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ABSTRACT

To promote the consumption of rice, comparative study was performed on
characteristics of wheat flour noodle mixed with brown rice flour and colored rice flour.
Protein content of colored rice was higher than that of the brown rice, but lipid and
ash contents were similar to those of brown rice. Colored rice flour had significantly
lower peak viscosity, holding viscosity, breakdown viscosity, final viscosity and setback
viscosity than those of wheat flour, while brown rice had significantly  higher peak
viscosity, breakdown viscosity and setback viscosity than those of colored rice flour and
wheat flour. Colored rice and brown rice had 5.3~6.4% total dietary fiber, and the
proportions of soluble fiber in total dietary fiber were quite low, ranging from 9.4% to
18.8%.

L* (brightness), a* (redness) and b* (yellowness) of raw noodles were measured using
a colorimeter, L* (brightness) and b* (yellowness) values of Asian raw noodles made
from colored rice and brown rice significantly decreased. Addition of colored rice flour
and brown rice flour to Asian noodle reduced cutting forces of dry and cooked noodles.
The cooked noodle with 10% chalheukmi waxy rice flour was the highest in the cutting
force of cooked noodle. Addition of 20% chalheukmi waxy rice flour and 20% brown
rice flour to wheat flour was got to a relatively high score for appearance, color, texture,
taste and overall eating quality from sensory evaluation of cooked noodles.

Key words: brown rice flour, colored rice flour, cooked noodle.
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g=Rle] AF AF AUE AHEE F JFH ] ¥ o]FE WnE HIES IR
2 AF3tn Y3 AL RREL e sy &3 9, 3x 5 74F AFo
AHEE G AA & AvFe] 5% vigid] Edsitt. IR IAtET A v
A& ashe FAloIM, Aol A7t uet ¥ LWL TS AT
ojt}. o] ol & AF L tgIAT|= 718 S50l 8ol et s S
B4l 7€ 29 FAolv AEAAT nFAIIAY thdsiA = Hel ZA
T80l @ AoZ Algdrh ol we & ¥ E 7] st 71948E AR
7137d0] ¥ & AF /de] 87H1 Jot

ol TF 4o) a9 $83 FFgoz Huld) vg) 28] Fx9] AoldfE
IEE ¢ A3 FEY AHEY dRE S HES AW, Zg, <, UEF, B 59
5714, HEl By, HEM By, HIERI E, YRR, G4, RERILE 59 vlE {7}
Bo] Fso] sl 27l #io]l B AuilEddA 7150 Eh

Aoldfre YA 715E B B84 Aol FE F58o| A3l =it
7E Fo, Fore] o)|FAIE AN e vk, 84 Aol A FFitely
57137 AFgAY B ATE /KA 9429 F5E =3 s AT
o] 71AZ o] 85 Aol pHE WAI| = o2 BuEm Utk E3 Aol dfe
AF9] dUA] B ¥E B9 olE AHASEE =2A da NS Fo]
YA A S AAAA AF 744 A7 Aot i} =38 hemicellulose, pectin,
mucilagers A& B3t FEF F7HA 23NAM 9] glucoses} lipide} F+5 7
aAFozA BF SH2HET EBE B30 Ty & AF 289 AEE
Zo|a, FFENS HEAA 8F Zu2EE9 lanE st A2 U3,
AL, 9743, 28Y a2ln FW 59 AAwe Fvks Aol A 439
FHU s Bnd o|F 2 Aol 4FE dAstL ok nl=dM e Yol
o] 3t A Fo g 20~40 g2 FAB T Yl 2l BS slFo) HAF 15 A
T AFstm YA wid Zastn e Aes By TH F MY 83
2ol Rl F9L goly 1 o2 g, AW, Rejde] woltt

2 Fo] M P79 tEo] 715E UEAA 2L TS F= F8F 8219
th AES 9S v 94 44E 2 o ¥rE e ol BEolnE A
7 Ao olulx| 7} gulo} JaFg Frim & 5 Aok AF 4 AFY s
LR BAE 73 glen, AEVRE Folr] 98 AFHE Foll MAE Hut
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HAth FAvie] APEL AN Ni: AL @dAR F2 cyanidin-3-glucoside =
TFA5o] a2yt malvidin-3-glucoside = 2F FHEo] 9lon ol MiE 4
Az go M E A Aoz BHaEo] gt @A Mie vida 2
ol o] 2ut FGAT ) AL 712FQ FEE 39, F50|2 € 4714 SE
& 579 Aol sl R348 $359 AlA E Wold EAE JANTe T2
BI7L Sle o 589 AAEAR ¢z Utk

B3NS AVHe 39 $2LS 5#ES 70 gl v HeA, 8 &7
g, A= 59 ¥sr} glof F49] Aoy xe] A, 237 5ol JAAAA 4%
nAgn Easc

L 5L AFFAES o83 FEFFY /e dslq dFAk I &
F318ol BF= o] Q7] Wi FFIS P8t S5 vl Hrlela &
o] BjAWE AA A PRIEE AEAT S5 2R, A2F, F8AE
5 Wkl Aoz g3 olFE YEIFE U= S5 WiR
30%, FAIEQ] SFFE 0.05%F F/FEE W 7130t 3t ot

To] A BT AFE F T A Lo FFE ARSI DR o]
3lska Aol FAAN I Bed 54 Eesiey 549 dadAe
gl o] Fo] Al Y E Y-S v ofdE R Fge IF
o] $94 2 nuPAT o VAE BY:n FHZV), WE27], ¥4 &9
#AE Bivta ok

E A7 49 2HE A7) S8k dvlet fAnle] 828 thdsiAl ol
gt Wrtse AulvkE, fAavsbRe v eS Zh7 gl B e R T4 E A
Z3tn AE ¢ 2 5AE HES 95 Wi & HAXUE dolugitt &
A71Fof Aui7158 o s Ao BE¢ i &, Aol HF& 5
& 4 gl wnlo) vjF fAn] 559 M4 JEoR APAHE woli VIZSHE
272 F JeAE Fdstaz et WE His gl 2o Hole ve £
A3 Av), gz "ol £33 Ao Y& 3ol JonE HAH o 23
723 Au g A5 F AAF Fo] AWHF HrES 2x, @l fave A9 9
ZY54E W9 At

0. X X 2

1. AlEii=

E d7oM e 2 239 drlg /40 E AlRE ARSI Ao As2e 8
A dES AFR3IH T, A9 A8 2= ZRA(nonwaxy colored rice)$} 22 )
(waxy colored rice)Z A}&-3t Tl A|&+= Udy cyclone (Cyclotec 1093 sample mill,
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Tecator, Sweden)2 ©] &3} 0.5 mm9) screenS EFSIE S £ 3te] Aol AME
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B 38 A z|dle] 3o AOACH] 3l st} SR
dry oveng ©]-83}d 105l 2413t =3l st o, 3 EFL 600Tol
A 47 B2t 33N A 28T A AlR 3 g2 Diethyl etherZ o]-&-3}¢]
8A1ZF B FEdle] s G AL Ui EA A glE A7) (UDK 1304,
DK6., VELP Scientifica., Milano, Italy)& AF8-3}5.29 4004 2087 Ea) 3l
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3. RVA &==%

A7 4 drjg fA0] 7}7e] vrEEAY S 5% 317] 9130 Rapid Visco Analyzer
(Model RVA-4, Newport Scientific, Warriewood, Australia)Z A}-£3ldc}t. EEFES
960 rpmol| A} 10%7F w¥kgl ¥ 160 rpmOo 2 Z3 3t} =743l standard 1 WHH-E
AHE3ATE B7HE 3.5 goll 25 mi9] B& EFSt 50TA 183 mtg 5 95T
2 2EE 28 2583 oW H S0TE ¥ ¥ 2183 ettt RVAEL
Z peak viscosity: 95Co|A ] HE wlo]2E AEe] AEE Uely 1 holding
strengtht= 95 Col|A] 2.587F Wx] & $9] Ho|2~E Ae)e] =g Yehlich. Final
viscosity = S0CR2 W¥Ztet “deje] Hlo|AE o] =g UYehlict. o] &S
E] breakdown (peak viscosity-holding strength)®} setback (final viscosity-holding
strength)-2 JERAQITE 2E 252 Rapid Visco Analyer unit(RVU)gt o 2 Al4Hs}
9t} BE =L AFE T2 aW-E AFL-Ste] Rapid Visco Analyzer Unit(RVU)Z:
o2 UEniglt

4. HOlMFT 24N

Ao) g2 BAL Proskyol 28] =33tk A2 1 g& 400 ml tall beakeoi]
2 51 phosphate buffer(0.08 M, pH 6.0) 50 ml& 718 &, 0.05 ml ¢-amylase-§- -
Yo b 358 F2 95T boiling water batholl A HH-A|# ARES AZA|IZ
0.175 N NaOH € o pH 7.57} H%5& ZA3 t}L protease 5 mgd 715}
60TolA 3087 glAa S EaA|Ath 0.205 N H;PO, £902 pH 4.57} HE2
pHE ZA3t & amyloglucosidase 0.3 mlZ H7}3ld 60T A 30837 B3HA|A A
& A3 7RaiAZ) vig] A2E celited]] AFA|A EEI3 F, o] ofHY L
84 Aol f BAL 93l ALdx BASIFT) Glass filter] recidues 78%
ethanol 2 10 mi# 33j, 95% ethanoi2 10 ml¥] 23], acetone 2= 10 ml¥ 23] A3}
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o] 105T dry ovenol| A 3154 ARAIZ] ¥ A F3lF ek Aeld glass filterF 27]=
600X 4213t B3t 33N A 3 E-E H B35, 1A 270 Kjeldahl Hol 2]
& SA FFsA Aol e B8 F84 Ao RE A4 SH6%n
Z Holdfe B84 84 HoldRd Foz At

5. ZBIljCl M =X

B3 du] 2 fAu]e] Aol Z4Hgle] M= Minolta Chromameter 300
(Minolta Camera Co., Ltd., Osaka, Japan)& AH8-3l9 A 59] L(F )3k, a(BAE)3,
BRI SHART. Lake 20 AL 100, 223 AL e 022 7t
3tm, Az 8 AEE FAFT aghs} bgte] F7161E HA gao] 22} F7tk
€ A& venh

6. ==C| M=
sz o] W) ols] AZsiAnh YEE KitchenAid 914 (KitchenAid, St

Joseph, Michigan, USA) ®]A& o] &3te] dhdtA Aol mutelch. d7HF 35
ool 5% ATE 14 mlS Polrle] Adow 3027 wislET) A SREFE
AslA ThA] 3023 kel Tk Wk F Al ol WEE wo] XA E
o ¥e T ALoR 1R a8u n&o R 18 A&HeR m&s}cﬂc} Bo B
AZE B E Qo] @3 5EF X G & W55 3% &
Z Al Bo] AU FFHEF A4 2083t v oA ® 2]"]715}

Hols 4238 Z47)7 (Atlas Electric Pasta Machine, OMC-Marcato, Campdarsego,
Italy)E o]-&3dl] F 719 E&] (RE 25 mm)Ato]olA] rotation speed 50014 31 &
FHAFHTE 18] 31 rotation speed 70004 4H & 02 A ES 2.54 mm, 2.18 mm,
1.81 mm, 1.45 mmZ HAH o2 Fo7ie, &g vto 2 Hojx 22 Wios &
HAAN FFE A 23T

BE e W 359 2L Hes =52
ule} F-A0lE 242} 10, 20, 30% S8R A2 =
Aol 12413t F1tF A A z31Th

teon, e ¥
T 93 272 A2

7. 2181t =2|89| Cutting force =&

F49] texture =% -2 Rheometer(Fudoh. NRM-2010J, Japan)2 7™ ¥} <3l =4~
9] cutting forceZ &4 3}t cutting forces 5 ZAZAA AW UHS R 1.0
VoA 3HA A3 a, ZejHe AU 38N 42 F A’ I tHe= 10
mvollA 38 STk BAH S Hr8ke] cutting force HAL F AFe] FAA
2lE SASE o] &3} ttestZ 3tATH
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8. =2IBo| ZH=2Al

ZE|He] #ed s AW S 1 LY Be Bl 40 g(ARFH S 91 38 4L
TR FA 123 8ol 271 43 ¥ 28 olid &8 S AlFs=E 499

FERE 7|5 SEgA o] ot AABIATE &xfle] 48 W iz S =E
sttt A FeE AFste dEedA L SRS 208 S e ooz HFsid A
o] B3 7|0 ete] AHE g & & ZF49] 3, A, 237 :LB]
2 AR S 2ARIAY old 2T WM F42 3n ARVE
54 Moz, ui¢ Frhs 54, o 434, BEolthe 33, v 23, ol ¢ urvu
the 1302 3la, & A2l viAs ARuA 2 Siith #57A F 299 B
AANE e SASS AHESte] p <0.05 FFAA] Duncan?] ths HBEHE o83t Al
87te] #oA& A

11 O=< 11 = Uy =

1. YR S

ARZ AHES 7HE, @v] € F40]9) AR FFe (Table 1)3} Zrh. Oy
A TZe] AL LI} 104%2 7P B 3 RAT $A4uE 235n0)|7] 8.4%,
5237} 7.5%E e dule 3Hg0] 6.8%, YFL 6.5%F Fhatsich. #47|
7t Gt @ulol] Wlste) WlwA £ FE Jehddh sk Fule] Tl g
92~11.1%, Lut @rle 84~89%2] DHAE F{dvin B vt lrh

FESFS Arle] FEUFo| FAv]S FE FFROE %2 AT 7
& A E 1.0%2) TS YA G0 ol o)|BT} B 2.2-2.5% Al
o %€ Bgov Favls 24 Auie] & Hole Yol HRe) A= BE
AR DR Be HEFFS BA0H, fA0L It Frjuvke R &
A vehtok

{Table 1) Proximate composition of various flours used in noodle making (%)

Sample Moisture Crude protein Crude fat Ash
Brown rice(Hwasung) 14° 6.8 22 1.5°
Brown rice(Ilpum) 14.3° 6.5° 1.7 8.1°
Colored rice(Heukjinju) 13.3° 75 24 82°
Colored rice(Chalheukmi) 12.3° 84 2.5 1.1°
Wheat flour 13.8° 104 LO° 04

Means with same letters within same columns are not significantly different from each other (p<
0.05).



FAn7LRe Au7beE A F¢AE 2 BAEAN 273

2. RVA 33

ZER 2 AHEE @r)9} fAn)e) 53} e (Table 2)9t 22w RVAE A}
&3] 23t A8 Ho|2ES HnPEE WFET Yutdulr) & 3
& UehY 3, break downHE HA] Lukdn|y} §-An| R} =9k}

ZE0 Y e Hol2ES HuPEst P RE 626 RVUS &S B,
break down = HA] 7174 WA Vel @ﬂ*r*a‘ =7 st stdsE E)7t
FHoE @n7tRe] dEe) Jert e RS € AT Wb £& At
3] 7193 ¥ 228 Ui A we] A9 4% AEE e setback Y=
&2 dgnrt A4 veiden, fAve DrHeet v g& Jeblth (Table
2).

{Table 2) Pasting properties (Rapid Visco Analyzer) of various flour (RVA)

Sample ‘Pealf I-,bldh,lg Breakdown 'Fina% Setback
VISCosIty VISCOSIty viscosity
Brown rice (Hwasung) 165.2° 96.8° 68.4° 250.2° 8s5.1°
Brown rice (Ilpum) 166.5° 91 75.5° 212.8 46.4°
Colored rice (Heukjinju) 117.2° 60.5° 56.8° 141.2° 24
Colored rice (Chalheukmi) 62.6° 33.6° 29.1° 90.4° 27.8°
Wheat flour 142.4° 91.5° 509° 170.8° 28.5°

Means with same letters within same columns are not significantly different from each other
(p<0.05).

3. Bi0io RAIDIS AlOIMS Bf2

Aols) fale) Aol el FRFE (Table 33} Brh F Aol go) A 32
F7h64%2 7V £ 3 Hold % 4TS uYTh B4 Holdao) A 3
7 SEAE AY  depkest 44 Holdfel B B 1202 HE A
2o 24 BEY G Bk

{Table 3) Determination of insoluble and soluble dietary fiber (%)

Sample Insoluble fiber Soluble fiber Total fiber
Brown rice(Hwasung) 49® 0.5 54
Brown rice{Ilpum) 48% 0.5° 5.3
Colored rice(Hekjinju) 58 0.6° 64
Colored rice(Chalheukmi) 42" 1.2° 54

Means with same letters within same columns are not significantly different from each other (p<
0.05).
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4.8

@rlsh B0) 7o) NS B (Table 455} 2o] Lake] A9 Quhn|el 21y
3} 9Fol 1Y We RS AT Theom fAe AT A2} Re ke
dehtes, W7t M ¥ & Lk Btk A4S dehie agkd) 49 44
ul7k 7P ke, S5 25, 50 259 ke HYH. ARl 8ol 15, 9F
039 %% Hgom WATY A% 059 agke HYTh FAEE LRl bake)
B9 34 142, 9F 412 £ §S Rtk ZHE F057) 28, B3] 379
#g BYln Weel 4% 629 e Harh

{Table 4) Color values of various flour

Sample LY a b
Brown rice(Hwasung) 115.6° +15° +14.2°
Brown rice(Ilpum) 5.7 +03° +14.1°
Colored rice(Heukjinju) 95.7° +25 + 2.8
Colored rice(Chalheukmi) 96.4° +25° +37
Wheat flour 116.5° -0.5" +62°

* Means with same letters within columns are not significantly different from each other(p<0.05).

5. Cutting force EJ}

npE 249t Z|3 F49) cutting forceE =33+ Aul= (Table 5, 6)3 2t}
#dnl S He AZA 9 cutting force = Al g0 e} g YA NRE Fr)et
of Az AVL 10%, 20%, 30%= A7l k% cutting forceol| Al 2 2}o] & L}e}
WA FFAT AF n/HEE FArkeke Ade dnrtee #okE St oet
cutting force7} §43] st ArlE A7l I8 Axda 2 F
cutting forceg 5% A= I dF F FFLA 2 AolE Holx] ¢gta
o725 AU F5 223 39| cutting forces UI7HE 100% O g A %3
IR Aashe 2o g Jeiylth

A& Artetd Az 548 A2 F FH cutting forces EZ1FE 10
% Arleleiete H439] Aadtd o FENY] A 10%E AFE doe
HE2TF 2 207k R eu 2 o) Artetd §29] sk 2w A+
A= F31F0| el Z$-ole 10%% Hrs) = F2 3] cutting force7} Zag ot 23
u]e] ol 10%E A7RIE 100% D72 BHE dzes 2 Aot gdovt
20%, 30%E H7IstH §243] 7448t Oh 5% Instron Univer-sal Testing Ma-
chined AHEFE o &2 I A7tge Ad B I8 #58 F=e 43
A3t 3828 B 447 Fe 3RS BAoa sk 21eiy Nagao 5L
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R Z59) S BEAANE AT 4 Y= AAA ZHU o8 ThsHe 37
HoZ RSl

{Table 5) Cutting forces of dry ncodie and cooked noodle made from wheat flour
and brown rice flour

Dry noodle cutting force Cooked noodle cutting force

(kg) (®
Wheat flour 100% 1.63° 12.83°
Brown rice flour (Hwasung)
10% 1.93° 105"
20% 1.70° 1233
30% 1.58° 1017
Brown rice flour (llpum)
10% 1.68° 11.83®
20% 1.20° 10.33°
30% 1.28° 10.67°

{Table 6) Cutting forces of dry ncodie and cooked noodle made from wheat flour
and colored rice flour ’

Dry Noodle Cooked Noodle
cutting force (kg) cutting force (g)
Wheat flour 100% 163* 12.83°
Colored rice flour (Heukjinjn)
10% 125% 10.17°
20% 143" 10.5°
30% 1.32¢ 8.17°
Colored waxy rice flour
(Chalheukmi)
10% 1.78° 12.83°
20% 1.4 10.17°
30% 12 9.5

6. =clitio| sts2AL B}

ZZF] g, A, 2275 ot D A FA 5 ASHAE AAG A=
(Table 7, 8>3} Zt}. (Table 7, 8)0llA] 2T U/IE I+ & Y PrlZ49}
Zo|Feo] 24 g 2T-E BeAARI T B 2B S 20% £ T4 o
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223 §9149 Aol7h Tk, Azke FEUE 20% EXP T4 Y w5k
HETHT R P71S W) olH@ Ade Y So| BPLoR AxY T4
A% AAAZ 25 go] B5PA Ao} fe)HQ ARIA Qo) zejR 2
49 98 E2 B4 Yehied 288 QA2 F8a Rokcke BuE et
g o H2 OgF 242 ST oY SHe] T4E0] FA T4 Ao
We DRI 27 Sk YT BT Yk Rolth AL ArlslR
& TRT AVF37t YR Wste] 23 WolAe Ao W BEo
Fot 2 v BAEAT Rel ool ARRE 4L Tt 44
g He Ao WAERSe) B3 2 Aot gl Aoz Ve

(Table 7) Sensory evaluation of cooked noodles from brown rice flour

Overall eating

Treatment Appearance Color Texture Taste .
quality

Control 3.5 3.81° 3.81° 331° 3.56"

Brown rice flour

10% 263 2.88° 2.88° 2.88° 2.81°
20% 3.38% 3.06° 3.25% 3.38° 3.25%
30% 2.81% 2.69° 2381° 3.0 2.75°

* Rating scale: 1 (very bad) to 5 (very good).
® Means with the same letter within columns are not significantly different from each other (p<
0.05).

{Table 8) Sensory evaluation of cooked noodles from colored rice flour

Treatment Appearance Color Texture Taste eatif]);e(r;lz:lity
Control 331 331° 3.50° 3.13° 325
Colored rice flour (Heukjinju)
10% 2.81% 2.94% 331 3.25° 2.94%0¢
20% 2,75 2.88>° 288" 269 2.88>
30% 3.19% 331° 2.94% 3.13° 3.00%%¢
Colored waxy rice flour (Chalheukmi)
10% 2.56° 2.38° 3.38% 3.0° 263
20% 3.94 4.00° 3.25% 3.19° 35°
30% 325° 331° 3.19% 3.0° 3.06**

D Rating scale: 1 (very bad) to 5 (very good).
? Means with the same letter within columns are not significantly different from each other
(p<0.05).
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AARY 75 Ael/he 2307158 20% EFSAL o HEEQ 100%
WARE Azd T4s 2 Aolst g Ao ek

N2 <

ik

gl e SR WrhREG FA dvstREthe el
Sz, A NEGPANE Aolg wsat Aelke fARslRR
peak viscosity, holding viscosity, breakdown viscosity, final viscosityollA] =9k-& %
gt olu) e} setback viscosityol M EUAIT FAustEE S EA HulskE
wot ol U RROE 453 @ittt AvskRet EnrtRe 5.3~64%9 ¥
Aol #E BRaRoyt £84 Aol fel Y we W F2 B84 Aol
$2 a3tk 229 22H e cutting force AR|7LEe} fAn|7Fe] £
H&S Fold #A3An W Afde FZUIIE 10%g AL
20%% F7H0S o) UILF 100%2 e Bz 2 Zolvt fieh T2 7154
< Eola 73RS A7) st @urhEet fAD7FRE 10~30%E A7t
st RFHAE 4B AT A7 20%8 ZZ3V7HE 20%E A7 =71 7
3 5e #%3 HrkE Uskt.
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