 JAATIE =23
L7HEe} AR AARREZE ZH) 8] AStelnt. d=xd
ke AAARI %AMOJ Aol EFFA (120 mseh)E
WA dElE AARAE st A7FFE Al xshed o
2 e AVLR= %—E%Eﬂol o MEAE st
£ T2 el aTHCL tiie] AFelM 27U =

L O B oot O Ho . rlo

3
°]7]
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2] AFe YR Jpo|=2F2o|s, A
AE == FARERE ARSI el EIEHAH
(Gallagher E & 2004, Anton AA & Artfield SD 2008,
Houben A -5 2012, Kittisuban P 5
(TGase; protein-glutamine y- glutamyl transferase, EC2.3.2.
13)= @A 2141 719] g-amino groupd} =FEME
Z+7] AFolell nondisulfide covalent crosslinks @438 Zvl
s HAR o] 4T Uik & ezt e YUt
g dmdR g OEW 72E 4T JheAe] Bu
H A THGujral HS & Rosell CM 2004, Moore MM -5
2006, Renzetti S 5 2008b, Shin M & 2010, Renzetti S
T 2012). 27Ol TGaseTHe: H71shd 258 22 U
=sizte) ol oksiel o A3l 5] S1o)
2 il A Ee WE AxHE ATE B
A tHMarco C & Rosell CM 2008, Shin M %— 2010). A}
HAATE B3l N E (WP whey protein)@ TGase 2t
7t Mz FArisile Wiy A AriEe o 2o
HI A Zo] F7etdal AErt ZAade &8k TH(Shin
M 52010) H7bE A kel e e
o] Vtw Aoz Aol 72 T2 FHL 7HslAE
aIsielch WEIAHIA o] vjne] 2 ngﬂ
Z03H FAHR0H gax]s=
LRe A Eae el Fdol FAT HAAT AN
7] A% A/t BRI SfolEEFEolEE Bo
F59 2gYe] kol wlolAelAFe WS 2ol
Al ofsl Zsha Fede Be A= 5 Uoka
B UEAtHCrockett R 5 2011). dlo]=2F R0l F
propylene glycol alginate(PGA, CAS Reg. No. 9005-37-2)
= 54, BA, AFFAASY} FIAE AMEE A
on 875 oM AFAF FA 1%, "=
ANME 0.5%E FA Folof st A= 4 Hof At
(Food and Drug Administration 2015). %l 3Zg] w-g
Azsh=tl oA PGAE W& FEAAE W Ui
(crumb) ] FZol 7]oiate F]A ek HA Alole] Aol
A= IE AL st HAAE JAsHE 8o 9
So] &HA ‘Q(Baeza R 5 2004, Renzetti S 5 2008b,
Cheong KW & 2014). = ]- hydroxypropylmethylcellulose
(HPMC)+= Eoﬂ 719 2R A YESLAE AT + AL
w HolAgAFe] FEH T2 AV} Aol LA
AL FEAG B HE F2=E A s FREAE
< Z7}AZ1tKSabanis D & Tzia C 2011). HPMCS *%
e AVFRES RS W WSt %A}ﬂ HE2AE
Zk=t331 8}%9 3(Sivaramakrishnan HP 5 2004, McCarthy
DF & 2005) Wk=rollA #d Aot °J7é 3= FAsk=T
F2 sHo] Aokl AT Wk HPMCE <Qlsf H =
7v S7Fskal Ui 7138E AetA st R 4

SERERAE Eri

5 2014). Transglutaminase
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JEE B AFlAe 1 Fde 257
Azstr] 918l WrbEua 22 aE Aol
2 AH3ta 7)o TGase, WP, I F20|=2] PGAS}t
HPMCE AUE 1 Hriste] 2t A7k 489 &
}E who] Ko 8lxx, FF5H7IE Tt vlusth

I, Mz & Ay

1. M=

f71E el &l AlE 53 FFe] wWuE X F
H(Jeonnam, Korea)ollAl st A7IF5 A|xsto] A}
L3k 71 2EGAIYE S A2 o) HrtEe Qs
o] 2~E(Saf instant, Lesaffre, Marcq-en-Baroeul, France) <
2] H8(CJ Cheiljedang Co., Ltd., Incheon, Korea), BA| &
fHSeoul Dairy Cooperative, Seoul, Korea), & (Beksul,
Incheon, Korea), 2~(Sajo Heapyo, Seoul, Korea)= A<
o] AlAoll A FUSATE 7 EHA T E A= Aol F
AL TN f1siA AREE H7HEE Q] TGase(activity
20-34 Ul/g, Activa STG-M, Ajinomoto Co. Inc., Tokyo,
Japan)e} 3T (whey protein)<, Davisco Foods In-
ternational Inc.(Eden Prairie, MN, USA)°llA 433t
N4F20]=21 PGAE (PGA-special powder) Tic Gum
(White Marsh, MD, USA)%ll 4, HPMC+= Ronas Chemicals
Ind. Co. Ltd.(Sichuan, China)Z5FE TYst] ALE3IHT

2. ARl M=

AMEA TR AARE o g AULEE Az YTt
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(Shin M & 2010). 7} OiAE + e A7
2 AT YAEES} FEFTES W fAREA
TShin M % 2010, Kim JM & Shin M 2014). #jn] @<
FEIZ 33] A T 1843°Coll A 6AIZE B3 sk AL
T30l 7hs3staL ool & 7HERt AEiQ] 18+3°Coll A &
& HEj = RSOl 12-14 /100 goll =23 w7k A
Z3lty. Ax" #ALde 120 mesh EFA7F AE #H
U(Pyungjin Machinery Co., Seoul, Korea)S AR5} &
AR A7t AR w7hA] 4°C A4 (Dongbang
Nengdong Engineering, Gwangju, Korea)ol|4] X33} th

ke

3. HiglHlg &A™ H A x|

A7t A 718 ASE ARSShe] A Alx
3t7] 913k A2 gAI9E Shin M 5(2010)2] WS 4
sto] AAStATh 712 A2 E3(mixing), FA|(resting),
1 & (proofing) 9} 7 1(baking) ¥4 0.2 Y3} T) Table
19] 7182 2w wjgalgol wet AVLE, A, A", g4
B9 52 W=7](800-], Spar Food Machinery MFG
Co. Ltd., Ta-Li, Taiwan) 22 Y3 A<(low speed)>
2 20%, 1%(high speed) O Z 3027+ £33t HiE
A7FERESS 1A FABFATH30°C, 40% RH). ©]=E
of S EAFE st vy ¥kse] risia & E3te)
Atk o] ¥kEg 2583t 13 HE(30°C, 40% RH)E AF
o} & W= 640 g2 AW F(10.0 em(W) x 20.0 cm(L) x
8.0 cm(H))oll a1 22F HEE 22 oA 1083 A
ASFATE 22k a7 B WSS $1E 210°C o E
170°CE m)g] d¥9 tl= QE(FDD-403, Sam Mi Bakery

P

Table 1, Formula for making rice bread with different food additives

Ingredient Ratio . : Type of rice bread with different additives (g)
(%) RB1” (basic) RB2 RB3 RB4 RB5
Rice flour 100 300 300 300 300 300
Water 103 309 309 309 309 309
Salt 1.7 5.1 5.1 5.1 5.1 5.1
Sugar 6 18 18 18 18 18
Yeast 3 9 9 9 9 9
Skim milk powder 4 12 12 12 12 12
Olive oil 5 15 15 15 15 15
TGase" 0.02 0.06 0.06 0.06 0.06
WP 1.7 5.1 5.1 5.1
PGA 0.3 0.9 0.9
HPMC 0.07 0.21

" TGase: transglutaminase; WP: whey protein; PGA: propylene glycol alginate; HPMC: hydroxypropyl methylcellulose.
? RBI: the control rice bread using basic ingredients; RB2, RB3, RB4 and RB5: prepared from the basic formula with the cumulative

addition of the food additives TGase, WP, PGA and HPMC.
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Machine Ind., Seoul, Korea)ollA] 5083t FHTh L&
AT e AUA 4AZE WS Fof] AR E ARRS)
At

718 A A 5o HUlste 4572 HAVFEZQ TGase,
WP, PGA®} HPMC+= o] A3-& T3t 22} 0.01-0.05%,
1-2%, 0.1-1.0%2} 0.05-0.5%% Z} B ol wte} 39AZ &
we Az oS HARAS ko HAFL TGase
0.02%, WP 1.7%, PGA+= 0.3%, HPMC+= 0.07%°] At

4, FI7IEZ0| WE AIIE S35

Table 13 o] F7Fade] Aozl F& 7t Aol gt
Al 7L E% thy A7 sl ASHES
J7](Model 3D, Newport Scientific Pty., Ltd., Narranbeen,
Australia)Z AACC method 61-02(AACC 2000)°l| wiek
AT ArERE AVHEE el et 12% R
F 7102 3 g8 LFH|F canisterol] 7}l A7) F
25 mLE ¥ § & Sl S 34 =
7L 50°CE 14, 95°CE 4.45% 7FE3IA L 95°CollA] 2.5
T FAE TS, 50°CE 48 & 255 WHlaL 50°CellA
1.5% A8 Y. 7] & 3812 S(initial pasting temperature),
peak viscosity(P), trough viscosity(T), final viscosity(F),
breakdown viscosity(P-T)2} setback viscosity(F-T)E =7
skt

0x
I
2

5. Z7I=Ho0f| s Atlol xlxE H AUBHEE EM

718 ZWHRB1)¥} Table 10 WE 4FFo] 2u-e |
Z3FA T} RB2(+TGase)= TGaseWt H7FEdZ AR5
31, RB3(TGase+WP)= TGaseol| WPE 7}513, RB4(TGase
+WP+PGA)= RB39l| PGAE U 375t 2™ RB5(TGase
+WP+PGA+HPMC)= RB49] HPMCE © 718t 5557
o] ks Azstth Az WHS 7|2 Ay e
HoZ stHom AxH Aol dubgdR 42 g
Ws Axsle] o]E A BE ARSI Ak Rulo] 4=
2, ol 3|29 A g2 AACC methods(AACC
2000)0. & ZF7} method 44-15A, 46-11A, 08-01, 30-10°
2 Z43Ah

1) 22X EY £F

o] A9} By 443 B3 Bk Ao s A
<(HS 2100F, Hansung Ace Co., Seoul, Korea)Z FA&
ZAstal F3)= rapeseed displacement method(AACC
Method 72-10)2 73} t} 2Me] T2 digital camera
(EOS 400D, Canon, Tokyo, Japan)Z ¥ Ul5-2] 7|5 A}
E3dA1|7Z(SV-55, Sometech Jison, Seoul, Korea)= ©]&
st 40vl 2 #HE3HTE M E= chroma meter(CR-300,
Minolta Tokyo, Japan)E ©]-83t>] ™ =(Lightness, L), 44
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Asgol= Y7t F7d =) Ao 4 201

S(redness, +a)9} 34 Z(yellowness, +b)E 43I A
=A9] BAS WA white plate(L, a, b, 96.54, 0.07,
1.90)2 AR&s3iTh

2) HlAX EM £H

o] oS- ZElA texture profile analysis(TPA)S =
Aate] glxx] EAS WY thKim JM & Shin M
2014). B]2=*]+= texture analyzer(TA-XT plus, Stable Micro
Systems, Surrey, England)& AR5t 79 2HAHS A
AEFET A8 37151 x 1 x 1 em’©]™, load cell 2.0
kg, probe cylinder® 2] 27d¢] 1.5 ecm?l A& A&-3t
93 ¥ E(deformation rate)> 80%°]ATh TPAZH-E
74 Z(hardness), F-2Hd(adhesiveness), -5-%]“d(cohesiveness),
€2 A (springiness), %3/ (chewiness) ¥ 2] 2] A 2x(resili-
ence)E A5

H#Hsgt

W7 1599 FHE Hds ARESt 9% A%
very weak, 9 = very strong)2] X}O|ZAME AAISHH
o FEE @S AFddTes AEg sk stow
Aol thgh WHEZHQl FHES AT A FollA £l
dsle gAY = FASINT AEe F40] e S92
g 8715 AHSsITh Abo| AR H7FRES T
AL RN TR wjnE g, TEedd F, (el
), d=A(AE, F2A, &4, AP, FEge4)ol
o A3 % A= 9] appearance), F7](flavor), SHtaste),
B ~Z(texture)2} HAAHQA A Z S(overall quality)ZE 97
HE(1 = very bad, 9 = very good)E AHE-3IA T

o L

6. SAIXE
BEE AEE Aok 39 HiEsie] EA5tglom Ay
+ By F2FUAE eI B4 412 SPSS
Statistics(ver. 12.0, SPSS Inc., Chicago, IL, USA)E Al&-
ato] ALEAH(ANOVA) .2 AAIBFAIL p<0.05
/] Duncan’s multiple range testZ 23S AS3Th
I, Ao 2 n=t
1. F7[ =R w2 AR S3EY
A7 wet A7l I oA dojvks &
3FdS ASHESAVIE ZARSE AF= Table 29+ 2
Ut 2r|sseret HINE XFEe SHEE
AR FH7HEE met fol ARl AfolE Kk =7t
el AR J7FER Y] 7 718 wet S7tst
At} TGase 7} A71F= trough®} final v S718)
FATE peak, breakdown¥} setback =& FIFS A
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Table 2, Pasting characteristics of rice flours with different food additives

Initial pasting

Viscosity (RVU)

. Peak time ;
Rice flour i) temperature Peak Trough Break down Final Total setback
°C) (P) (T) (P-T) ) (F-T)

RF1" 5.60° 70.9+0.7 290.9+0.8" 159.240.6° 131.740.2° 284.8+1.3" 125.6+0.0°
RF2 5.67° 72.1+1.2 295.2+43.1° 163.742.4° 131.5+0.7° 291.0+3.1° 127.30.0°
RF3 5.84° 70.1+0.6 265.8+4.8° 150.3+0.5° 115.6+4.4° 278.9+1.5° 128.6+3.3°
RF4 5.87° 71.3+1.1 257.8+1.7° 156.0+1.1° 101.7+0.5° 292.3+1.7° 136.3+0.0°
RFS 5.93° 71.3+0.0 255.5+1.5° 156.8+1.5° 98.7+0.0° 295.3+1.1° 138.542.6°

Data presents mean+SD.

D RF1: rice flour without food additives; RF2, RF3, RF4 and RF5: flours with food additives: RF2 (TGase), RF3 (TGase+WP), RF4
(TGasetWP+PGA), and RF5 (TGasetWP+PGA+HPMC). Concentrations of TGase, WP, PGA, and HPMC: 0.02%, 1.7%, 0.3%, and

0.07% based on the amount of rice flour (w/w).

? Values with different superscripts in the same column are significantly different at p<0.05.

ottt A7FFol TGase+tWPE Z7FSHH peak, trough,
breakdown#} final 57} 7FAstgon bR g e »
7R AEE A= Aol dSS & F AU
o]+ TGaseoll o3l AT AT} ArpFe] Aoz A}
oo kF3 TtwAF o] o]FojH UESL AT} FAHHIU
7] mjEo 2 AMZtEATKGujral HS & Rosell CM 2004,
Renzetti S & 2012). 184 TGase+WP+PGAE FH 713+
A7} peak®} breakdown FEE At AN 23]
trough, final¥} setback M=+ F718H3A Tt PGA7} Eof
S Ee o A=V kel S3tE AEA §F
H 523 PGA Atolo] AEAgo) o3 FsanzE A
Z} %] I tH(Christianson DD 5 1981). 17]°] HPMCES &
7}t TGase+tWP+PGA+HPMC A7VIF= EE 539
HA=7t FAEA = ol PGASF HPMCY} 344, -4
A, FA Ee FES Hiske A 98-S 995t
= SlolEgEEFRo|Eo]7] Fo|tHBurdock GA 2007,
Cheong KW 5 2014). PGA®} HPMC+ T 7290
TGasett WPE 71t 2AV1F Aol 4|3 final
setback A =5 7M™ A71F9] final ¥ setback 3
= TR ThElA AFe "2AE s EEY
2 FAI Ado] Y= FL3 g9ow LI Aow
Y7L =] thPark ST 5 2012).

2, Mol lsbAE
228 ze) Awe) vkl T, R, wlA A A
= T

S Table 33 2otk FH7H=4do] gle 718 Ao
=, ol 22k B SRS 247 46.68, 7.79, 5.37
7 0.02%°1A T} vl=ellA L7FEE TS EF white pan
bread®] S=E-8H#S 38%(Gray JA & BeMiller IN 2003)°]
Ak, o] Ag-o= WrFEet 2 v 52 FEYE

2017; 33(2):198-208

R

= At SFHe F31E o HHEA we Ao
Al FstE SFHoA Eo] HiEe st FosiA|th
oj9} ] ATl F8E = dEo] glo] HE &
3o o3 FEI B BT u=o HUls|of 317 uj
Folth H7FEdo] gfd AT AR = &
7HE HEEe] AUk E B el {3 zolE B
t}. TGase, WP} PGASl HPMC7HA| 3713 RBS 2
o] 7 && FRYFE JHeH ol 2 #&EYH
ol ofgk Ao] FAHE AH 7]Usk= Aot Joshi
SC 2011). T zo] gf¥ 2M(RB3-RB5)2 RB13%
RB2RE T} chila Sheko] 7.78-7.79% 4 8.65-8.73% = =
VIR 2AE e astth

3. Auo| E2|™ i

gupo] BA| Ryl vlAF, M E= Table 30 YERAS
o}, gulkol nix|H2 7] Zo] 148(RB1)°IA TGase,
WP$} PGAS H7}gh Aulo] 198RB4)E ZF7FsR ot
7] HPMCE ©l 76t ® RB5+ 1.98°04] 1.62
2 0lAF, & Fa)7} At Avke] viA| A2 TGase
of o3 & diZzte] ytn Ao Z Tl WES 7}
Ao 2 RB29| 7kZ R Ho| FobA HIAHo| F718HA
o} old o] WA Frle= BV TGaseE H71gk
RB2, RB3, RB4%} RB5°IA] EF UESTE RB3-RB5S+&
AN Hrlste] viA|A e SV B Zh TGase
= 7 Z2ES Suskes 9= A FHEATe R ol
A AR VES A7) MYStEEE S5E 2] Ao
F4& /ATy R E AT Gujral HS & Rosell CM
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Table 3, General compositions and physical properties of rice breads with different food additives

Rice bread

RB1" RB2 RB3 RB4 RB5
Moisture content (%) 46.68+0.06" 46.66+0.32° 46.70+0.05" 46.69+0.10° 47.55+0.02°
Protein content (%) 7.79+0.09" 7.78+0.00" 8.67+0.08° 8.73+0.07" 8.65+0.02°
Crude lipid content (%) 5.37+0.08° 5.37+0.04* 5.15+0.08" 5.07+0.06" 5.07+0.07°
Ash content (%) 0.02::0.00 0.02+0.00 0.02+£0.00 0.02::0.00 0.02+£0.00

Weight (g) 570.0+0.7 576.0+2.8 572.0+1.4 573.0+0.7 585.0+0.7

Volume (mL) 842.5+10.6° 930.0+14.1° 1110.0+14.1° 1132.5+17.7° 945.0+7.1°

Specific volume (mL/g) 1.48 1.61 1.94 1.98 1.62
Crumb color L 74.53+0.10 75.12+1.98 77.26+1.73 77.82+3.09 73.05+0.67
Crumb color a -2.58+0.06° -2.010.09" -2.06+0.05" 2.13+0.11° -2.3440.19°
Crumb color b 8.81+0.24° 8.74+0.37° 9.19+0.34™ 9.63+0.50 9.92+0.69"

Data presents mean+SD.

D RBI: the control rice bread prepared using basic ingredients; RB2, RB3, RB4 and RBS5: prepared from the basic formula with the
cumulative addition of the food additives TGase, WP, PGA and HPMC.
? Values with different superscripts in the same row are significantly different at p<0.05.

2004, Moore MM & 2006, Shin M & 2010, Renzetti S
S 2012). TGasew 2Tide] 28y 7ho] whuld 7}
WAFS FA3I(Renzetti S 5 2008b) &7 wjE] Hk
oA BT HAAS FTHAATE RV HlE Rk
oA TGase A2 ZUES} &S AsAlzoH dn
o] 'z FZo FoHQl Aol o] FoH kAl 3%
ThRenzetti S 5 2008b). 53] TGase®] B& Tz
Yol we} o]&EH o thRenzetti S 5 2008b, Shin M
2010). 7ot FAE s 258 2 wojAg AE
A zol Fagk °JEE 7154, Y%7k 7138 2 A4
S ZolFy fATEe Aguisol slwAgto s
daAgete] P2 AAE 7H*4’3}ﬁEHGallagher E &5
2003, 2004). PGA= &3ll4d°] AL #3} 58& 7HAaL
%1\9‘11] .\Q% fﬂ/&—l xh:g} o].75]/\4/] Ay cg]_ _/':
ATk BAE S E](Cheong KW 5 2014). PGAE &2
Fu] 9} W (crumb)T-2ES ?l%ﬁ%lﬁ o] & A
SHATHRB4). 1l HPMCE HF3E& HAaAFL Wi
TZE ddstA ste] Axet W3PS F7HAIFT RB3
< Azxs7] 9% AVHF aE qhEe] 9o wpe &

el SFH- Y stadddel] ofs) —‘1] o E gl
£ 73HA 319t Cheong KW 5 2014). RB4 Z7}&2 o
HPMCE © 7Fste] A|=3F RB59 -’F%@ S =

HPMCS} E39] 435 &89 7]0 fg}% oF 2= 99t}
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7)o Aol HPMCE H71st9e w) Hole] ZFriich
© WH F2E ddstA st 243E ST dF 4
TAES HPMC H7H2 s dEs) S dzie] wedy
20 o3l 7t 2R Ho| EEHALD #ﬁi%%‘E <7}
Ak 3k ch(Sivaramakrishnan HP 5 2004). ©|&b+=
g 2 d7Aa3e} o] HPMC7H “%bl FaE 74
Ays B9 tKLazaridou A 5 2007). 2 2wk g3
o] AT (a)e} FAE(h)E YERN = AME7F Fo -2l A
o5 HATHp<0.05). 7] 2w vji| = A =3k RB19
SN S (-a)7t 7P =R %LAEEE T ArEdE
ot H7}g RB5OIA 7 =9t
S HAVMEA s ¢S Qdo};’iﬂ.

4, Ao Hef™ £

gukol AA mokyt e Zeld HrEd uwel
s S A7 Fig 137 23Utk Wik Hrigh
TGase, WP, PGAS} HPMC+ 25 3|, ®Ho| ujiry
&, UWH FE Alx Fo| SHAA o] FHo o
F& o H7EH mE AolE EITh RB1F RB2
Aol W AXREI OF AYAHEA FE oo
™, RB3+ RBI1, RB2ETH= ¢FslA| T Zepglo] QISl=T

001'

Hks]l RB49} RB5SS| WS wjm# 9tk o]= PGAS}
HPMC7} Sle|E2E 20|22 53| Ho|AgA|EFA A7)

SIS o B Y S B xHY 2 s &
A7 W 5o BaAE ZZOP—T’— FEHA 7] =
o2 AZE ATHCrockett R 5 2011). Peressini D 5

(2011)2 PGA 7} &uo] X&F&Zﬁ S A7Fe whET R
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RB1 RB2 RB3

RB4 RBS

Fig. 1. Whole and cross section shape showing crumb structure of gluten-free rice breads Basic rice bread (RB1) and basic
rice bread formula with food additives, TGase (RB2), TGase+WP (RB3), TGase+WP+PGA (RB4), and TGase+WP+PGA+HPMC

(RBS).

o] Pz} HAEE TaAT)a viAAS S7HAA e A
ghtha B uskgith ol edo] PGART A3 wdrLE
E 3k wlEdtSol A A AR E 7] X(storage modulus)
& Fole Ao] dlolgta skt ol Bl HUi=Ed
o] Mzl ofg} Hujo] YF& F= e Uy 2
AFo e} go] ZFe =T 2MASTE TGase, WP
PGAE H718 v 47 =& Edetis o 25 Ho
E Z7M7IY HPMCE 9 357/ #71Ed 34 23S
389 S vl RB4 AR 2yl 2HAavt e
A3HATh
Aol el woke who] Ryl wWslE whey

oldet 7189 7], #4E, UH 53 A=
T 5 Jom HrtEH uE) AolE BYS &
o 712 wigHlE A= 2RB1)-S WE7F DHsHA
o] glo] H&EATE AxS we| g2xE zha e
o RB2E 993 725 280 AJSUTh RB3E #3 7t
7F Hov 2 71EEC] 2FE] Wi 7]Fe] FdAol
Atk PGAE H7FgE ZWHRB4)S whe] T wj11e]e
o] /AERoH WE 7]Fo] FYste] nigA 2oks
7H9 . ol ¥kl HPMC #H712 Rue fasta =9
gk FRE HYo} E£E53% w48 = g2xE Y
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L]
X0 1o Hg
32 o o
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5. Ao HIARX £

TPARNE] 731 2huko] el ~a] Ax}= Table 49} 2UT)
EE "H2A EAXQ] 7 E(hardness), F-2Hd(adhesiveness),
&FXA(springiness), -7 /d(cohesiveness), 3 J(chewiness)
I FAE A X(resilience)= EF F2F 2 o]E BT}
(p<0.05). A=} W34 RB1°o] 7F vl RB57F 71
EAUTE HPMC H7FE 2ol A &= RB49] 813.7 goll
A RB5¢] 13084 go 2 713ttt o= HPMC7} "
WH-FZ(crumb grains)E 73t stal WjFe] FEEEF
< SVMFY] WESE wolAY AFY wr] A T
of Holl o5t 7}9&Ql A WEH =/ FAHHN] "
oldttal ¥ 4 Qlti(Sabanis D & Tzia C 2011). 3
RB5 W] WRFZE 2 FEFFS YA B4
Mol zWI TXZ HYsd oldd Ado] Rulg
Zaddoz AZEE U Marco C & Rosell CM(2008)

HPMC 7Pt 8o F99 13%S 433t 275 Z
TE U39ty Rusign o= Axyp =

NY Aol g2 ole 7|1EHQ ignlet &
Azstr] A AT B zol= AZAE T
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Asgol= Y7t F7d =) Ao 24 205

Table 4, Textural properties of rice breads with different food additives by texture analyzer

Textural properties Rice bread
RB11) RB2 RB3 RB4 RB5
Hardness (g) 437.6£41.27 974.9+146.9" 834.1+238.1 813.7+201.3 1308.4+212.0°
Adhesiveness -10.6+2.5" -135.0+55.1° -89.7+34.8" -12.545.9" 21.8+6.7°
Springiness 0.20+0.01° 0.34+0.04" 0.42+0.04° 0.48+0.03" 0.52+0.01°
Cohesiveness 0.43+0.04% 0.41=0.06" 0.47+0.06° 0.730.03° 0.62+0.04"
Chewiness (g) 37.8+4.1° 131.2+18.6° 159.9435.1°¢ 281.1461.8° 415.7467.7"
Resilience 0.13£0.02° 0.12£0.03° 0.15+0.02° 0.37+0.04° 0.30+0.03"

Data presents mean+SD.

Y RBI: the control rice bread prepared using basic ingredients; RB2, RB3, RB4 and RB5: prepared from the basic formula with the
cumulative addition of the food additives TGase, WP, PGA, and HPMC.
% Values with different superscripts in the same row are significantly different at p<0.05.

At old dElEe 442 PGAE 7o =EH
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Table 55 ZO|FALZHE 11714 &5 tgk A3
7V Ao} A5 YERATE Zpo] ARl A W R4S
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RB1-Z #9Y mj11d]%, W& 7139 ¥4 3 Fa7}
71 vaiA, olH, Ax, R 7 #=A BUHEA
ok G749 RBIS B4, 434, FEEAEE W =
BT RBSw= ®R9| wjiig]go] 7P & wRe F
o] 7 e HeE UERGIch 2 Wi 7]E9
U4, B4, HEA, F =842 RB49F RBSVF &2
45 Hol FHol & Aoz WEL PGAE
AR AE wEsol A oojglo]dH 7t wEe] A
< F7] o] W Fxe} Aol gl el B
719E st AL G0 & AT Turabi E 5 2008).
HPMCE 7= 283 YRFZ PAo] 7hsste 25
g A = e A 4 Fo iz 13y
31 I AIRK(Sivaramakrishnan HP ‘& 2004, McCarthy DF
5 2005, Kittisuban P 5 2014), HPMCZS 3 7}3F RB5=
HPMCel oj3l 83 7+Aaet A=7F S71= ek 28y W
5 E533 v EY s dusiA oz sl £
A E3E BHATh HPMCE X3k e wh=e] 3§
W AWy A5E 7FX 2 2(Turabi E 5 2008), HPMCS
A7 =eRisae 2 93 HEE Qs 7y Fh
7F QA EHAE o= AL AL

AZE AR 9H, 7], g 8224, ARbER] 7|5 s
of sl =% f2lFQl ztolE Bth(p<0.05). T8t A
3} RB4¢} RB5+= f9lZQ] xfol& HolA| 94kem PGA
H=(RB4) T PGAS HPMCE #7138 RBS(RB4+HPMC)
Aupo] 71 & AEEE Yeille AS s

a
V. Qo o ZE

=74 =z e F4& JiAdsh] AAste] Atd
A7VEE A7FE w2 1R A E g9Heta Al
Wz E5e FE Ahede Az E5ste] niAl
2, =24 B g2A S dsHIE AAlstke] A
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Table 5. Sensory evaluation data for difference test of rice breads with different food additives

Rice bread
Attributes D
RBI1 RB2 RB3 RB4 RB5
Difference test
Surface color 3.241.0? 48+1.1° 7.1£1.6° 6.5+1.3" 6.1£1.7°
Smoothness 4.4+1.7° 3.2+1.7° 4.9+1 4° 6.3x1.6° 8.5+0.5°
Crumb color 6.4+1.4 6.2+1.6 6.5+1.5 6.8%1.1 7.5+1.1
Air cell uniformity 3.1£1.5° 3.7£1.1% 4.5+13° 6.2+1.3" 6.8+1.3"
Volume 3.040.8° 3.6+1.2° 8.040.9° 8.040.5 7.1£0.9°
Off-flavor 3.1%1.2° 2.0+0.7° 1.3+0.5° 1.7£0.7° 1.3£0.7°
Hardness 5.8+1.0° 5.3+1.4° 47%12 * 3.6+1.0" 3.3+1.1°
Adhesiveness 7.8+1.4° 5.0£1.6™ 6.1x1.6° 5.0£1.2° 2.5+1.4°
Springiness 4.1£1.9¢ 5.0+1.4™ 5.4£1.3" 6.5£1.7% 6.7+1.9°
Chewiness 3.7£1.8° 4.8+1.8™ 5.1£1.2% 5.841.8% 7.2+1.6"
Acceptance test
Appearance 3.3£0.9° 2.8+1.3° 5.51.4° 7.4+1.1° 8.1+0.9°
Flavor 5.8+1.1° 6.120.9™ 6.2+1.2™ 7.1£1.6™ 7.5%1.6°
Taste 3.0+1.7° 4.4+0.8° 5.4+0.5° 7.8+0.8" 8.4+0.8"
Texture 2.9£1.7° 4.9+£0.9° 47+13° 7.740.7° 8.6x1.1°
Overall quality 2.9+1.8° 4.1£1.5™ 5.2+1.5 8.1+0.9" 8.6+0.5"

Data presents meantSD. 9 point scoring test.

Y RBI: the control rice bread prepared using basic ingredients; RB2, RB3, RB4 and RBS5: prepared from the basic formula with the
cumulative addition of the food additives, TGase, WP, PGA, and HPMC.
? Values with different superscripts in the same row are significantly different at p<0.05.

o] 4 EAL vtk H7HEE-S transglutaminase
(TGase, 0.02%), whey protein(WP, 1.7%), propylene glycol
alginate(PGA, 0.3%)<} hydroxypropylmethylcellulose(HPMC,
0.07%)E AH&3tATth 278 zE] Aol HrtEd g
ANl EE FE Peld Aagos Fakgnt 1
A3 TGasetWP+PGAE F713F RB4 Ao] n]A| 2 0]
7V zlom Azxzd aAwe] o2 RB49} TGase+tWP+
PGA+HPMCE #7}3 RB57} 718 £tk =& RBS
b A B PHedaE RBAL M BT B
7} Azt ol 2AR A H)E RBAZ} 7P Ekort 7]
& Aol A RB49 RB57F 257 9% whel 8.13 8.6
o2 w2 HE vt

slo) ANZRE AR WENEE olgdlo] IF
Bl zg] Ahg A|Zd= 739 TGaseot WPl 3tol=
2Z20]=2l PGASH HPMC &% & PGAE F7Fehd
) Fo| AMFE FASTh
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