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Abstract

The physical properties and bioactive compounds of domestic colored rice (RW

and BW) were investigated. Furthermore, the effects of heat-moisture treatment (hmt) of

the colored rice on the physical properties were investigated. The process of 30% and

51% substitution of colored rice (including hmt rice) with wheat flour for bioactive

Chinese rice noodle making was built up. The effect of rice replacement levels and hmt

levels on cooking quality and textural properties of colored rice noodles were also

investigated. The mixture of rice flour and wheat (rice flour: wheat = 3:7 and 51:49)

was stored for 90 days to evaluate the changes of free fatty acids and bioactive

compounds during storage. The pasting properties analysis results showed that the hmt

rice flour had higher pasting temperature due to molecular rearrangement of starch

molecules. When hmt time is over 15 min, it inactivated enzyme, and caused peak and

final viscosity increased. When the heat-moisture treatment was processed in rough rice

form, the effect of heat and moisture to pasting properties was reduced. The thermal

properties analysis results showed that hmt caused To shifted to higher values and

enthalpy reduced. The additional moisture during hmt caused higher gelatinization level,

and the effect of moisture to gelatinization level was more obvious than heating time to

it. The mixture of wheat and hmt rice (30% and 51%) showed a pasting viscosity similar

I



to pure wheat flour and may ideally substitute for wheat flour in noodle preparation.

Rice noodle had less cooking time than wheat noodle. The rice noodle containing hmt in

rough rice form had lower cooking loss and adhesiveness, and higher tensile strength

than noodle containing untreated rice. Adding 8.8% vital gluten in 51% substitution rice

noodles decreased cooking loss and adhesiveness, and also increased firmness,

chewiness and tenderness. The sensory evaluation results showed that the 51%

substitution rice noodle had the higher value on total acceptance. The 51 % substitution

hmt (15 min) red rice noodle had the highest value of total acceptance in red rice noodle.

51% rice noodle prepared from hmt red rice, native or hmt black rice showed the beat

potential to rice noodle products. During storage, the lower storage temperature at 4 °C

and hmt caused less free fatty acid. In bioactive compounds analysis, total phenolics in

black rice noodle was two times of red rice noodle. Total anthocyanins in black rice was

not affected by storage temperature. There was 70% maintenance in total anthocyanins

from black rice flour to black noodles. The results of this study not only promote the

application category in domestic colored rice but also provide new choice about

bioactive novel rice products for compatriots.

Keywords: colored rice, total phenolics, heat-moisture treatment, rice noodle, storage,

free fatty acid.
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Figure 1. Chemlcal structure of flavonoids.
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Cyanidin 3,5-diglucoside OH H 0-p-D-glucoside  O-B-D-glucoside
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Bl= ~3¢ 47 75225814

Figure 2. Chemical structure of several anthocyanins in pigmented rice.
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Ao 3 d N AMP ERY hE PRS2 S dgdk (Fardet et al., 2008)
Table 1. In vivo studies (animal and human) with coloured rice and their effect on oxidative stress biomarkers (Fardet et al., 2008)

Cereal products tested

Control diet

Model

Pro-oxidative treatment

Study duration

Antioxidant markers

Animal studies

Coloured rice

White, black or red rice
powder (30 g/100 g diet)

Red or black rice

White or black rice outer
layer fractions (5 g/100 g
diet)

White or black rice outer
layer fractions (5 g/100
g diet)

Black rice extract (5%)

Brown and/or black rice
powder (50%)

Anthocyanin-rich extract
from black rice (300
mg/kg/d)

Anthocyanin-rich extract
from black rice (5 g/kg of
high-fructose diet)

Normal diet

White rice

Normal diet

AIN-93G diet

Control without
black rice extract
White rice
powder (50%)

AIN-93G diet

AIN-93G purified
chow diet

Male New Zealand White
rabbits (6—8/group)

Rats (3—8/group)

Male New Zealand White
rabbits (8/group)

Normal (C57BL/6J) and
apoE-deficient mice
(15/group)

Male C57BL/6J mice
(11/group)

40 male rats (10/group)

30 male apoE deficient
mice (10/group)

60 male Sprague—Dawley
rats (12/group)

High-cholesterol diet
(0.5¢/100g)

Renal tubular damage
induced by ferric
nitrilotriacetate (Fe-NTA)

High-cholesterol diet
(0.5 g cholesterol/100 g
and 3.5 g lard/100 g diet)

ApoE-deficient mice

ApoE-deficient mice

High-fructose diet
(63 /100 g)

10 wks

6 days followed
by Fe-NTA injection

60 days

16 wks

10 wks

8 wks

20 wks

8 wks

Black and red rices T liver total
antioxidant capacity and erythrocyte

SOD, and | liver reactive oxygen

species and aortic MDA

Kidney catalase 1 after 6 days of

black rice without Fe-NTA injection,
kidney TBARS 1 with white rice not
with coloured rices after Fe-NTA injection

Black rice outer layer fraction | aortic
8-OHdG, serum and aorta MDA, and
no difference for serum vitamin E and
erythrocyte and aorta SOD

Black rice outer layer fraction |
antioxidized LDL antibody titre

| plasma TBARS, 1 hepatic SOD

and CAT

| liver TBARS, no change in liver SOD
and CAT, and 1 liver glutathione and
GSH-Px

No effect on total serum antioxidant
capacity

| plasma TBARS and oxidized
glutathione

(GSSG), no change in plasma
glutathione



¥ - & ~ JR#J2 (Heat-moisture Treatment)

1y

/B # i (Heat-moisture Treatment, hmt) 5 — &4 3203 4F > Ap T B 2 4F {5
PARZE 2 BEUILS RS T ENFREBEEF B KA EFRT
5 10-35%  BRFF Z 90-120°C - pFRE =R 5 15 ~ 483 16 | P& o

- ARA T RAURIE AT SRR SR 2 R R KR B AR

o FIEF T Ap 0 AEOTI TR IBEAIEH B LA P R T S
2_ B2 54 ~ (Gunaratne and Hoover, 2002) - & #-5 & % - #% Jik# (Gunaratne and
Hoover, 2002) ~ & # (Hormdok and Noomborm, 2007) ~ % 3 /i #s (Olayinka et al.,
2008)# % 3} & #> (Chung et al., 2009)i& {7 /& # a2 > 357 L HWE 4 T o @ iR
T2 T ¢ R ARBURILEARY o Sk MR f R (crystallinity)3 4 ~ ok &
B (hydration)"# ¥ ~ ¥ 4duik s 22 L 48Rk ePR 3 IF S N gEERISE B AR
SRR & F o B g B R 8 2 £ # % (Zavareze and Dias, 2011) o R £t i
TPEI R B R R B R - o 31 ¥ 3 1° 4 (bambarra groundnut)k 45 iE 7 R A
FdZ 0 3t 60-90°C T > 357 A H A 12 R T '% (Adebowale and Lawal, 2002) o j&#t i

BARPWES BRRATEORT] AREA TP MOER > REfrE BT
it #8352 { % en% 3 18 % (Hoover and Manuel, 1996) » @ fjicfs 3pkp 3R A& 4 L %
B P A e pdkob R4 E 2 B 4Bk E -7 T 4F & 47 (Olayinka et al., 2008;
Tester and Morrison, 1990) -

HoF G TR RIL > Big 2 R AR L F B ¥ chit % (Hormdok and Noomhorm,
2007; Zavareze et al., 2010) » 327 F 4 4 > @ SRR AR L% 0 A & R FIEE
8 %P 4 R Bi(cross link)>m @ E S R H P g RS AIE ST RE P
PTG G PR o & Arns etal. (2015)0FT ¢ Rldg o BB RIZE A a1 R
P EFNRABRILES o R ALY AT AR A R 1 o A e E B0
& % (crystalline lamella) 5 1 -

mWMQMaLQM$%$$ﬁ%éFﬁ%&£%ﬂ’%ﬂ%ﬁ*9€§%?
(1827%)FF > 81V iE AR F 2 > P B BARTE o o> HRERE YRR F

Lo G NipER DI ERFEL > AF P endEdd B a R @RETEL S

AV MBI RR oA RB IR T HFRAERE L PR R RS
8



¥ { 4v#& T (Adebowale et al., 2005; Hormdok and Noomhorm, 2007; Olayinka et al.,
2008; Watcharatewinkul et al., 2009) - Zavareze et al. (2010) 4 %% % 2 48~ # & 48
2K B AR R 1B T RARIE (kA 7 R 15% ~ 20%% 25%) 0 IR B AaR A
XS HEBVRREE o WHALR  HERAE C RMAR B v EMASE M o ¥
P BPRAGE Y KB AR 7R R SRR AIZ(25%) 1 0 h e 5
FREEATERA I A R FE R A G THEREN o doB] 2 1T S
ORI B B 4R Y B Al 0 WU AR R B A RR B S o W
R A R EAILEE 3 R kA § RQSWIBEE A TR ek A § BT

(=t

A g i A 2 @ i A RS enec % - Dutta and Mahanta (2012)5087 § ¢
$7 50 A § & enfed €9 F parboiling) o & 1S5 AR £ (3 bR A
FR L1%) e faAsd ¢ 0 11 100°C 2 FIE £ 10~ 1582 20 A 4ais o 2 fpir sk
Rz QRFRDEFESF o TEdp Dt 2 BRSO - @ 1 120 °C it
FEE 1015 2 20 A48is > Pl ERBF S K 0 2 ARR D F ARR
100 °C 7 & o Mg WL 3 % F BT R o

BEGSEHER B R R T BT A 7 e o JRERIT R TR P
FOLE A 47 ¢ Acds iR B (To) ~ w8 B (Te) ~ ¥ R B(To)& #2 E(AH) ; 2 %
HARRFIRERILAR R RREIERLZEn R Py HFR #HEE&EK
¥ o~ HEE MR - L #(true yam)dk 5 (Gunaratne and Hoover, 2002) » 12 2 . X Bk 45
(Chung and Shin, 2007; Hoover and Manuel, 1996; Maache-Rezzoug et al., 2008)~ # *
E(Watcharatewinkul et al., 2009) % i& {7 ;R # ed2 (s » H To~Tp & Tczat 2 » ¥ %
FELREZH A AL IR AR L R R DR T LR AITEART
Bk B TR 0 F T AR -E A 0 B ARl -y e T i
(Hoover and Vasanthan, 1993) - Adebowale et al. (2009) 5% 7 45 ) > s I“ A2 2 - &
B Tt B BRI 0 Tl AR R R AVR S SRR e F RS B

EBE > B EERH TS A RSN

EN
e

¥ cripolymer chain d % &% % o @ R R
MR EALEFAT B FLS o LRI ANERA TR LR EAT
#E F)h Fef oF 1 ToTe & Teo @ $30BAAILS & #1427 % > Gunaratne
“F B 7 B

and Hoover (2002)sr# 7 4p 41 » A R Fl 2 BAILE S 5 H B H 2R R ® Y 0 X

W en# f3973% o 8@ > Hormdok and Noomhorm (2007)%= 3 Bl3n 5 » JBR# AJE
9



%‘éQ\IEM‘,’ﬂF}’“M‘}ﬂmZ %L’ %J’(éﬁ“}/\ I‘El'.—rug °

2R RN TS K ﬁﬁ%»%ﬂ%ﬁ 2. % B4 (a); RAVRIE
(25%7 k&) % L4k (b)) AIBEILZ ¥ E AR (c): BE I (25%7
K2 ) 2 ¢ Badikps () ABRA L2 ME MG (e) ) HIRA T (25%7% K
) 2 MB sk (f) -

Figure 3. Scanning electron micrographs of high-amylose native starch (a);
high-amylose — HMT 25% (b); medium-amylose native starch (c); medium-amylose

— HMT 25% (d); low-amylose native starch (e); and low-amylose — HMT 25% (f).
(Zavareze et al., 2010)

& Min et al. (2014)4p 1 > T (parboiling) &~ & & SLerBH g2 > 2 5 ¢ 3
1 % (soaking) ~ 7 & ( steaming)feiz W (drying) » B {5 L B TR BB o FE L
HEFZHN DT o S8 ¢ X RDIFEE A > FH AL 5 (head rice
yield)#t 8 ~pp¢ ¥ ~ A A#% R ~AA T > $ B35 { § ¥ &+ F(Buggenhout et
al., 2013) = Blw & 97 7 & G833 58 $85 <L 179 38(Buggenhout et al., 2013) -
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| Raw Rough Rice

Hull ,,/ Dehulling

v
[ Raw Brown Rice |
Soaking
v b ]
]
| Soaked Brown rice I I Soaked Rough Rice | §
N
Steaming 2
Y L .‘:".6‘
| Steamed Brown rice | | Steamed Rough Rice | g
o
Drying
v
| Parboiled Rough Rice |

Dehulling \. Hull
r

I Parboiled Brown Rice |

/ Milling \.

v y

| Parboiled Milled/White Rice |

Blw ~ 30 7& & 8 G4 T 58 #1045 eh 8L 1795 3¢ (Buggenhout et al., 2013) -

Bran

Figure 4. Steps in the conversion of rough rice to milled parboiled rice (Buggenhout et
al., 2013).

- Bhattacharya (2011)® B 3Z 113F % & - S 2L K ol & 5id & a2 55
RREFEREEE R P AREREERL ks O R - A

YR AR AR A AR R IRERIL A A e BT g2 Sh
¢

T

BF G R R SRR LY 0 5 L AR AR 4k
AR kR G ¢ A PR RS T £ 2 FEPRAASLAEE -
FE A d o G Rk frfe e FRBRIZE > Mkl LR B RF A

F R e

KRB RE T R R dE (VAT o A FUASES IEEE
AERR AR P ehE £ (Min et al, 2014) o b o JBEAITS VR AL D
PUCEFFAPMIBE > 3 ¢ KM B0y FREPHECEFZE
(Paiva et al., 2016) °
AT AP EY T TR E RARE 0 iR TIRBASE ) R
Tl na BEASLG > J 4 AP EFBCEST IR (¢ FRPFIE B

MEm G EA AT A RE) AR
11
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Fou o S RFEE N RE

{2 3\ 4§ i% (Asian noodles)i & 1 ¥ R PjFfe & p A L H TR > FE B
G2k o PR Z BT A 0V RA G- 7 B I iE (regular salted noodles)frw
#% %@ 1% (alkaline noodles); & & B 1F 2 /£ & 4 > P ¥ ® & 5 #7 fa 1% (fresh noodles) ~
¥z % % (dried noodles) ~ #a 1% (steamed noodles) ~ 3 % % (boiled noodles » ¥ £
AL RIe 2R E )L k& F R 5 iE (frozen boiled noodles and sterilized boiled

noodles) ~ 7 ¥ i “Fi# @ $g i% (steamed and deep-fried instant noodles)fr 7 & fr#t 3

F %29 f@ 1% (steamed and hot-air dried noodles) & o — 4% %g if ",% v E g o
ok~ & %%k Si(starch noodles) ~ & # % (buckwheat noodles)fr i # (rice
noodles) % o fe F|f ~ F F 4 2L i Fv (gluten) > AW T T R EERB P C RS L A
e A el $R e

#7345 Fa 4 (flour)~ -k ~ B ~ 7 4% F~ (alkaline reagents)( 0.1-0.3%&"3’ EHEE & 0.5-1.5%

o Fp K Fev mpﬁﬂ%—i—gﬁlltm"j}0—13;";}?@1"%5%%5"57

feagdkvR )~ KR S W~ AH e BFAE o faiE B AR ¢ 7R & (mixing) ~ 4F
£ R 2t = §g ¥ (sheeting) ~ *7 1% (cutting) ~ §¢ %% (drying) ~ 7 & (steaming) ~ ;4 *F (frying) ~
k& (boiling) ~ 4 ik (freezing) ¥ # 2 (Fu, 2008)
M- ol Sk WA g ik 0 7 F A A (<0.4%) ~ ok A (=35% on flour base)

% %5 (NaCl) ¢ & 1+ % (alkaline salt)(Kruger, 1996; Miskelly, 1996) - %] {7 #g i pF /p %]
gk k(e E)B 2 F(F ZEF R R E 4 & 5 fa4® Delcour and Hoseney,
2010; Miskelly, 1996) - — 4@ 2 » g =17 & vk s MO e #7132 ks kA
i 5 € ¢ famER R uf (dough sheeting) > -k A T b Bl = SR ARRE A @ ) o 4k

& 1+ % F (less extensive noodle sheets)(Hatcher et al., 1999) - @ g ¢ e 4djk
¥ (AM) 22 & 4l ofs (AP) et b ~ BLAR R A2 R ~ B 2 s 1V L > 300k 2 4 1
# ++ (Delcour and Hoseney, 2010; Kruger, 1996) o 3 & faif p¥ » 58 i% £ o Tk 4 8
BREMIFE BB 3REL0EIFE > ELREORET > BT fIE 2
% & 3 % o g (Delcour and Hoseney, 2010) o % & g i% £ 3|4+ e & * 5 f (eating
quality) » — E* XM AR B > S RIE R KT B4aNKE T E M) gk kB
(Crosbie, 1991; Kruger, 1996) -

12



0o $ g 2 b end ek kR B dg 1E P e ¥ H 45 15 127 » Choo and
Aziz (2010)£0%7 5 45 8t > 11 F 4 E#s (green banana flour)30%2~ % | & 4545 » $° #§
TE R S FU IR R 7 £ F & o cPR 58 & Yoenyongbuddhagal and Noomhorm
(2002)F7 3 ¢ 45 o $5F B 8 (T IR B ASET B & & < {148 % (vermicelli) - F -
IR R S TR AL E AR S TR S A
1% & B foRT sk & (Ross, 2013) -
¢+ ¢t »Hormdok and Noomhorm (2007) 9= 3 7% 45 1 » $ 58 B4 i {7 /R £ )% L)

=

Berr L K RIEDE R o Y P SRR R FRE ST (110°C > 1.5 ) BF > kA 7
£ 20%) 4c annealing (55°C » 24 /| pF ) ; H {5 #-AIL iF 5k S0%B~ % & AL i
Bes o N RIFRT . FRIUBRRER R > B RFE ST BT
F oo G TRGT AR TRPRAFRFEE SRR LR ES T DS
AL TR AR EARY o A Arfoic € Rk £ S ) B ARG B
(AM crystallites)(Lamberts et al., 2009)fr-¥ it 2 4&k s (retrograded AP)(Derycke et
al., 2005a; Mahanta et al., 1989; Ong and Blanshard, 1994) - ] % AP s i B B ) &
50°C » F]pt ;= AP crystallites I 7 € BT BF HF 8 5 KA o AM ey it R
X3 100°C > Flt g d BER RN O o KA o L FRE-HIFY o &
RGP FR O KRB OHBEERAEEFRELEAARR > TR PREI ARG
% K (Mahanta et al., 1989; Ramesh et al., 1999)  g* ¢b » 3F & £ # @8558 ¢ s
2 5 o Derycke et al. (2005b)sr# 3 45 1 T L v “;’f”&ﬁ P X E
® R0 FenEagEgES 0 R AR R > P FES A 0 T Anok
TRECARYHEZIERTE

Kok LB ALE 2045 30% 2 S1%B %] § dads o 00 diE o FURILE 0
L - Bl Bk G R 0 PR L BMRE ZE 0 A Y R T
ﬂﬁ%%ﬁﬁﬂﬁ?ﬁﬁ’iﬁﬂ%ﬁﬁiﬁf%ﬁﬁﬁﬁ°ﬁ”’ﬁﬁﬁﬁ%
SRR Rl B ) SR AR R TGRSR 0 B RRTR T L s
DRI ER R BRI -

5 35 A5
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R I e i

— &~ L R
- R EEE ER
AEFHATR Y23 ¢ F 5 99 ER P TEST mAERW)E 5+ =
2R (BW) o BA TEELER BB G -
AR EIT KRR TR Y 2B N SR BB EERTF AP o B
14 %g 5% (vital gluten)P]d % % #F(Roquette) > @ % & > H-kK & 7 & 5 7.62% » 48 kv

58 5 62.70% (db) -

=~ EA

a4 7 P T2 o-amylase ~ protease 2 amyloglucosidase FEp Megazyme
(Wicklow, Ireland) - & = 4~ % % 3000 ~ 3000 % 3260 U/mL -
2-(N-morpholino)ethanesulfonic acid (MES) - tris(hydroxymethyl)aminomethane
(TRIS) ~ 2 & % (catechin) ~ #u3k & fi& (ascorbic acid) £2 [# 4k ik (ferulic acid) B p
Sigma-Aldrich Inc. (Saint Louis, MO, USA) o H &% 5. % 28 % & o

SESREEE 2 FERK
- ~fek SR
135 48 (THM-1, Long Good industry corp., Taiwan)2 #{5 2 #&F 5 » 17 &
vaol AL B S (RT-02A 0 4525 % > 4 8 ) #-kbX 77 B8 > i 40 mesh & 2. 5 3%
#o R PE Rjdtts - Bvack A wr oo

e L
B DR K AL R B AIL 2 B 030%% S1%F B B 1k 2 e s

*

. o e s L
FEgze £KY 1

T8 M AU R 4°C 2 25°C ¢ 0 ip] AR 03 B
AR 0 PEALIARE R A A RN
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OF IR B RSE R R

m

AN AR O & CHEZFEE o
1. %7 (Soaking)

PR R A 2 FEER AR B R BN o e i Bk B R o fEER ek
sREREZ 1.5 B(Wiw) s K 2ok & SR 2 e KB o Sl ol ek B 5K
T2 031 B(wW/w) > ZARA 4k R Sk £2 033 B(wiw) o AT ERFIR o 4o
R kBE@E O NACTHRREE RESKEEafo BNRIC IS A

\F‘b

2. %% (Steaming)

d '

3 100°C T FE 5158 30 A4 10

?
W
B
=3
D
I
-
:
¥
)
R
=
¥
-

AAEHE2 001030420572 KE -

3. 5¢% (Drying)
S+ ¥ i p Lai (2001) o #5358 22 » ER 5 R4 ¢ (45 °C/70% RH)iz %%
15-16 /) pF > 2 2k~ 5 B 5 11-14% -

e~ g iE LT

%4 p Huang and Lai (2010)fg i ® 17> ;2 @i Wiv v & 2 #4348 & Bt ~
A EERSH G 200 g2 peds 0 MEFORER RS g8 REHELA £ F
S B £15s 304 4B1s B - % o LR 304 4B REI(P T 4P 5 L)
FURER A EEL cm2 K AT 0 F R R 900 L AT B4 480 o £LE 604 s 0 ¥
W ERBTIET > L 58> F BRUOT o B30 604 4518 > b3 ) BFEE @
By EARUELEAALEY IR RS ERL03 om; F R (L0E
300480 2457 (SK-207 0 P 3R 4> £ ¢ 5 AR T 2 25 mmT A2
o T2 A g IE 0B (WWHGA KR E B A A AR E MR B
AT 18 2 W14 °Cin oKL FP30F) 0 AT H ¥ o

15



s g E fie >
1. 30% 3 254 B 1% 5 4 %
Ko 3k 2545 60 g (30%) B &5 & Fa 4 140 g (70%)° B 5 g (2.5%) -k 70 g (35%) -

2. 51%:4 45 B 1S o 4 0F
ok 2ok 102 (51%) & 540 3 fa4 98 g(49%) B Sge ®iF e imlLig & o
k70 @ 4B ke 9 (vital gluten, V)i 4 B 72 g (3.6%)2 17.6g (8.8%) » 114
Bl P8 30% A Pl B A TR A ] SR IEARITZ v 7 R FUREIER S0
boo WHZ AR EREL TS g A BF 2 ARERI S T6 g o e 3.6%FILE 2
~ELE v3.6 0 ”T 4 8.8%z2 (NELE v8.8

. =
=~ F R e

E V%’ #F 4324 ;% (Hedonic scale test) > 12 4, 4 #](nine point hedonic scale):& {7 °
oL D] A L1 Z(very bad) 0 3 4 % 7 % & (unsatisfactory) 0 5 A 5 ¥ %
(acceptable) » 7 & 5 4¥(good) » 2 9 & i f&iE(very good) o ¥ — X HFi T % 2 A S

22024 AREBAFRLE KBS X 47 A o R X EIEHR L ALEL D2
2660 ek B FRBER £ 724 0 10k 5 - EEEEF AT 030 KT 27
A0 31~40 F 13 4 5 41~50 & 18 4 5> 51~60 fk 14 A o F3T4 55 30%F 2k B
Rz Bk g an K ik & - A(W70BW 2 WT70RW)Z 51%F s B~ % 20 23 o

« fm F f& 1E &2 4 f8 (W49BWVE.8 - W49rBWI15v8.8 > W49RWvE.8 %
WA4IrRWI5v8.8) s 2t Faix &2 o A faifF & BB (7 53T o 3T P ¢ 350 %
(color) ~ # vk (aroma) ~ B vk (flavor) ~ 5& |2 (springness) ~ A & (hardness) - Zk %

adhesiveness) ¥ B 48 4% % B (total acceptance) © F it &iBi®A £ 4od = #77 o
p T

N~ Fr s 3N T 3 B Hc4E (scanning electron microscope, SEM)jL &

Leal BUINE S AT & T SERURRNCE 1S It LS UL NS SRR S K
Fooom kP AR T S B s (SEM, TM-1000, Hitachi Ltd., Tokyo, Japen)#. 2 %7
B R -



%2 TR A A
Table 2. Sensory evaluation table for colored rice noodles.

e L

FEHT I AR A RN Y EM A RE ARG 9 A 0 hi ]

v

b el & E A& (very bad) 3 & % % & & (unsatisfactory) 5 &4 5 ¥ £ % (acceptable) »
7 & % & (good) 0 9 & 5 & i (very good) °
P& B

i
BA R Rk = 1 &

¢ &
(Color)

# PR
(Aroma)

B eR
(Flavor)

SE|

(Springiness)

H R
(Hardness)

e

(Adhesiveness)

FHELR
(Total

Acceptance)
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FZE L2

N Y

- s A ik BAACCH# £ 47 > 2 (AACC, 2000):& 7 ©

kAT 2R

i Jp AACC Method 44-15A (Air-Oven Method) = /% » 3% — FFEFz % > 5% o 25
25 g Rt Ao Bt e EZGTRAEE R 0 V130 °CT e A RS 0 BN IR
m AP  RER L ER LKA R A AL o
TR

% % AACC Method 08-01 (Ash-Basic Method )= i B] @ ## #22.0 gi&5z & &3
A RIES 2 B AR o A it g P 250 °CTF R T 20 BF 0 £ 3500 °CTF A it 24-)

o b 4F]$77TI-‘€‘ 0 &A\g—gj‘},’ﬁ/ﬁ\pu 2 2o

N CRERV A
i % AACC Method 30-25 (Crude Fat in Wheat, Corn, and Soy Flour, Feed, and
Mixed Feeds) ™ % B %_o # #%2.5 g5 2 e & BT A S B R E B R B
PR FEASOCRIE Y o Eoke mP HB16) BF 0 115-10°C2.95% ¢ figie
TRA R o B FFE Y100 CCHEFEFEE30A 4 0 L AP TR AT et s B

ﬁln\l’b%\»i"

4. fe v 7 E

% % AACC Method 46-12 (Crude Protein-Kjeldahl Method, Boric Acid
Modification) > j# » ##8~0.5 gi&iz 2 $& &£ 1.0 gfff 45-%](SH20-CuSO4: K2SO4 = 1:10,
wiwW)Rt AR M o ¢ i B 3tKjeldahl 3w BT A R ¢ o 40 225 mLkAREE > YA
f% Y (Tecator Model 2008 Digestor, Foss Tecator, Hoganas, Sweden) 360 °C*4c £t 4
JRLRF R LA A R4 L 4 K B (Tecator Model 1002 Distillator, Foss
Tecator, Hoganas, Sweden)® > 4v » 30% NaOHZ ;3% T d&tt > 120.1 N2 mifig 5 &%

18



BT A PR ERZEF PR EEF P E DRSS

FE D TR GE P IST A BEKS59

5. agaz g

%+ AACC Method 32-07 (Soluble, Insoluble, and Total Dietary Fiber in Foods
and Food Products) > i  ##2~1.0 g4z & #5 #& &> 4r » 40 mL MES TRIS (pH 8.2) ¥
7% 7% ¥2 100 uL a-amylase (Megazyme E-BLAAM, 300 U/mL) » *+95-100 °C-k % #
B F A4S 48> 4 Er360 °CT J 4r 100 pL protease (Megazyme E-BSPRT, 3000
U/mL)» £ 760 °C-kiF ¢ R &+ B35~ 418 > 4 K% ikpHiE 1 4.0-4.7 > 4c » 200 pL
amyloglucosidase (Megazyme E-AMGDF, 3260 U/mL) » 60 °C* %354 455 » 114
#§ /g % % (Fibertec System E, Foss Tecator, Sweden)i& 7 i ijg ° f % 1 5 2 3L35 ¥ 3f
P RO0Sgr b oA T FMISTOC E4 -k T8 95%e FRFECE S A TR
% & 5 a(IDF)R| T4k & » Jgif 1160 °C, 95%¢ F ik 1] PFis e > €48 ¢ 2 5
Me s WA T E LT B G B (SDF) o M3 USRI 0 A A T
SRR AERF E A NP THEERY Tl sz E 0 a‘r"$ R LB
fricns g g -

6. PEELI AR 5 BB T

%% Lowry and Tinsley (1976) 2 Kwon and Rhee (1986) ;2 - B~0.3 g3f £k & fie
#0218 mL e Y=t E R T R F(900 rpm)E B~ 5 min 0 #.s (3000 rpm 0 54 45)
62~0.8 mL} FiR AL 22 mLtE g g9 FRAEF L 0 L X PE
#PgE 5 ¥ P~0.8 mLt jFi% > 4c » copper-pyridinez##|(5% cupric acetate (w/v), pH
6.1) > BT 15 4.< (3000 rpm > 14 48)% > BIET715nmjk & T 2k @ o 0 G R
B edl 28R 8 EYrg st £ (goleic acid equiv/100 g lipid) »

%% 1 i3 45 p Walter etal. (2013) % Junetal. (2012)7 ;% - #-0.3 g F #5505

19



Br50mLAZ® e d ¢ 02 15SmL80% Y fE R T F 1 pFode (300 rpm
10 min) & Jc &+ Fi% - A4 £ 2 1SmL e it 7 fR(pH 2.0 38 T ¥ B 1 o) >
. (300 rpm ~ 10 min) s J & b iFiR 5 AR E 2 40%f iR 15 mL R R T 5B
— ] B 3w (1000 g~ 10 min)fsje B b iR o £ B Z S b FiR o RS T RE A

TEIS0mL BT IpEE R AT

2. Bz 2RI T

%% p Taga et al. (1984)= 2 o P~50 pLtk & % B~ » 4c » 50 pL 50%
Folin-Ciocalteau’s phenol reagent » /& & 323 {6 # R 54 48 ; £ 4 » ImL 2% e 40 7%
R R EEF N R TEREEI0L 4 P E TS50 nmitk £ T 2k B o 1 ferulic

acid 5 &% 5. » 3+ & H + § (mg ferulic acid equiv/g, db) °

%+ B Saikia et al. (2012)4rZhishen et al. (1999)7 ;2 > B~1 mLk &5 B~ > 4o
>4 mL7Z 45k 0.3 mL 5% NaNO2> 64 4515 4 » 0.3 mL 10% AICL% ik F 14 45
4e »2 mL 1 N NaOH#22.4 mLzE45 kKR & ﬁr% v B ES10 nmyt £ T 2o R E 0 1Y

catechin 3 %% % » 3+ & H § & (mg catechin equiv/g, db) -

4 BEFETERT

%% p Fuleki and Francis (1968) 4rLin and Lai (2011)= j* - r2pH-differential
method:& 7 jp] T_o B~0.4 mLk 55 B~% » & %] 120.025 M KC1%# #% % (pH 1.0)% 0.4
M CH3COONa$ 7% % (pH4.5) %% 22 mL>i% 5 (5 ¥ £ 154 4> P £ 510 nm % 700

nmit £ T2 ek i{E o BT ANk B % ?':%%

RSY

oy
\F'\ﬂ

4% 7 £(mg/g) = (A x 449.2 x DF x V) /(26900 x | x W)

St
L

A = (As10 — A700)pH1.0— (Asi0 — A700)pH4.5
DF = ### & #i<(dilution factor)
V= %% M (50mL)
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449.2 = cyanidin-3-glucosidez. 4 + &

26900 (L cm™'mol!) = Cy3Glc 2 ij s #% #(e, extinction coefficient)
| = Path length (1 cm)

W= # &t £ ()

R R R RAR TR T

S g 58 & g 0% S1% 3 £ 5~ )(db) » & » © fidi i & 5 4k
2 4EfF Y R R EELS @ MR IPHBID WAL = TRk R AER B ik (RVA-4,
Newport Scientific, Warriewood, Australia)i& {7 /P& » P38 1E E 4ok = 977 o Pl %
% & 7 = i 8 & (pasting temperature, PT) ~ = ## %L/ (peak viscosity, PV) ~ ##3 4E
& (trough, T) ~ & ¥ %k A& (final viscosity, FV) ~ # 23k & (breakdown, BKD = PV-T) %
v 54k & (setback, SB = FV-PV)

2~ Bk RAER P T2 0EE R T

Time scale (min) temperature (°C) speed (rpm)

0 35 960
1/6 35 160

1 35 160
21 95 160
31 95 160
46 50 160
48 50 160

T~ A A AT

HF2.5mg (db)F kT L F R FA AT RE * 4EL Y 4o 2 E FA kR A
KE ZH0A2256 T Fis > AN T AR A A RMDSC 2910, TA
Instruments Inc., New Castle, DE, USA)i& (7 £ 2B A 47 o B4k &2 4% (7%)
i B §MDSCh P » FEEER T P HREE S5 C/min BARFF S CHE
2 120°CF B 4= tg+] °C~ F #1404 > 224-MDSCH 4t 2_ 424~ & (onset temperature,
To) ~ = % ;8 & (peak temperature, Tp) ~ #4°24 & (transition enthalpy, AH)% % it 8

(conclusion temperature, Tc) > 2-3€ 4F > B~H T35 o
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I~ B4k g BT

YRR R R Aot & 2P| 2 (Chrastil, 1987) o #2B~ 505 gkt 0 Mg B
(Sl pAF I r BNEBKE 5 10T75% n-propanol i B~7 hr o 7B 23 R 20k
B 105 °Clfa a3 hrie » 3o g p 2 Ar304 485 7 F2B0mgiid » 4« » 1M
NaOH 1 mL » 34 °C# % FfE 7% © 4 »85°C A k2mL » 385 °CI2 B -k if 4 104
o BEWEREL 22230 o A W0 ImLEERREH SRR EN 0 2o
0.5% Trichloroacetic acid (TCA)i% i% 6 » #v » 0.01 N [-KIi3 7% 50 uL > 353 R & {8 %F
KB 30448 0 P EA620 nimik £ 2k iE o UF BIE RN KB LA Z LB 4E

BAs B o P AR R A 2 i L aagck A R R 0 g R A o

ERE T3 & St kS

1. faiz-ka 5 &R 2
2 AACC Method 44-15(Air-Oven Method)= Fgfo 7K & 5%k = % P 2 g 15K~

m

o Mg iE B 3 40-45°C Hfhe R 24 pE > £ 105°C TR IR L o

e
e
%

LR A
4 p Leeetal (1998)= /% » B~ 2L A4 K& > 2xr 10 i% ¢ =€ 2 30 cm X

S5mmx3mm $§iF o 3 EARFFRATEERIEL S DRI EFRE B
#41,;;2,_ %@}\"‘IOSOCT“'—#L__L}?";T;'J _\‘,\J_w:f&;}g.%

\\\?{r

Cooking loss (%) =
[Residue in cooking water (g) / noodle weight before cooking (g)] x 100%

3. g iERR oK F IR R

FREFLEFRFEGCL > IR FICLTE SRSk S (water
absorption) » ¥ %% A Lai and Hwang (2004)z_ = ;2 » W5+ 2 PIE 4 fHiE2 R
CEIEANE SN AR S 3k W A BRI o T g & C B
B B 2 %K B (degree of swelling) » & =t B~ i p| £ -
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‘ﬁﬁ?%ﬂh

1. gz g
%+ B AACC Method 16-50 (Cooking Characteristics) ™ ;2 ip| g iF ch%F B o

* B 4 47 R (TA-XT2i, Stable Micro systems, Surrey, UK):& {7 P|3& > #8 5 5 1
mm %03 335 7 £ (A/LKB-F) > Ap#t3c® 5 iEfgiE>t 7 Edhe P oo T 3 B

BliE o RIEERG 15 AEP BT E > 10 £4F c BlTEB A0 4 ZRIETT
(firmness) ; & = ¥ * & ff(work of shear) s # > ¥ & & 214 (chewiness) ; & ~ i¥
4 ETR PR S A 9 R (tenderness) o B3 4 47 R(TA)BIFER Thod v o Bl T B4
BT o

Zw ~ RfgiETR RPIEIER
Table 4. The determination conditions for cooked noodles firmness

Load cell S5kg
Probe A/LKB-F
Test Mode Measure Force in Compression
Option Return to start
Pre Test Speed 2.0 mm/s
Test Speed 0.2 mm/s
Post Test Speed 0.2 mm/s
Distance 90 %
Trigger Auto-5¢g
Force (g 1 L2

5000

4500

/ﬁi Firmnass
fi

4000
50,0
3000
Work of Shear
250.0
2000
150.0
00,0

500

-0

500

Time (sec )

B~ R&gETT RPITT LR -
Figure 5. The diagram of noodle firmness measurement.
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2. BfgiEAEF L

£
EL 4 VR A BRSO RMFFIAFT LY S ARKET
BT o BAp AR S iEfaERE A AT (RREERGENAE T @t
TE ) HEAE  BAARERR o BETRE IS AEP P ERE 4 L4 o BT
B+ It e 4 5L 3E% 4 (adhesiveness) ° TA B3R T4k T 0 B T B 4Bl o

3 > REIEZEF MR TR T
Table 5. The determination conditions for cooked noodles adhesiveness

Load cell Skg
Probe HDP/PFS
Load-bearing platform HDP/90
Test Mode Adhesive Test
Option Return to start
Pre Test Speed 1.0 mm/s
Test Speed 0.2 mm/s
Post Test Speed 0.2 mm/s
Pressure 500 g
Pressure time 2 sec
Distance 30.0 mm
Trigger Auto-20g
Force (g) 1 2
a0
| SHckiness

i

400

| Work of Adhesion
200 i

0 J T T t . T 1
A0 380 280 4.00 4 440
200 J Time (sec.)

-4

-RO0 |

|
B0 A pplication of 3200H/m? J
i

<1000

Bl ~ S iE AL R T & Wl e
Figure 6. The diagram of noodle stickiness measurement.
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3. BfgiFEia v R

Tl By 247 REFTRIE 0 K5 5 A/SPR o fg ik H iFi8 (7 RI3E > Bfgif - =3
HEERE > VoM Al AT EARF CRFEERES IS A& BT
2510 £4F BT h X e 4 5 ¥ 58 R (tensile strength) e TA B8R Tdck =
R TR Ao B - o

o~ BRI R R R TR T
Table 6. The determination conditions for cooked noodles tensile strength

Load cell 5kg
Probe A/SPR
Test Mode Measure Force in Tension
Option Return to start
Pre Test Speed 1.0 mm/s
Test Speed 3.0 mm/s
Post Test Speed 10.0 mm/s
Distance 100.0 mm
Trigger Auto-5g
Force [g)
£0.00- 3
p— e Blastic Limit/Tensile
i ; Strangth
10.00]
50.00]
ol
1t 06
T 10,0 EX

-10.00-{g ) bl s)

el Elasticity

Bl -~ fgisdad i BBl w7 A8 e

Figure 7. The diagram of noodle tensile strength measurement.
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I A
* 2% % % 11 Statistical Analysis System (SAS Institute Inc., Cary, NC)3i 42 i& (=
ANOVA (analysis of variance)¥! Duncan’s New Multiple-Range Test szt & 47 > Wb g

ATEEHFLALE(<0.05)-
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Figure 8. Experimental design of this study.
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Frd s BEAHE

F-&~-3L 7 E

RAERUTR Y L BARE AR - M ARk S 0 A F 2 R s A 2R
fedv BE ez B AR % HALE4KRE 2 £3550%

Sl iTer o2 Sk Aok A 5B S13.14% e kv 5 £ 4 12.68% (db)

BRES kA TR ET7.62% ke kv R 5 62.70% (db) -

RN T S P TR
R

R A R R K A sk S AR N 0 GUREAEIZS o B BB Y ARl 4
B2 BL - 77 od PRV L RAFERITEY 2 A B (R ) 24
FRVE A (AR o M F SRR - o d R RFE & 0 2 LR
BORBAILEARY SR ER AP ABR L SHF - HPIFlIREERY o KRk

CIR M- R IR A R R BRIE T A KK A 3 11-14%PF > kA Z R A
Bl o B LS o E RN R AIE R Rl R ¢
BB R G E o TR R FIRMAILE > RS E AR AR BR
FJL B ALY A A2 ke TR B BT A o R B AR IR R
Bis o kA TR A 11-14%2 F > 404 ~ 82 4 4 #757 - Bhattacharya (2011)dp & »
EFBRBP IR M R 0 K hppd 4 M2 RIF D RIFDER L L AN F S
Bk B0 @id B2 E e RAPE o @ Kimetal (2014)5%8 {474 0 ¥ BB

AR RME 0 A A S L RIFE T A RE BT o Ra 0 g

"F’i‘;&fa PR ZEE R E ek 4R 14 (Ol et al., 2014) - % Buggenhout et al. (2013)
T L P dp o IR AR A R B AR o Bk AR F R A B

ROl eEARY o ok g S M BRI RE -
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Table 7. Proximate composition of red and black waxy rice

Moisture Ash Crude Crude Dietary Fiber ! Amylose
Sample content lipid protein SDF IDF TDF content 2
(%) (%, db) (%)
RW 13.97+0.06 1.72+0.03  3.20+0.10  8.88+0.06 0.26+0.08 4.02+0.16 4.28+0.12 0
BW 13.99+0.08 1.53+0.01 3.67+£0.09 8.60+0.07 0.22+0.03 4.11+0.08  4.33+0.07 0

Data expressed as mean+SD.

' SDF, IDF and TDF are the abbreviations of soluble, insoluble and total dietary fiber, respectively.

2 Based on total starch.
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(B) rRW15 (C) rRW30 (D) rRW15-3 (E) rRW15-4 (F) rRW15-5

50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm
Dibdinlimlinne dlinlilimlimie dihidinline hnlnlunlnline dlihidine e
8 = = =
=8 = = =
=2 = o - =
=g = = =
(G) rRW30-3 (H) rRW30-4 (1) rRW30-5 (J) bBRWI15 (K) bBRW30 (L) bRW15-3
50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm 50 40 30 20 10 mm
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B4 - AR AR R SRR AT (5 2 AR TR 7 -
Figure 9. Pictures of heat-moisture treated red waxy rice; RW: original red waxy rice, bBRW: hmt brown RW, rRW: hmt rough RW, dehulled,
RWxx-y, xx and y indicated the heating time and one tenth ratio of water addition based on the rice weight during hmt.
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(B) rBW15 (C) rBW30

S

=
S

o
Ap—
——
—
el
sarzrm——
o
s
m—

e
enmm—

uluuhmluul_

IS
0 02 Ol

-2 1‘m7ft=§)’1§5-/§4%“1@?§1 2GR CHELRR S o
Figure 10. Pictures of heat-moisture treated rough black waxy rice; BW: original black

waxy rice, rBW: hmt rough BW, dehulled, BWxx-y, xx and y indicated the heating time
and one tenth ratio of water addition based on the rice weight.
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(K) bBBW30 (L) bBBW15-3

(M) bRW15-4

‘w

(N) bRW15-5

T

(P) bBBW30-3 (Q) bBW30-4 (R) bBBW30-5
' 30 20 10 mm
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Bl -~ 2R GRS 2 LR T o

Figure 11. Pictures of heat-moisture treated brown black waxy rice; BW: original black
waxy rice, BWxx-y, xx and y indicated the heating time and one tenth ratio of water
addition based on the rice weight.
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Table 8. Moisture content of heat-moisture treated red waxy rice flour !

Moisture content Moistures content

Sample ) Samples %)

bRW5 12.94+0.08 rRW5 13.47+0.10
bRW15 12.53+0.22 rRW15 12.81+0.05
bRW15-3 11.86+0.06 rRW15-3 12.52+0.04
bRW15-4 12.03+0.01 rRW15-4 12.59+0.05
bRW15-5 12.64+0.05 rRW15-5 12.30+0.00
bRW30 12.07+0.07 rRW30 11.93+0.05
bRW30-3 11.824+0.03 rRW30-3 12.79+0.00
bRW30-4 11.61+£0.04 rRW30-4 12.07+0.06
bRW30-5 11.74+0.19 rRW30-5 11.86+0.16

Data expressed as mean+SD.
' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

24 BARF CRBRIE A Bk ks T R
Table 9. Moisture content of heat-moisture treated black waxy rice flour !

Moisture content Moisture content

Sample %) Samples )

bBWS5 13.07+0.08 rBWS 12.94+0.03
bBW15 13.70+0.04 rBW15 12.94+0.04
bBW15-3 11.70+0.01 rBW15-3 11.98+0.03
bBW15-4 11.63+0.25 rBW15-4 11.91+0.06
bBW15-5 11.66+0.05 rBW15-5 12.01+0.02
bBW30 11.39+0.01 rBwW30 11.71+0.09
bBW30-3 11.89+0.04 rBW30-3 11.99+0.13
bBW30-4 11.61+0.03 rBW30-4 12.07+0.06
bBW30-5 11.35+0.82 rBW30-5 12.01+0.14

Data expressed as mean+SD.
' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.
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S BIRARRELE

LA RBIEE R RAERR BB - ER 2 5 B S
ARt MR N R FIRBAIE S R Bl 2 5 AN E TR AR R o
Fam N RRAEID S A4 > T LB AR L ERD > d A AJTS 2 1001 (cps)t

I 1998 (cps) ; BAFRJIL 15 4522 30 ~ 4518 > BB ABR 77 B4F 42262 &2 2213
(cps) ’ %o BA IR 5-30 2 4EPF 0 F HAJEFER R 20 397 @ PV B o Ltk
R EIE 5-30 A 4518 o fs e AbA 2. T-BkD ¥ FV 7k ¥ % < > Trough 4 512 (cps)
#= 3 1121 (cps)> BkD ¢ 489 (cps)#& = = 1231 (cps)* FV d 755 (cps)#& = 1 1583
(cps) » SB d 243 (cps)#k = T 492 (cps) > 4rdk L 9151 5 BT A oK SIRARIL (S >
B R ARR B Rl (BB 2 PT) ok 4 #ig (B 7 PV) o H (S s
B (B FV & SB)o b el ¥ RFEIIPFR D S o4 £ 5 1522 30 &~
&pF > FV ¥ d 1270 (cps)#& = T 1523 22 1583 (cps) » ¥ AR A ad2 15 &~ 4511+ o>
FTRERT2ZPRIRSE  F > VIHY FIOBRBRILE 2 LK BT K fiE
2 Giv o, PR SOk B E s T AR R TR o

A &Y 0 #-2.5 mM AgNOsaq P~ 1 Z 4G K > de » BB AIZZ &7 iR
# RVA B %> P|L PV~-T-BkD~FV 22 SB35}t 2 » ¥ g RH g 52 % % — & >
4oBl L e v o — 4@ 3 0 AgNOsag ¥ = RVA B 2 ® iF % alpha-amylase e+ 3]
FHR P Y ahp 4 M amylase (T ¥ £ FEF T IR R AER 4512 P € (Abdel-aal et
al., 2002; Collado and Corke, 1999) o F]}t » A%< E% ¥ v » AgNO3aq¥ #F
amylase s7{e* € ¢ PV & %% i< o & Zhuetal. (2010)F 3 ¥ » = i F 308
#EFRVARIZ By 2 £ 5 10% 0 2R EE 5 50-90-50°C © » 3k 2. PV @
% 1000-2800 (cps)z ¥ » % # RVA 72 i% 1 0.5 mM AgNO3@agB & » B ¥ L PV # =
I 3000-3500 (cps)z- fF » &2 A3% 5 4Pl 2 ARt o pt b > A% P F 1 AgNOs(g)
Bk Aok 0 #7182 PV ST ~FV 22 BKD ~ SB & » 98GR # EJIT (8 2. B g )
50-300 (cps) » A7 BAEIL 5-30 A 4B AL BiE R T PR BB A G LT R
A2 FEF B AE o FP o AEHRY 0 BRAITY 2 F R I TR AL 2
amylase 5% 25> VM AfgE R T RE 2 P E G RE 2 b

CElER
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BEASLEAY  F R ApHN A 2 0105 BRENE AN 2T EFE
o & RVA BIEY > 3 2 B RALRE > 4ok L 97w o i 0.1 Bk E
BAE IR 30 A4 &R 57 bDRWI15-1 (hPV E 22 PT & bh’ikﬂl‘ﬁ J\QE‘_JZ#BLLJI@?%TL )

b

ik de 0.3 B-KEM - BBAIL 1S A4k 57 > BRWIS-3 ch PT P &g 7 %% > 203
LS ABTF ARRKT  AeB S (A) @ G4 03 BOKE CJBEIL 30 A RS
¢ » bRW30-3 % 7 PT P &~ " # » # Trough 7% 3 7 % » 4ol = (B)*F 77 -
PUIR Gedp I AR A RIZEARY o Bk BiE 0.3 Bz kA Bl s 2 4 1 K
Wy b MR RIEPT B TET o 2iRFAILY F4 04 3205 BkE
P IR {ABP AR ¥ @ { K2 PT & > 2 bRW30-4 4= bRW30-5 ¥ & T % 2. PV
BEA P ARk s R BT 0 PV T AR R R EIE 30 A 4 15 A 4
LM A e i 03 B-kEAc PiRALR Y RIS & W7 BHAILERY

S ARAIAR o A ARVARIZP AFEDF-ME > A AR IRA R

Es
Ml MU FREA, R IR BASY 0 5-30 A iR ERIEFER 0 157 % PV
T~ﬁ/§@ﬁﬂ»31£¢ﬁ¢§1%$’ﬂﬁﬂﬂﬂﬁ&ﬂﬁ’”%ﬂ”*ﬁ
FofeBED T FEDTY > A R ERBRIIE RS R AR 2B o Pt
s o S RBRILPE R R bek A 2 TRWS & rRWIS b > H gk 52 PT 45
Wik 2 °C HPIRE RERILPERE (30 A 4) RRRRILPE R 4 03§
THVRE TR A FPARFLER A E A PTES A o
B2 ARE BT RBILL  BIRAR AR T 2 A T e el 4R

FApl nd s R N EFRE L2 S B PVT-FV E g 2, ¥
BURBEITIS 2 RN AR T o A A ASEZ 2K c HPVTFV £ & » A5
JedR 2 ok T R R K B2 F R0 BOROE Y e R R R TR o AR R R
BLRY TP A ’ii’lt“t#ﬁ*ﬁ%?%}f 203052 kB 2 %HAEIL 15X 30 445 PV 55
Mk Bz el A { 4T 0 d Rk bDBWIS (0 PV & 1904 (cps) '8 X bBWI15-5 &
PV i 1505 (cps) ; bBW30 7PV i 1922 (cps)'# 2 bBW30-5 7PV i 1333 (cps) °
TR RRP AR T2 AR PR B 2 E AR AR EARY o R

Lok AR e L bBW30-4 22 bBBW30-5 157 - 4 7 L ki B FV R

%
Hisfpl ek B2 i o LB 240 AR A I EARY i h X kAR -
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Figure 12. Viscograms of hmt brown red waxy rice flour; (A) heat-moisture treatment 5
and 15 mins, (B) heat-moisture treatment 30 min.
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Figure 13. Viscograms of hmt rough red waxy rice flour.
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Figure 14. Viscograms of rice flours in water and 2.5 mM AgNO3(aq).
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Table 10. Pasting property of heat-moisture treated red waxy rice flour !

Samples PT PV Trough BKD FV SB

(°C)  (cps) (cps) (cps) (cps) (cps)
RW 71.00  1003.5+3.5% 509.0+4.2 494.5+7 8 748.0+9.9% 239.0+5.7¢
bRW5 73.40  1995.5+3.5! 822.0+12.7 1173.5+9.24¢ 1273.5+4.9i 451.5+17.7°
bRW15 7425 2292.0+42.4%  1039.0+11.3¢ 1253.0+31.1° 1550.0+38.291  511.0+26.9
bRW15-3 50.00 2265.5+27.6%  1037.5+4.9° 1228.0+£22.7%  1538.0+26.9°"  500.5+21.9%cd
bRW15-4 48.60  2176.5+0.7¢ 1039.5+9.2¢ 1137.0+£9.9¢f 1553.5+3.5%F  514.0+5.7%¢
bRW15-5 4380 2045.5+21.9"  1059.5+6.4°%  986.0+15.6" 1582.5+7.8>d  523.0+1.4%
bRW30 75.85  2211.5+2.1% 1109.5£16.2®  1102.0+14.1% 1592.5+13.4%  483,0429.70cdf
bRW30-1 75.05  2256.0+1.4% 1085.0+12.7%¢  1171.0+11.3% 1584.0+4.2%4 499 048,520
bRW30-3 72.98  2284.5+38.9¢  1028.5+13.4°F  1256.0+25.5° 1526.5+3.5% 498.0-+17.(2bede
bRW30-4 35.00 1768.0+1.4 995.5+2.11% 772.5+0.7' 1499.0+1.4¢"  503.5+0.7%¢
bRW30-5 35.00 1766.5+7.8 948.5+13.4" 818.0+5.71 1467.5+3.5M 519.0+9.9%
rRW5 70.65  2297.5+3.5% 985.5+27.6¢" 1312.0+24.0* 1463.5£19.1"  478.0+£8.5¢f
rRW15 71.43  2384.0£46.7°¢  961.0+21.2¢" 1323.0+25.4% 1459.0+42.41  498.04+2].230cde
rRW15-3 74.58  2328.0£17.0%  1091.5+4.9b 1236.5421.9%  1584.0+14.1%d 492 549 pabede
rRW15-4 7543 2259.0+8.5% 1053.5+40.3%  1205.5+31.8¢  1514.5+13.4%  461.0+26.9%f
rRW15-5 75.05  2224.0+8.5° 1033.5+14.8F  1290.5+23.3%¢  1527.0+7.1f 493,547 8ebede
rRW30 7538 2195.5+3.5% 1111.5£12.0®  1084.0+8.5¢ 1570.5+19.0%%  459.0+7.1¢
rRW30-3 73.85 2464.0+17.0°  1136.0+41.0° 1328.0+58.0* 1620.0+£14.12>  484.0+26.92bcdel
rRW30-4 7420  2430.0+17.0°  1095.5£12.0%  1334.5429.0% 1570.042.8%4¢ 474514 .8cdf
rRW30-5 73.83  2428.5+12.0°  1067.0+4.2°% 1361.5+7.8° 1546.0+4.2%  479.0+8.5f
RW/AgNO3? 70.68 2351.0+11.3° 1141.0+12.7 1210.01.4b<d 1630.0+2.82 489.0+15.62bedef

Data expressed as mean+SD.
! Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 RW/AgNOs: rapid viscosity profiles of red waxy flours in 2.5 mM AgNO3(ag).
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Figure 15. Viscograms of hmt brown black waxy rice flour; (A) heat-moisture treatment
5 and 15 mins, (B) heat-moisture treatment 30 min.
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Figure 16. Viscograms of hmt rough black waxy rice flour; (A) heat-moisture treatment
5 and 15 mins, (B) heat-moisture treatment 30 min.
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Table 11. Pasting property of heat-moisture treated black waxy rice flour."

Samples PT PV Trough BkD FV SB

(°C)  (cps) (cps) (cps) (cps) (cps)
BW 65.43  745.0+0° 124.542.11 620.5+2.11 230.0+£5.7) 105.5+3.5¢
bBW5 70.65  1952.0+2.8° 901.5+7.8" 1050.5+4.99  1316.5+21.9¢  415.0+29.7¢
bBW15 70.18  1908.5+6.4% 903.5+10.6" 1005.0+4.2¢  1324.5+12.0¢  421.0+1.4c¢
bBW15-3 46.18  1701.5+0.7 977.0£11.3%f 724 5+12.0"  1397.5+7.8° 420.5+3.5¢4
bBW15-4 3773 1593.5+17.7% 978.0+4.24¢fe 615.5£21.9%  1394.5+2.1¢ 416.5+2.1¢
bBW15-5 35.00 1518.5+19.0' 940.0£14%" 578.5+4.9% 1353.0£15.5F  413.0+1.4¢
bBW30 71.83  1929.0+9.9¢f 1108.5£38.9®  820.5+29.0¢  1521.0£11.3>  412.5+27.6¢
bBW30-1 71.48  1950.0+11.3¢ 1137.0+38.2¢  813.0+26.9¢  1555.0+2.82 418.0+£35.4¢
bBW30-3 70.28  1921.0£22.6°"t  1079.5+26.2°  841.5+48.82  1507.0+5.7° 427.5+31.8bcd
bBW30-4 35.00  1375.5+0.7™ 902.5+4.9" 473.0+5.7' 1311.5+0.7¢h  413.0+5.7¢
bBW30-5 35.00  1336.5+4.9" 973.5+£20.6°  363.0+15.6™  1293.5+14.8"  320.0+35.4°
rBW5 69.83  2038.5+23.3¢ 862.0+2.8 1176.5+20.5°  1275.0+4.2 413.0+1.4¢
rBW15 71.43  1895.0+5.7¢ 955.015.6¢ 940.0+21.2f  1368.0+1.41 413.0+17.0¢
rBW15-3 61.10  2066.5+20.59 1004.0+22.6%4F  1062.5£2.1¢  1464.5£13.4%  460.59.22
rBW15-4 69.43  2133.0+14.1¢ 1016.0£4.2¢4 1117.0£18.4¢  1448.0+2.8¢  432.0+] .4
rBW15-5 67.75  2214.5+6.4° 1013.0£7.1%%  1201.540.7>  1453.5+3.5%  440.5+3.5%<d
rBW30 72.18  2041.5+10.6¢ 1091.0+8.5° 950.5+2.1° 1510.5+0.7° 419.5+7.8¢
rBW30-3 45.03  1773.0+19.8" 1012.0£12.7¢%¢  761.0+7.1" 1454.5+0.7¢¢  442.5+13.4%¢

d

rBW30-4 35.00  1644.0+4.2 1004.0£17.0%47  640.0£21.21  1469.0+5.7°¢ 465.0+11.3%
rBW30-5 35.00  1643.5+36.07 970.0:£24.0% 673.5+12.0'  1444.5+24.79  475.5£0.7*
BW/AgNO3? 6585  2402.0+1.4° 1022.5+3.5¢ 1376.5£2.1*  1463.542.1%¢  433.0+5.7°

Data expressed as mean+SD.
' Means within each column with the identical superscript letter are not significantly

different at P < 0.05.
2 BW/AgNOs: rapid viscosity profiles of black waxy flours in 2.5 mM AgNO3g).
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Table 12. Effects of different hmt levels on thermal properties of red waxy rice flours!

Samples To Tp Tc-To AH
O J/g)
RW 63.51+0.39' 73.22+0.49¢ 18.32+0.80° 10.45+0.45
bRW5 68.86+0.03¢ 76.58+0.15¢ 16.10£0.40" 8.38+0.02
bRW15 69.91+0.17°%  77.56+0.25¢ 17.20£0.11% 7.3440.434
bRW15-3 74.66+0.04° 80.38+0.04° 12.77+0.01¢ 0.74+0.00"
bRW15-4 75.09+1.17 79.37+1.24° 10.36+0.86° 0.38+0.03"
bRW15-5 N.D.J?2 N.D.h N.D.f N.D.!
bRW30 70.47+0.34% 77.59+0.28¢ 16.40+0.53%¢ 8.72+0.20°
bRW30-3 71.95£0.93¢  79.20+0.58" 15.26+0.79° 2.7240.118
bRW30-4 N.DJ N.D.P N.D.f N.D.!
bRW30-5 N.DJ N.D.h N.D.f N.D/
rRW5 64.43+0.33! 73.34+0.11¢ 16.62+0.10%° 8.17+0.37°
rRW15 66.47+0.00" 75.07+0.12f 15.90+0.52% 7.25+0.014
rRW15-3 70.34+0.26%f  78.48+0.37°¢  16.86+0.00%° 6.62+0.09°
rRW15-4 70.35+0.34%f  78.23+0.25%0  17.69+1.74% 6.24+0.25¢
rRW15-5 71.02+0.21°%  78.96+0.25%  17.16+0.39%¢ 5.63+0.56f
rRW30 69.06+0.62 77.78+0.49¢  16.78+1.73%¢ 8.84+0.01°
rRW30-3 71.51+£0.16°¢  78.77+0.42%  16.58+0.16*° 3.2440.55¢
rRW30-5 71.47+0.13%¢  78.22+0.29%¢  16.74+0.04%¢ 3.2540.028

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly

different at P < 0.05.
2N.D., not detected.
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Table 13. Effects of different hmt levels on thermal properties of black waxy rice flours!

Samples To Tp Tc-To AH
O J/g)
BW 61.37+0.00° 67.2940.16" 12.73+0.18¢ 7.56+0.35%
bBW5 65.61+0.07° 72.30+0.04% 14.07+0.45° 4.72+0.254
bBW15 65.45+0.74° 73.57+0.28 16.07+0.47 7.36+0.02°
bBW15-3 69.34+0.01° 76.20+0.12° 12.1+0.41¢ 0.56+0.13¢2"
bBW15-4 N.Dg? N.D.2 N.D.f N.D.h
bBW15-5 N.D.2 N.D.2 N.D.f N.D.h
bBW30 66.91+0.07¢ 72.67+0.20¢ 13.12+40.05¢ 8.24+0.65
bBW30-3 70.93+0.17° 74.94+0.11° 10.86+0.04° 1.36+0.01"
bBW30-4 N.D.¢ N.D.2 N.D.f N.D.h
bBW30-5 N.D.2 N.D.2 N.D.f N.D.h
rBW5 64.82+0.11° 71.72+0.16° 14.38+0.34° 6.51+0.12°
rBW15 65.35£0.24°  72.36+0.02% 14.17+0.39" 5.82+0.07¢
rBW15-5 69.15+1.79% 75.06+0.31° 12.86+0.40° 1.01+0.47"
rBW30 68.11+0.08° 73.64+0.22¢ 11.69+0.449% 3.66+0.33¢
rBW30-3 N.D.2 N.D.2 N.D.f N.D.
rBW30-4 N.D.2 N.D.2 N.D.f N.D.h

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly

different at P < 0.05.
2 N.D., not detected.
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Figure 17. Viscograms of wheat and hmt red waxy rice flour; (A)-(C) the mixture of
wheat and 30% hmt red waxy rice flour; (D)-(E) the mixture of wheat and 51% or 70%

hmt red waxy rice flour.
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Figure 18. Viscograms of wheat and hmt black waxy rice flour; (A)-(C) the mixture of

wheat and 30% hmt black waxy rice flour; (D)-(E) the mixture of wheat and 51% hmt
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Table 14. Cooking quality of rice noodles prepared with blends of wheat and red waxy
rice flour (70:30 weight ratio) !

Samples Cooking time Moisture Cooking loss  Water absorption
(min) (%) (%) (%)
w 14.5 61.09+0.69 3.63+0.13 1.35+0.01¢
W70RW 12.5 63.22+0.17 4.70+0.08 1.61+0.02%
W70rRW15 12.0 61.86+0.54 5.40+0.06 1.60+0.032
W70bRW15 11.5 62.99+1.14 5.79+0.12 1.5140.02°
W70bRW15-4 8.0 60.73+0.68 6.12+0.02 1.30+0.06¢
W70bRW30-4 8.0 65.21£1.06 8.30+0.10 1.36+0.09°¢

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Water absorption was reported as the percent increase in the weight of the cooked
noodles (weight of cooked noodle minus weight of dried noodle) compared to the dry
noodle weight.

FoL T ~30%HEFELEP R RRETRE S BEREWER
Table 15. The width, thickness and the degree of swelling of cooked rice noodle
prepared with blends of wheat and red waxy rice flour (70:30 weight ratio) !

Width Thickness Degree of swelling >

Samples . .

(cm) (cm) Length Width Thickness
W 0.65£0.02*  0.37+0.03¢  1.20+0.02¢  1.30+0.04>  1.09+0.09¢
W70RW 0.61+£0.00>  0.37+0.01¢  1.17+0.01°  1.22+0.019  1.12+0.034
W70rRW15 0.61£0.01°  0.37+0.02° 1.19+£0.00> 1.2240.01¢  1.2240.07°
W70bRW15 0.61+£0.00>  0.34+0.039  1.18+0.01°  1.22+0.019  1.14+0.09
W70bRW15-4 0.60+0.02° 0.41+0.01*°  1.14+0.03¢  1.34+0.07*  1.15+0.08°
W70bRW30-4 0.61+0.20° 0.39+0.01>  1.13+£0.01¢  1.24+0.06° 1.26+0.09°

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Degree of swelling was reported as the length, width or thickness of cooked noodles
compared to the dry noodles.
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Table 16. Cooking quality of rice noodle prepared with blends of wheat and black waxy
rice flour (70:30 weight ratio) !

Cooking time Moisture Cooking loss  Water absorption *
Samples )
(min) (%) (%) (%)
W 14.5 61.09+0.69 3.63+0.13 1.35+0.01%¢
W70BW 13.0 61.04+0.53 5.31+0.15 1.33+0.03°¢
W70rBW15 11.0 60.55+0.19 5.23+0.16 1.42+0.09*
W70bBW15 11.0 60.98+0.46 5.90+0.10 1.36+0.05°
W70bBW15-4 8.5 59.95+0.26 6.34+0.22 1.20+0.06¢
W70rBW30-4 9.5 58.35+0.39 7.30+0.12 1.15+0.01¢
W70bBW30-4 8.0 57.18+0.65 5.63+0.02 1.04+0.02f

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Water absorption was reported as the percent increase in the weight of the cooked
noodles (weight of cooked noodle minus weight of dried noodle) compared to the dry
noodle weight.
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Table 17. The width, thickness and the degree of swelling of cooked rice noodles
prepared with blends of wheat and black waxy rice flour (70:30 weight ratio) !

Width Thickness Degree of swelling 2
Samples

(cm) (cm) Length Width Thickness
w 0.65+0.02*  0.37+0.03¢  1.20+0.02*  1.30+0.04*  1.09+0.09¢
W70BW 0.63+0.01°  0.37+0.01¢  1.18+0.01>  1.26+0.02¢  1.10+0.03¢
W70rBW15 0.63£0.01*  0.39+0.01°  1.18+0.01®  1.26+0.01°  1.18+0.04°
W70bBW15  0.63£0.01°  0.39+0.01°  1.16+0.01°  1.27+0.03°>  1.13+0.04°
W70bBW15-4  0.62+0.03°  0.39+0.02°  1.18+0.02°  1.26+0.05¢  1.17+0.07°
W70rBW30-4  0.63+0.01°  0.44+0.01°>  1.18+£0.01°  1.26+£0.02°  1.08+0.03¢
W70bBW30-4 0.62+0.01°  0.50+0.02*  1.18+0.02°  1.24+0.02¢  1.13+0.05°

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Degree of swelling was reported as the length, width or thickness of cooked noodles
compared to the dry noodles.
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(A) 30% red rice noodle sheets
W, W70RW, W70bRW15-4. W70rRW15. W70bRW 15, W70bRW30-4

(B) 30% raw red rice noodles
W, W70RW, W70bRW15-4, W70rRW15, W70bRW 15, W70bRW30-4

f

Bl 4 ~30%ifk B 2 fg 4 2 fgik ot R s e

Figure 19. Pictures of 30% red rice noodle sheets and noodles; (A) 30% red rice noodle
sheets, in sequence from the left side to the right: W, W70RW, W70bRW15-4,
W70rRW15, W70bRW15, (B) 30% raw rice noodles, the same order to (A), (C) 30%
cooked rice noodles, the same order to (A).
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Table 18. Textural properties of rice noodles prepared with mixtures of wheat and red
waxy rice flour (7:3 weight ratio) !

Tensile
Firmness Work Tenderness Adhesiveness
Samples strength
(2 (g's) (2
(2
w 1355+1% 135494342 7112 153+22F 1634132
W70RW 573+10P 6424+89° 40+1° 240+13¢ 61+5°
W70rRW15 557+10°¢ 5791+£75¢ 4042° 194+419 111+6°
W70bRW15 483+74 5007+554 35+1¢ 294492 84+114¢
W70bRW15-4  425+5¢ 4636+27¢ 26424 285+28b 89+144
W70bRW30-4  315+6F 3400+53F 21+]1de 187429¢ 10449¢

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.
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Table 19. Textural properties of noodles prepared with mixtures of wheat and black
waxy rice flour (7:3 weight ratio) !

Samples Firmness Work Tenderness Adhesiveness
(2) (gs) (g/s) (2)
W 1355+12 13549+342 71£12 153+224
W70BW 573+10° 6561+£27° 37+1° 360+41°
W70rBW15 548+4°¢ 5822+19¢ 36+1° 210+27¢
W70bBW15 495+6° 5543+44" 31+14 264+7°
W70bBW15-4 374+8¢ 3567+24¢ 26+2°¢ 135+2°¢
W70rBW30-4 523+64 6324+41°¢ 26=+1¢ 156+13¢
W70bBW30-4 425+14F 5653+36° 20+1° 45+14F

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.
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Table 20. Cooking quality of noodle prepared with blends of wheat and red waxy rice
flour (49:51 weight ratio) !

Water

Cooking time Moisture Cooking loss )

Samples ‘ absorption
(min) (%) (%)

(%)
w 14.5 61.09+0.69° 3.63£0.13¢ 1.35+0.012
W49rRW 15 7.0 55.55+0.78%° 4.09+0.052 1.22+0.06¢
W49RWv3.6 8.5 56.39+0.61° 3.84+0.02° 1.2840.10¢
W491RWvS.8 8.0 54.54+0.37¢ 3.39+0.08 ¢ 1.17+0.04¢
W49rRW15v3.6 8.0 56.65+0.33 3.76+0.04 ¢ 1.30+0.01°
W49rRW15v8.8 9.0 56.59+0.15° 3.81+0.10° 1.27+0.05¢

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Water absorption was reported as the percent increase in the weight of the cooked
noodles (weight of cooked noodle minus weight of dried noodle) compared to the dry
noodle weight.
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Table 21. The width, thickness and the degree of swelling of cooked red rice noodles
prepared with blends of wheat and red waxy rice flour (49:51 weight ratio) !

Width Thickness Degree of swelling 2

Samples
(cm) (cm) Length Width Thickness
W 0.65+0.02*  0.37+0.03%  1.20+0.02* 1.30+0.04*  1.09+0.09°
W49rRW15 0.57+0.11°¢  0.37+0.13¢  1.07+0.02°  1.14+0.02¢ 1.15+0.03%
W49RWv3.6 0.61+0.04>  0.38+0.05> 1.09+0.05%¢ 1.214+0.01° 1.14+0.02%
W49RWvVS8.8 0.58+0.10°  0.39+0.08°  1.11£0.00> 1.16+0.02¢¢ 1.12+0.02%°

W49rRW15v3.6  0.57+£0.11%  0.37+£0.12°%  1.08+£0.01%° 1.15+0.02°¢ 1.14+0.06%°
W49rRW15v8.8  0.58+0.09°  0.42+0.11*  1.12+0.01° 1.16+0.02°¢  1.17+0.03?

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Degree of swelling was reported as the length, width or thickness of cooked noodles
compared to the dry noodles.
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Table 22. Cooking quality of noodle prepared with blends of wheat and black waxy rice
flour (49:51 weight ratio) !

Water

Cooking time Moisture Cooking loss )

Samples . absorption
(min) (%) (%)

(%)
w 14.5 61.09+0.69° 3.63+0.13¢ 1.35+0.012
W49rBW 15 7.0 56.06+0.57¢ 5.26+0.02¢ 1.2140.05¢
W49BWv3.6 6.5 56.50+0.06"° 5.2440.10¢ 1.2940.04°
W49BWv38.8 8.0 57.15+0.20° 6.90+0.02° 1.28+0.10¢
W49rBW15v3.6 7.5 57.27+0.56° 4.80+0.064 1.27+0.064
W49rBW15v8.8 8.0 55.48+0.384 9.05+0.12? 1.19+0.10f

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 Water absorption was reported as the percent increase in the weight of the cooked
noodles (weight of cooked noodle minus weight of dried noodle) compared to the dry
noodle weight.
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Table 23. The width, thickness and the degree of swelling of cooked black rice noodles

prepared with blends of wheat and black waxy rice flour (49:51 weight ratio) !

Width Thickness Degree of swelling >
Samples

(cm) (cm) Length Width Thickness
W 0.65+0.02*  0.37+0.039  1.20+0.02* 1.30+0.04*  1.09+0.09°
W49rBW15 0.55+0.07¢  0.38+0.17°¢  1.08+0.01° 1.11x0.01¢  1.19+0.05°
W49BWv3.6 0.60+0.14°  0.39+0.07° 1.11+0.01°¢  1.20+0.03>  1.14+0.02°
W49BWv8.8 0.60+0.08"  0.4140.07°  1.13+0.00°  1.20+£0.02°> 1.07+0.02¢
W49rBW15v3.6  0.58+0.08°  0.40+0.05° 1.10£0.01¢ 1.16+0.01° 1.08+0.02°
W49rBW15v8.8  0.59+0.07°  0.44+0.08* 1.11£0.01°¢ 1.17+0.01°  1.09+0.03°

Data expressed as mean+SD.
' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.
2 Degree of swelling was reported as the length, width or thickness of cooked noodles
compared to the dry noodles.

62



51% cooked red rice noodles
(A) W49rRW 15 (B) W49rRW15v3.6 (C) W49rRW15v8.8

(D) W49RWv3.6 (E) WA9RWvS.8

(F) 51% cooked red rice noodles

(G) 51% black rice noodle sheets

]
=
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Figure 20. Pictures of noodle sheets and noodles; (A) to (E) 51% red rice raw noodles,
(F) 51% red rice cooked noodles, in sequence from the left side to the right: W,
W49RWv3.6, W49rRW 15, W49RWvS8.8, W49rRW15v3.6, W49rRW15v8.8, (G) 51%
black rice noodle sheets, in sequence from the left side to the right: W, W49rBW15,

W49BWv3.6, W49BWv8.8, W49rBW15v3.6, W49rBW15v8.8.
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(A) W (B) W49rBW15

(C) W49BWv3.6 (D) W49BWv8.8

(E) W49rBW15v3.6 (F) W49rBW15v8.8

N T 1 12 L
Figure 21. Pictures of cooked black rice noodles; (A) W, (B) W49rBW15, (C)
W49BWv3.6, (D) W49BWv8.8, (E) W49rBW15v3.6, (F) W49rBW15v8.8.
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Table 24. Textural properties of noodles prepared with mixtures of wheat and red waxy
rice flour (49:51 weight ratio) !

Tensile
Firmness Work Tenderness  Adhesiveness
Samples strength
(g) (g's) (g/s) (8)

(g)
W 1355+01*  13549+342 71+12 1534224 163+1320
W49rRW15 574+05%  6229+93¢ 42+2f 358+15° N.D.?
W49RWv3.6 7664269  8154+93¢ 49424 27540 © 155+£10°
W49RWvS.8 112004  10919+72b 59420 3774352 112405
W49rRW15v3.6 673+10° 73184944 45+1¢ 415+112 166092
W49rRW15v8.8 976+14°  10922+57° 5242¢ 281+0 ¢ 964061

Data expressed as mean+SD.

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05.

2 N.D., non-detectable.

22T SS1%EZAR A BB 2 R T
Table 25. Textural properties of noodles prepared with mixtures of wheat and black
waxy rice flour (49:51 weight ratio) !

Tensile
Firmness Work Tenderness  Adhesiveness
Samples strength
(2 (gs) (g/s) (g
(8
w 1355+01*  13549+342 71£12 153422¢ 163+13%
W49rBW15 439+067  4734+07° 29+1f 3924314 612044
W49BWv3.6 627+059  6553+67¢ 41+14 308+16° 974+04¢
W49BWv8.8 889+06°  9056+79° 48+1° 270+06° 13103
W49rBW15v3.6 587+04°  6566+714 344+1°¢ 304+07° 954+03°
W49rBW15v8.8 920+12°  9769+64° 45+1°¢ 1914£25¢ 133+02°

' Means within each column with the identical superscript letter are not significantly
different at P < 0.05. Data expressed as mean+SD.
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(A) W (x50) (B) W70RW (x50) (C) W70rRW15 (x50)

L x50 2mm

(F) W70rRW 15 (x1000)

00U Lo xi

(H) W70bRW15-4 (x50) | (I) W70bRW30-4 (<50)

(G) W70bRW 15 (x50)

L x50 2mm

(K) W70bRW15-4 (x1.0k) | (L) W70bRW30-4 (x1.0k)

(J) W70bRW15 (x1.0K)

L x10k 100 um L x10k 100um

Bl= = L FREE 30% PP 2 AR 2 IRl 2N T AR e
Figure 22. SEM images of raw wheat noodle and 30% red rice noodles; bar (—) = 100
pm.
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(A) W (x50)

L x50 2mm

(B) W70RW (x50)

L x50

(C) W70rRW15 (x50)

L x50 2mm

(D) W (x1000)

L x10k 100 um

(E) W70RW (x1000)

L x1.0k 100 um

(F) W70rRW 15 (x1000)

L x1.0k 100 um

G) W70bRW15 (x50

L x50 2mm

(H) W70bRW15-4 (x50)

L x50 2mm

(I) W70bRW30-4 (<50)

L x50 2mm

(J) W70bRW15 (x1.0K)

L xik  100um

(K) W70bRW15-4 (x1.0k)

L x10k 100 um

(L) W70bRW30-4 (x1.0k)

L x10k 100 um

M=z b S 52 30% gpa B

Xz

~

CRAREFR AT Bis T ke

Figure 23. SEM images of cooked wheat noodle and 30% red rice noodles; bar (—) =

100 pm.
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(A) W49RWV3.6 (center)

L x10k 100 um

(B) W49RWv8.8 (center)

L

¥10k 100 um

(C) W49rRW15 (center)

L

¥10k 100 um

(D) W49RWv3.6 (surface)

L x10k 100um

(E) W49RWv8.8 (surface)

L xt0k 100um

(F) W49rRW 15 (surface)

(G) W49rRW15v3.6 (center)

L xt0k 100um

(H) W49rRW15v8.8 (center)

L xt0k 100um

(1) W49rRW15v3.6 (surface)

o - T L0\ S L 8

L xt0k 100um

(J) W49rRW15v8.8 (surface)

L xt0k 100um

Blo e ~S1%t B2 e B ERFRH ST 5 s ke
Figure 24. SEM images of cooked 51% red rice noodles; bar (—) = 100 pm.
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(A) W49BWv3.6 (center)

L xt0k 100um

(B) W49BWv8.8 (center)

L xi0k 100w

(C) W49rBW 15 (center)

L xt0k 100um

(D) W49BWv3.6 (surface)

L xt0k 100um

(E) W49BWv8.8 (surface)

(F) W49rBW 15 (surface)

L xt0k 100um

(G) W49rBW15v3.6 (center)

L xt0k 100um

(H) W49rBW15v8.8 (center)

o= -

L xt0k 100um

(D W49rBW15v3.6 (surface)

L xl0k  1D0um

(J) W49rBW15v8.8 (surface)

L xt0k 100um

Blo L3 ~51%F 8PP R2 THEMRERFH AT T AT f-
Figure 25. SEM images of cooked 51% red rice noodles; bar (—) = 100 pm.
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Table 26. Results first time sensory evaluation of red rice noodles

Samples Color Aroma Flavor Springiness Firmness Adhesiveness ot
acceptance
W70RW 5.57+1.79* 5.55+1.57* 5.04+1.68% 4.74+1.50°  4.70+1.30° 5.04+£1.33? 5.18+1.33%
W49RWv8.8 5.55+1.46* 5.83+1.56* 5.39+1.69% 491£1.77®®  5.00+1.55° 5.11+1.45% 5.25+1.53¢%
W49rRW15v8.8  5.74+1.65% 5.79£1.27° 5.67+1.21*% 5.53£1.57*  4.94+1.36% 5.35+1.30° 5.65+1.112
Data expressed as mean+SD.
' Means within each column with the identical superscript letter are not significantly different at P < 0.05.
2L~ F - 2RK ﬁﬁ,’i‘f%%']&’g‘ AR
Table 27. Results first time sensory evaluation of black rice noodles
Samples Color Aroma Flavor Springiness Firmness Adhesiveness Total
acceptance
W70BW 5.70£1.63% 5.49+1.24° 4.76+1.35° 5.28+1.66* 5.04+1.32° 5.04+1.43% 5.25+1.26°
W49BWv8.8 5.64+1.72° 5.93+1.50° 5.89+1.47° 5.69+1.40° 5.51£1.22° 5.48+1.28* 5.98+1.37°
W49rBW15v8.8 5.93+1.93° 5.76+1.48" 5.16+1.43° 5.39+1.58" 5.26+1.39° 5.24+1.32° 5.40+1.33°
' Means within each column with the identical superscript letter are not significantly different at P < 0.05.
oo B R R R
Table 28. Results of second time sensory evaluation of red rice noodles
Samples Color Aroma Flavor Springiness Firmness Adhesiveness Total
acceptance
W70RW 5.60+1.48° 5.38+1.50? 5.46+1.56* 5.35¢1.59? 5.49+1.49° 5.57+1.55° 5.53+1.45%
W49RWv8.8 5.38+1.41° 5.78£1.57° 5.70+1.54* 5.58+1.65% 5.52+1.34° 5.49+1.46° 5.65+1.50°
W49rRW15v8.8 5.40+1.33? 5.48+1.50° 5.49+1.43% 5.59+1.58* 5.42+1.37° 5.53+1.47° 5.61+1.17%

! Means within each column with the identical superscript letter are not significantly different at P < 0.05.
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Table 29. Results of second time sensory evaluation of black rice noodles

Samples Color Aroma Flavor Springiness Firmness Adhesiveness o
acceptance
W70BW 4.85+1.52% 4.76+1.44° 4.75+1.41° 4.924+1.28* 5.06+1.33? 5.06+1.32° 5.01+1.38°
W49BWv8.8 5.05+1.68" 5.32+1.52° 5.25+1.49° 5.40+1.42° 5.38+1.50° 5.46+1.41° 5.29+1.47°
W49rBW15v8.8 5.04+1.73? 4.84+1.65® 4.79+1.55% 5.21+1.34° 5.13+1.44° 5.25+1.43° 5.03+1.44°

Data expressed as mean+SD.
' Means within each column with the identical superscript letter are not significantly different at P < 0.05.
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Figure 26. Histogram of the first time sensory evaluation of red rice noodles; evaluation
items, (A) color, (B) aroma, (C) flavor, (D) springiness, (E) hardness, (F) adhesiveness.
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Figure 27. Histogram of the first time sensory evaluation of black rice noodles;
evaluation items, (A) color, (B) aroma, (C) flavor, (D) springiness, (E) hardness, (F)
adhesiveness.
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Figure 28. Histogram of the first time sensory evaluation of rice noodles; evaluation

items, (A) total acceptance for red rice noodles, (B) total acceptance for black rice
noodles.
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Figure 29. Histogram of total acceptance for the second time sensory evaluation of rice

noodles (A) W70RW, (B) W49RWvS.8, (C) W4A9rRW15v8.8, (D) W70BW, (E)
W49BWv8.8, (F) W49rBW15v8.8.
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FEImTApM o 8 R IRAMRL 2B ALV EMN L BARBRE L T (Rao
and Muralikrishna, 2004) > # # 7@ i= % 4| % *% i< LDL ¥ i* ¥ * (Trombino et al.,
2004) ~ #r4] IL-8 % & ¥]3 (Mathew and Abraham, 2004) % > ¥ 4t % B T g1 H g
Ji (Balasubashini et al., 2003; Balasubashini et al., 2004)fcfe %3 B 22 o d 2§
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Table 30. Effect of hmt and storage temperature on free fatty acids (goleic acid eq./ 100 g lipid) !
Sample name W RW rRW15 W70RW W49rRW15v8.8 BW rBW15 W70BW W49rRW15v8.8
1d? 17.6740.35°  1.84+0.09"  0.64+0.01°  12.54+0.34>  9.26+0.49>  7.33+0.89"  2.66+0.97>  13.09+0.55  9.12+0.69"
5d 23.90+0.94  3.70£0.80%  0.87+0.08%  13.74+0.80°  5.60+0.07¢  7.13+0.29" 1.4940.14%  12.15+0.61%  5.98+0.62°
20d  23.16£0.27°°  2.33+0.38"  0.82+0.13%  13.31+£0.17°  7.83+0.24%  888+0.77%¢  1.71x0.30™  13.74+0.28°  7.42+0.18°
4°C 30d 22.76+0.17*  2.59+0.73¢  0.86+0.08%°  8.11+0.58"  7.13+0.70%"  7.64+0.11" 1.50+0.03°  11.10+1.35¢"  6.37+0.39°
60d 21.96+1.31¢  3.68+0.52%  1.29+0.02°Y  11.83+0.80°  6.51+0.76°®  13.29+0.17°  1.43+0.05*  15.14+0.55¢  6.38+0.28°
90d  11.77£0.61"  4.76£0.80°  0.81+0.04*  7.38+0.83"  6.17+0.81%  14.92+0.90°  2.51x0.73°  10.71£0.94"  6.86+0.94°
5d 23.90+0.56°  4.28+0.23%  0.84+£0.06%  12.43+0.35%  7.08+0.72%"  16.16+0.33%  1.93£0.22%  15.60+0.88¢  9.79+0.82°
20d  24.18+0.58°  8.52+0.69°  2.34+£0.44®  13.88+0.53°  9.74+0.91°  25.30£0.09°  2.70+0.32°  17.01£0.23°  11.56+0.54°
25°C  30d 26.78+0.81°  8.77+0.48° 3.41+£0.49*  10.70+0.60°  8.38+0.48%  26.36+0.96°  3.46+0.11°  15.35+0.67¢  12.42+0.14°
60d  30.63+0.06*  14.27+0.67°  2.03+£0.38°  19.34+0.27°  11.41+0.88°  38.14+£0.15°  5.39+0.04*  20.93+0.03°  10.14+0.42"
90d  11.30+0.53"  12.61£0.79°  1.54+0.11°  15.43+0.50>  7.78+0.85%  33.81x0.17°  3.47+0.58"  18.80+0.65°  9.62+0.31°
! Means within each column with the identical superscript letter are not significantly different at P < 0.05.

2 1d stands for day 1; 5d stands for day 5 and so on.
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Table 31. Effect of hmt and storage temperature on total phenolics (mg ferulic acid eq./g, db) !

Sample name RW rRW15 W70RW W49rRW15v8.8 BW rBW15 W70BW W49rRW15v8.8
Day 1 9.82+0.10°  8.52+0.05*  3.77+0.05°  6.86+0.10°  12.14+0.20¢  10.73+£0.05>*  5.16+0.05¢  7.06:+0.00?
Day 10 9.96+£0.29°  7.83+0.24*  2.97+0.20°  3.22+0.05°  12.73+0.25>  10.53+0.15°  4.85+£0.06°  5.39+0.00¢
pe DWW 90.79£0.05°  7.31£0.20%  3.25+0.02¢  2.17£0.15°  11.96+0.05  9.42+0.24"  5.27+0.04°  4.63+0.20°
Day 50 3.90+0.24¢  7.79+0.00°  2.97+0.00°  3.32+£0.10°  9.50+0.00°  10.94+0.24°®°  5.13+0.00¢  6.19+0.24°
Day 90 10.93£0.20°  6.72+0.05"  3.49+0.05°  4.26+0.05°  13.00+0.15°  10.70+0.10*  5.93+0.15°  6.68+0.15°
Day 10 9.85+0.15°  7.65+0.29*¢  3.01+0.05°  2.94+0.25¢  12.17+0.34¢  10.04+0.34°  4.40+0.057  5.53+0.10°
o D20 1017:0.10°  7.03+0.10  409£020°  2.07£0.10°  12.34+0.10°  10.18£0.05%  5.58+0.05°  4.49+0.10°
Day 50 5.56+0.05¢  7.52+0.00°¢  3.18+0.00%  3.36£0.05°  9.53+0.05°  11.04£0.20**  4.71+£0.20°  6.30+0.00°
Day 90 10.79£0.20°  7.96+0.05°  4.02+0.10°  4.19+0.05°  13.87+0.20*  11.29+0.05*°  6.35+0.05*  6.74+0.05"
'Means within each column with the identical superscript letter are not significantly different at P < 0.05.
FZ A RRE R RFELRR TR
Table 32. Total phenolics in rice noodles (mg ferulic acid eq./g, db) !
Sample name W70RW W49rRW15v8.8 W70BW W49rBW15v8.8
Day 0 3.32+0.04% 3.98+0.09? 5.11+0.18? 5.63+0.27°
n::(;:es Day60 (4°C) 3.39+0.05° 3.10+0.04° 5.1440.04° 5.48+0.03°
Day60 (25°C) 3.35+0.04° 3.10+0.18P 5.15+0.13° 5.27+0.13%
cooked Day 0 2.53+0.00° 3.07+0.04° 4.46+0.05° 4.83+0.22%
Hoodles Day60 (4°C) 2.35+0.23° 2.4540.27% 4.39+0.14° 4.7340.00°
Day60 (25°C) 2.34+0.23° 2.76+0.00° 4.48+0.14° 5.06:£0.04¢

! Means within each column with the identical superscript letter are not significantly different at P < 0.05.
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Table 33. Effect of hmt and storage temperature on total flavonoids (mg catechin eq./ g, db) !

W49rRW15 W49rRW15
Sample name RW rRW15 W70RW BW rBW15 W70BW
v8.8 v8.8
Day 1 6.13£0.18°  4.55+0.06°  1.46+0.12*  2.49+0.06*  5.78+0.23°  6.29+0.29*  1.26+0.06°  2.37+0.00?
Day 10 5.06£0.18°  7.65+0.00*°  0.59+0.05°  1.42+0.06°  5.61+£0.47>  6.37+0.18*  0.92+0.06¢  1.50+0.18¢
400 Day 20 7.26+023°  6.53+0.06°  1.42+0.18*  0.88+£0.00% = 7.56+0.41* = 4.93+0.00°  1.34+0.06°*  1.25+0.06°
Day 50 1.62+0.127  4.35£0.00°  0.34+0.06%  1.01£0.06%  3.16+0.06"  4.76£0.12°  0.96+0.00¢  1.79+0.00°
Day 90 5.72+0.06°¢  2.69£0.00°  0.47+0.00°¢  0.80+£0.00°"  4.87+0.00%  3.69+0.00¢  1.13£0.00°  1.54+0.00°¢
Day 10 8.04£0.64  6.99+0.35°  0.79+£0.00°  1.13+0.12°  4.41+0.18°  534+0.12°  0.92+0.06°  1.58+0.06%
25°  Day 20 6.80+0.06°  3.64+0.06%  1.59+0.06*  0.17+0.062  5.90+0.29°  5.30+0.06°  1.50+0.06°  0.96+0.12f
C Day50 2.16+0.06"  3.22+£0.53°  0.38+0.00%  0.88+0.00%  3.12+0.12°  4.64+0.06°  0.59+0.06°  1.92+0.18°
Day 90 5.23+0.18%  3.23£0.06%  0.26£0.06°  0.67+0.06°  5.07+0.06°  3.69+0.12¢  1.13£0.00°  1.42+0.06%
! Means within each column with the identical superscript letter are not significantly different at P < 0.05.
R S A X S S
Table 34. Total flavonoids in rice noodles (mg catechin eq./ g, db) !
Sample name W70RW W49rRW15v8.8 W70BW W49rBW15v8.8
Day 0 0.79+0.11a 0.54+0.05a 1.16+0.00a 1.66+0.05a
n::(::es Day60 (4°C) 0.84+0.05a 0.42+0.11ab 1.14+0.16a 1.40+0.11b
Day60 (25°C) 0.80+0.11a 0.41+0.00ab 0.98+0.05abc 1.65+0.05a
cooked Day 0 0.79+0.06a 0.43+0.00ab 0.91+0.00bc 1.2240.05b
Hoodles Day60 (4°C) 0.67+0.00a 0.39+0.05b 1.02+0.06ab 1.41£0.11b
Day60 (25°C) 0.70+0.05a 0.31+0.05b 0.82+0.00c 1.36+0.16b

! Means within each column with the identical superscript letter are not significantly different at P < 0.05.

91



2T RBRIAERERHRAT T R LRE

Table 35. Effect of hmt and storage temperature on total anthocyanins (ug Cy3glc eq./g, db) !

Sample name BW rBW15 W70BW W49rRW15v8.8
Day 1 2914.50+79.48 1430.58+56.51? 844.34+34.10% 649.52+22.68%¢
Day 10 2850.27+56.77% 1246.76+12.11° 844.01+11.37% 625.46+11.222b¢
400 Day 20 2786.04+56.774% 1118.86+45.21¢ 827.93+34.10% 697.63+11.34°
Day 50 2874.36+22.71%¢  1286.72+11.30° 803.82+45.47° 641.50+22.682¢
Day 90 2810.13+22.71% 1150.85+45.21°¢ 876.16+11.37° 585.37+11.34b¢
Day 10 2697.72+22.71¢ 1286.72+56.51° 731.48+34.10° 601.41+11.34b¢
250C Day 20 2962.67+34.06° 1246.76+22.60° 691.29+0.00° 713.67+11.34°
Day 50 3163.40+45.42° 1270.73+11.30° 691.29+22.74¢ 681.59+34.02%
Day 90 2866.33+£34.06>4 1126.88+11.30° 739.51+0.00° 625.46+22.68°

! Means within each column with the identical superscript letter are not significantly different at P < 0.05.
Bz BT S

Table 36. Total anthocyanins in black rice noodles (ug Cy3glc eq./g, db) !

Sample name W70BW W49rBW15v8.8
Day 0 671.39+10.21° 340.93+10.26¢
raw

Day60 (4°C) 599.69+20.69° 414.12+10.27¢
noodles b
Day60 (25°C) 470.37+30.70° 441.15+30.68"
Day 0 732.17+32.022 512.09+00.00°
cooked d b
al Day60 (4°C) 527.91+00.00 475.56+10.35°

noodaies
Day60 (25°C) 680.82+10.58° 458.66+10.30°

! Means within each column with the identical superscript letter are not significantly different at P < 0.05.
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C R F S d Y LA !

AM Amylose ® 4k BAs PE AR 7 B
PT Pasting temperature Fo iR R Fo iR AR R LE
Tp Peak temperature 2= 30k fo iR AR AL
PV Peak viscosity KRR fo i AR I

T Trough P IR fo R AER L

FV Final viscosity BB ARR o i AR E

BkD Breakdown B EX 1Y fo i AR I
SB Setback AR R F R AR T
To Onset temperature AR R BEF A 45
Tp Peak temperature KAEER R AT A A7
Tc Conclusion temperature BOERR FR R
AH Transition enthalpy B2 E F e AR i
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