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Abstract

The effects of barnyard millet (Echinochloa spp.) content (10~30%) on wheat flour dough and noodle properties were
investigated. As the amount of barnyard millet increased, the particle size and ash content of mixed flour increased, while
lightness tended to decrease. The gelatinization characteristics of millet flour showed higher peak viscosity, holding strength,
final viscosity, and setback compared with wheat flour. There was significant positive correlation between protein content
and sedimentation volume, as well as between protein content and water absorption. As the amount of barnyard millet
increased, hardness, springiness and cohesiveness of wet noodles tended to decrease. From the results of sensory evaluation,
composite flours (addition up to 20% barnyard millet) were rated with a quality score for taste and overall acceptance which
was comparable with the control flour.

Key words: barnyard millet, gelatinization characteristics, noodles

M = 20%2} BgSte] AZSHYS W FoT AoE Agictn

washglrh §2E 9 W) A Takeyama 5 2000)]

S} w7he] T(Genus Enchinochioa)®] 3k, TEAA A A GEUel ABA BES WEH 9 PO Y
Qe PR 0T F9| SR AeEle] Fok 1960 WS AZPS 1) EERAZERG AES 130 GAL >
Ay o] Al ZTsiel S Fe os) ol AFHRUA  UROw, WeBIIIAE 2§57t FEsheka B IsHIL,
S FHN F43 AAS ARt 48T ABHE o Q05 A e BES 2ASL, 1 olsfet B4
ko] Thg ATE THEE QoI SAHYT Takeyama - BuSHE], BHRYYOR 239 ol 2= B2 A
S99 S 714, Ax W AST 54FS NI BE B 92 4 dglon], 7o) AR o] )20 Wy o
BApe] B 2R A3k BE 1Y T AR o< 4-T% BUIL, H1 HEE B9Th sk To 520062
2PN EY 202 Ak Bustch B Theya A3 71RE Ao A0 BHS FYAY BHo
5(199)2 FA2E ol8F NG AT AgW BEe  JhR AR e Nekul} el nx o) Y4B FA)
B} APAE BB ARAL S50 ZART £ A4 DU fibroin £4L WK AFelA ) 7}

' Corresponding author: Hyang-Sik Yoon, Chungcheongbukdo Agricultural Research and Extension Services, Cheongwon
363-883, Korea. Tel: +82-43-220-5692, Fax: +82-43-220-5679, E-mail: aroma67@korea.kr

- 706 -



Vol. 25, No. 4(2012)

F 10~20% X|gto|A] 7~8% H37t = UL, BB
F¢ken, fibroin §HS 715t webA W37t AASHA
FAEAL, BHY FUEE FEHE 100%8} 22 7355
Uehith Huskgleh FHZole A B £ste] v
= A3 B 5T HA Y e AES At
Y= ek Takashi 5(2007) 1, =, 7|7 o] et &3}o
A% Bgulee destand, 4L A1 A1l 4 2
2 B7HE Wren, 99 9= vHEdE 712 NogebieZ}
/42l Karumaizairai(shiro) 20} -8}l a1, 23o] S3i]
&2 10%004 7P S<pshrtar Bustgict E3F ofd = A
3rg-go| T2 1), = vj|4Jel Karumaizairai(shiro), HFEHA]S
7}A Nogebie 12|37 €4 24421 Jojuromochi o] F|Et 2] AJ o))
gt A7 Kumagai 5 2008)%= = =t /o] U= I
oA TEB7I7E FUAL, WAl g gojfch B H=
Bte] E3le 30%7HA = FEEAAIT, HAdY v= of
Zre] ERto|= dojxth 7 gk 7X|aL HukelaE -9
& S div] 7k WA g 150%A A= F7H7t
LA T, BERHS 100%, 24 70% 7Hroll Az B717t
Fokoha Hustqich okt s WrERe st =
5 Y= A7 19709t R E i 3= ik Cheigh
(19760 Hejet i, Hejer F B AW AlEF &
ol Bt AF-E FIA HEZFReE IR BREe] (o]
Al BEZFE 30%7HA] = Hu 84 5 Aol FESHALL,
el g4 2712 BRdAL AHAo] Bl
ohn Rashgh Woheet BARe] B3l et AwA
A= Y EU=T, Lee & Kim(1981)> A7H+345}m] 7}
F+A7FR B3Rl xanthan gums 371sH= Zlo] A4 0]
Qow, Fstu] 7k 30%2 BIES HEH 7|54
of ojAl L7FR A} ZAY Stk shylch E3E
Yang 5(1982)°] &J3f| =79} LI Eghio] Ald 4 &
T R0 HRE 20 U 40% SR AHE o]
skar, Hol Fdo] ZiAEe] Au|of glojA= Wrte HEh
Fosirta Husigink et H7F e AW 54 AT
(Park & Kim 1990)0)| A= T 5E 10%9]] 714 Na-carboxymethyl
cellulose 2.0%, guar gum 2.0%, xanthan gum 1.0%°]| A Q715
W )5 AE onka Bustgnh oo S|
7}&(Park & Chang 2007), ZF*HMoon & Suh 1994), Z(Chang
HG 2004) 5 ot Q=2 EHES o83 A, ¥ 59
4 54 izt g2 A7t A 2y Sl
A A8 E o83 7 Al BE A= A9 fle
AAoltt. & dAFollM= FEsA7IedolA Bt 1
A Aol A AujE L Sl A80] o] R747R] e 9
o 2189 H7tof| o3t U7IE wtEy} I0 EA4S &

st

1

483 H7bo) ot Wi

B 9 240 B4 707

A

HiH

Mz = 2y

1. M2 ¥ M2

A181= 200080 FHE ALY FHFAALAE
A Bef wo} 20084 43ke A4 F JEehy 543}
Qasta o] 94t EC25E AgSigon, Uiz
19979 S48 FARE ST ARL FYAPHe
B W)= H.9] Byhler laboratory mill(LU-202, Uzwil, Switzerland)
& o] &3l A ESE 60% FEOE ABAL, AL 7}
F= 10C A2A ] HastiaA Aol AMgsHth S+
2 A Gu7IRE Wkl 22 £ 10, 20, 30%7F HE
= Wrketel Azsrct

T

1) QErys
74Ro wuA SR P 22 AACC 000

2) 71F9| S|l M3

712-2] YR} Z7|(particle size index: PSI)+= multi-wavelength
laser particle size analyzer LS13320(Beckman Coulter, Brea,
CA, USA)Z o]&3to] S5t on, YrhE A4Zh-2 Minolta
JS-555(Minolta Camera Co., Ltd, Osaka, Japan)2 ©]-83}o] W
L), AAx(2) 2} FAE(b)E S 5HATE - 7HSDS-sedimen-
tation) = Axford 5(1979) <] uhe] Zske] ZHstsch
&, W7FE 3 g(14% 83 719 100 me AdEof g3,
50 ml2] 0.0004% bromophenol blue €HL P2 & 21 717
O =2 23] 15% Zot & 550 & &, 12.5% lactic acidES 3E
3+t 2% SDS(sodium dodecyl sulfate) &8 50 mbE A7}5E &
2,4 9 6 o 1527F & £33, 2087 HAE & JAAHE

9 £3L HHSA

3) ol BEt W 53 5

off 2 32 Williams 5(1970)9] ol w2t 45t
gon, 53 EAJL Micro Visco-Amylo-Graph(Brabender GmbH,
Co., Duisburg, DE, Germany)& ARE3le] 24514t &, 7}
2100 g(14% 223 712)S Amylograph £7]0] 91, =
222100 MlE 73k the detalS =9t} Micro Visco-
Amylo-Grapho] ¥ % 110 rpme.2 W= = F5 &7
£ 30ToqA 95T7HA] 180f] 7.5TCH & S8FaL, 587t
AR F 18] 7.5CH 50T7HR] =5 WEE & 287t
FAISHHA of mbE AR FEFH O] 2|17 = (peak viscosity),
DA A FAHEE Wl Zhbreakdown), Z|Z7H = ofA]



708 Ol A - A - oAk - O[T - WL - A

JUA

HAHEE W Zh(setback) S ZA5HTh

7% 9% B4 NaTdE olgsgon] AACC ¥
] 54-40A(2000)]] &3} 10 g mixograph(National Manufacturing
Co., Sterling, IL, USA)YE o854t} YAz o] 7lake
AYE WIR) MixogamE Fste] 2 7Hge Pt
o™, Mixogramo] i1 Folof] ZE3t AZHE RESA|ZES
= Aagck

3. IF M=

a
am
0x
0Bl
N

1) 2% AT oy

4 45l B2 Sl e vEslen 4 AL
O3t 7tk AAL 33% 7 3 o
st AAstE T W7 100 g(/\‘dﬂak 14% 712)°) A&
=& ¥ pin mixer(National Manufacturing Co.)ol|A] 487+
sPelAom, A% £3E BEE 20%2 YR 24 A
Z+= Ohtake =+4> A|Z7](Ohtake Co., Tokyo, Japan)S ©|-&3}
gov, Az We) AL 9T B2 24L 3 mz skt
Areo A 1A7F &4 F, 2.60, 2.007} 1.50 i 28 Ao =
HolE g A3} 3, Dial thickness gauges(Peacock Ozaki Mfg.
Co. Ltd., Tokyo, Japan)E ©]-&3to] e FAE SHH3Th
W] A7Z-2 Minolta CM-2002(Minolta Camera Co.)E ©|-&35}
o Z3shsick

2) 3+ BESY 24

A HdE wE7) 98 259 Ad £ ol 8sklth =
2 An] HIHE SJsko] WU 20 ¢S B B(500 nl)ofA 55
7F 48 &, IEof St o, TA-XT2 Texture Analyser(Stable

_xEL
).,
_\%

A=A Fetal

- U+
4% 3RS ABgTh AR 3175 m B4 9 ol8s
o 1.0 musec £E 70% strain©.2 ZA3AT) 3+ Z42)
73 %= (hardness), BH4d(springiness)@} A Ad(cohesiveness)< Baik
£(1994)9] upo] mrgieh

3) 20| BSAA}
5o BN

e A 109 sfdof o1 4, 3
AN 7B

o, &4 298 FAU(H: oFF
A BE 9% o} $)02 MAS
4. EH2A

E A 242 SAS software(SAS 1998)2 o] &-3}o] BARELA
(ANOVASIAT, 2t 2% Hagtel o4e pe005 o
2 Duncan's multiple range test3-4] S}t

Znt o nE

1. Algm| 28H29| X 3719 2|2 afE
9z} Z7)9} 8|8 FFL Table 13} 2k, 712 Iz} 27

£ 443 7127} Wrksd] vls) 20 HE Fow, 485 7}
2o] T3hu|go] F71E4S A7) EFE I D% 3
Ztstiek. 318 ke A8 74r} WohkRel uls) 36 3
= Yol 4189 715 Bahlgo] 1a5E 247 &
B BE FFE F7Iehe AFS Uit Wle ¥E
= 88.62% 4-u|= 80.839) M3 w2 s UERH LT,
2§39 Friepo] 2713l upeh YR Yol AL
Byt A== A7k —0.920] H|F) 481 —0860F
o7k & 7k etk A8 7k WrkRo] s ¢
ZH 2717k 231 gl el B wleel drhReke] Eatv]
&°] S7HECl weh §Ert Wobxl= diE el on, o

Micro Systems Ltd., Godalming, UK)E ©]-&3}o] Z435}%ich = & g 4R Hrle R AR 2=t Kim
a2 T 5& o|jof 5714e] HEE o]-85t S5, A HH(2008)9] X319} U2|st3ich
Table 1. Ash content and physical characteristics of wheat and bamyard millet
Ash Particle size Hunter values
Samples
(%) (¢m) L a b
Control"” 0.53% 82.11° 88.62" —0.92° 923
Barnyard millet 1.68"° 161.40° 80.83° —0.86" 935"
10% 0.64° 87.83¢ 88.40° —0.87° 8.93¢
20% 0.87° 90.29° 86.04° —0.83" 9.21™
30% 0.83° 109.55 86.38° —0.89° 9.19°

Y Control: wheat 100%, 10%: wheat 90%tbarnyard millet 10%, 20%: wheat 80%tbarnyard millet 20%, 30%: wheat 70%tbarnyard millet 30%.
? Values with the same letter in a column are not significantly different at @=0.05 level by Duncan's multiple range test.

L: lightness, a: redness, b: yellowness.
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Table 2. Amylose content and gelatinization characteristics of wheat with bamyard millet

Samples Amylose Peak Visc;sity Holding strength ~ Final viscosity Break-down Setback
(%) (BU) (BU) (BU) (BU) (BU)

Control"” 23487 200.00° 153.00° 361.00° 46.50" 205.50"

Barnyard millet 2744 228.50° 189.00" 494.50° 39.50™ 305.50°

10% 2594 262.50° 207.50° 490.00° 54.50° 279.00”

20% 23.94° 175.00° 144.00° 346.50° 31.00% 199.50°

30% 22.82° 197.00° 168.00° 399.00° 29.00° 228.00°

Y Control: wheat 100%, 10%: wheat 90%tbarnyard millet 10%, 20%: wheat 80%t+barnyard millet 20%, 30%: wheat 70%t+barnyard millet 30%.
* Values with the same letter in a column are not significantly different at @=0.05 level by Duncan's multiple range test. ? BU: Brabender units.

Table 3. Protein SDS-sedimentation volume and mixograph data of mixed flour

Samples Protein SDS-sedimentation Water absorption Mixing time Mixing tolerance
(%) volume (mf) (%) (min) (tm)
Control"” 14.18" 53.50" 63.00" 3.20° 18.50"
10% 13.46" 49.50° 63.00" 3.75° 12.25°
20% 13.12° 38.50° 62.00° 3.50° 11.00°
30% 11.96" 32.00° 62.00° 5.00° 18.50"

" Control: wheat 100%, 10%: wheat 90%t+bamyard millet 10%, 20%: wheat 80%tbarnyard millet 20%, 30%: wheat 70%t+barnyard millet 30%.
? Values with the same letter in a column are not significantly different at @=0.05 level by Duncan's multiple range test.
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Table 5. Sensory evaluation of cooked noodle of mixed
flour with bamyard millet

Overall
Samples  Color Flavor Taste Texture
acceptance
Control” 6832  6.00° 6.67° 7.50° 6.67°
10% 6.50° 6.67° 6.67 6.67° 7.50°
20% 6.33° 6.17" 6.17" 6.33" 6.67°
30% 5.83° 6.50° 5.00° 433° 467

Y Control: wheat 100%, 10%: wheat 90%+barnyard millet 10%,
20%: wheat 80%tbarnyard millet 20%, 30%: wheat 70%tbarnyard
millet 30%.

? Values with the same letter in a column are not significantly
different at @=0.05 level by Duncan's multiple range test.

Table 4. Dough and wet noodle properties of mixed flour with bamyard millet

Dough Wet noddle
Samples Thickness L . b HD SP CO
(mm) N) (Ratio) (Ratio)
Control"” 1.80" 74.78" —0.90° 18.39° 5.53° 0.95" 0.66°
10% 1.79° 75.88" —0.81° 16.30° 4.69° 0.95" 0.61°
20% 1.77° 74.93" —0.20° 14.65° 374 0.93° 0.59°
30% 1.65° 72.94° —0.49° 15.30° 4.53° 0.92° 0.57

Y Control: wheat 100%, 10%: wheat 90%tbarnyard millet 10%, 20%: wheat 80%tbarnyard millet 20%, 30%: wheat 70%tbarnyard millet 30%.
? Values with the same letter in a column are not significantly different at @=0.05 level by Duncan's multiple range test.
L: lightness, a: redness, b: yellowness, HD: hardness, SP: springiness, CO: cohesiveness.
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