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&k TROF(CCR) ~ & % B 485K (CHA) ~ 7 & #-5t (BR) ~ 342445 (IR64) -+
BRAFL el = 5 EH#MA-MB 2 MC)T A4 if 2 (MAL~ MA2~MBL -
MB2 ~ MB3 2 MC)i {7 388 o A W3F 358 8 ~ o 03 IR AT 87 s 3k T
FRAER A RS A E AR FE LB ¥EY CW-CR~CCR~CHA
% IR64 SF gfe 17— kA2 gdse L () 7 ol faridp e ElAR R 1T (2) v
A A AR e ~ Q)UARE 2 B EAAN A S E ki 7
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e F RSN BB MA ~Lr%2H +~’ BB 5§ (3.96-6.73%)
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Abstract

The objectives of this study included the rice flour milling test for the rice bread
making and the rice bread making test with 35% rice flour and cooked rice (on flour
basis) substituted. About the rice flour milling test, the effects of different rice varieties,
rice tempering and milling conditions on the pasting properties, particle size distribution
and damaged starch content of rice flours were investigated. Ten domestic rice
(commercial japonica rice, TK9 & TKOIl; commercial waxy rice, CW; commercial
common rice, CR & CRII; commercial chalky rice, CCR; commercial high amylose rice,
CHA; japonica chalky rice, TK9lIc; broken rice, BR; indica rice, IR64) were grounded
by three mills (MA, MB and MC) with five settings (MAl, MA2, MB1, MB2, MB3 and
MC) were used in this study. €W,/CR, CCR, CHA"and-1R64 rice flours were used for
bread making test of 35% rice flour or coq_kf,gd rice substituted bread. The bread making
test included making rice breagds (1) with diﬁerent rice flours by the same processes, (2)
with different rice flours and keepihg the \same specific volume, (3) with different
amylose content rice flours blending.with CW_and CHA, (4) with different amylose
content rice flours blending with CW, CR and CHA, and (5) with cooked rice. The
quality of fresh made and aged breads were evaluated by texture profile analysis (TPA).
The results of milling test indicated that the rice flours milled by MA were low in
damaged starch content (3.96-6.73%) with large particle size (148.4-225.7 um); the
rice flours milled by MB were high in damaged starch content (13.52 — 38.37 %) with
medium particle size (58.6-114.1 um); the rice flour milled by MC were medium in
damaged starch content (12.77 — 25.70%) with small particle size (47.1-53.8 pm).
Compared damaged starch content of rice flours, CW was the highest and CHA was the
lowest. There is no correction between rice varieties and particle size. The influence of



tempering treatment on the damaged starch content of rice flour was significant on the
MB, which the lowest moisture content of rice granules had the lowest damaged starch
content of rice flour. While, the damaged starch contents of rice flours milled by MC
were not influenced by the tempering. The results of baking test indicated that the ideal
rice flours for bread making should contain low damaged starch content and have the
amylose content between 10-15%. The higher damaged starch content resulted in the
smallest specific volume of rice bread. The amylose content of rice flour was positive
with the hardness of rice bread, but no correction with the specific volume of bread.

With the same bread making process, the TPA values of CCR bread was the most
similar to the control, which was made with wheat flour. Although the hardening rates

of all rice breads were higher than thescontrol, blending the rice flour with low amylose
content could improve the storage quality Q]‘ aged, rice bread with low initial hardness of
rice bread. Cooked rice breads, made Wit"ﬁ?épecial rice specie by modified processing
processes, had soft texture and rich in 3speci-;z-il sweet taste, which were favored by most
panelists. To the results of sensory evaluation; rice breads made with rice flour and
cooked rice got close or higher scores on all subjects, indicating that the rice breads

made in this studies have great potentials for the marketing.

Key words: rice flour, milling, damaged starch, rice bread, specific volume, texture

profile analysis (TPA)
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PR L RS B £ e B (FAO) M > [ $ B0 ¥
TH ek FEREGE Rt m e LA ARRA 0 Lt e ] §
ﬁ%%é&ﬁwﬁki%oiﬂiéwjaw\gg‘%m\@&%ig,iﬁ
W3 o0 ARTE DB EREE  RiEGEY- F AT .
JF b B8 1 e £ k4 (Poaceae) | § B (Triticum) o % B & fatE

LB G T

Ji
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gl $ VA L = % % 0 — 420 (common wheat, Triticum aestivum) ~ # jF &
(durum wheat, Triticum durum) ~ 5 3 9 % (club wheat, Triticum compactum) - 4 if -]

AT RBEES R AFES  FR T A LA 2% ¥ (hard red spring) ~ A = £ &
(MMmMWmWﬁ&%?@mmmWMWﬁﬁ%mmNMMKﬁé$@mwmw
£ 7 A &R 0 1995 US Wheat Associates) s+ e & S5 5 3 BIEF >
A0 FzERg ﬁvﬁ%‘r% T "?U'F’fﬁ%zx\?“'—"”ﬁ T U3 % S
?fr]Z“fﬂlﬁ.bﬁ“f%‘é’*%‘?"»wﬁﬁrﬁkm’“ P FF0 T2 ER Tl
ﬂ?i ?%ﬁﬁmm&Fmelﬁa ﬂw» LR R A JlfgiE R ek o

| ﬁgﬁﬁﬁﬁﬁﬁ @%ﬁﬂ»ﬁ%*ﬁ%ﬁ?ﬁiﬂ°+$ﬁ
%?ﬁﬁé%i\%%~%?’@%ﬂﬁ%{%&£ﬁ9$ SR Sl Ny
CEE S ERGA S AR B AR e g ks R
B it iagt o BB IR TR B R A ot A dg o A3 P £ G
- AFRERNER ARER B2 b Rl GLERELIFILIN T
g A uicE B AR PbPE bR R IRRE W ik o ¥
AR F 1T o )é; gk A 7 BARB 0 &AL o ks 5 (extraction rate) £z
BEED G D RENELRE TR LRBRDES A RRY & O ELRIRE Il b
FUR S dor e g U 5 5 100%PF o &R B ar g 3 FRE AR B gk 0 RS 2
% s (wholemeal flour) ; 14 5 80%PF » $g4> 7 v € & 7 304 2L sL3ns | — 4
Alendads d F < HE_75%: { 1 (Clydesdale, 1994) -

JEA kS P KSR ERB T T0% 0 H=E 9 Y 9-14% -
3% T AL Ra AL ER PR TR EA AY C AEEREZ IR
FAR oo BORTEES X T0-85% > Fo B 11-14% > a5 1-2% -

3



R R SR o A KRR KRB § e kRS AT
A % B 4Bk (amylose)fe 4 4&5k ks (amylopectin) > o] ks ¢ < 5 2 3 21— 28%¢:h
® 48k % (Shibanumaet al., 1994)- & 4aik st 2 F 5 EE 2 a(1-4)F F 4 Hat
+ § + £ 10° Da (Cura & Krisman, 1990) LA A ERAA S A4a

B L AEE A 95% 1 o(1-4) %‘“%*fr%%f@ézé\ T 5% o(1—6) FE A
gk & e £ 3] A 3 (Tester et al., 2004) » 4 = £ % 10° Da(Roger et al., 1999; Roger

3‘/

& Colonna, 1996)- & 4k 45 cns L 48w 4~ % A-chain~B-chain~C-chain = # > A-chain
Zom rab R Rsf(reducing end)d G B o L4 o m R BE WAL
B-chain » Eipiz4fb B RfiE e v ALt o AP g B s L
C-chain &35 :& Rz 5 BH & & L Apd d 02 ga(Hizukuri, 1986) o difs v &b
KA T A FERALER SRR LERBREEL AT B2 kA
S R PAR R e AR TR 5 AR R BB
AL G b 1 (gelatinization) o B TRMER A SdBdgE PF o0 24 DR B ¢ COp <
F A2 A PR LR MR T é‘b g % T4 g(gascell) it 5 5 L4
¢l ls § B % 0 30 R r?":?rf[* —5’\%% A IR TR S ok e
S He(Toufeili et al., 1999) e ‘
}ﬂ%¢P@@ﬁﬂ’gfﬁqﬁﬁé%Ja@J%g’%ﬁﬂ%wﬁa
B 2R 0 oA R 3 ok FRRAE R Bl R (damaged starch) o sLAR s ffr =
FhpfETier2 L8 0 - B FRbso k39 p L8 40% e
BAR Rk Ar B E s B (F 4 > 2008) 0 H T304 R G KRB A o FH RS X ¢
% a-% [-amylase % A f2= & ¥ pE(maltose) 2 5 ## (dextrin) » #c 5 4§ W44 -
B840 1 F (P > 1989) ¢ i B cPBUIE IR € S dg 4 By s kA > R¥EH kS
(hydration) 7 2 » 2 & i £ 2 4 4. (Araki et al., 2009) « 24 & FLIF A #> o 1]
T R GRBERAD R R AR A2 2§ TR
# e |t R E 3R 2§ M RAr A RS L R R kR

A ABYFREAL A2 FH a2 AT B2 pHT AR e
Wy LAREAE I BN E A F o TR TR B A § a4 (gassing power of a dough)
VR gk P B AS 2 R 2 BE TR (M0 1990) -
| % ehF-v F iz Osborne i3 fi# & % 4 ;% (Osborne, 1907)% 4 5 & % 3-v
(glutenins) ~ %3 #-v (gliadins) ~ v -+ (albumins) ~ 3¢ 35 (globulins)= #8 > & %
4



AokBR B AR 9 15% PG oM kY Sk AR
& #da 5% 3o (gluten) - — BA  end-o TP AQE 80%EdE S Fv o W E L YR
7 50%% 4855 F-v o R BIIRF  fab Y ke FROKWERES SRy
1 (continuous network) » I i F R » R ¢ s R & TFF A ) BIRONRk
Fokend oo gt PR P 1 A (plasticizer) 2 (¥ > i 4 B R ARAR Mo 4F 1S
Bv B L5 Ak Rk g A5 ik 4 (fibrils) o F SRS HERLR KA
2SR e P BT B AR P R 5 R (resistence to extension)#& 0 gdF
BRI AL AT DL DEFF A RETEY 5 BRRREFS TG A
B2 PR P RS L A MRS B S A o ks B Ry
(hydrated glutenin) 3 $#& ~ H&E o f > 7 4 DL F+ & & & 4 (molecular
association) - B& = fa B & 14 (toughness) 2 & {4 (elasticity) ; -k & f% % ¥=v (hydrated
gliadin) & # & S FLpE cnsf i God 28 Biden TR i) 03 2 A2 TEY 4
FF B A ke ARE P (sticky) Z &HF chnt Bud-(extensibility) > d 3t g 55 30 BT
WAE T B B =g 2 zﬁ%%ﬁ% W NS BRE LG A

B T ORAE A £ (B0 2000) 0 || eS|
| | 1\;\

oo ek EKER

fol EARALE Gy EX R EFR DS th2 - > 28 K 42iE 50%:h
A v ofssk G A @ (Clampett et al., 2002) » ® 4 ik 23k X v 21%% & kiR2 15%
chd-v F % F(Deparetal., 2011) - > zk4z% 100 B B pdEfefet > 2 7 * % R R
AT CHEAIERFELE PR RSP A IR BENESR

feook & & A fL(Poaceae) it > B H ¥ H- E- P FERFH F- EFT -
#7> & % Oryzasativa L.» m Oryza sativa L & * 4 % japonicafrindica = i %; 48 (OKka,
1988) - i B 4&ikoks 7 £ ¥ A S AR HRILAE 0 B F ¢ UK (FIR) 2 A5 (E R
BB KA T A B AAB(B AL T A)E A AL k) A (A 0 1999) o A5 A
FrWER BRI PR - MAEREZE FF A FTRE-ar f ) Ak
Wt B A E e Juliano B 1971 & 3% SR ROk R B AR 7 B A4
BAR B 2% T AR (waxy) 0 2 — 9% A & 4 B 4dk ks (very low amylose) o
10 - 20% = < ® 4&% 45 (low amylose)»20 — 25 % # & 4#kk s (intermediate amylose) »
25 - 30%#L = & E 4&k f- (high amylose) -



fed o BT RS SEE K TR Y o 8 A Wi
Fooofe Kl & R Lk KMk X5 3-9umy E o efofagakd ¢ oA
Fe g | ch- f(Juliano, 1998) o i B TP F 4 S EFH I A L HKE F S S F
A THE MG L AR ZF K& T5-80% Fv F7-8% 7595 05-1% -
LR TR

fost A A B SR BRI R T SRl AR LAY A B

ek o e BHE A FORRIRF > I EREFAL 2R L RGRAY
Bn TR TR o kRt B RN B E A MR Y RS R
TAp S HOR AR A T A WY F o R ERSEAEA G
g%?@%%ﬁﬂ$%ﬂ%’%iﬁ@&%%%1?o

TEREA RS R BRI R LR (L RE) S ETE R RS
%@&m&%%’ﬂ%%@%%ﬁé5$$ﬁ%,#%i?*@$l%’ﬁ%%
L o e T AT 3 R R ETRR S Tk A ek iR 148 4k
YA RS & EE i%L@’w KBRS BRI T
T 2B > 2Bk S R -—#cfé*.a}%-‘} Lmz?—ﬁxﬂfﬁ“fe/ﬁm  HRGE K
=y N PN QL ff«ﬂf§’||f WB M PR SR TR 5 e

TRETTEED T U TR W A Ty
T TR IR A N EE R
AR R BT R RS T L TR Tl R RS S
T A R K R R e e S T O E IR e 1 BT ke

o ML R DA R o

S FBREFAREL
Sl Sl o B Farfge bk, S PR P AREIIRREFAR

2.8 % eni g 2 — (Barrett, 1975; Cauvain, 2004) - fg ¢ 03| e+ %3 4 > 2 F ¥ %
é‘fﬂé_r.‘f'r.‘%ﬂlt"jéal il IE%j\}ﬁﬁ:ig@#%;FK{ﬁ;}:g‘,J\\ﬁ‘ﬁ% B

>
>

| % % (Martin, 2004; Sluimer, 2005) - 8278 A g a * fg & cnfF e IS4 ~ ¥ R L
ol P g s e FAPG Tl R A Yy AT E B — 5 ik (coeliac
disease) o 5 g~ F & ¥ 7 857z (gluten-sensitive enteropathy) » & - fa'5d &5
f% % Fv (gliadins) f-v slAccrid @2 p RE LA A o & B ML A v s HF [ RS
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BSORF B Re B  U RBE T8 7 1 % 8L (Bower, 2006
King, 2006; Di Sabatino A, 2009) - A% ~ £ B « i@ % B 3o &1 £ BBz i
9% 0.33-1.02% (F £ # % B i 5%) ~ & & 4 ¥ 0.18 — 1.2% (Catassi, 1999) » ¥
%5 m R F(glutenfree) g ¢ S f Tk A 4 o BRI A AL M dom kiR
e p ko~ R R EATIR 0 FE I R R R Y
PHEAFERTR AR TR
Tode * PRGNS 3 B 4 L ¢ S0 i T - B B0 0 e
B aRZbs et BY NBRRSE S F T AR ERY LG RS
% ¢ RrargFii(Gan et al, 1989) o Flut > R @ B gk RS F ¥ R W TE
f2 R (batter) » B A SAMAR L~ FEA o AT EEMBLF o F Leh
AP G T (DRER 2 RS Rk S QM
F A LR e 1) 20% A1 3 8 (vitaligluten) ;s (3)r4 A B R4 B R g
if & B % R X9 20% (Yozalet al., 2008) » 5~ MUR.S0%M A Wi ARl 0 T F AL &3

bo

GNP R BRI T G

#% & #(Takano, 1984 & Watanabe et aI 2004)0’9 % (hydrocolloid)~ #- % *%(gum)
AR R g W et i kB ref e o cxmm,” AL F {o 7+ (Diezak, 1991) -
VO SR B chis v 4 (ROjas, | #999) B RRETRe UG HPMC
(hydroxypropylmethylcellulose): < CMC (carboxymethylcellulose) = %} (xanthan
gum) ~ B & & B} (guar gum) » iz ’JM_QAF’R%_ 2ol e 35 F % ¢ (Anton & Avrtfield,
2008; Lazaridou, 2007; Taofik, 2009) - » F & :#f1* B & Fv F A flF S g &
1 bl et F -9 3wk 4 Px(glutathione) #3-3-9 ~+ 2 A 3 k-9 ¥ ¥ (Lieke, 2011;
Hiroyuki, 2010, Crockett, 2011)° ¥ ¢k § 7 e it ~ it  ~ &% 14 fik 4§ 8] 4 fi% (sourdough)
7 Nt BT e S 0 2388 0 i 2 (Renzetti & Arendt, 2009;
Onyango et al., 2011; Carlos et al., 2011; Coda et al., 2010; Gujral & Rosell, 2004) -
FRHNERERGTS TSR EFRrEAKTR TP o P B RALLR
Fle GBFR > < THPEANFRREFERAI AR SR RIS
Fooo XM B IV BN fg s Ty 0 B R 420 10 - 30%2 o PR s BE AL
AEBHR i S R ERASHEREIES > ZFL S HEND K EBR
Frs ot pE RS A RERB DA a3 Uk BlS 2 6
4v = - Takahashi et al. (2009)d &% < >+ #27 16 /82 4tk 7 £ /1> 5.9-35.6%
2 Bl P WIEARE 7 EARG Plde e AR > MEMRKZELNR
7



PUEHIES B A BG B EAAEE F R E SR A RS ARG 0 ks
FAkck 7 £ 15 - 5% b i f WITH Bk o X FRH A RN E T
o Befs = 3% b BT s e A3 5.6 - 1159 um ~ BT S § R 1.0-22.1% - B 48
WA 7R 14-21%sk B 0 1 B2 R A A B frE e S Wit e 0 F %
Mor A ARG Plfge VAR B4R Z R E VARG ML T35
FAT AP B RS L APRE > 60 um = ot Bl W T e e WA B
~ (Araki et al., 2009) - Yozaetal. (2010) 12 8:2 7t B|JR & F Fps frid tLda st > @ *
AR B AR R 0k o v BT ik T A 40.9 — 407.2 um ~ BLEKR § £
6.1-27.0%:3 B4 Bk da e A LB L R IR N B Tk
FARRE o LEE X (2012)aHF L P ks A0 B2 R E N b feiE g 0 iR
PR ERGEORE RERIBEEOES Y AP RELMBEEREZE T
T ot 63 UM 21 o 1 b ERE Bk AT § R R T s et &2
F-F5 e 3 F 5 R 2R TR R S MR R R
L 4] it4g ¢ - Nakamura & % (2009)1.314;}?1 :". N ETWAR T Gk E o RS
¥ g i$%ﬁ?u%%%%’}%ﬁﬂ¢ B A R T AT AT
SEAF R P T GLiT e m ot %”@l}imw‘ g e el Bk e e LA iRy h
st f8 4% o Araki et al. (2011)m§53 ;}ﬁ L %?' e B ok R BUERR %
& 6% T ~ B4R § B 16 =20% 6 B A (chalky)d gk B BER o Sl
BPEEERPLFER - FRAERLZETATFISRIBL RS LET L1
AP FR L Sk R S FiEe 44 2 L0 A RF BB EAF A 0 2008) -
Iwashita et al. (2011)+* $& 11 f&F & = 4<fs > 2 0—-30%B~ i fak Wit e » %% %
T E KR b B 3008 i el £ AR AR A T 0% engg & o H 9 X
P kA K e Baak fEhiE & W ITAREg S 0 £ L4F ki {or A& - Tsaietal.
(2012)9F= § » 12 1506FFARE X 45 0 B % AR AARSE ¢ § ¥t - dg e {4
MAE 2P (@ rR{F KHR=2IMF2ERIHER- L7 - BRAT
wo AN AR BIRE P ¢ < £ 2 2 amylase i % (Barrett, and Itani, 2000) @ iz fEE T
PURRR R TR A ] BB anpE s ) 4o maltotriose ¢ maltononaose s i I 4f ¥ fg ¢ &
i e (Min et al,, 1998) o » 5 A 3 dp g enlg & LR p S i 0 Fl 5 A i
LR SRS A A R 3F § o] ehf F 4 ELec(Shibataet al.,
2011) = % jerap & AR Tt iR AR g IR B P PR f B 0 mIE T LR
8



sl F % 0 @ 85 £ (Naito et al., 2005) -

YrH o e ko

ArEEfE e AL PREA PINAG0H G OEM F B AR R bE A
PR SRR R SERER O A AT IR G BB R AE R
i AHY F RO e R REH Y F AR AR SRS
A Frig S g i R f 5 1 (staling) e

BFEERNERF £ 3-S0PRERASFIAIEART D A RER
Fao Tl fg e SREARS 2 BTV G L2 ¥ 2 -+ 34 - Bechtel et al. (1953)
Rl T &G R P INERSRE TR ERY SR R E M ¥
A g A T @ SRR 2 A Gray&Bemlller (2003):% 5% » e E e
BN EEs TERAE S CL e ﬁ_:f_e_gvgx NuldFE S LA s F
X hafge @ TR £ qumsﬁﬁ*ﬂ gfg | ’ Fﬂ.#“ﬁ Ep A g A2 B

|
& i

Rh= ¥ 4L7F
I

;:
B & ¥i(heterogeneous system) - F.-c% . @‘; ;} A e
B | |
— ~ RovkeF A R ' ”
AEcnig e K PR RBREFH AR L A5 O MERER A 45
O B oA A o R ISR RIER 2 Rk R BNBEA X F AR o ndg e BRI
Bovkx i & IR(E 0 1995) -

gl Lend E

I

% T) %‘3 mﬂﬁ»ﬁ‘kg}i" ’ 4-35]\:&] I} 19 71‘; /f’rv%ﬁi ’ ‘&EQ\"}; ”ﬁriﬁﬂkmﬁ:f'rif
¥4 ek o v i Lok A d B e P 3UA 5] o 4 o5 (Lin & Lineback, 1090) « & %37

AL enth 4o B BREK A S RE T R R R S 0 R A8 A F B AR T &K
Bk A VA HENE AT M 0 0 ER AP TR b

{45 FREE(E 5 1995) -

W

SR %K‘.‘s_e_f%‘z e it



ATEERE e RN A B M R PR S o PR § 38 JBRAT 1 (crumb
firming) » @ AL & b = o i A I R PR F]F Ay KA ERTA T U L GRRGR dhw
R
B okA F R g

$g o RERRUBARY P IRR AT a0 g Fl 5 kA48 (Leeetal, 2001) 2 £ 274 F I
* (Stear, 1990) » -k 4 Hr & ~ @ P IREBEH 0 A LY F A o

UL e Rt R o d PRV RV RAPEASL oA N TRAL

LR AR E T
-~ B AT

W BUREARY R RS R o g0 AR R R 8
48z 45 13 1 (leached out) » & ¥y # I&'JJ:{;%F% ﬁ; R A S EE b S R AR
%%&ﬁ%@iﬂo%%éﬁﬁﬁ‘aéﬁ N T T

1
ﬁ %ﬁwwgw’hﬁﬁﬁ+%ﬁm#%§,@ﬁ ERE PR e B B o
i

Bk hd § f g e Ap P ,%f“ ﬁ*f,”# D46 kR chb 4t > T
OB A v R 8 - '}i—ii_‘f m_xﬁiﬁ? ; ’éﬁﬁé’ Mg prpE B a8 MG

i R R L AR B R (Mlyazakl etal;; 2006; Ghiasi etal.) o 1z & #-15 k&5 -
B aigs 5813 950C 0 fa¢ TV RAITEFE DD R o 0 Xeray ditA 1
&~ T AEAITROTA)Z 7 LI #4517 R(DSC)A 472 F B 5 % A1 o L 4k
Ko orAs e B L #0735 F R (thermal reversible) e & 4aik s A5 2. B & S B A F
i & Js(thermal irreversible) » Flptikds ¥ 2 445 B RERDP B cnw 8 ~ L B 5 T4

A r‘]l‘zqﬁcm fHRE AR FIZL—- o2y 3 §j;?m’ d o L i Ae

gnk

5 GRS A P TR ¢ SRS T 2 AT 3 5 4p f (Han etal,, 2011) » ]
S TR 2 EC R EY- VYL S i AR PO E L
B¢ A IR E D % 2 A MRy GE 0 B LR T2 - (5 0 1093) -
SO R SRR T T

E¥fe? d9 T2 2H/BP e P Wi L RF IR
10



F g o BT AR R THRBE TR R hiE
Flpt g dg e MRl o L E H g S D A 2 R HRIE 0 5%
B oA R (rigidity) & 5 kb B8 18 T IR S A Vi g e H M 2
 Fed H P o R EURGR AR R S Bed A3 ehd gETT Y o oa FIRERD R
% & (Kinetic energy) srdp 2 > 4o i 0 RS BRI T 0T o F g ) 7 AcH H e Ry
RPRA P BT g R MAfr R AR S B P [ERRIRRUTE > d IR
AR R 0 R BRI OR T o » M S Y SRR AR 3 0F
oo sE Plat A Lk o % et E a-amylase I fg ¢ P WIRIEATY § BINA E
SRR R X AR AR BT, A R 0 TR IKIE ) By BURPB R T iER 5
g X (0 1993) -
Z ks ds

S TRS TR Tt D 17y @k%ﬁ LS YXE X VT
#> > Rogers et al. (1986) 5% 4 ! |’.7W-§r§ F oo R g e T o B
fa & DKL 4o B doie s = pitlfﬁ Ell_t?kﬁ fL 1’3 gt i S T
R 2APF IR 0 - fE S J\.‘/,,I\ q"]i@;‘}n‘}"'m‘?"/j{m dodks P T 7 g S R
BOATERIT 0 3B A iE A FR R R (Senti & Dimler, 1960) - ¥ - % 5 > "2 1iF
f2d o B AL kA A B0 T T R RS R B A g
Sgfachisjoark s o e grk e Bl B IR o 3R Rk A S B E
1o BaE L il w2 o @R PR T o VG B g o po3n
Al (- g Ry e R S A R 2 R A S AL (Fr 4 R

fa ¢ %A (Martinetal., 1991) -
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=% HHEaiE

B d e e
- R

Afsier LA A2 WA F o 4o ATk o 54T 9 515K (japonica rice,
TKO)d AiE & 53 T2 2 (2 +kFk > £ 48 & 5 7 & 4% K (commercial waxy rice,
CW)~+# & - 49 3 (commercial rice, CR and CRII) ~ # & v # 3 (commercial chalky
rice, CCR)~# & % ® 4&3f (commercial high amylose rice, CHA)~ & L 9 5.t (japonica
rice, TKOI) ~ S4L 9 56 # %‘rq‘;} (japonica chalky rice, TK9lIc) ~ &= (broken rice,
BR)» pp K £ £ o £ #) 5 ARk (IR6A) S & 9 Bigar(sd 3 > £ %)
#ie o SAT 95K F o 45 (milky white grainratio) iz 453 % & ~ F £~ P REff
BBEBE 0 RN 16% (3 0 2011)s A5 Bl F 275 5K BAE R E ALK
Fz B E2 KR BEYEA = HEAIR Pl iRl ST e

oo B ASH 2 AU - DA TR R R
Table 1. Code, amylose content, and source/of rice used in.this study.

Rice Code Amylose content (%)
Commercial japonica rice (TK9)* TK9 14.17
Commercial waxy rice’ CW 0.42
Commercial rice” CR 14.11
Commercial chalky rice? CCR 12.76
Commercial high amylose rice® CHA 29.41
Indica rice® IR64 25.09
Commercial japonica rice (TK9) 2 TKOIll 16.62
Commercial japonica chalk rice (TK9) ? TKOllc 13.55
Commercial rice” CRII 15.44
Commercial broken rice? BR 16.13

“Yuan Shun Food Co. (Yunlin, Taiwan)
%Yeedon Enterprise Co., Ltd, (New Taipei City, Taiwan)
$Agricultural Research Institute (Taichung, Taiwan)
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Bl - - AR 5 PR o
Figure 1. The appearance of polished rice grains used in this study.
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P 2ZFENF SRR EFEERGFRF(5P 3 o )R H R
PEZESIBW EZE R LI ARTEF TR 5 TL3% %A 7 & 5 052% -

e
fe & % E B 5 M 3 jops* (Lesaffre Ltd., MArquette-lez-Lille, France) - #)
BOF U mr) » ARBEXT > 287 0 EB) i (NZMP & ki ~ 374 p
RERPFREPLHL LT o8 T L) BEGCRPE S LREERG]

m

AF o G R B(SEBEHR - Sa o L) A AR AT

o8& @k
BEBEBER 2
AR Z B ER Y Se BEE R BB A B Mill A~ Mill B -
Mill C i #i2. | A :
Mill A © 450 245 5 (MCS3030 - iﬁﬁipkan,aﬁ,ﬂw@%g@&@
&% (R- @»aﬁzﬁa§’dﬁﬁr\ﬂww JEd B e 6P B2 § g
BlA 3RS Zb o Bl RS 4R E 80 B fe(MAL) 2 i@ i3 100 P & 4
(MA2) ‘ |
Mill B : 2 & 3V Bk #8(RC-AB» =3 FE 0 55 £4) +EHP%E5 00
BEERBNEL R B RIE - @R E I EREN O BN G 2
Blep @ o@2 AR F(R- ~(0) FI* Fand &R pRE HTF R
FEanEE - AR F O WA AT BR REEA PR REE S R 4 E2
BEHH B ETR ISR J gD A S 2 MBL - MB2 « MB3 2 -
Mill C: 5 7ix 3% B s #(MLU-202, Buhler, Berne, Switzerland) - & #- b 7 *zd& 7 % >
IR A F B R RSRFN G PRF(F - (0) EEALP A B R

BED R4 ET N

14



Figure 2. (a) Hammer mill, (b) combined mill, and (c) jet mill. And mechanisms of
mills.

%M i AACC 44-15A " jiic %% » f2B~ 2-25 g 6 b i X 4% 2 4845 ¢
1105 C R4 3 BF s A ArisfEE PR RS G E o

15



2. fedv z &

%P8 i AACC 46-12 % 2§ 2§25~ 0.5 g # 5% 19 it %] (CuSO4K,S0,
=110, wiw) » Migli e Lo A fRE P o Ao r 25 ML RARRR 0 1A R e BV T B
R A Aris g4y K B (Gerhardt Vapodest 20)iE {7 Z4F o 3 % i ~ 30% NaOH
IAfEEE L CuO 2 ¢ kA & i » 4 @ NHa 2 5 jzi® (0.1 N HySOy) » 2 12
2 0.LNNaOH jF 2> 345 3 [z (39 Fi# i N=5095)-

3. ‘}E'P Bﬁz'
1] ? J\(SOXh|et)$ EEFR 'H:fr‘ | 3g ﬂ]:i —5:\()% W 45 By A a :TZ 5\:4;—
B"%_BE RS Y A #TEPL16 ) PF {s ﬁa—‘j(ﬂ:ﬂiﬁ 3 105°CJ§:"‘_%€] 30 A~ 45

C o Bl AR gE > P E e s R

S

>

oG

Ik

56 5 AACC 08-01% i 15984 5 gue ST 43R 7+ & b g P
PP e (AT 4] P rse?f@r'“ﬁ&m&r,;hssocxawdw rZ N PR
A

L :
L N ! 1 '1 |
|

11
| 1

%8 A AACCGB1-03 7 % ¢ 2 ' Besgd 7y v iz 2 5 9mg 4 » ImL1M
NaOH ** 4 C/k$a# B Fitk » £ 4c ~» 2 mL 85°C # 45k » 3+ 85°C-kix 10 ~ 45 »
HERFTHET B 2% 201 mL&2 5mL 0.5% TCA (trichloroacetic
acid); %= & » 4c ~ 50 pL 0.01 N =K1 73 7% » iR & (S #F B gk £ g 30 ~ 48 > *°
620 nm iRl B %k i o v R S0 P H E AR R R M- d B
W R L D SR R R R X R R R RS R

®y R 4o > 55 starch base | 4 v o

6. & dF A
P~500 % &>t 100~ 150~ 200 2 250 p & e b (32451 % > 74D 0 & F) > Y
RS BHEL 20,4 AT EEEREI A BERERL T E LR B o B

16



ER LB BT o 2087 SEM LR 2 AR 7 LR e e D BBt D
AL B A AT o

oo B REG P BBV HEBE o
Table 2. Mesh to micron conversion chart.

Mesh No. Opening (um)
80 177
100 149
150 104
200 74
250 61

7. A iRARRALE

% A AACC 61-02 2.2 i+ BLizd 25 g 5 225 g X4k R & (F34
10 %) » 14 -1k g i &b K A ATk (RVA 4, Newport Pty Ltd., Australia)& (7 R 2 e ;
EETEHAAE R 50T » M= 448 30H ﬁ—im_,L B CaEFl0 L4 £ NE 243
TR 1 50C » 4 4# 547 10 fl/ g 960 rpm o t5 s dE 160 rpm o

8. B4 7 BRI

#* AACC 76-31 jpl 2> i o« B~ 1 28 100 mg > 4 » 1 mL a-amylase i & iF 5
F5 0 B 40°C ks 10 ~ 48 0 2184 » 5mLO0.2%FRfe % 7% ¥ 2 £ Jis > 12 3000 rpm
Yo 5 44k o P25 UL ik & 25 UL amyloglucosidase *+ 40°C & Jis 12 4 48 0 B
ts4e » 1mLGOPOD 3%+t 40°C K i 25 ~ 48 > Mt £ 510 nm | sk i@ > 3+ &
RRAEA 7R 0 3 E 2 AT
Starch damaged, % = AE x F x 60 x 1/1000 x 100/W x162/180
AE = absorbance
F =150 pg glc. / absorbance of 150 pg glc.
W = weight

AR 7 £ ~ v &5 & flour base °
17



kAR T 3 R A4 (TM-1000 Tabletop Microscope, Hitachi, Tokyo,
Japan)§ Sk o B ST S 2B AF o U0 E 2 RE BB P 4
AR 0 RS RAET RS 15KV .

10. 5t Bobs e di A 47
F g e s pe Wk R Y 10% > 2 #% fE % §gst ik BeckMan Coulter LS230 (CA,
USA)@ TRl E o = IEP dip ~dsg ~dgg & T 3T 12U %ﬁfﬁ B b o o dyg %7

AT BT A G 10% M I o Rt SR o

Nl

ERE7 305 I O i AN f[@‘}»?ﬁfw f,,—},,—f__,{J_ PN &8 R
=N i AN o L R 3 JM}"‘* *sw 24T oo Bee deo kA 5 R hi R
RPN o e IR B %*;:@H ’,‘ll:rﬁz,l o2 KR e R LB )0 4
KRR 2 5 R R 4°C/Ma'i54f Pt B B FILT AR
FE EFENLARBEFIHR - "# oA G nt,,&r—r DM T AN 4R 1 R

» 105CH 40 » & 30 A 4P ddmis o frE P HRE B S B 0  h 4 o

B, 3 LS
f%f"r-t

= e ®iTniez :ﬁ_’%{?;gqr‘i
1. Haeflmz fge ®iF

NI fER RN AR E R Rl iTee o i ART o MR R
AR (800-) 0 LR S s U 0 S ¢ F o )2 MY o Y
WL AR E P 15 A da o 2 (2 8 2 30C/90% RH # x4 @ i
FRAFFEI M4 PN MgR A 22T BE 150 socndg B o fg BURF 8 £43¢ 10
A kb oo FEAL S A % ~ 30°C/90% RH % f% 4 8 (7 B 23 % 60 4 48 0 1E O~ 4 Y
X180 C T L 190 C2 % 30 A 45 o Fg & 2o 2 IR A I L = o
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Table 3. The formula of rice bread.

) Baker’s percentage Weight
Ingredient
(%) (9)
Wheat flour 65 275
Rice flour 35 148
Water 68 288
Dry yeast 1.7 7.2
Salt 1 4.2
Sugar 7 30
Butter 7 30
Milk 2 8.5
Total 186.7" 790.9

2. HEVHf e WiE

LR SRS R AR TR 2 —(Sng;hetal 2012) 1% wFf F R AE £ R E X
@ g AR R T 2 R 5%11%— S E RS TEARLE N Rl
TAIFRES - FRA & (n”vﬁ% +QWﬁc ()ri#5 5t % B E4a5
ﬁﬂ“ﬁjwlkiﬁﬁdm~ﬁﬁf‘Bﬁ%wi‘v#‘l‘dﬁéﬁﬁﬁ—ﬁﬁm
sk 7 B2 K fad 0 X oo W ARLeT LSRR B N ¢
M- Rl 4R L 0 o @R 15 S 4818 0 ¥ Y 30°C/90% RH AR ¢ i
A NEFRE 0 & 4o B g B B = T B E 150 s chdg B g BUR [ 1S 243 10
AdB o FEA5 S R 0~ 30°C/90% RH B i i (B B3 ik > BB P REPER 1 g
BPCRIHE - 2l s RIEFRS S ABRFERTTER > K P
TR e AW L 180C T L 190 Ce e 30 Ao A AR B A = o

¥ p st Ae 2 LT o
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Bow o ks B EAl R R AR R R 0l Ak R
Z BB R FRETRER o

Table 4. The rice flours with different amylose contents which were blended with CW
and CHA flour and the proofing time of bread-making to keep the similar
specific volume.

Waxy rice flour ~ High amylose rice flour

Amylose content (CW) (CHA) Proofing time
(%) (9) (9) (min)
0 148 0 52
5 122 26 49
10 95 53 47
15 69 79 44
20 43 105 42
25 16 132 39

AR AR SRR 15 TN E VR N o R R
Fdae 2 BB LEFETRFFRT o

Table 5. The ratio between waxy rice flour, commercialfice flour, and high amylose
flour, and expected proafing time!

Amylose  Waxy rice flour Common'-“'l"fice High amylose rice

content (CwW) flour (CI'_?) flour (CHA) Proofing time
(%) (9) (9) (9) (min)
10 49 99 0 47
15 0 147 1 45
20 0 91 57 42

3. FARfge 2 i

EIFFHRPIELE T EUERAEBR AL AL AT R o BT
F e 2 fe 2 fAr e * 2deT @ TH(TACE * FIi>F A7 S5
£ 3) LL3 (GEoRk)rt bl 430 A 48 0 AL A g RoE AR B B YRR A
AN RN S m"%z%wf’i”H9”*iwﬁ$wF’WﬁL§ﬁ
dotg o A 2 o S ARgg E ropeidiE BT 0 SRARACT DGR A AT R - @ 4E
ElargReHt » F @15 24 - N g@e =7 B 1509 g @ » &
25 4 HE1s B3 30°C/90% RH 3 % 4 @ & (74 o 3 ¥ 70 4 418 0 02 180°C T 4 190
CTH % 30 A 4i
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2 oA kg e e oo
Table 6.The formula of bread made with cooked rice.

Ingredients Baker’s percentage Weight
(%) (9)
Wheat rour 65 275
Cooked rlce 35 (rice used for cooking) 340
Water 68 (including water used for rice cooking) 96
Dry yeast 1.7 7.2
Salt 1 4.2
Sugar 7 30
Butter 7 30
Milk 2 8.5
Total 186.7 790.9

' Cooked rice had 62% moisture content. ‘
2 The water used for rice cooking should.be deducted:

4. g5 & R R |
54 éAMIKWSM%%Eﬁweﬁ bl e B R ERELERE
BRI £ 0 TN B g A L N s v

FELRG S o T AR s A -

Calculation:

Density of rapeseed = weight of rapeseed filled in the container/weight of water in the
same container

Specific volume of bread = weight of rapeseed left on the tray/density of

rapeseed/weight of bread

5. fa¢ B F A 47

@ % Aty Nt £ 4F #4147 ik (Modulated Differential Scanning Calorimetry,
MDSC, Model 2910, TA Instruments Inc., USA):E 7 F Bk o th & 5 57 e RERIE £ 2
$ ¢ SRERIS 0 A ICRT Rt Eo ¢ o R e BEAFIEE A SR DR - ]
PFRTER ) TR FHA X ACAFEGTD X 2 ACAFER TS X « %Y

25mg s e E M EEESEY > 2 3RESEEZ FAEK(T R BESERK
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) FHELGH T [ PFEEFR % - MDSC H g & 5 5C/min if
#H 20 — 140 C > esrfe & R AR BT > gk Universal Analysis
(Version 3.0G, TA Instruments Inc., 2000):& {7 #icg 4 +7 ©

6. #& ¢ GEA AR

PlERR S B AGRERZATERS - TR 24 [ FF4CHF 24 |4
Chag A8 | pF2 ACh & A8 -] PFis L S 4 £ (T00W, 10s) 2 i $g & © 554 2
Fdae prkige B EN R E TR 2 )RR > RBEAR T

% % B & 47 & (TA-XT2i, Stable Micro System, UK) gz # 25 kg load cell » - 12
SMS P/35 #FEp:E 7Bl - #icf8 @ * Texture Expert (Mersion 1.22, Stable Micro
Systems, 1999)% &-F sk %% % (7 E F(macro)i# & - > ;2 2@ p Gambaro et al.
(2004)2. % 3% » i et A i L APRE 30% A KT R IEPT 3 ) ¢ R iH 4o
T oo g e 2 A 20 mm B2 H o g ; (heavy duty base) + » ¢ * SMS P/35
fFEp 2 2 mm/s :# I (pre-test speed)‘r o R IR T ORE S S 1 mmfs
(test-speed) » = B %% T 5 30% 0 £ ! f;ﬂ,mm/s i# & k2 (post-test speed) T & &%
B %y 345t 221 mmisi # 3 *@4 30%’1,% s ts 2 mmfs ik B v T
Bl A ek B R 0 ArfA s LB IR Foeds < TPA 2 Hch P (4o 2 9o )
Hardness: & — =t ™ & ef = %‘ﬁxf » 257 ¥ 5208 B s Cohesiveness : Area 2/Area 1 »
By o A4 T o X AFDRA > VARG A FGE - B2
w4 4 ; Springiness : Length 2/Length 1> k& % - = fﬁ%?ﬁﬁ&%ﬁ*ﬁf " ORR BE
WO AT HREXINBAFTYRDBE O RKRELBAFTRIRAB R Z 0
Resilience : Area4/Area 3 5% — x T BRpFw 4 4 “ﬁ% MTERA éﬁ'ri#;] 2 - o
F L D(REE SR SR R -ATIE R SR R)IFTE R SR R
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Ist 2nd Compression

Force Withdrawal
1st Compression : :
- p . }Vau» 4 " ‘2nd WltEdrawal
Hatdness

Area 2

Area 3

Length 1 M Length 2 - HAIKETE

. || =] ] :
B = - TPAprofile 2 # il % fdic o | = |
Figure 3. Typical TPA profile-and me S re_c_ﬂ:ﬁ_harﬁters. .

%P Nakamura et al. (2009) = ;2 ffi®ig ee i {7 p%« T L fae & s (1)
B0 K G Ml A2 Bk vtz K fae > (2)% B45K 2 % &% 248 5 Mill A2
Baa i feds 5 15%E 4dikds 7 EoF b Wiv2 ke » 2 ()7 & Kl iz
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Figure 7. The sensory evaluation form of rice breads.
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N EIs

Pre-Experiment Milling test

TKS CW, CR (with & w/o TKOIl, TK9lIc, CRII,
tempering), CCR, IR64, and CHA and BR
Milled by MA1, MA2, Milled by MAZ2,
MB1, MB2, MB3, and MC MB1, MB3, and MC Milled by MB3
with cooling system

Determinations
e Amylose content
e RVA
o Damaged starch
e Particle size
e SEM
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by controlling the proofing time
e Determinations
e Specific volume
e Quality of storage
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Made bread with the same processes « DSC for retrogradation
e Sensory evaluation
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Table 8. The volumetric particle size distribution of TK9 flours.

Sample dio (M) dso (M) dgo (M) Mean (um)
TK9_MA2 16.4 173.0 311.0 168.9°
TK9_MB1 235 126.0 264.0 139.0°
TK9_MB2 12.3 86.4 225.0 105.7°
TK9_MB3 13.7 64.9 156.0 77.5°

"Values followed by the different superscription letters within the same column were
significantly different at p<0.05.
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Figure 4. Effect of different mill conditions on the volumetric particle size distribution

of TK9 flours.
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Table 9. TK9 flours percent yield'of-different sieves.

Particle size range

Sample >149 um  104-149 ym 74-104 pym  61-74 um <61 um
(100)* (150) (200) (250) (Base plate)
TK9_MA1 73.11 15.62 7.51 3.22 0.54
TK9_MA2 26.22 61.83 6.52 4.89 0.54
TK9_MB1 14.33 30.44 33.18 17.78 4.27
TK9_MB2 18.02 27.33 26.88 22.40 5.36
TK9_MB3 2.38 15.03 50.81 28.22 3.56

! The number in the parentheses was the sieve's mesh, indicating the weight percentage
of rice flour residuals on the sieve.
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Table 10. Moisture, amylose, and damaged-s starch contents of rice flour milled by

different milling conditions.

Sample

Moisture content;

~» Amylose content

Damaged starch

(%, Wh) | (%, db)® (%, db)®
TK9_MAL 13.49£0.06" 14.5641.29 ° 4.50+0.39
TK9_MA2 13.43+0.02" 14.34+0.88 ° 6.91+0.20 ¢
TK9_MB1 11.96+0.12° 14.25¢1.09 ° 27.43+0.58 °
TK9_MB2 11.87+0.04° 14094071 ° 20.7740.95 "
TK9_MB3 11.19+0.10° 13.78:0.39 ° 32.36£0.59 °

" \Values followed by the different superscription letters within the same column were
significantly different at p<0.05.

23atrch base.

3Flour base.
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Table 11. Damaged starch content of TKO9 flour on'different sieves.

Damaged-starch content (%, db)
100 mesh 150;mesh "—,.;‘ 200mesh 250 mesh  Base plate

TKo_MAL 4462052 2862085 3438081 " 847: 066" ND.
TKO_MA2 658+0.75 "  3.80+1.21<f 4:83+110 - 4.56:0.57 _  N.D.
TKO_MB1 27.13+2.01°  27.1140.58° 26.50+0.73 " 24.74+0.38"" 22.13+058
TKO_MB2 30.15+2.97 © 27.26+2.39 " 24.84+0.97 " 26.53+0.22" 25.64+0.94"

Aa Aa Aa Ab Ab
TK9_MB3 35.77+0.42 32.52+0.57 32.50+2.90 28.89+0.05 29.09+0.60

" Values followed by different capital (within the same column) and small letters (within
the same row) indicated there were significant differences among milling conditions
and among different sieves at p<0.05, respectively.

2 Amount of sample were not enough to be determined.

Sample
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Figure 7. Pasting propertles of five rice varieties milled by MA2 (2.5%, db).
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Table 12. Moisture, crude lipid, crude protein, ash, and damaged starch content of rice

flours.

Moisture
Sample content Lipid Protein Ash Damaged starch

(%, wh) (%, db)
Mill A2
CW  11.72#0.04% 0.70£0.00° 7.63+0.29° 0.47+0.00°  5.17+0.10°
CR  11.93+0.06” 0.70£0.00° 5.92+1.10° 0.38+0.00°  6.73+0.09°
CCR 12.76+0.75° 0.67+0.03° 6.52+1.39™ 0.49+0.01°  5.73+0.24°
IR64 11.66+0.03° 0.33+0.01° 7.16+0.26° 0.47+0.02°  6.39+0.22°
CHA 12.00+0.04® 1.01+0.01* 9.00+0.42° 0.89+0.01° 3.96+0.11°
Mill B1
CW  10.86+0.02° 0.96+0.02° 8.03+0.35° 0.46+0.00° 38.37+1.33"
CR  11.03+0.02° 0.67+0.02° 5.90+0.12° 0.38+0.01" 31.01+1.88"
CCR 11.01#0.02° 0.63+0.04° 6.62+0.27° 0.50+0.00° 32.04+0.33"
IR64 11.32+0.03%  0.42+0.00%" 7.89+0.08° 0.46+0.01°  20.81+0.42°
CHA 11.26+0.06° 1.09+0.02% 10,34%0:31" .. 0.88£0.00°  13.52+1.01°
Mill B3
CW  10.26+0.02° 0.73+0.03° [7.30+0.80°% 047+0.01™ 32.98+057
CR  10.06+0.03° 0.60+0.05° |6.0820.11° 089:0.00" 32.00£1.79"
CCR 10.59+0.08° 0.67+0.01¢ 6.204;_;0.02d 0.48+0.01°  24.29+1.24°
IR64 10.26+0.07° 0.31+0.05° |7.290¢0.66"% 10.46%0.00° 24.90+1.18°
CHA 10.56+0.02° 0.90£0.02° “! 9.5040.38% '/ 0:88£0.00° 15.82+0.18°
CR8%! 851+0.219 0.67+0.04™ 6.10+0.29%° "70.38+0.01" 23.96+4.78°
CR16%10.68£0.06° 0.69+0.01° 6.53+0.15% " 0.38+0.00"  36.19+0.14°
Mill C
CW  12.18+0.06° 0.98+0.00° 6.77+0.04° 0.46+0.00° 25.70+0.72°
CR 0.87+0.037  0.59+0.03° 6.11+0.29° 0.38+0.02°  23.11+0.14°
CCR 11.65+0.08" 0.71+0.02° 6.54+0.04° 051+0.00° 19.79+0.34°
IR64 10.60+0.03¢ 0.33+0.02° 7.81+0.14° 0.46+0.01° 20.82+0.88°
CHA 10.20+0.12° 1.05+0.05% 9.42+0.66° 0.88+0.00° 12.77+0.47°
CR8% 8.39+0.03% 0.63+0.03° 6.09+0.04° 0.39+0.00° 25.48+1.51°
CR16%11.17+0.05° 0.62+0.01° 6.94+0.28° 0.38+0.02° 23.96+0.22"

! The moisture content of rice before milling was adjusted to either 8 or 16%.
2 Values followed by different letters within the same column indicated there were

significant differences among rice flours on the same milling conditions at p<0.05.
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Figure 8. Effect of different mill conditions on particle size distribution.
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Table 13. Effect of different mill conditions on particle size distribution.

d1o dso doo mean
Sample
Size (um)

CW

Mill A2 18.12 138.00 369.80 169.90
Mill B1 19.98 83.42 239.60 114.10 °
Mill B3 17.01 56.34 145.20 7060 °©
Mill C 11.74 35.15 101.30 4780 ¢
CR

Mill A2 11.97 107.30 344.40 148.40 °
Mill B1 13.89 67.55 188.20 86.27 °
Mill B3 12.59 49.19 148.70 7059 °©
Mill C 10.48 33.92 97.94 4712 ¢
CCR

Mill A2 14.79 190.60 454.00 218.40 @
Mill B1 12.40 60,84+ - 182'80 8119 °
Mill B3 12.08 54|55~ 149.00 69.46 °©
Mill C 9.66 34.86 120.10 5280 ¢
IR64

Mill A2 17.70 226.20 437.30 22570 *°
Mill B1 13.62 87.56 241.10 110.40 °
Mill B3 11.57 46.98 125.00 5858 °©
Mill C 11.06 38.47 105.80 50.63 ¢
CHA

Mill A2 17.70 226.20 437.30 201.10 @
Mill B1 13.62 87.56 241.10 9438 °
Mill B3 11.57 46.98 125.00 6056 °©
Mill C 11.06 38.47 105.80 5379 ¢

"Values followed by the different letters within the same column were significantly
different at p<0.05.
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Table 10. Particle size distribution of CR on different moisture content (a) MB3 and (b)

MC.

I PRI EAMBITED FE LB

Mill B #= B2 A SR R AF0ds 3 BB %0 B E AL b2 RF2Z -
TR A EREA R EAn iR ARSI EL FERET
o B BEET V- ok 0% 8- dkd F(CRIN S SAT9EM G A (TKOI) ~ 54T
9 B0 4 Hkk (TKOlC) ~ # (BR) » 5 1 R AB% P &7 » & (F e { + ¢33 R(6 -
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18%) » B kA AR SRR BB EE 0 SR RS Sk
AR CEIER R TR T 0 RGBT 2 BB AR R

Bk A g B i(FLe) B RKA 6% 8%% 10% 0 d Hfci F
PR o BBk A R S oo A @R RE H 4ok A 0 16% ~ 18% 0
BB kAT FIMIlBHSHE 4 F 6 > &k A% 5 $c2 - MB3 7 % £
%;é_\é%i,%’ki‘.”ki GBI T o BRPERF 91 10 A48

i MB3 & & i % -2 ks o Bk (5458 % & 38°C = % (data not show) ; B
ook e s TKOIL S TKOlC ~ CRIN~ BR = 48 ¢35 4 30°C (3% 33.3C) >
AP R RS kA RIRAEF TR o ABECKS AP 3 kA R
G0 kR 5B 4 23,96 -36.19% (4 L o) B kA s > v A B
A5 7 4 | H_20.18 - 36.34% (TKAM) - 19:79 ~29.18% (TKOIIc) ~ 19.60 — 21.54%
(CRIl) ~ 2 17.85 - 41.07% (BR) ¢ 8 &5 77 > B2RIE Fook ik SRR T % > ik
A Ak R H B 20 © 40% = 4 "71’}._15 Pa/gql;ﬁ‘éy ST R MR R B
R 1 ,.:-f : |

5 ORI ¥ i a4 B b4 ek 2y MAGE B e - 350 MB3
@%1mﬁ%CRJKw\ﬂ®mkaBRu£@¢Ag§ﬁ‘¢&ﬁaﬁ&+g
BFLEUTRE § R A K Bk AG BB 2w o T
;m%%wﬁoﬁm@ﬂimmBﬁ@%@g’%ﬁ¢¢g§%%%%&ar%

“L";T k"i»’il’ ,%E%\"L

4 A JTE4 4 & B - Ngamnikom & Songsermpong (2011) 02 7% & § a2t &
LGB BER » F AR S% o RABRIZH B Mill Co 3 o £ A &
SR VR PR JC R

Tiop TR R-kA 7 £ E A TARS - B - K> TKIllc 7 HvvfE kA
B (80 i pge TKOI 1~ Bl 7 £+ i~ Tiap fos o] > AR o 4T 9
Bob iR r ¥ s OB NFEEE AR FHREE L FHERD L- &y
B ERE CCR Bkt 2 £+ 47 & - 4o ¥ CR (£ L2)e v Bk
FEITL G R BRM o ed NHBFREEIFLERLIEL TREE A L
TE B
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Table 14. Effect of different moisture content and temperature on damaged starch
content and particle size distribution of rice flour milled by MB3 with
cooling system.

Target Moisture Time Flour  Damaged Average particle
Sample ) before after consumed temp. starch size
moisture
(%, wh) (min) (C) (%, db) (um)
TKOIl 6% 572 813 9 309  20.18° 53.62"
10% 942 993 9 30.7 35.58" 58.17°
asis 1449 1187 9 29.3 34.67" 58.17"
18% 1718 1291 9 28.4 36.34° 55.39°
TKOIlc 6% 551 850 9 28.3 19.79° 51.48"
10% 904 1011 18 283  21.20" 56.72"
asis 1480 1211 9 2815 2420 51.21"
18%  17.63 4126940 9 280  20.18° 48.49"
CRII 6% 590 - 7.80 9. 32.2 19.60° 58.12°
10% 1005 1003 || &== 1319 * 2154° 55.43"
asis 1470 1238 || oflL 11209 i 2483" 4757
18% 1720 1283 10 30.1 36.42° 53.75"
BR 6% 563 7.1 9 33.3 17.85" 50.19°
10% 855  9.22 9 32.0 21.53° 53.43°
asis 1450 1152 10 30.7 2031" 55.14°
18%  17.37 1209 10 30.3 41.07° 54.64°

Values followed by the different letters within the same column were significantly
different at p<0.05.
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B GE A R ER R R LB 5 LR BT E
Feis o Mill A BriB 2 5F 3 B3 45 3 i&fi(lo%,"zT)’ fe T B+ (4 150 - 200
Um);Mill B = fé3% %o e ot 8T B 7 8 5 2 5 B 853 (4 30%) -
T g i g L 50— 110 pm s Mill C #7482 F 2 = B fm (4 50 pm) » BLAE K~

1120-25% - " A o f fE 0 BAp Ak 7 £ CHA B ™A CW &8 0 e f fiid =
AR R ERAL S B EREE RREET E B
i$%#f@%w»%ﬁ?”’Y%%éﬁﬂﬁﬁiﬂ’s PrE R AE R
ZE O EBFFRET o KA 7 £ & Mill A(data not show) ~ Mill B # 1 3 »%
MEERE SRR THGA L A BRB AL LR o A @ Mill B gl F
FBAE Y 7 £ I PR 10%Rr o Mill C R 7 LA B - Ak f fAd

BT IR E K K%ltww_nhg?—iﬁﬁo

CERRREET TE T3 0rs T

AL 00D B CW (3 4K AR |0%) 17 B F CR (3444 3 £
14.910%) ~ % & v 4 F ik CCR(aﬁyk# § R |1207896) » 05 41 i IRGA (1 4
§ 8240207 6% 2 s (SR 5 B 28009677 57 I 40 R A
G RATE 7B B B MA2 » B8 B 5 ¢ MB3 - MC 2 CR
FEp TR o T 35% S kN e o it AR T A K fBR
PiEE TR S LB o

SEE LA ENTE T

oV MG - 2T RFRER ST LA - B R R Y
e 2 AV MR RAa VB EE S e T gL 0 A
TR AR TR 2 VM AR FEEFET L RE EREE Ml A2 97
WAL EAivges 228 cdpdle 2 5 &+ 2 84 554 mbg> 2= i
CCRb_MAZ2 (b meant bread-making with the same process)¥? CHAb_MA2 » 4 %] &_
5.02 mL/g 4 5.03 mL/ge % = &5 CWb_MA2 (4.70 mL/g)~CRb_MA?2 (4.67 mL/g) ~
IR64b_MA2 (4.75 mL/g) - +* #8 ## # i< 4% & 7| £_CRb_MB3 (3.60 mL/g) ~ CRb_MC
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(350 mL/g) - § £ 77 3 4p 1 B 4k s 7 £ &0t R & R 4p B (Takahashi et al,
2009) > + F WA AL RIBELE G FIE AR 2
Araki, 2009) - AR %V~ TR EIZL CHA{- CCR FHm v BB 4
B 7B M (R?=0.21) -

Wil o 8 CR G 7 b Beds 0 2 018 ok 45 gl (v e ¢ - CRO_MA2 vt 884 %
4.67 mL/g & % ~ ** CRb_MB3 (3.60 mL/g)# CRb_MC (3.50 mL/g) - +* $& CR i
SRR A B 18 R B 2 B MA2 ST 1F 2 5F 31 A it T $o T (148.40 um)
e MK 5 B (6.73%)0 5 MB3 22 MC # {7 2 +f 224 8] 2] T 53247 (70.59 um
1r 47.12 um)~ & BLAE R 5 B (32.00%Fr 23.11%) o s 15 = MA2 4 A 2. 2545
Wirgg e (o M o REE R A MBI - MC i 2 % > f84 -] ~
TV A AR - ) o F A (2008) 5 A § BB R PR T S BT K
BEERSER ] FBARETRAF BN EARSEE DI B BRF ALY
ks £ 400 0 Flt dg S A IR K £ AR S XA S AT ek g o Sa
BA) o ST o e e KR Sk RS S RIS B e
S A FHE @;I%;;] B R gy & F ﬂk %;%}a,l 3k & e 5 60 um (Araki, 2009) 2 %
I I T lig:-}_g;z £ B SR (Yoza et al., 2010) - 9 5
BRI RITRE § R e g BT R F R L R

£ 2204 g8 ehdp B 14 (Yoza, 2010 and

2 L7 ~aRk e WAtk fe e 2w -
Table 15. Specific volume of rice breads made of rice flours by the same making

pProcesses.
Sample Specific volume (mL/g)
Control 5.54+0.27*
CWb_MA?2 4.70+0.20°
CRb_MA2 4.67+0.15°
CCRb_MA?2 5.02+0.53"
IR64b_MA2 4.75+0.22"
CHAb_MA?2 5.03+0.32"
CRb_MB3 3.60+0.32¢
CRb_MC 3.50+0.30¢

"Values followed by the different letters within the same column were significantly
different at p<0.05.
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Control CWb_MA2 CRb_MA2 CCRb_MA2

IR64b_MA2 CHAb_MA2 CR_MB3 CR_MC

Bl - -2kt fleldirz ke 7o B -
Figure 11. The appearance of rice breads made from different rice varieties with the same making process.
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Aot pdr gl g i MIA2 i té- P PR R 2 £ 3 0 B
4 342 (1.07 N) ~ CWb_MA2 (1.15 N)r2 2 CCRb_MA2 (1.06 N) ; # = CRb_MA2
(1.40 N)2 IR64b_MA2 (1.21 N): MA2 B i it #+ 4l 4§ ¢ B % CHAb_MA2
(176 N) o ‘i 24 /| 3 B RER I 77 A B B F 3 084l > 24 ) B4 5
B R NI o @ A8 ] PR U 0 0 gl R S 3T6N R ARk Y R
g9 65 N) o e REFBA AL 2 ehe bR > § B ¥ Ldge ¢ ok
R R ship Lt L ee o i vt L ey~ 45 ¢ 48 % ¥ 324 (Lin and Lineback, 1990) -
Bl RER PR RSk s 7 0 B T o (e A if B F -k 8 (data not
shown) -

“7 % & cohesiveness ¥ 3 SEFF R T % cdf 4> m CCRb_MA2 &K$ 7 48 /] pF
AR Mo AR Ak GRS e B R b @ o CWh_MA2 -
CRb_MAZ2 ~ IR64b_MA2 v CHADb_MA2 R gt B 7 & > (e ez M3t d| e
Springiness ] 7 # £_7% i x5 wﬁ« u;;€ % PE BRI g 48 ) RN TR
A% i 4 2 X BB - Teai et all (ZOI-E). «L;q‘:;ﬁé fE A s e TPA %8> 1Y
cohesiveness % resilience F % ﬁiﬁgﬂ;&ﬁ z:sprihginess =R LS - S g
resilience & g pFRF T E o X&E—’rﬁ ;Fri:ﬁ'r;‘ﬁ'r%ﬁ \"%_—i s#d > H ¢ CCRb_MA2 o
A8 pEiE Mt HARER IR L B Bl s F LR o A5 A
Mgt M A5 5 CWh_MB2#fk {2 K dg e se2h ] gtk i sl ira 2 47
F]k o

L p e F 8 CR A R iE et i@ il d e 2 2% > CRb_MB3
(2.70 N)#2 CRb_MC (2.93 N)i 441 B 337 ¥ & * CRb_MA2 (1.40 N)fri2#] 2(1.07
N) > &iBikiiB 54 & { % (12.34 N 2 11.48 N) » &~ £ CRb_MA2 (6.65 N):17

4%

FA4lE (412 N)sh= & o B2 XA & 3 - cohesiveness e & B 7 X B if 12 B
o Springiness 1% % B2 wm ELAPIT o RSP AR AR i 4 3 X PERF 25 - resilience
RS BRERRIT A RERIEERLGEFLE -
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Table 16. Effect of storage conditions on TPA characters of rice breads with the same making process.

Hardness (N) Cohesiveness Springiness Resilience

Sample RT 4C RT 4°C RT 4°C RT 4°C

Oh 24h 24h 48h Oh 24h 24h 48h Oh 24h 24h 48h Oh 24h 24h 48h

di g e c a a a a ab ab bc a a a ab a
Control 1.07 248 376 412 068 062 054,053,046 047 0.46 046 051 040 0.30 0.28

d

d f cd b b bc b be c bc cd a d d bc cd
CWb MA2 115 2.66 4.80 6.35 0.66 0.59. 0.50,-0.44%:0.44" -0.45 0.45 045 0.43 0.34 0.26 0.22

e C e

c e bed b b cd c cde bc abc ab a c bc c cd
CRb_MA2 140 330 5.30 6.65 066 058. 047 042 7045 _0.46 0.46 0.47 0.48 0.37 026 0.21

d f de b a ab b b ahc abc a a abc ab a b
CCRb_MA2 1.06 2.64 4.50 6.46 0.67 0.61 | 0.51 0,.1_16 0.46 | 0.46 0.48 0.47 0.49 0.39 0.30 0.25
cd d bc b a de t abc a ab a ab bc c c
IR64b MA2 1.21 3.68 5.55 6.30 0.67 0.58 | 0.47 0.4_13 0.46° 0.47 0.47 0.47 0.51 0.37 0.25 0.22
b c b b b e d = f a bc ab a bc bc o e
CHAb_MA2 176 4.35 5.87 6.65 0.66 057 045 040 10.47.045 0.47 0.44 0.49 0.37 0.24 0.19

C

a a a a b e cd ef ab abc d a abc cd ab de
CRb_ MB3 270 6.36 10.17 1234 0.65 057 0.46..0.40 ..:0.46 0.46 0.45 0.44 0.49 0.35 0.27 0.20

a b a a b bc cd def bc c d a c ab bc e
CRb_MC 293 534 979 1148 065 060 045041 "0.45 045 0.44 0.44 0.48 0.38 0.26 0.19

"Values followed by the different letters within the same column were significantly different at p<0.05.
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Table 17. TPA results of rice breads, made by the same processes, reheated by
microwave after storage for 48 hat 4°C.

Sample Hardness (N) Cohesiveness Springiness Resilience

Control 0.81¢ 0.68° 0.46° 0.43"
CWb_MA2 0.89% 0.63° 0.44° 0.38°
CRb_MA2 1.21° 0.65" 0.45° 0.41
CCRb_MA2  0.94 0.65" 0.45° 0.42"
IR64b_MA2  1.01° 0.65° 0.46% 0.41¢
CHAb_MA2  1.22° 0.63% 0.46% 0.40°
CRb_MB3 1.87° 0.65" 0.46% 0.46°
CRb_MC 1.77° 0.64 %% 0.46% 0.44°

"Values followed by the different letters within.the same column were significantly
different at p<0.05.

B
FEEvt 0 7 b A ARl Ry SR A2 CRIS 2R Jr s i 2 LTEdg & it
FAR - FPRiRAR ’mﬂﬁﬁmm‘é&f@u MR 7 R 5 gL bl Mill
A2> 12 iE i MA2 12 f g g LH%&%E 1 ~PEL1§ R vE RE R (S R BRITA B o
“7 $ & 1L CCRD_MA2 bt F 5 dicT & | adRit » 7 &0 B3 &g sl
CCREF {{ % ~ B fs MAms 2 BEEE - 5] ' CCREF &M% 341
BN Pk 2 S
7 447 7 (Takahashi et al., 2009)4p & 4dic s 7 E &V W xR P B 1
AR B AFHRILG LR PR PR MHETH  HAEFRESE
+ CR #HT BV 3L 4Kk s 22 R T IT P K (R=0.71) - ¥ - AR
hi FIEUC H A (Smith etal, 2012) > B AR AR < F S HEARRUIOA B » AR R SR
B g enirgliod § bk A 0 T BRI L O BBl S PR

~

nﬁ:

B
AEFEERER A - R o
AR RESRSERE D AR BRET v R A R RN i
7 Ak 4R # BadFendg e A8 N 0 Bkt iR 51 2 d e sl KA R

TR L N ﬁr$3¥’ﬁ?*”&?km%%%ﬁ%1%%°
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A AT R o VR TER P RS 4849 mLIgs VA E AR R T BU
e WA ALY HEE = A

%4*é@ﬁkwﬁﬁ%é%%1&%%@%@##%“@%’%pﬁfw
WAt h 48 -49mL/g B EREPER IS g w22 4 4) ) Rk LA
A 152 24 ot 7 CCR re vt Hapdh oot T v 750 8 4kl 7 2 2R 4
B (R°=0.90) » & 4> 7 AR TR H AT AR E ) 4o b Mg pp T UL o H
TGRS L » B4R ZER N EREET PRV o IR R T A
Flefdlies & 58 SR fofogedc 2R Rt AAE S @ RS RIS
PP g e o 3 A E 4k S 1A% Uk (Toufeili et al., 1999) & & f 4 5 i
AP T OURE-ET P A TS PP B

% L oA Ap il ,gé‘rjfi F %é ’—:Li—’r% > &@gﬁﬁpﬁﬁfr;\ el ,gé‘r;fi o
Table 18. The proofing time and speclflc vplume ofsrice, breads with the same specific

volume.
Sample Proofing time (min) Specific volume
Control 22 4.87+0.18"
CWs_MA2 52 4.84+0.31°
CRs_MA2 45 4.810.16"
CCRs_MA2 43 4.90£0.24"
IR64s_ MA2 44 4.86+0.13"
CHAs_MA2 38 4.82+0.12"

Values followed by the different letters within the same column were significantly
different at p<0.05.

- S TPA TR %

A4 AT HMEI R AT AR 2 TPAR - § 977 &  BH -
P 47 e f B &+ h i CHAs_MA2 (2.92 N) (s meant bread-making with the same
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specific volume) > |2 (211 N) » Bk Sa- 408 B MO 4] o 975 &
TR - X AR 2> A CHAs_MA2 (4.51 N)2 IR64s_MA2 (4.44 N)F & % *
P4 (3.94 N) o 2 & i 24 ) P2 50 #2411 2(5.79 N) ~ IR64s_MA2 (5.67 N)
CHAS_MA2 (5.79 N)AT B $ % > (564 ik 17 48 | p5o A B $ 3 117 5_IR64s_MA2
(7.28 N)22 CHAs_MA2 (7.95 N) » # bt 5 2 w|gr =l e @ 5% £ B » CWs_MA2
(5.95 N)A & $. % - CWs_MA2 ~ CRs_MA2 ~ 2 CCRs_MA2 4~ 454 B 433041 b
e fif 48 ) PRL RE R REITE e oAt FRE o BASHR A
beRT B o VA R oA i (RS 2 ) 0 8228 CWs_MA2 ~ CRs_MA2 - %
CCRs_MA2 & A& 1% » fe /4 g i{s# it F & & 4 Control v CHAs_ MA2 3 ; &
CHAs MA2 Flidzde il BB > B 5 H "R FMEBHRF -

B2 R & B84 4217 0 12 cohesiveness £ resilienceu 1 4. .E_)j* &2 1E(

1.’ e { 215}
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Figure 12. Hardening rate of rice breads with the same specific volume.
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Table 19. Effect of storage conditions on TPA characters of rice breads with the same specific volume.

Hardness (N) Cohesiveness Springiness Resilience

Sample RT 4°C RT 4°C RT 4°C RT 4°C

Oh 24h  24h 48h Oh 24h 24h 48h Oh 24h 24h 48h Oh 24h 24h 48h

Control 211" 394" 579% 656 0.68° 0.62° 054° 0512 0.46° 046° 045> 0.46° 052° 040*° 0.28° 0.26°
CWs MA2 1.29° 2.88° 484° 595 0.66° 0.58° 0507044044 0.44° 045° 045 043° 033° 027° 022°

CRs_ MA2 1.62” 3.31% 509" 6.60°°0.67" 061" 049” 043" 046° 046™ 046® 045° 049" 040° 027° 021"
CCRs_MA2 153° 339" 514" 6717°0.66" 0.60°| 0.477:0:43"/046" | 046" 047" 046" 048" 039" 026" 022"
IR64s MA2 1.59° 4.44% 567 7.28" 0.67° 0.58° " 046 0’;42b0.45ab 0:46" 046 045°051* 038° 025" 0.21°
CHAs MA2 2.92° 451° 579° 7.95° 0.64° 055 0.46° 089°046° 047° 045" 044" 048° 034° 023° 020"

"\Values followed by the different letters within the same column were'significantly different at p<0.05.
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Table 20. TPA results of rice breads reheated by microwave after storage for 48 h at 4°C
with the same specific volume.

Sample Hardness (N) Cohesiveness Springiness  Resilience
Control 1.43" 0.67° 0.46° 0.46°
CWs_MA2 0.95¢ 0.64° 0.43° 0.40¢
CRs_MA2 1.10° 0.65" 0.45° 0.44°
CCRs_MA2 1.10° 0.65° 0.45° 0.44"
IR64s_MA2 1.24° | 0.6§f’ 0.46° 0.45%
CHAs_ MA2  1.71° 0. 64° 0.45° 0.43°

"\Values followed by the different Ietters within the same column were significantly
different at p<0.05.

VAR R T ok T B B3 3k 1T S CHAS_MAZ A 4R b 4
UEERRER S BT R S LN LI LR S U
* S HON e A RS BRSO RRA R D R e
Bl £ 3 CWs_MA2 7 i3l i o 4 & 40aT (38 5 P BT & >S4l e o

- ’?Iﬁf«r\f CRs_MA2 & IR64s_MA2 2_ ¢t » 4= hofl B 22 B 48k 4 7 £ 7
DARH T NS MR T ARRH § R HAT R SH P 1

53



FIF pEATPIEMERLIELRFRTL NG (F- )
-~ RS

SOEFIAMRL FREUAAE CEBERT MG F- 2P %HREA R G
dEMAET 34k > EO0-5-10-15-20 2 25%% ks 7 £ 0 WITS
RS A A48 40 mMUge AR F LS 0 B AKE
FEARB T RSP ARE AL LD MKRE 5 E 0% BF0 E B 52 A 4 o
BOER|E_BF25 Z 39 Adi(4 - L - ) B AR AP EIFERPBIE P BF AT
AR AR R R KT 0 5 SHART 0 21T Y P R ME MUK
wzE A LA RE(BI2)

A oA - T REARER FENBB TN AN PFRHRERE S 2 MR (S
- &)

Table 21. The proofing time and specific volume of bread made of rice flours with
different amylose.contents (4° set):

Sample Proofing time (min) Specific volume (mL/g)
Control 22 4.87+0.18°
BFO 52 4.84+0.31"
BF5 49 4.87+0.24°
BF10 47 4.86+0.18"
BF15 44 4.85¢0.21°
BF20 43 4.83+0.17"
BF25 39 4.85+0.16°

"Values followed by the different letters within the same column were significantly
different at p<0.05.
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Figure 13. The appearance of breads made of rice flours with
different amylose contents (1% set).
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Table 22. Effect of storage conditions on TPA characters of rice breads made of rice flours with different amylose contents (1*' set).

Hardness (N) Cohesiveness Springiness Resilience

Sample RT 4°C RT 4°C RT 4°C RT 4°C

Oh 24h 24h 48h Oh 24h 24h 48h Oh 24h 24h 48h Oh 24h 24h  48h

abl c bc cd a a a a a bc ab a a a a a
Control 211 394 579 6.96 0.68 062 054 051 046 0.46 045 046 0.52 0.40 0.28 0.26

d d e d b bc b b b d b ab e c ab bc
BFO 129 288 454 6.85 0.66 0.58 050 =044 1 0.44" 044 045 045 043 0.33 0.27 0.22

cd d de cd b b b b a c a ab d c ab b
BF5 147 313 496 7.00 0.66 059 050 045 046, 0.45 046 046 0.45 0.34 0.26 0.23

c c cd bc bc bc bc be a bc a b cd c ab bc
BF10 157 369 533 754 0.65 0.58 0.49 043 046 0.46 046 045 0.45 0.35 026 0.22

b b b b c cd 4 = a a a ab cd be b c
BF15 1.93 434 595 7.67 0.65 057 047 0.42 0467 047 046 045 0.45 0.35 0.26 0.20

ab a a a c d de cd a ab ab b bc c c c
BF20 199 465 697 842 0.65 0.57 047 042 0.47 ~0.46 045 045 0.46 0.34 023 0.21

a ab a a bc bc e d a a a ab b b c c
BF25 221 482 6.99 842 0.65 058 045 041 ~0.46. +0.47 046 046 0.47 0.37 0.23 0.20

"Values followed by the different letters within the same column were significantly different at p<0.05.
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Figure 14. Hardening rate of rlde p.gead ‘om %l{ferent amylose content (1% set).
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Table 23. TPA results of rice breads made from different amylose content reheated by
microwave after storage for 48 h at 4°C (1*' set).

Sample Hardness (N) Cohesiveness Springiness Resilience
Control 1.43° 067 0.46° 0.46"
BFO 0.95° 0.64" 0.43° 0.40°
BF5 1.02° 0.63" 045" 0.39°
BF10 117" 0.63" 045" 0.40°
BF15 1.30° 0.63" 045" 0.41°
BF20 146" 0.64" 045" 0.43°
BF25 1.56" 064" 0.46" 043"

"Values followed by the different letters within the same column were significantly
different at p<0.05.
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Table 24. The proofing time and 'specific volumesof breads made of rice flours with
different amylose contents (2" set).

Sample Proofing time (min) Specific volume (mL/qg)
BFI110 47 4.83+0.10 al
BFII15 45 4.83+0.12°
BFI120 44 4.85+0.10°

"Values followed by the different letters within the same column were significantly
different at p<0.05.

BFI110 BFII15 BFI120

Bl 4T 7 REMkR R A BRI RL AR R(h - 2) -
Figure 15. The appearance of rice breads by using the rice flours with different amylose
contents (2" set).

59



= ~TPA iRl %
et 10 -20%F 48k 7 BN b W iTk g e TPARSE A - LT o
B4R 7 B 2000 BFH20 Rk g2 FEGER - R GH ARSI e A EFLE
LRGER 24 2 A8 | PEISH R Y RN E e o B AR 7 £ M BF10 2 BF15
R R PR R R RER - XA R Y MO d 4 &8 BFILS 2 BFI20 A & & ¥
EMFALAR HiAPEbRe SRR TEHACEIZIEHER L)
Cohesiveness 4~ 415 BFII15 & -4 2 317 » BF10 22 BF20 M3t 4] o &
TR % 24 ] pF > %73 $k cohesiveness ¥ T ' > BFII20 Mt grdl ke o HeRS e
LI RF LR SWARER F HhE 24 & 48 ) PFo 97 & & Cohesiveness
o drdle %3 B i 2 cohesiveness o T R &-efspringiness ek 2 g - o)
PEE F 853 24 ) pRTS *%@@¥iﬂ’b$&ﬁi4lﬁéBHHm&%’
Frlido £ o 48 ) RS R mé'f’ ﬂl%f}*%iﬁﬁ"&ms PR Bods o 904 4 Sk
12 resilience *’@@ﬁﬁ.;{#"i ﬁ‘ kg *M%Eﬂi"BFlllo Mgl B apd
,,}»,fA ¥ BFIILS & fdcit » e

FREELdea B o q:ﬁgl
SR R A AR Bﬁu‘ib R IR Lk

P 15
iy

f"\
"‘\

400

w
o
(@)

" 48h_4C
" 24h_4C
0 . 24h RT

Control ~ BFII10 BFI115 BF1120

=
o
o

Hardening Rate (%)
N
o
o

Bl = ~ 224k 2 ERTHTHF AR 2L E F (52 2)
Figure 16. Hardening rate of rice breads made from different amylose content (2" set).
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Table 25. Effect of storage conditions on TPA characters of breads made of rice flours with different amylose contents (2" set).

Hardness (N) Cohesiveness Springiness Resilience
Sample RT 4°C RT 4°C RT 4°C RT 4°C
Oh 24h 24h 48h Oh 24h 24h 48h Oh 24h 24h 48h Oh 24 h 24h 48h
al a b b a a a a a a b a a ab a a
Control 1.97 3.67 5.01 647 067 0.62 053, 1051 046 0.46 045 046 0.50 0.39 0.27 0.25
b b b b b a b be a a a b b b ab b
BFIIZT0O 149 291 521 6.50 066 0.61. 048 0.43-.0.46+< 0.46 046 045 0.48 0.38 026 0.21
b b ab b ab a b b a a ab ab a a ab b
BFII15 156 3.16 542 6.36 0.66 0.61..048 .-0.44 .0.46" 0.46 046 045 0.50 0.40 025 0.21
a a a a b b b g ( a a ab b a b b b
BFII20 181 3.60 5.89 7.39 0.66 059, 046| 042--046 046 046 045 0.49 0.38 025 0.21

\Values followed by the different letters within the same column Wwere significantly.different at p<0.05.
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Table 26. TPA results of rice breads made from different amylose content reheated by
microwave after storage for 48 hat 4°C (2" set).

Sample Hardness (N) Cohesiveness  Springiness Resilience

al a a a
Control 1.34 0.66 0.46 0.45

c c b b
BFII10 0.99 0.64 0.45 0.42

bc b ab ab
BFII15 1.04 0.65 ; 0.45 0.43

b b a ab
BFI1120 1.14 0.65 0.46 0.44
"Values followed by the different letters within‘the same'column were significantly
different at p<0.05. e
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Figure 17. Cooked rice breads made by straight dough method (left) and no-time dough
method (right).
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Table 27. Specific volume of cooked rice breads.

Sample - Specific volume (mL/g)
Control ‘ 439+0.07 °
CRF 4.36+0.09 °
CRR s 487£0.10 °
TKOF B! 43740.15 °
TK9R A | | Congar005 °

"Values followed by the different letters.within the same column were significantly
different at p<0.05.
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Figure 18. The appearance of cooked rice breads.
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Table 28. Effect of storage conditions on TPA characters of breads made of cooked rice.

Hardness (N) Cohesiveness Springiness Resilience
Sample RT 4°C RT 4°C RT 4°C RT 4°C
Oh 24h 24h 48h Oh 24 h 24h 48h Oh 24h 24h 48h Oh 24 h 24h 48h
al a a a a c a a ab ab a a a b ab a
Control 235 510 6.80 8.35 0.68 0.60 0531 048" 046. 0.46 045 045 0.55 0.40 0.30 0.25
a a a a b e c b a b c b b d b a
CRF 238 503 6.25 7.92 0.65 0.53. 0:838 ..0:37 0.46/ % 0.45 0.37 0.38 0.49 0.32 0.24 0.23
b b b b a a a a b a a a c a a a
CRR 094 188 332 4.28 0.68 0.64 <% 0.55 0,49 0,45 * 047 046 045 0.46 0.45 0.33 0.26
a a a a b d b ——g! ab b b b b c b a
TK9F 243 510 6.42 8.65 0.65 0.56+ 0.40] 036046 ,0.45 041 0.39 0.50 0.35 0.26 0.24
b b b b a b a lha b a ab a c b ab a
TKOR 093 237 3.61 4.46 0.67 0.63/ 052 1 049" 045 047 045 045 047 0.41 0.30 0.26

"Values followed by the different letters within the same.column weressignificantly different at p<0.05.
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Table 29. Retrogradation temperature and enthalpy of cooked rice breads.

Retrogradation

Sample Treatment
To (C) Tp (C) Tc (C) AH (J/9)
Control 1h ND* ND ND ND
2 day RT ND ND ND ND
2 day 4°C 41.62+153 A47:11+#194 51.85+0.33  1.006+0.08
7 day 4°C 39.44+0017 46WO+0.62  51.60+0.51 1.718+0.09%
CRF 1h ND ND ND ND
2 day RT ND [ =% |ND ND ND
2 day 4°C 42.20+0.04 [, 47.23+0.44.,._ 50.66+0.24  1.042+0.19%
7 day 4°C 39.630.62 46.69+0.86, | 51.39+0.63 1.879+0.09%
CRR 1h ND ND ND ND
2 day RT ND ND ND ND
2 day 4°C 43.96+0.59 47.20+0.89 52.24+0.46 0.483+0.02"
7 day 4°C 40.01£0.16  46.15+0.76  51.16+0.37 0.905+0.02°
TKOF  1h ND ND ND ND
2 day RT ND ND ND ND
2 day 4°C 41.29+0.76 47.39+1.58 51.67+1.16 1.176+0.01%
7 day 4°C 41.20£0.94 47.26+052 52.22+154 1.631+0.28"
TKOR 1h ND ND ND ND
2 day RT ND ND ND ND
2 day 4°C 42.05+0.65 47.71+0.61 51.11+0.18 0.523+0.01"
7 day 4°C 40.78+0.52 47.15+0.47 52.38+0.10 0.967+0.01°

IND : not detected.
*Values followed by the different letters within the same column were significantly
different at p<0.05.
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Table 20. The results of sensory evaluation (a) CRs_MAZ2, (b) BF15, and (c) CRR.

*Meant the significantly different at p<0.05.
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