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Abstract

Twenty two hard and soft wheats were examined for their relationship to physicochemical properties
such as near-infrared reflectance (NIR), single kernel characteristics milling properties, rapid visco anal-
yser (RVA), and yellow alkaline noodle (YAN) color. The NIR hardness was highly negative correlated
with straight-grade flour (r=-0.581) and break flour yield (r=-0.746). Flour swelling volume was 17.1~
28.1 ml./g and was not significantly different among 22 wheat flours. RVA peak viscosity of soft wheat
flours had a significantly higher than that of wheat flours. Hard wheat flours showed higher Mixograph
absorption (ranged from 51.9 to 63.6%) than soft wheat flours, and Mixograph absorption was highly
correlated with kernel hardness and protein content. L, ¢ and b values of YAN sheet color were mea-
sured at 0~24 hr using white background tiles and a dough resting period was examined. L, a and b
values were not influenced by characteristics of wheat flours. However, significant differences in dough
sheet color were observed between 0 and 24 hr. L value of dough sheet decreased as dough resting time
increased from O to 24 hr. All flours exhibited some increase in ¢ and b values at 24 hr compared with
0 hr. L value had significant correlations between O hr and 24 hr after dough sheeting.
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2% 50T 7Rl gl Wi #&2A] B4
Za% I vAE e BE AFIND A7
Zo

23] #A7F Utk(Briggle et al., 1968; Lee er al.,
2002). wtA W A e 2 94 o
o Pomeranz(1978), Kasarda et al(1978) %
Reed?} Thom(1978) 5ol <jaiA] FHIHA A+
= At

WEE Evet AEAQeA M 8% 9
B 3EA HAHEANRe FE AWE, FEY
71EE AW 2|y BEUriRe AHEoR 2
Ak $HutelA AWE LrkFe UFet v
=tAF 732U (hard wheat)® 2D (soft wheat)S 1:1
2 &8 Adt YRS o83l thKim#t Kim,
1989). &t} 1985k Moz 534 Ho] =
UE 7 AEEA Lee er al.(1984)2 5% 9 6
FLTL R AEEAG yEgEA AE
9} Lee(1985) &4k Wel 7AW A2
et al(1987)= 334 g e Ao F3d o
sl ®Rgk up it

A Lee er al(1997y =4t g ez 9
Vel 2EEA A, dEEE, 7AW xg ¥
#53d BAHE 35 EFU(Australian Standard
White, ASW)Z} vl HES ¥} 1o, Jang e
al(1999)% =4tde] ARag, opd2 e T, 7
el 8 W e BEAL v H E ASwet
H| 2 &tk Chang® Lee(2003)= U|=2F dad
(Eltan, Penawawa)} 7327 (ID377S, Klasic)l tha}
o] white salted noodle®] AHEHo] W3l Fdle] 7
Eh} 1o, Changs} Lee(2004)= Pl A
U 450 =F 2 A%l U3l alkaline noodle?]
A0el 3} polyphenol oxidase 4132l Aol )}
BETh

A eveteA s Qe AHE WoHE
= T2 74 HEA ol dig dFx Hel £
A HKim, 1997), vj=4t Lo FEE43 Al
Aol #gt A7 Ao R AEFIE Holu}.
uEba] 2 dAte v FoddEe] o)t &
A3} yellow alkaline noodle®] AMeis}e] ZAjol of
sto] ZAVSE v 1 ASE Ragt

Elad}

Mz & O

=S
B oo AMgE ¥ ABE vF ARLEAA
T-ax(Western Wheat Quality Lab., Pullman, WA,

USA)IA ¥ #5 2 AT22A4 34 9
BEEE A7 113FF A ATHIEY: Stephens,
Eltan, Madsen, Lambert, Gene, Basin, Vanna,
ID505, Federation, Penawawa, Alpowa, 74 2%: Bugu,
Filin, Serra, Mckay, Scarlet, Winsome, Klasic,
Sunco, ID377S, 1ID533, CA1128).

Bulel ojafss ERSY

B A Z(test  weight)S AACC method 55-10
(2000)°] et =338k lbsbu= EAFITE Near-
infrared reflectance(NIR)°ll 2J3F & £49] ZAx =
AL tEH ol AAET AEE ZAE the
12/64-inch®] round-hole sieveE §3}&}3 1/12-inch
2] round-hole sieved| RolA|& WE FAAEE 3}
Ak A& 15 g& #3}] 0.5 mm screens AMESH
Udy cyclone millZ %3f(1 glsec)dl] AL 7F
=& z &3¢ S NIR(Technicon InfraAnalyzer
400, Technicon, Tarrytown, NY, USA)E &4 3}o]
NIR A% FAZ EASFAHAACC Method 39-
70A). Single kernel analysist= Single Kernel
Characterization System(SKCS Model 4100, Perten
Instruments, Springfield, IL, USA)YZ ©]-&3lo] £4
30070l wist T Ax, 2] @ SHE 793}
ATHBettgest Mormis, 2000). 4 2 drjEo ©
M2 gk AACC method 39-100] w2}A NIRZ
2335 FHLE 12% mbE, Y= 14% mb.
2 Zksto] EASHTH
25y

FA"E EE A B+ Buhler laboratory mill(Model
MLU-202, Buhler Bros., Inc., Uzwill, Switzerland)
0] 851 AACC method 26-3191 wz} A E-315
CF A" g R gl 4t HEE =
A7¥std 16 MZF BRP RIS 3 AESH] 15~
20 Ao Tl 05% & H7hsted AlRsiich
olnf feed ratex= 100 g/min® & ZA3|on, A&
FEL F AR2E ZASIAY 2 & (break
flour yieldy2 A|&719] break rollE 5343 2w
TolA AA ARETEe FA HEE HABIHOH,
A 23 (milling score)}S TH-3 7ol AlLFIATH
(Morris et al., 1999).

to S e

Milling score = 100-[(80-flour yield)+50(flour ash-
0.30+048(milling time-12.5)+0.5(6.5-percent long patent)
+0.5(16-first tempering moisture)]
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Flour swelling volume(FSV)+ Western Wheat
Quality Laboratory ®'H(Morris et al., 1999y o
24 U7FE 045 gdb)el 125 mLe) 28 A7)
of & AR $- 925°Ce] @2adA 30 B
AN HA 7H2E AT thrdll dEFEedM =
YAIZL F 25°CellA 5 w3 BRIEle] d2o=
ANHE. olojA] 15 E7F 1,000xg2 Y4EEAA
A" A Fol(mm)E 43t the Aol ¢
& mL/gS 2 FAISHA

Flour swelling volume(ml/g) = (mmXx1.52)-0.30
mL/045 g

A7HEe] F=FA2 Rapid Visco Analyzer(RVA,
Model 3d, Newport Scientific, Narrabeen, N.S.W.,,
Australia)E ©]8-3le] Z43IAT &, AE 40 g&
g3 Bt Ax 548 &7 93 F/TF
250 mLg H7bste] #glE whE $ RVAS] AL
AAAM 95°ColH HAZHAEZE ZA 3] peak
viscosity(centipoise X 12)2 ¥ A| &9 tHMorrtis et al.,
1999).
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Mixograph 4

Mixograph 54-& AACC method 55-40A | w
2t 10 g mixograph(National Mfg. Co., Lincoln,
NE, USA)E ARg-sle] 7} 59 Wrhee] #A ¢

BEEe-S 73819 14% mbE sl 3 &
H

Alkaline noodle2| BHE, MZE 3 Aze| X
A7EE 100 g(14% mb)ol &F 2 g NaCoO,
05 g 2 E 34 g& H7FskY pin-type mixer
(National Mfg. Co., Lincoln, NE, USA)°IA 4%7}F
E33 vhe 4% 7] (Ohtake Noodle Machine
Mfg. Co., Tokyo, Japan)Z THtH(dough sheet)yE Al
%3l CH(Chang#} Lee, 2003; Changs} Lee, 2004).
2 74 40 mmoiA 18] sheetingg 3 3, WS
Ho] dAFoRE & & 4.0-32-25-20-16
—13-10 mmE Z2AA W E Azs3ich
% A(1.0£0.] mm)E UY¥] 10 cm, Ze] 15 cm
2 ZEa AMZe SAFN oM, dough resting A
32 WU E plastic bagell 22 T 25°CollA] 244]
7 A vhe AZ2-E 27438190k Noodle sheet]
AM7ZES chromameter(310, Minolta Camera Co., Osaka,
Japan)E AMR3E I g, b IS T3S
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71 A} (hardness geney= U2 =
Ae T8 gaog FAE U F5E 5%
near-infrared reflectance(NIR) AEE HY, £252
AdY} Ad™o] 717t 625 B 62.9 IbbuRA 2}
°]7} giou NIR ZAEE dd™o] 21.3~37.8(4

Table 1. Wheat kernel characteristics for 22 soft and hard wheat cultivars and lines

Wheat characteristics Mean” Range
Soft wheat Hard wheat Soft+Hard Soft wheat Hard wheat

Test weight(Ib/bu) 62.5+0.71 62.94:0.98 62.710.85 60.1-64.5 61.1-64.4
NIR? hardness 27.442.30 68.914.54 48.2+3.42 21.3-37.8 54.5-84.5
Wheat protein(%)* 10.0£0.49 12.30.32 11.2+0.41 9.0-11.2 10.7-14.5
Single kernel characteristics”

Hardness index 36.0+15.63 69.7£15.29 52.9+15.46 25.9-48.0 54.7-85.6

Kemel weight(mg) 39.619.52 36.71:9.99 38.249.76 28.8-58.1 31.6-42.7

Kernel size(mm) 2.610.53 2.510.57 2.610.55 2.1-34 22238

"Means are averages of triplicates for each cultivars and lines.

INear-infrared reflectance.
$12% moisture content basis.

YSingle kernel characteristics estimated from 300 kernels.
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7+ 27.4), A Do] 54.5~845(Ed 68.92A HF
2.5u48] z}o)7h AT

Lee et al(2002)°] A& ©)8}8ta B3} sugar-
snap cookie®] A|ZZAo] A& A7E HH, &3
2 EF5 kA ezt Aoy NIR Aks
FF webA 2 dolZFo] ATy BTk

%, Single Kemel Characterization System
(SKCS)e2 Z4g 4o Ax, 74 9 A7E
B9, SKCS Axe Z2ddo] B 69.7, Ao
360284 ZZdo] A ) AT & AL B
T Ao, TH FAY AVE Aol YlSivh
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10.0%), &™) 10.7~14.5%(FB 12.3%)24 732
o] HiF 23% =Y}

Betige®} Morris(2000)= B 249 Ax
ARe o] ol ge AAE= 723 991
254 NIR A%9 SKCS Axdh= 7159 A
4Hr=093)°] UHS WF 2™, Giroux® Morris
(199N% 2 FAHe SKCS FEE NIR Ax¢ &
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Table 2= 2 A7l FAE 227 2 &5 2 A
Fol| gk & A & (straight-grade flour yield),
ZHE T&(break flour yield), B7M¢9] 3& o3
L AREFY o oS AREALS TFHeE A
Eqt Zlo|th. & AE &2 dAWUo| 66.3~72.6%
(BT 694%), 73 &I 65.6~68.5%(FH 67.4%)=
Al Aol AAYRY Bt 2.0% =%, RAgE
&2 dAF@YUo] 41.0~553%(ET 49.4%), HAY
o] 34.5~46.1%(E 4 40.8%)2A FA"o] HAWH
o} B 8.60% =9kt Adwrrog AzxIde =
go] AU vjF) o], 24E & o
A FHEANoE delA  drkKaldyet

lo ¢
).
g:;a

Rubenthaler, 1987).

d FAe] olFEtd B AR5 BA
XY Table 3% Zth NIR ZE9 AEEA A=
9] A mE Ho| Abmol Olg{j\l:u—]] £3] NIR
T8 3 AR g 9 24P eI JaAe
zbzb o] R (=064, r=-08577% Bt}
ole} e Ad= NIR AE7F Addo] ddd9]
24 o] o2 EQIA, Wi AEs,Ee Aol A
Aol vjshM E AMdEA s, SKCS
T AEFERY] BANME TA3 A3e
ANk

I, T 2 "WrbRe] v gk A RSE
el FAE EW T 9 iR dlE gleko)
F7He] mEA AEFgo] AT B 4 U
<=, ol A&Ede) wE ggfo] é“éoﬂ H] &)
%=97] o Eolth
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Table 3. Simple correlation coefficient between kernel
characteristics and milling properties determined in 22
wheat cultivars and lines

Milling properties
Characteristics ~ Straight ~ Break  Flour  Milling
flour yield flouryield ash score
NIR hardness ~ -0.644%* _0.857** (.663** -0.702**
SKCS? kernel
Hardness -0.488*  -0.721*%* 0.659%* -0.616**
Weight -0.264 -0.187  0.004 0.071
Size 0.124 -0.272 0071 -0.026
Protein content
Wheat -0.649**  -0.672*%*% 0.530** -0.663**
Flour -0.623**%  -0.671%* 0.454* -0.595**

YNear-infrared reflectance.
?Single Kernel Characterization System.
*™: Significant at the 5 and 1% levels probability, respectively.

Table 2. Milling properties for 22 soft and hard wheat cultivars and lines

Milling properties Mean” Range
Soft wheat Hard wheat Soft+Hard Soft wheat Hard wheat
Straight flour yield(%) 69.410.65 67.410.89 68.41+0.77 66.3~72.6 65.6~68.5
Break flour yield(%) 49.41+0.45 40.8+1.34 45.1£0.90 41.0~55.3 34.5~46.1
Flour ash content(%) 0.410.03 0.410.05 0.410.04 0.4~0.5 0.4~0.5
Milling score 83.4+1.66 78.8+1.47 81.1t1.57 80.2~90.0 73.0~82.0
Flour protein content(%)” 8.4+0.39 10.810.43 9.610.41 7.3~9.9 9.2~13.1

UMeans are averages of triplicates for each cultivars and lines.
$12% moisture content basis.
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Ao HEle F AR & P &
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= mo) ’é}t‘r"] A WETh 3 Park er
al 1997y 7AW ZFo)A X hard white ] hard
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Bettgest Morris(2000)] 4 F49] Azt 2
EA e} AAC] e F7o)AM NIR % SKCS 7
=9} ZHE 582 T Fof Auol giriar ¥
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soft white spring

=3} % Mixograph £%

o] ol HeF Jéﬁ}ﬂ 9t e Rapid
Visco-Analyzer(RVA)7} F2oll= L71F = A8
9] 35S A= T A8 /A SRR o)
27 2ATHRoss et al., 1987; Deffenbaugh®} Walker,
1989). &, RVAT Brabender amylograph/
viscograph®} H|3le] R A|g o] HIA &
34 g) ZGAIZIo] o HFE]Y s A7t
AFHo =7 7|12HT= Ao} 7P & Ao}

TA] W7FEe] AT (swelling volume), RVA
peak viscosity ¥ Mixograph &4&S Table 4°l
UeErIGY #AREE BE, AAES 17.1-226
mL/g(E < 20.7 mL/g), 03_%‘%10} 20.4~28.1 mL/g
(Ed 230 ml/pogx Ao HlwE & 7
S JERTE RVA peak viscositye FEo| uleh
A 7Ll 123.0~245.0 unit(F T 168.8 unit), A
Zo] 91.0~259.5 unitCd= 152.4 unit)&A AE=2
| Eston], F57ke wHolk Azgo] Axdd
I8te] Zirh.
7R

A4 BA

E o

Gl
7}

i

i
i
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33EAE =] A

2 ol-g# wkEel A
o HHA =, AN e #A7}
Miller} Hoseney(1997)4 AT AR wE
A= vt JAIE r=-0.7962] Y=o

e
.-Yl
—N
N

e
g,
% 7]
ol 4

o] &S WUHOH, Finney(1985)% U7hE AR

BN F A4 Axe 7t FFo] e 447
=xqo|g}t Ej_é‘]— u} 011:} w2 ko Z RVA
peak viscosity 3 WAF I} Fo] 2 FA A
A iy AR £ Q71 doka Als "

TAE 9 7 2 54 Mixograph FT&S
WH, AUl 57.8~64.6%(HTF 61.3%)22 4 A
A9] 51.9~60.6%(HT 54.9%) Hste] H 64
%7} ESkT).

2 F g drhRe olgehd £4& 7hE ol%
A WEEe] B EEAEAY Fa3 FFS vt
Lrhee] e2AEAS 54317] 918 Mixograph
7} go] olgHEd, 7t ¥ FFL FF LAY
Mixograph HE-& Zr=Th(Weak et al., 1977).

2 AgoA 22709 Aradd EFo digt
Mixograph “6%0‘,,}‘ }_/\1_4 E}\-l ul Xﬂ )\451}94 5",_].
A& H¥ Table 59 7t} Mixograph T8 ¥
29l NIR A% % SKCS AXx9 27t r=0813 %

_ll o e

o

Table 5. Simple correlation coefficient among Mixograph
absorption, kernel characteristics and milling properties
determined in 22 wheat varieties and lines

Quality parameter Mixograph absorption
Test weight 0347
NIR" hardness 0.813%*
Kemel ~ — Skcs? hardness 0788+
characteristics
SKCS weight -0.118
SKCS size 0.011
Wheat protein 0.818**
Flour protein 0.870**
e . Straight flour yield -0.504*
Milling properties b i flour yield 07147
Ash content 0.410

Milling score -0.472%

YNear-infrared reflectance.
BSingle Kernel Characterization System.
"™ Significant at the 5 and 1% levels probability, respectively.

Table 4. Flour swelling volume, Rapid Visco Analyser(RVA) peak viscosity and Mixograph absorption of 22 soft and

hard wheat cultivars and lines

Quality parameter Mean’ Range
Soft wheat Hard wheat Soft+Hard Soft wheat Hard wheat
Flour swelling vol.(mL/g) 23.0+£0.93 20.7£1.44 21.8+1.19 204~28.1 17.1-22.6
RVA peak viscosity(CpX12) 152.443.60 168.8£17.39 160.6x£10.50 91.0~259.5 123.0~245.0
Mixograph absorption(%)? 54.910.74 61.310.42 58.3+0.58 51.9~60.6 57.8~64.6

UMeans are averages of triplicates for each cultivars and lines.
PPercentage by weight, corrected to 14% moisture basis.
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Fig. 1. Relationship among flour swelling volume, Rapid
Visco Analyser(RVA) and Mixograph absorption determined
in 22 wheat cultivars and lines.

O : soft wheat, @ : hard wheat

*: Significant at the 5% level probability

r=0.7889] =] Ao Awe] Siivh ¥, o
4 8 “’a‘ﬂ—eriﬂ Wl d 93} Mixograph &
o] AAE HH, IE 2391 ABBA 7T
v 5 AR —’F% ZHE 78 3 AEHHFAE
o] FHBATE AT

Pomeranz er al.(1988y2 o] Axel 712 Al
#He AFeA A Awrh dFUET R

Ae AFe] WA geo) AAYun ¥7] o
golul, Wald Lol wld e Do ArE 3
o] Aol YTkT WREM, ok 2 A7 Y&

]
AAsh= Aol

A

g, 7 - A2 U] AR (flour swelling
volume, FSV)Q} Mixograph &8 % RVA peak
viscosity9h= ZH2 r=-0424 2 r=0.4349] £-2]Xo]
0] FSV7t S7go] wakd 482 43X
T peak viscosityw F7Fhe S B 5 AU
(Fig. 1).

A7FFe] FSVE fAAdo] 7he A8 ozA,
4 FF it M2 TE Had 54 2 A
o7 44 dthWongs} Lelievre, 1982). wahA
Toyokowa et al(1989)2 <3 ¥ FU(Australian
Standard White, ASW)°] <12 T clubd BT}
FSV7} &0y B3, Crosbie(1991)% FSVE
b FE 44 Q19 AuEFEg Ada gt
31 v} Ut} Morris ef al.(1997)% E Ao 2o
A 7hsol83 #Esld HA FSVE Zte £%59
$730] Fadtpa RAsFHT

Yellow alkaline noodle sheet2| AHEH

Yellow alkaline noodle(YAN) W] Melg 7 .
Az FR3le] B Table 63 ZTh =, YAN
sheet®] AZZZ0 hr) [FFE A 73‘572"’1 zt
7} 86.1~89.4(F 7 87.5) L 85.6~88.6(HF 87.2)E
A "7FEe] FEO wEbA ZolE Holx] ¥gko
o, o@3 b= 2 AT BTk
o9} o] FFol mEhA MEle] Zfolz} A o
AL "l Az F 24 A7 AE g 5
Ao Az 2447 § Ao
Welg HW, Lk ddds AFddol 7z}
749~83.1(F+ 79.9) 2 76.2~835FHE 79.8), ait
o 77t L0.6~1.6(HT -0.7) 2 -0.1~3.5C3F -1.6)
I3 bk zbz} 23.0~27.8(8 259) 2 243~
R.1FET 27524 FEF 7l 2 Zolg Holx] &

Table 6. Dough sheet color value of yellow alkaline noodle of 22 different wheat flours measured at immediately(0 hr)

and 24 hr after sheeting

Dough sheet color Mean Range
Soft wheat Hard wheat Soft+Hard Soft wheat Hard wheat
Immediately after sheeting (0 hr)
L 87.5+0.90 87.210.64 87.410.77 86.1~89.4 85.6~88.6
a -2.240.37 -2.610.25 -2410.31 0.2~33 -1.7~3.3
b 19.811.44 20.611.04 20.211.24 15.3~214 18.2~23.5
24 hr after sheeting
L 79.942.19 79.84+2.80 79.942.50 74.9~83.1 76.2~83.5
a -0.710.87 -1.610.60 -1.210.74 -0.6~1.6 -0.1~-3.5
b 25.9%1.53 27.5+1.10 26.7£1.32 23.0~27.8 24.3~32.1

YMeans are averages of triplicates for each cultivars and lines.
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ok}, F Lee(2004)2] A7olMe BEH 36055 3 A

oje} e AMdE Hol W Az A5 MY 59 YANS] Ao thgt 03%011*1 Aol agt
9 Zxd gEia] 2 zel7) 1S o4 £ Atk L-DOPA polyphenol oxidaseH= E9] Ao Ao
Shinz} Kim(2005)2] A7 E Seuel AHE o] Ykl RIS ¥l Ao, Lee er al(1997)%] =

Urpze] WES FNTE= ASW UrIE9 3 2
7FE Atolell fojde] YTl TR, Kim
7 Koh(2000y= A7HAIE o83 W7NF =59 4
Bl #Het W8S B [gho] £ WrkEe
kAl ArpErt 2zt 818 2 78.1E E Hol7t ¢l
S gk opye} AWzl AW A Alde oA 7
AElE @S HAoy AWy AHE Ao|7t gl
Aty 2skdch

gy "o Az Aot Az 24 A FY A
o] Wsle B 17t A% 04%2‘%‘8 A 875
oA 79924 8% o)ite] AN, b3S dF
o] Hyt 19.8°014 259, ALl Hat 206004
27524 30% °1’d /e 48 2 ol9)
e A= Chang¥t Lee(2003)2] white salted
noodled] ATAE | AZ 24 A7+ & L]
10.7 unit 7FA 7AETHe Heh A3,
Morris et al.(2000)2] YAN®] oA W] A=
24 N7y Z L a bgrel ZAae 1% felie] gl
on, ok FF wet F o7t Arka w3l
t}. 2, Eltan3} ID377SE LEtel 5 unit 5 74

abdst gQlde] FEEA B AFE HH
T Ahue) Rohs 7184 HAlA Hi(value)E
FA S, Adelv HEeA W FFHEE zpo]
7b Avkal ¥El vk Aok

Alkaline noodle At A= A0 A7hY FX
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Table 7. Correlation coefficients between immediately after sheeting (0 hr) and 24 hr after sheeting in alkaline noodle

dough sheet color

Immediately after sheeting 24 hr after sheeting
Dough sheet color
L a b L a b

Immediately after sheeting (0 hr)

L -

a -0.542%* -

b -0.205 -0.445% -
24 hr after sheeting

L 0.684** -0.582%* -0.147 -

a -0.537** 0.679%* -0.295 -0.595** -

b -0.131 -0.451* 0.633** 0.288 -0.326 -

**": Significant at the 5% and 1% levels probability, respectively.
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