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Quality Characteristics and Dough Rheological Properties of Pan
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Abstract

This study investigates waxy bardey powder substituted for wheat flour in bread recipes with the amounts
of 0%(control), 5%, 10%, 15% and 20% Waxy badey powder consisted of 8.33% of moisture content,
10.47% of crude protein, 1.63% of crude fat, and 2.97% of crude ash. Sedimentation value and pelshenke
value have decreased as the waxy bardey powder content increased. The farinograph measurement result of
the bread made with waxy badey powder showed that consistency, water absorption, development time,
stability and time breakdown have increased as the waxy badey powder content increased. The amylograph
measurement result of the bread made with waxy badey powder showed that T have increased as the waxy
bardey powder content increased. Their P, H and P-H have decreased as the ingredient contents increased.
Baking loss and specific loaf volume have decreased as the waxy bardey powder content increased. The
chromaticity measurement result of the bread made with waxy bardey powder showed no significant difference
as the waxy bardey powder content increased. The texture measurement result showed that the hardness and
gumminess of bread have increased as the waxy badey powder content increased. Their cohesiveness,
springiness and chewiness have decreased as the ingredient contents increased. Overall preference scores
showed a high acceptability for the bread made with 10% waxy badey powder.
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{Table 1> Formula for pan bread with waxy badey powder

(Unit : g)
Ingredients Giroup
WB 0 WB 5 WB 10 WB 15 WB 20
Bread Flour 100 95 90 85 80
Waxy Barley Flour 0 5 10 15 20
Egg 10 10 10 10 10
Butter 7 7 7 7 7
Sugar 7 7 7 7 7
Yeast 4 4 4 4 4
Milk Solid Non Fat 3 3 3 3 3
Salt 2 2 2 2 2
Yeast Food 1 1 1 1 1
Water 50 50 50 50 50

Group : WB 0 - Bread dough added with 0% waxy barley flour
WB 5 - Bread dough added with 5% waxy barley flour
WB 10 - Bread dough added with 10% waxy barley flour
WB 15 - Bread dough added with 15% waxy barley flour
WB 20 - Bread dough added with 20% waxy barley flour

170Ce] o E¥ 2E(Daeyung Bakery Machinery
Co. Ltd., Seoul, Korea)ol] o] 30&-7F 7ok +
7 wo A0 T)oNA 1A1ZF 23 & poly-
ethylene vinyl bagoll X733l AAshHA] A3
o ARgsRATE ovl A3 A3 ZE e 20% o
o Arhge wE A4 SAFEOZA AR
§1o1 20%7HA1E A sl

Solution B lactic acid(85%) 250 mLe} S/
750 mL 4701 1 L7} H=5 3lal 6417t &<t 714
3F-A1 AT Solution C= Solution B 180 mL, iso-
prophyl alcohol 200 mLE 7}sle] &3tk 1 L2
A-8-3itt. 100 mL -2 cylindere]] 3.2 go] Al&E
22 % Solution AE 3 cylinderell 50 mLE
7¥elal vplE 2, 123] Bl 02 EE &

SL

283 AT THA] 30231 183] 317417

3. AlE{a 90z F<F W3tk 18]l Solution B 25 mLE

7¥skar 2.5%7t 43)A3kar, 105% W3 3 30%
1) LBIME 24 7t 183] 3 A 7)aL, 90% WAA)Z)AL ThA] 15%
A58 IR S8, ) 7+ 93] 31171 & 1083 et AXHE w5

-2 AOAC(AOAC 1995)Hel
1=)

T e A e xR, 2EES Auto

Soxhlet F+FH, 23] A= 3]0 uje} 4
Fetom, BE #4253 vt Pighs

Pelshenke valuex= AACC(AACC 2000), Pelshenke
(Pelshenke P 1930)°l wahr] =3t} Water
bathZ 30CE A3}l =glo|o]2E 32 gol] &

AHE-8FAH. F4E 50 mL ¥ar 1587} water bathol] W] 3
THA) 50 mLE 718 4]ojFo] o] ~ELAS e

2) Sedimentation value2} Pelshenke 0] 30T water batholl 2343} beakerol]l S/
value &8 70 mLE o} water bathel]l Bt 1 § AR
Sedimentation valuet= AACC(AACC 2000)°] 3 g& T-Z beakerol] ¥l o]=EEN 18 mLE

weha 291
blue 4 mgs 83} Solution AS TH=SITH

. 55 1 Lol bromophenol

A7Ve & 287F 931 dough ballS WHEIL

-
57 @71 vlA 9ol dough balle] E]# E
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3) Water retention capacity2} Alkaline
water retention capacity =&

Water retention capacity(WRC)+= A 52| G-
Al SHRTY F5E&S B9 AR
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4) Farinograph &4

Farinogram 54 =7 Farinogram-E(M81044,
Brabender Co., Ltd., Germany)E AF8-3}] U3
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5 Amylograph &3

Amylograph(ASG6, Brabender,
AACC(AACC 2000)°l =} 65 g2] A1F(14% 7
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Y3 bowld] IAEEE 75 ripmoE AT
gt e 1487 1.2 HIEZ 30TAA 95C7h
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ature), I E(peak viscosity), HIHEL%
(hot viscosity temperature), #&7%=(final vis-
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A2 ARSIt
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(chroma meter CR-300 minolta, Japan)& AM&-3}
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10) SHXzE]

Z} Aglo| A A& A= SAS(SAS 1988) EA
packageE A8-sle] AA Algo thgt ol
oS EAEA(ANOVA)C.E BAslga, 2+
AlE7Fe] Zo]E Duncan®] THH 9] 735(Duncan's
multiple range test) 22 5%H 1 (p<0.05) HellA
SAA §948S HS3sHATh

2R Ebo] JuitdiE B2 A3l= <Table
>3 2o} 2R Bge] SRS 8.33%, =
T2 10.47%, ZAS 1.63%, 382 2.97%
2 Uehsth B 7HF9 A 27071 Al A
o] HXE 98K Yang TK 2012) AFol|x &
8.71%, ZTH 10.32%, ZAW 2.24%, Z3)|&
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{Table 2> Measurement condition for texture analyser

Contents Conditions
Sample width 30 mm
Sample height 30 mm

Test mode and option T.P.A
Test speed 100 mm/min
Compression 30%
Trigger type Auto

Probe 60 mm
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{Table 3> Proximate composition of waxy badey powder

(Unit: %)
Composition Contents
Moisture 8.33+0.23
Crude protein 10.47+0.30
Crude fat 1.63+0.03
Crude ash 2.97+0.01

0.98%= Vet ZH &S H71gk vk &
229] ¥4 EAJ(Kim SK - Kim CH 2012) 19|
A B 8.90%, =T 10.39%, A 1.50%, %=
B 0.61%E Yebg=t ol & 433 fAK
ANE Ve o]ef 22 AR Apol= Ko
FE, Al A e] Eqkolyt 715, A4 dxol w
2} 74 o] E7] "Eelal & A=
A wo] Arr A7 Ay JFS FUTa
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2. Sedimentation value2} Pelshenke value

Sedimentation value®} pelshenke value= 27}
Fo] =FH-84 @A (gluten-forming protein)

& dof| ApolE FAIsh= Ao Wk =

Ho] H7} 7jEo 2 ARETE dikdos =
S} FZ o] FE= sedimentation value
o] #AZIt}. Sedimentation valueZ L7FFE
ThA 12 20 mL ©J3}, S-S 20~40
A ES 60 mL o)A 2 A A
A < 60 mL o]} s a7 ITtHHATS
5 1975 - Jang HH et al. 2012).

e Bas rete] Axg A vk
sedimentation value2} pelshenke value %41 2
T <Table 4>} 2t} ZKHe] Bo-s H7igk 2
H=9] sedimentation values= tF°] 62.04 mL
2 FA vEigal #Zre £ Hrlee] S
= sedimentation value= 7343t 5% 7+
oA 56.52mL, 10% H7kolA 50.51 mL, 15%
A7\l A 44.75 mL, 20% FH7FrollA] 38.66 mL
2 S et ol J7PE A 460 v
Ae FF L A ol =B 2o o3t F4

AA(Im CS 1999) Ao tFE2] Hrleko]
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Z7}8HE sedimentation value™ 7FASHE
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FARE e, 9] ol 7Pt Al 5
Aol v 93K Yoo Y et al. 2005) AT-olA]
Z70] 66 mL, 2% F7F°] 62 mL, 4%7} 58
mL, 6%7} 53 mL, 8%7} 47 mL 522 &x] U5
o] H7}eko] F71E sedimentation value=
Fashe AR 29 YT

Sedimentation value®] WH3}= 9= 50] 26+0.0
mL, 28 29+£0.1 mLo]aL gl 6
o]t} Sedimentation value’} &0 &2 7}4 3
= AL 9779 7834 e a) o] 74
£ ovjsh FHE] AWA A sedimentation
valuex= 60mL ©]/g9] gho] A|wol] A3t A&
omE uf Fre TLS Hrlete] Az 2w
Hkzo] gjz7to] Al A3t sedimentation
value® FGEH  Hrlgko] SR sed-
imentation value”} 7348} AW A% 2ol 7+
adhe o E YT

Pelshenke value™= A" Z Aol A3l Ae
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WW 1931)7} #-& AF&-3F Wbl o g2 Aako] AR
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{Table 4> Sedimentation value and pelshenke value of bread flour with waxy bardey powder

Waxy barley powder

Sedimentation value(mL)

Pelshenke value(min)

WB 0 62.0420.45*) 99.080.93"
WB 5 56.52+0.60° 87.9240.51°
WB 10 50.51+0.53° 82.0120.66°
WB 15 44.75+0.82° 77.74+0.45°
WB 20 38.660.71° 71.7120.60°
F-value 630.15 1230.88"

D MeantS.D. *** p<0.001
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Huolo
Ta=

2R

pelshenke value £

A7rste] Azxg 2 diso
A= <Table 4>} 2t}
2R BdS H7Fe AW §E9] pelshenke val-
et hET0] 99.08 minSE =4 et Z
He B9 HUlEo] 715 pelshenke value
= 248k 5% H7kEolA 87.92 min, 10% F7}
oA 82.01 min, 15% FH7FEolA]l 77.74 min,
20% FH7FEOlA] 71.71 minC. 2 WA vrebstth
S0t S7HA-S F7he A FHAEA(GL L
2012) Aol A tize] 97.06 min, 0.6% 7}t
] 94.60 min, 1.2%7} 92.21 min, 1.8%7} 91.57
min, 2.4%7} 88.26 minS. 2 E7]9} S4<] H
7VeFo]l S71E pelshenke value™ 7143
frAke 295 YEbsta, 22 g2 7T Al
W EAof v x)= A3HYoo YI ef al. 2005) G
oNA thETto] 113.4 min, 2% H7kto] 1127
min, 4%7} 111.1 min, 6%7} 110.2 min, 8%7}
107.3 min© 2 GA] tFEo] ko] S
= pelshenke value™ #A8h= ARG 29E U
Elgtth #Re] BEs kst Alxg 2w wk
9] tjZ2to] Aol X33k pelshenke value=
e o] S71EeE Haste] A A
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3. Water retention capacity2} Alkaline

water retention capacity
AR 2] TS Hrbete] Axg A 2] wa-
ter retention capacity(WRC) 2] A¥1= <Table 5>
of 2o} ZEe] FS H7Ee AW §E=9] water

T ==

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

retention capacity™= 20| 67.76%=Z A Y
R &

U= water
retention capacity~—

S7¥eted 5% FH7krelA
85.56%, 10% A7kl A 97.59%, 15% H7kroll
A} 108.98%, 20% 7kl A 114.17%% =4 |
Elsth

E‘ZH o] tﬂ-%

=749 B 7hek Auio] g2 A %
AEA(Choi SH 2011)
99%, 1% H7kEo] 72.59%, 3% 80.65%, 5%
84.31%, 7%= 90.71%= E749 E2e] 37}
o] Z71eE- water retention capacity= 57}
She AR 235 YEstal, s 7 37
7+ sponge cake?] SA30l U]X= FFHLee
SY 2010) A-ollA 2o 68.5%, 5% 7+
°] 79.3%, 10%<= 80.6%, 15%%= 81.1%, 20%<=
88.8%, 25% 89.0%= &8} 7}Eo] Hrleo] S
7}er==- water retention capacity= %7}k
AFeE AIE YERSTE Water retention capacity©
L7 oS3l Aol F7), e F
83 Aol Tl FA5
o] B} 5ol FHBHA o]-&F]
SITHBaik CS et al. 2008). =3+ Ochiai-Yanagi
5(1978)e] Aol 2]3PA water retention ca-
pacityw @7 S o] ) o st I
o] Jtkar B389 31, McConnell MA - Eastwood
(1974)2 water retention capacitys %7}A|7]7]
Azt PO E= A7 AX Al ZFoA L
AZANA wreax| 2] 5 sh= o] 7 884
S AS WYa) Aolau 7], Wl FAS
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2R EES Ariste] Axg A =
alkaline water retention capacity(AWRC) #4] 2
Y= <Table 5>} 2t} 2R B2S A7k 2
#h 1F=-9] alkaline water retention capacity= U3
0] 54.00%= S YEbstal ZHEe £ 347}
o] Z7}8<= alkaline water retention capacity
= 37t 5% F7EAA 60.07%, 10% 7kt
N 66.37%, 15% H7Hrol A 68.29%, 20% H7t
oA 72.33%= EA UEbgth A 22
A7ke 719 FZEA (Ko HC 2010) A-llA
o] 44.80%, 1% 7ol 47.70%, 3%<
50.54%, 5% 53.83%, 7%= 57.29%= A4t
B HUleko] Z71E<E alkaline water re-
tention capacity= %7/}shH= AR 29E UEl
WA, g B 3718 sugar snap-cookie2] &
ZEX(Hwang SH - Hong JS 2010) 379l 4 tf
Zr0] 44.52%, 2% F7kEOl 49.26%, 4%
52.86%, 6%+ 52.86%, 8%+ 57.00%, 10%+
58.81%% B B ko] S7HdrS AWRC
£ F7ke AR AnE dehge

4. Farinograph
Farinograph> 30 CollA] W58 uf] A7|= 714
A(plasticity) @} &Ed(mobility)= A3l HH=
o Aw, WY £ F4E, WE 4
5 A, W YN 5 L 5 glo] A

RS wdale 7)Fo] DTHEAE 1996).
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Hulo
Ta=

21 g A7vete] Az 2w w=o)
farinograph &4 A¥}<= <Table 6>3} 2t} ZH
g BS H7hsk 2w w9 consistency(RH
ZAE)e thxTto] 588.98 F.U.E 7H8 =4

He B8 bl $71E345 con-
sistency= 74A3ste] 5% FH7krelA 533.71 F.U,
10% 7kt A 504.47 F.U., 15% F7ktollA
472.15 F.U,, 20% F7kHllA 434.00 F.U.Z 7
S YERsTE Water absorption(WH59] & &
FE)S 2T0] 65.15%= =A YERta 2R
2] B2 37}eFo] S5718<== water absorption-
7Hadte] 5% A7FEA 64.24%, 10% H 7kl
X 62.96%, 15% 7oA 61.08%, 20% 7kt
oA 60.19%=Z A YERITE Development
time(FF52] A HE thZ70] 8.33 minl &
A UER . ZHe] B Hriske] ZUIESE
development time™ 7A38l] 5% H7hollA
7.15 min, 10% F7FllA] 6.42 min, 15% 7"
o)l A 5.48 min, 20% A7}l A 5.08 minl E B
A Yebth Stability(F52] oM =)= thzTto]
1641 min® 2 A Yebsta #re] 9 37t
2ko] Z7VSE stability= A8t 5% H b
oA 16.24 min, 10% A7}l A 16.12 min, 15%
A7l A 15.65 min, 20% F7REAlA 15.09
min®. 2 S7| YERST) Time breakdown(¥H52]
g A|ZHE i Zo] 1013.01 secE A e
3 ZEg] B Hrlgko] Z71E time break-
downe 748l 5% H7ktol A 956.35 sec,
10% HA7FEolA 914.02 sec, 15% H7FollA

s o

v

o 1o

Wl

lr iR

{Table 5> Water retention capacity(WRC) and alkaline water retention capacity(AWRC) of bread flour with

waxy bardey powder

Waxy barley powder

Water retention capacity(%)

Alkaline water retention capacity(%)

WB 0 67.76+0.60°" 54.00+0.45°
WB 5 85.5620.59° 60.07£0.72°
WB 10 97.59+0.51° 66.37+0.85°
WB 15 108.98+0.45" 68.29+1.10°
WB 20 114.17+1.10° 72.33+0.52°
F-value 2188.52°" 268.09"

D MeantS.D. *** p<0.001

abcde

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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{Table 6> Farinogram parameters of bread flour with waxy badey powder
Waxy barley Consistency ab;g?;t:tiiron Deviilr(g)ement Stabjlity brezlfggwn Toifé:zce
powder (F.U) %) (min) (min) (sec) (F.U.)
WB 0 588.98+1.53")  65.15+0.13" 8.33+0.25 16.41£045°  1013.01£5.07°  22.64+1.07°
WB 5 533.71£6.69°  64.24+0.11° 7.15+0.10° 1624037  956.35£7.20°  30.45+1.20°
WB 10 504.47£5.29°  62.96+0.25° 6.42+0.10° 16.1240.10°  914.0246.46°  40.51+1.96°
WB 15 472154531 61.08+0.28° 5.48+0.35° 15.65£0.34°  836.1843.34°  47.46+2.03°
WB 20 434.0045.51°  60.19+0.06° 5.08+0.11° 15.0040.24°  803.0942.67°  52.04+0.76°
F-value 389.42°" 37211 11556 3.23° 803.21 196.61"

D Mean£S.D. * p<0.05 *** p<0.001
abede

836.18 sec, 20% F7koll A 803.09 sec® Al L}
EFstt) Tolerance index(RH59] WA)= tixo|
22.64 FU.E Y7 eyl 2] £2 J7H
o] =7} tolerance index+= =718k 5% A
7htel| Al 3045 F.U., 10% F7}ellA] 40.51 F.U,,
15% H7kEolX 47.46 F.U., 20% H7krolA
5204 FU.E 7P =4 Ueistth <4 Srts F
= H7P7F g dWhE =l gle2A 54
o] njx]= 93K Wang SJ et al. 2012) 7ol A
consistency 2} water absorption= %73 Svls F
=Y 7ol St E Srkske A3t yE
o B Aqe Arhke] S S HAasto
o2 237} YEREAL development time, stability
2 time breakdown& 7}efo] Z71erE 7H4A
3}l tolerance index= Z7}o] S718rE SV}

she Asbh & Q7sh AR Aubt ek

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

ZRe BEs Hrbste] Axzg 2w gkso
amylograph ¥4 Z¥}= <Table 7>3} 2t} 2R

S 7R 2w 9E=9] pasting temp( 2.3}
L5 TEE tx70] 74.12TCE 9HA Jehta
Zhe 2] B F7beo] S7HEEE pasting tempe
Z7Ysle] 5% FA7RrelA 75.28°T, 10% F7 4ol
A 7624°C, 15% H7HrolA 76.39°C, 20% H7hr
N 76.41CZ ZHe] BT Hriao] Z7184
= pasting tempe /ALY 10%, 15%<}F
20% H7Hre o124 zto] giAl Ut Peak
viscosity:= th&sto] 25291 B.U.E &4 Yehyt
3 FARE B Hrbge] IIESE
cosityr= ZA3te] 5% H7tollA] 237.34 B.U.,
10% 7oA 231.59 B.U., 15% H7FollA
224.36 B.U., 20% 7oA 218.44 BU.Z B
UERATE Hot past viscosity HZh2 tHZET9|
163.07 BU.E =4 Uepstal Zue] £ 37t

peak vis-

5. Amylograph o] Z7}8<== hot past viscosity HaE-2 73431

{Table 7> Amylograph parameters of bread flour with different waxy badey powder

way by PEE el vy BTN T Bden S
povwder T(C) P(B.U.) H(B.U.) F(B.U.) B.U) (B.U))
WB 0 74.1240.827  252.91+6.68"  163.07+2.49°  89.8449.13"  258.17+£1.23"  95.23+3.71°
WB 5 75.28+0.36°  237.34+0.88°  155.60+0.72°  89.75+0.96"  251.75+0.67°  95.16+0.72°
WB 10 76.24+0.21°  231.59+0.51°  149.3140.89°  89.28+0.82°  244.5140.89°  95.09+0.09°
WB 15 76394023 224.36+1.06°  141.34+1.05°  89.03+0.39°  238.06+0.44°  95.02+1.27°
WB 20 7641£0.21°  218.44+1.05°  133.66+1.42°  88.78+1.48"  231.98+0.76°  94.92+1.85°
F-value 1526 55.08" 189.02 1.86° 463.44° 134

D MeantS.D. * p<0.05 ** p<0.01  *** p<0.001

abede

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.



128 Sk 8131 A] A 197 Al 43(2013)

5% H7RrolA 155.60 B.U., 10% A7kollA
149.31 B.U.,, 15% 7oA 141.34 B.U., 20%
A7kl A 133.66 B.U.E @A Yelstth Final
viscosity(HF H5) Fak2 tixT o] 89.84 B.U.,
5% H7krelA 89.75 B.U., 10% H7hrolA
89.28 B.U., 15% F 7} ol 4] 89.03 B.U., 20%
7oA 88.78 B.U.Z &KX B Hrlddo] &
7V&<% final viscosityw AA8FH o 24
ztol7F gle AL ZE YESTE Breakdown(3-3]
AE) P-HZHS thxo] 258.17 B.U.E Yebstar
ZR g 28 H7teFo] S71S 5 breakdown gk
& 7Hsle] 5% 7kl A 251.75 B.U, 10% 3
7ol A 24451 B.U., 15% F7kollA] 238.06
B.U.,, 20% F7}rolA 231.98 B.U.E A UE
It} Setback(:=3AE) F-HZES tizo] 95.23
B.U., 5% 7ktolA 95.16 B.U., 10% 37}l
21 95.09 B.U., 15% Z7}ellA] 95.02 B.U., 20%
H7brol A 9492 BU.E ZHe] B Hrisko)
Z7}eHEE setback F-HEHS ZHASI¥ o 79
2 Zpo|7} Y= Ao Yt H2F 23
7} 2ol 4 EA(Im JG - Kim YH 2003)
ol X H2F L H7IFe| S71EF pasting
temp 5 7}SFAL peak viscosity, hot past viscosity
9 breakdown 23 FU 3UleFo] S71E
5 st 2t B A AR A9 U
1357e=4

AR BE4S Hrlsteo] A8t 2wl H7]

>

E(baking loss) =% 23} <Table 8>3} 2+
tH 2] S H7bste] AlxgE 2we] w7
gZ=ro] 428%2 EA| e FH
I74ge] SV w7 SdES A
25be] 5% H7REAA 3.69%, 10% H7htoll A
3.61%, 15% 7oA 3.56%, 20% 7oA
3.47%=2 GHA YERSTE s &2 J7E A
- Hdof] ux]= 93KLee SH 2010) 7oA
thETA 12.02%, 2.5% H7FEolA 10.98%,
5%+ 9.54%, 7.5%% 1.97%, 10%E 8.50%% %

{

>

ooy 8o
my
and rlo

M
mﬂ
utd

S B HJrleko] S71EE 37] SA4ES
ke AR 292 Yeigth 99 2

d
A7rgk 2o FAE/J(Shin GM - Kim DY
2008) Aol A tzTolA 12.22%, 0.5%~10%
A7V wj 10.12~8.88%= YEFaL ouj5 B
A7bgol VTS w7l S4ES sl
AAY A oS UETE w7 &4

T2 o o] etz e EAlske 37
T B3 S-Sl oste] YERY
Ao 7 wigE, ¥ %, I A AEY
FE 2} Alo]= T e 7EA] 840l Y W
oAl $HHKim SK et al. 1978).

ZH 2] s Freted Az Awe] vlg-A
(specific loaf volume) 5% Z3}+= <Table 8>3}
2ot #Zre 9 Frkste] Az 2o w
{22 thxo] 147428 mL/gC. & A VrERG
3 ZARE BT Hrlee] VS E HIEAS
FrAasle] 5% 7oA 1458.41 mL/g, 10% 3
7hol A 1436.04 mL/g, 15% 87kl 1406.54

£
fe n

o

o

y o

¢

ot rr 2 o

{Table 8> Baking loss and specific loaf volume of the pan bread with various amounts of waxy bardey powder

Waxy barley powder

Baking loss(%)

Specific loaf volume(mL/g)

WB 0 4.28+2.98*) 1474.28+104.77"
WB 5 3.69+1.93° 1458.41+47.28%
WB 10 3.61£2.00™ 1436.04+54.07°
WB 15 3.5643.86° 1406.54+62.33°
WB 20 3.47+0.35 1373.79+112.25¢
F-value 33997 8.004"

D MeantS.D. ** p<0.01

abed:

w0k n0.001

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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mL/g, 20% 7kl A 1373.79 mL/go 2 A
ekttt Svls 7HRE AU 2] 4 &
J(Ju HW et al. 2010) A7-lA tiZTolA] 4.97
mL/g, 3% H7FrollA 4.63 mllg, 6%e 4.55
mL/g, 9% 4.53 mL/g, 12%+ 439 mL/g, 15%%
405 mL/go & Frb= 7HF Fleo] ST
H-842 st AR 235 e Al
oAl TS 7S 2] a5 (Lee JY
et al. 2009) AgolA thETelA 3.09 mL/g,
2.5% H7RrolA 3.04 mL/g, 5%+ 2.65 ml/g,
7.5% 2.34 mL/g, 10%E 1.93 mL/gO =2 Aj&o]
HAL 22 Hrbo] S71EE H-8AS At
AR 23S YElT H8-40]  AEFY
FAZ 7Pa BT & =o] AFe] =
HhH o) H]-g-2 o] 22 AEFL el 7]Fo]
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131 o] 2 A goby Azro] AW

3
HA] 2 AFo] HHAAEE 5 1999).

o,

oo o

(M ng
ol

e B Aol AxF Hue) A
_]

=74 A= <Table 9>¢F 2oh AR Fds 3
7¥ste] A2 Auke] Lk tiEo] 672002
et 2R 28 HrbEe] S E Lk
& AasIR o 27 Zpel7t §lo] 5% MR
A 67.19, 10% 7kl A 67.11, 15% 7k

A 67.02, 20% H7FHAA 66.97= JERITE a
ke UlxTo] -1.730.2 YeEhga ZRa B2
HA7VFo] S7VEE aghke SIS o Y 7ol

z}o)7} glo] 5% H7ollA -1.74, 10% A7l

27}k 2w

9 glezA 2 FAEA 129
A -1.76, 15% A7HEAA -1.78, 20% H7Ftoll A
-1.792 YERETh bk tiZETo] 105002
Eiutar gZee] £ Jrteo] SIS E bk
FastR o 214 Zfol7t glo] 5% H7ktl
X1 10.48, 10% 7kl A 10.45, 15% 7kl
2 1041, 20% A7kElA 10372 YeRET )
e H7ke kEA oA FHEA(Choi SN -
Chung NY 2010) 7oA Lk thzollA
42.16, 33% H7lrA 4242, 66% = 41.99,
100%+ 40.78, 133%%E 40.502-2 777 FH7}eko)
7S L3k oA 7aste 29E e
3, agke tiERTolA -0.52, 33% FH7kolA
-0.42, 66%< -0.31, 100%E -0.35, 133%+< -0.34
2 e Vol S7HETSE aghe oA o7t
RO Fo 7 Zfol7} gISAL, bk Tl A
19.22, 33% Z7kolA 19.24, 66%= 19.29,
100%E 19.32, 133%E 19452 7N47 7o) &
7VEE bk tha Zfo|7} ot {914 Ao
7t gl o= ey Like 25 Afolg B
O}t agkd bk B AP FARE 23E g
pre=g

8. Texture

AR T4 Hrste] Az 2w 8l
(texture) =72 7 X (hardness), -5-F*J(cohesive-
ness), €+ A(springiness), 3 2Hd(gumminess),
3] A (chewiness) S A3} T

R Fs Hrbete] Azt 29 texture
=74 AIR= <Table 10>3 2o} ZHe] Bos

{Table 9> Color value of the pan bread with various amounts of waxy badey powder

Hunter's color value

Waxy barley powder

L a b
WB 0 67.20+2.60°) -1.73+0.36" 10.50+0.88"
WB 5 67.1942.47° 174021 10.48+0.72°
WB 10 67.11+1.71° -1.76+0.57" 10.45+0.75
WB 15 67.0243.23" -1.78+0.43" 10.41+0.27*
WB 20 66.97+1.42° -1.79+0.40° 10.37+0.28"
F-value 4.054" 2,134 10.026"
D MeantS.D. ** p<0.01 *** p<0.001

abede-

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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{Table 10> Texture properties of the pan bread with various amounts of waxy badey powder during storage

at 20C
Waxy barley Properties
powder Hardness Cohesiveness Springiness Gumminess Chewiness
WB 0 0.61+0.78°" 1.61£0.06" 24.3340.18° 0.31+0.05° 6.02+0.41°
WB 5 0.73+0.25° 1.59+0.16™ 24.28+0.31% 0.37+0.08° 5.93+0.78"
WB 10 0.78+0.22° 1.55+0.05° 24.03+0.30° 0.39+0.10° 5.3240.76"
WB 15 0.82+0.13" 1.53+0.01" 22.76£0.19° 0.43+0.06° 5.29+0.54°
WB 20 0.97+0.13" 1.46+0.06° 21.600.22¢ 0.47+0.05 4.73+0.44°
F-value 1137 1544 39117 0.950 0.801
D MeantS.D.  ** p<0.01  *** p<0.001

abede;

A7sbe] Az Ao FAre t2To] 0.61%
7V GA Yelsta ZEe] B2 Hrlee] St
-8 Are STkt 5% H7klA 0.73,
10% H7kEolA 0.78, 15% H7FollA 0.82, 20%
A7EA 0972 =A Uehstth #He] 2Es
A7yek Aol AL tlxTo] 1612 =A Y
Eltal g B Hrigol] SRS A
& 7Hadked 5% HA7kElA 1.59, 10% H7hrol
A1 1.55, 15% ZH7krellA 1.53, 20% H7Hroll A
14622 A Yelgith #xgl B2s et
2] g Ao tRTo] 243308 =A UE
Wil AR 2 Hrlee] ST E gEAS
2rAdke] 5% H7baoll A 24.28, 10% H7boll A
24.03, 15% H7FAIA 22.76, 20% FH7Foll A
21,6022 U YEehgth 2R s Hrgh
2mko] 228 T Z2to] 0318 WA Vel
ZH g Bk Hrigo] Zrle2 ML 71
3k 5% 7Rl 037, 10% H7HEollA 0.39,
15% Z7ktolA 043, 20% HA7REolA 0475 =
Al Uelsth Zxre] 29S8 3H7isk 2uko] g
gL 7o) 6,022 A YERGaL ZHe] B
A7VEo] Vs AL aste] 5% A
7HEAIA 5.93, 10% H7bEol A 532, 15% A7}F
T4 5.29, 20% H7lrolA 47302 SHA YE}
Yt Sv|} Z2) SRS U1 Ae] sk
shd 2 F2 59(Kim WM - Lee YS 2008) A7
oAl ZH|9} I} EHE HUlEo] FIUESE

o AR F7hea B
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oM,
H

FAgAtS N

T
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rlo
rlo

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

ARgE A YA, A= 7HRE A7 4
wo] A EA A74Kim KH ef al. 2007)914 3
M A7V ST S BEe SRSkl
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Jat

gEAde haske AR 29E UE
ARE S HUMSE Awe] 4 54
G et al. 2009) ATolA AAS 2 A7}
o] F7VFE Axet FAde e vy

3L oo A
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ox

H

7155 A 7P e 73 HEE o] 8313
H718H5-& M(color), ¥Hflavor), S(taste),
ZZ3Kmoistness), F+=2]2(softness), %33 4(che-
winess), ARFAQ] 7] % (overall preference)E 7
AFekSTt.

AR TS HUste] Az 2] Vs w
HAL 24 A= <Table 11>3 2t} 2R
TS H7ete] A7 Aol AL H7heke]
7VEE Ao iR A 5.22, 5%
7hrel A 5.20, 10% H7lEolA] 5192 F-2]24 =}
o]7} glo] A UERtar 15% H7kollA 5.14,
20% FH7FEolA 51302 97 }o)7} glo] vt
A Yebgt) &S gl 4872 7HE B
UeRaL H7bo] S7HEE 718k 5% A
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{Table 11> Overall preference scores’ of pan bread with various amounts of waxy bardey powder

o g&2A 3 F454 131

(n=40)
. Waxy barley powder
h - F-val

Characteri -stics WB 0 WB 5 WB 10 WB 15 WB 20 value
Color 5224156 5204151 5.19+130°  5.14+120°  5.13+1.20% 1.818"
Flavor 4.87£1.65° 5.05£1.38°  5.07+1.20°  5.08+1.16™ 5.13£1.46" 0.161""
Taste 5.01=1.45° 5.29+1 46 5.35+1.20° 4.98+1 28" 4.58+1.59° 0.524™"
Moistness 4.89+1.61° 5.01=1.43° 5.21+1.31° 4.87+1.32° 4.52+1.16° 1.013"™
Softness 5.13+1.36" 5.29+1.38" 5.30+1.13" 5.17+1.71° 4.73+1.69° 1683
Chewiness 5.1241.66™  5.13+1.62% 5.25+1.46" 5155165  4.92+1.77° 1.147"
Overall preference  5.13+1.52° 5154132  524+1.19°  5.09+131®°  4.78+1.32° 1.619"

" Hedonic scales(1
? MeantS.D.  ** p<0.01

abed

% 5<0,001

A Apol= glo] A YERAL thzato] 5.013%
15% Z7ko] 4.98% 94 o] glo] 9HAl 1t
BRIl 20% FH7bro] 4582 7P Al YR
ok SHE2 10% F7krol 5212 7P =4 o
B, 5% H7kte] 5.01, &) 4.897 15%
M7Vl 4.87, 20% H7hro] 4.52 £02 B
UERTE R EHE-E 10% ko] 530, 5% 3
7hHie] 5.29% #9174 Aol glo] 7 =AU
ERtal, 15% F7kre]l 5173 dlETte] 5.13,
20% 7kl 473 o2 WA vehgth A¥
8L 10% H7kte] 5252 718 EA el
15% F7ke] 5.15, 5% H7kro] 5.13, vz
5122 oA Apol7t glo] Sl bl 20%
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20% H7ke] 4.78= 71 WA Ut B =
3 Feag, AEANA 10% 7kl 7
E2 AR st ARbARl 7S EE 10% 3
7hte] 71 e ARE JEikth

. extremely dislike, 4 : neither like nor dislike, 7 : extremely like)

Means in a raw by different superscripts are significantly different at 5% significance level by Duncan's multiple range test
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A7rge] S/ TS S8t
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