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Effect of Dietary Cracked Whole Barley on the Carcass Characteristics and

Meat Composition in Hanwoo Steers

Sang Moo Lee*
School of Animal Science and Biotechnology, Kyung-pook National University, Sangju 742-711, Korea

ABSTRACT

This study was carried out to investigate the effects of the level of cracked whole barley on daily feed intake, daily body
weight gain, carcass characteristics and meat composition of finishing Hanwoo steers (feeding from 24 months to 30 months of
age). The dietary treatments were consisted of five types (C; normal concentrate as a basal diet, T1;10% addition of cracked
whole barley, T2;20% addition of cracked whole barley, T3;30% addition of cracked whole barley, T4; 40% addition of cracked
whole barley). A total 30 Hanwoo steers (588.6+11.8kg) were allocated to 5 feeding groups. The daily feed intake and daily body
weight gain were high in the order of T2 > T3 >T4 > T1 > C. The back fat thickness and longissmus muscle area were highest
in C and T1, respectively (P<0.05) than other treatments. The meat yield index decreased with increased back fat thickness. The
marbling score and meat quality were highest in T1 (P<0.01, 0.05, respectively), but maturity, fat color and meat color were not
significantly different among treatments. The crude fat was highest in T1 (17.59%), while in T4 (7.47%) it was lowest (P<0.05).
The crude protein and crude ash were not significantly different among treatments. The energy value of cracked whole barley
treatments (T1, T2, T3, T4) was higher than C (P<0.05). The contents of Ca, Cu, K, Mg, Mo, Na and Zn were higher in C than
the other treatments (P<0.01), but Co was higher in T2 (P<0.01). The CIE L* value of whole cracked barley treatments (T1, T2,
T3, T4) was higher than C, however there were not differences among the treatments. The CIE a* value was highest in
T1(P<0.05) than others. The CIE b* value was highest in C and it was decreased with increased feeding of cracked whole
barley. Based on the above results, T1 treatment compared to other treatments improved the carcass quality parameters like loin
muscle area, marbling score, meat quality, and CIE L* value.

(Key words : Hanwoo, Cracked whole barley, Meat quality grade, Meat color)

N = A AR 28 AR A7 wEe] pHE e AA A=

AHES ASA7)71E 3 (Chang 5, 2007; De Vissers} De

SeUAA welE ol olgehs AL AEA HAZ & Groot, 1980). Levh Bl $¢ HIGA] AlRE Folshd TA
3= AR &4 Byvk o] gsh= Who] o}t agm B T AR o]& &S 7IAA7)AL (Mathison 5, 1991) 4]117]¢]
ZE 997} e AHE o] &Y olUd EAsle] 992 du] A s mo S A 45 WAAIE 23t 9
N7l A T E2RE A sladdd webde 24Re), up (OKeefe 5, 1968). 18]i S45E HSoA Folshd
ARe), obARe 2 Exglr)t 9ok Hol: E1e) (89S ¥8  Chlorophyloly Xanthophyl 5% 22 Carotenoid A¥9] A4
& B misfste] @o] AMEsh=Y ol sHAe] Adsta 43 & FAStd AR FAse] GFE MAAW Heldls o
4, A4 2 oy o] gAlo] 7] wEoltk(Ishida 5, 1997). Aol AR A Ffrelo] Aas WAs sk 237t 9
g o R R 52-72%9] AR Fh8la 9loH (Chang 5, (Chang 5, 2007). B3 B Fole 41719 W (CIE L*)%

2006) <55 Bk Belo] wld 2 dRo] Rajyl 2uy] giE  AME(CIE a*)7t zopdell met S4o] JfAdE AL (Chang 5,
o] 28k&o] =tk (McAllister 5, 1993). ZeU} whg7had] =& 2007) 2HAF 7|8 7o ff v As5ehks agle
FEOR HAE ol§F Aol AR & wEHo] vARe 2 A48T (Park 5, 2000). WA E AT T HIE5] AL
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; Cracked Whole Barley Level and Carcass Characteristics in Hanwoo

A8 FES AAM S 2470285, HitAlF 588.6£11.8kg WY
of A= 30F A stk 2P AT 7 675 wiAIstaL 670

2 HE 52008 7E5E 20099 197H4) 30/0L e =38}

gov), ABgaE T FY AFPAN NGt AETE A
& 94 79 AR B3 ST AbnE $71 10 B A

FA4 A2 AET Cla: OF 71FOR s, IR 90%) +

A2 L ek PR EEALR (10%) T (013k T1), SiEANE (80%) + PHll e kE
(20%)T- ()8 T2), HWIEALE (70%) + PF R EALE (30%) T (°]38k:
1. AEME 3 ApFars T3) 2 AR (60%) + " AR (40%) T (0l3k: T4)% 53
Table 1. Experimental design
Items C T1 T2 T3 T4
Con.” 100% 90% 80% 70% 60%
Con. CWB” 0% 10% 20% 30% 40%
FM” Free Free Free Free free
Rou. Rou.” rice straw rice straw rice straw rice straw rice straw
FM 1kg/head lkg/head lkg/head lkg/head lkg/head
KNC’(head) 6 6 6 6 6
IBW? (kg) 597.2422.3 606.5+13.8 574.7425.7 578.2422.8 586.3+27.3
Con.": Concentrate, CWB?: cracked whole barley, FM”: feeding method, Rou.”: roughage
KNC” : Korean native cattle(steer) of 24 months, IBW : Initial body weight
Table 2. The chemical composition of rice straw (as fed basis %)
Ttem Moisture cp EE”? CF’ cA” NFE” NDF”
Rice Straw 13.82 3.23 2.12 34.75 11.85 34.23 68.7
Y crude protein, 2 ether extract, > crude fiber, ¥ crude ash,
> nitrogen free extract, “neutral detergent fiber.
Table 3. The chemical composition of cracked whole Bl& AAISIITE olwf vifRel= 7Hdei7h ok} o9 (A4)
barley feed (DM basis) S 33 BERE AR kil oy zzbom e AEY B
Items Ingredient composition (%) it /\E@?% WA 6x12m=72m’ °|9lom] Ak ol W
Dl’y matter 889] t]‘ﬂjoﬂ gj\ljoi}ﬂ }\]'JEJ—"E‘ Z}Tr ZH}\]/\] /\A———D:‘ ‘3"1313 ]kg—g—i Xﬂt}l—
EE Table 1
Moisture 11.09 HefSsich (Table 1.
Crudeprotein 9.92 2 AIEIAI'E AC_JE_ 5,_<| HH 6|=1H:||
Crude fat 1.61
Crude fiber 9.12 AEAER ARES A2 gAe] UNHAIES Table 2004 He
Crude ash 731 HRol 7ro] $rREFo] 13.82%, Zyhldo] 32392 Azsl &
T oo 1619
Nitrogen free extract 72.04 € Akt ude] sEel iy,
, aea BAMER FFE vhiud (BA+ 23 e
Calcium 0.49 o
Table 3 UERHon ofmf W= o9 (F2)9h =5 Eoteto]
Phosphorus 1.05 B 8 Abejolon] QlAES 23 mm Aotk
Total digestible nutrients 70.15 g3 RS NEAF v 37] A4 AJse®EA wjeh)
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4% Table 4914 B9 S5 (flake )7} 44.15%24 olUA]
7 2 4dkgo] ¥Y Fu, WAERS 3.5% widgtozA 7] w)
Fo nhEEE Fol7] Sk wighE A 1 oAzt
7b @& AREQ W, mEy A oopaukd HAago s wigE
E5ALESl vERE FEA2 747 0.05%% Ze|usste] e
g # ARk a8z wjgitEY] AR Table 5004 He )

o 2t}

A& 5g& Ags] st wrhel ot 550l 443t 14
Blglalo] 2 3Rl 109ee] ZolFE ekl 4mLé
HNO; &9 (HNO; : HbO=1:1)& 73 3 hot platedl ] 3, 7
IAZ o] T 500TellA 1AIRE F<t 3stetal 10 mLo|
HCIE- (HC1: H,O=1:1)°l] &3] €3)JA]A 50mL volumetric
flask= A&% § #AEHox 3tk Ca, Co, Cu, K, Mg,
Mo, Na, Zn %< ICP (Inductively Coupled Plasma, IRis
Intrepid, Thermo Elemental Co., UK)E  Asgs366,
Asoazss, Aesaot, Aogsaiz, Acz0so, Asssoos, Aoissse®lA 212t 418}

Aok BA2HL2 approximate RF power”} 1,150w©]™, analysis

A228.616:

Table 4. The ingredient compositions of formula feed

Items Ingredient composition (%)
Corn grain 44.15
wheat grain 10.00
Wheat flour 1.60
‘Wheat bran 11.50
Corn gluten feed 6.00
Tapioca pellet 3.00
Cane molasses 4.50
Coconut meal 7.30
Palm meal 4.50
Whole cottonseed 3.50
Vitamin premix 0.05
Mineral premix 0.05
Others 3.85
Total 100.00

Table 5. The chemical composition of formula feed (as

fed basis)

Items Chemical composition (%)
Dry matter 87.24
Moisture 12.91
Crude protein 10.85
Crude fat 3.27
Crude fiber 4.23
Crude ash 5.25
Nitrogen free extract 63.49
Calcium 0.73
Phosphorus 0.35
Sodium 0.35
Potassium 0.65
Magnesium 0.20
Neutral detergent fiber 18.15
Acid detergent fiber 7.51
Total digestible nutrients 72.67

pump ratei= 100 rpm, nebulizer pressure$} observation height™=
27} 30psi B 15 mm® S5tk

7. M

T =20
/}lIJ—J— "173'11‘

A7 (Spectrocolorimeter, USXE/SAV/UV-2,
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Hunterlab Overseas, Ltd, U.S.A)E o]&3lo] ™% (L-value,
lightness), A% (a-value, redness) 2 HFA I (b-value, yellow-
ness) #< 53 WHE ZAsle] HEgtoR et ojuje] x
= A2 (L=99.11, a=0.23, b=—0.28) calibration plateE A}
&35k

8. SAIXzE]

AgAdyte] Hygk P FFQAE SAS (Statistics  analytical
System, USA) Program (2003)& AH&3te 81903 Duncan?|

A WHOR 1% 5% FEAM ol A4S AAlash
Zt o na

1. Op 2]

ojxl& &

471 F0{7F 1
E

AEMFY o

0% o2t

HIS37] 5eH(193Y) ATHE w3AE 1Y Hib A3
Fig. 1914 RBE nlo} o] CHE 8.62kgo A ALS7|7F Hot
% 1,655.0kg 4P, TIH, T27, T3+ % T44E 1¢
3t 247 8.81, 9.29, 9.11 2 898kg, FAAFE 1,691.5,
1,783.7, 1,749.1 2 1,724.2kg & AAsisict. wehrd A Alg7]
b ESE T2 7P =2 AAFS BAW vk vk el
T Fo43 CFE 8.62kg®E 7 W& AHFS HATh CTE 7
F(100%) .2 g A3 &S B9 TIF 102%, T27 108%,
T3 106% 2 T4 104%= UER} Coll vlste] T1, T2, T3
9 T477F 242t 2, 8, 6, 4% 27 9 A4 FS ATk Chang 5
(2007)& FH9- 5 7]l QoA S5 AT wigAbEe] st
o] AR (20%) H7HL EHEE (20%) H7H H R
(15%) + sFaxEE (15%)7F F7ksE 7F S5 95 i &2
ok 1Y Fi dF ] B A JeRgtha Bud v 2 A9
3 e AEE Btk ook e A= whre] Hrh Fojrt
ARESS WINA F7] wjEolg 81101 (Zobells Yaremcio,
1998), Chang % (2006)< ¥4 2 ¢H 1Bz 7Kz pH7L 5.57)
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Fig. ? Effect of crecked wihwle barlgy addition on
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Fig. 2. Effect of crackeed whole barley addition on
daily gain.

A wola wk9] oA AtsEalzt FASHA o] FolA|7] wfito]
gt B askgick

np ] Arbgel we A9 SA S Fig. 20014 B njep 2
o] HI§%7] AF7IZF ek 1Y H SAYS BW CTe 044
kg TAES 299 ¥ T1, T2, T3 2 T4+E 247 049,
0.64, 0.62kg % 0.56kgo2A Cyol wlgle] =& FA&S X
AARE AARE Aol = Qlste] frofAQl Atol= Kol okt 1
gy 1] A7 2 FAEE BYY AL ARl =
oA Al Q7&0] Folx AHon A FA|Fe] molxl
th= Kim % (2007)% Yamada % (2008)¢] Ha9} 722 7S
Btk CHE 7FoR I SAZ] gk g &S By C
T 100%, T17 111%, T27 145%, T37- 141%, T4T 127%=
Al CTFell Hlsto] mil SEE M7lEFe] 10, 20, 30, 40%= SVt
Sl w11, 45, 41, 27% A &7 =4 Uit webs
7] wjgatgel ReH7FES 40% Fostol® SA|Ee] St
Hom 53] 20, 30% H7HHQI T2, T3+ A a3/t Ho
AoE APk

g

—_

2. opzf 22| H7t 07t |2 A |FESFH0l olx=
O

02
0ot

Table 6014 YEht §3F 54 & A% FAE 29 A9se
2 e Fol o] Crel Mgt SA YERTEH(P<0.05).
Chang % (2007)2 JIHHF 75 40%E 7IEo=2 S5
40%7, AR (20%) + S5 (20%) T, HHEE] (20%) + S5
T (20%) 7 2 AR (15%) + AR (15%) + S5 (12%) T2
4212 APAR S5 40% Fol Tl st hire] 9
d 2EE 7R oA FoHQl Aol Mol eRkARE S
FAZL gl A Uepios Basl fAeE Aeks el
o wE S48 YF wIREE VFoR B oo niyHer)t S5
ol Hlsto] okl Bl Aghae] vk Aok Hle] gl=
o2 AAYTHAM 5, 2000). FFAF glojME vhne
HOT(TL, T2, T3 % T4)E°| CTol Hlgto] =A UepgATE
53] T47l 71 =A YRt Lee (2007)v S3A5¢ 54
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Table 6. Effect of cracked whole barley addition on meat quantity

Items C T1 T2 T3 T4
Back fat thickness (mm) 17.043.9° 16.7+2.6" 12.240.8" 15.8+1.2% 11.7+1.0°
Meat yield index 61.642.8 62.8+1.6 64.7+0.6 63.0+0.2 65.4+0.6
Loin muscle area (cm’) 88.8+2.8" 94.3+1.0* 82.8+0.8° 86.3+2.5" 88.0+0.5"

“®Means with different superscripts in the same row are significantly different (p<0.05).

A

v e B ARRAE A QA S FATE o
FHAG7 oA TAG FA7E ko S| FTL Eoprith=
Hasle] B o Avjel e kS WYtk SATHALS T1>

= gl (P<0.01), CT¢} 7}

C>T4>T3>T2T &0
AR H7FH(TL, T2, T3 2 T4)9 vluwr] £xe d7hee] o}
gAE 4 AYAE JERIA ¢Sith Oohashi 5 (1998)2
SRIPE (D) x SFERI($) TS INLHAA 21/1L7HA]
13742 59 S59k 2y 39S AAE da A Al
ZFol7b YAk 851 oW, Yamada 5 (2008)% 1970¥% & w3}
S5 3977 HEE 40% oY F4g A S5 Fol 79t v
Al SAIGHA = foA atol7h gtk Hastylth mEbA 5

Z % olcﬂ;qu

4
X
v
o
b
rir

=

PAAN P}

[e)
1t
ol T/ 9 2AE 9 F3AE g 1A
S wE Ao AZE (Chang 5, 2006).

[958 AR AomA A

BTH(P<0.01). Chang % (2006)> &3}
UH S 2471 H o2 SIS o WSH7] (13~1871€), H&5$7]

B A oAl 2 He] drrEE gk
AR A, vjS7]o s3AEZ B 40%E Hrlste] |
S7loll= wiARERE 100% wolsh FelAl iRt
=5kom A7t 60% woldt -, M-Sl 77
20%: 40%, 20%:60%= Holdt FollAE "ot Hase

-5 CMeans with different superscripts in the same row are significantly different (p<0.01).

ot 28y Mitsumoto 5 (1989)& HSA] el Hol: AR7IZE
of wl FUAHEF gEiAE, 550kg 55 (23.271€3), 600 kg
65F (24.67019%) 2 650kg 657 (28.171€F)E =& A3} S5
T w7t vy Fol v Hydo® =2 YA iEE e
okl Basieicy, 53] 4= A ¥ Hoks W HEle STTH
o AETE A AGEEA o]ES o83t b dHE B
WSS Feola ddela Hele BiE Adelolt) ojze
584 EAL Rl $55 B uEn ] ofs] W/ wE
5o} (Nordin¥} Campling, 1976; Cone %, 1989) WH=9u &3}
Sr7b W A Askge HoXe AFE dERdth(Lee T,
2006). B3 McAllister (1990)2] Haiel| oJahd dxf=r} 4 &
HHe] bkl oW HEFYHL FEs o] Tud 3
(Protein matrix)oll =3 w37} oj2]9] vha afdvy 18z B
g dqUAZPE welx] S 85~90%°l sdEThE Kl
(Lee 5, 2006)3 WE&ES o B He] Hrbgk] we &

APES wol7] AsiMe S AF7]9] HE] Fo=d AR7IRE
of wet GepA7] witel aEs AR SEiAE 2l w3eAl7)
2 gofedel] disiA moh sk d57F o zles|ejer & Flojk
b B A v &3] 5ok 10% vhiRe d7b o
npE] Azl nlste] e FUAMEE el e sl
Aol QoA HELE, FHEEIF Al on vl vo ojst

Baj2 2] 94 23 Ak oUAP) Ae) dEe R AR
A,

o]
AT

9

Table 7. Effect of cracked whole barley addition on meat quality

Items C Tl T2 T3 T4
Marbling score (1-9)" 4.3+0.3" 6.7+0.9" 3.8+0.8" 4.5+0.3" 3.740.5"
Texture (1-3)” 1.5+0.2% 1.240.3° 1.7+0.3 1.5+0.1° 1.7+0.0%
Maturity (1-3)” 2.1£0.32 2.340.3 2.0+0.0 2.2+0.3 2.0+0.0
Fat color (1-7)" 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0
Meat color (1-7)" 5.0+0.0 4.8+0.3 4.840.3 4.5+0.0 43403
Meat quality” 2.8+0.3 4.00.5" 2.3+0.3 2.8+0.3 2.5+0.0°

*® Means with different superscripts in the same row are significantly different (p<0.05).

*® Means with different superscripts in the same row are significantly different (p<0.01).
Y Scored : 1 (devoid) to 9 (very good). ? Scored : 1 (good) to 3 (devoid).  Scored : 1 (good) to 3 (devoid).
91 (white) to 7 (yellow6). > Scored 1 (scarlet) to 7 (dark red). 6)1ngade:5, 1"grade=4, 1st grade=3, 2nd grade=2, 3rd grade=1.
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A3k QofMe SWA =T}
Sl Wk AL WSk T
P<0.05). 13y Ad&E 2
b AelE YA gkh Sl QlolAE felEel
AR Bl Hrho] Ee  AFE S <

785 BTk o= Chang % (2007)°] Hueh gn el &
Helg HJofgh 77 S wolyel viste] fAo] g Aow

L =

B sl 2 A%e Witk §4 SHE Tl
[¢] H

=9 T17} 1284 7V
4 2 T277) 1724 Vg

Al glor= A3 A

Kl
b
o X

Ho

BRI (P<0.05). dubH o
A ol Afoe $4 Swo] PdErhs il (Takahashi &,
1984; Obara 5, 1994; Yamada 5, 2008)9} ¥ <19} tha
ol& HATh & A2 ®ulgo] AZIZF "S5 @7RE o] Fo
Ath= A3} Mitsumoto 5 (1989)0] B3k Alg F5F Hu: 7
&1k Apolet AT Apol7t FHo v Y wFTha Hil g
3 e Ao AZHELL Spicer 5 (1961)3 Saito 5 (1970)
B i (eRy, R, shaRe)e wien sl wet wE
ol debd F4o| wAe o] tEA vERdtial B sl
o, Chang 5 (2007)9] HuoAE S5 Fof H|gto] YR
2] 20%5 H7RsE oA §AGHe] ok naeh ygow
o Byl go] g3 Fo7RY Bele) T, gl w
2 AR HEZL &% o AT Holof & Aol

3. ok B2| &b Foi7h YUMol olxlE S

2ol

39- w7)9] R SHEe nha R Y32 (C)7)F 59.77% 7
wokow mpHE] Hrbte FAET B BF feAos 9
A ATS HATH(P<0.05). Lee 5 (2009)S A 3H-4-= 53
of wWe} 54.07~66.84% HE YERATIL §1%oH, Chang 5
(2007)2 =59 By 59 H§3U] AlRE AT AMS
SATEY SRS 62~66% HEEt Rk B Alg
Bt Eghgo] dubdoz viokd e ARk, JdEH
zfo] % ¥ Ao|2 AZET (Andersen 5, 2005; wheeler
5, 1996). Dl AT T377}F 21.49%2 7HE =& & T2

=4 [ et
o~ 1=

T7F 7V s S ERIARE Mt f94) Aole UEt
UA &9tk Kim¥ Lee (2003)E 3-$-17] 1559 s

E
£ C Tl % T27% 52 45 Btk Aetge gojMe &
WAL= 7P =99 TI7E 17.59%2 7P E9ker] %)
BETb 7P e TATIF 147%2 7P S dERdTh oleh 2

& A= Lee 5 (2009)0] Hardt AL (SASH)7F o
W Aggheke] Frbete Haeh e AEgS BT FuldA
9 AXSel i SHE AL U3 Bug Be 17 5
He 253%(Kim %, 2008), 17 SH2 10.54% (Moon %,

2006) 181 15552 9.87% (Kim¥} Lee, 2003)2ka &}tk =
3E T T177F 1.29%2 7P AR JHE T497F 2.20%2
7P e oS yeEhiAnE As At f9del Aels
o 2y gAR SUANETF 2555 JETES WolAal &
WAL e Rtk molAe TS YERIL Lee
5(2009)9] Halo|A %= 4%
vtolxitkal Haste] B Agd} 2 HgS Bk
qUAgHEel doir= Cl Hlste] whajre] H7H-(TL, T2,
T3 % T4)ollA 7 A Uepston, 53] §2550] #9344 Tl
TollA =& YRS YERAITEH(P<0.01). T17lA 2 oY
A7Ve YERH A& Ashako] =9kd o] fQlo® AJzber).
4. oiafHe|

Il 207} 27|12 MEo| o|x|= Pt

L

nh R W7 g7k AAE SAEEY 18 A =
43S HW (Table 9) Ca, Cu, K, Mo, Na % Zn
CT7F REH7HH(TL, T2, T3 B T4) B} fejdoz =4 y
ERt o (P<0.01), Co FS m|gkolA|wt T2 A =7 vehst
Th(P<0.01). 22l Mg 32 CTFh T27olA A eyttt
(P<0.01). Han % (1983)°] Hidh &40 Buzgle] F7)&
AES B 55570 Bed Hlgte] Ca, Cu, K, Zn 3o =0t
3 83ler], Chang 5 (2007) S5 15 HiRAtRSl B4l
2] (20%), HHHE] (20%), AR (15%) + FHRE (15%)S 3
7hk AlRE AA gl Foldh A SATE] FE e
Ca, K % Cu e S5 Ag7olA =7 vepsittar Bug

o 1%

O Iz
g F

% Mo

ol

Table 8. Effect of cracked whole barley addition on chemical compositions (%)

Items C T1 T2 T3 T4
Moisture 59.77+ 2.08° 45.09+ 1.47° 49.75+ 3.22° 51.93+ 2.90° 48.13+ 7.35°
Crude protein 15.94+ 2.83 16.57+ 6.03 15.30+ 3.61 21.49+ 1.09 19.77+ 3.93
Crude fat 11.80+ 2.05® 17.59+ 5.13° 13.32+ 6.56™ 9.63+ 1.01° 747+ 1.78°
Crude ash 2,01+ 0.10 1.29+ 0.49 1.83+ 0.84 1.87+ 0.48 220+ 0.71
N-free ext. 1047+ 2.18 19.47+ 5.44 19.80+ 7.08 15.08+ 2.27 2243+ 731
Energy (kcal/100g)  211.88+17.63° 302.41+30.79" 260.25+26.39*° 233.95+18.33% 235.99+20.13%

" Means with different superscripts in the same row are significantly different (p<0.05).
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Table 9. Effect of ground barley addition on mineral contents (mg/kg)

Items C T1 T2 T3 T4
Ca 212.925* 162.801° 163.619" 67.684° 130.996°
+£3.245 +6.863 £19.711 +1.796 +11.962
o 0.029° 0.029° 0.036" 0.017°¢ 0.024°
£0.002 +£0.001 £0.001 +0.000 £0.001
u 92484 44938 43218 4597° 4.644°
+0.289 +0.213 +0.304 +£0.032 £0.010
K 5835.241% 3367.336° 4851.418" 2073.189° 4545.854"
+£0.472 +£76.597 +246.010 +£65.204 +£267.781
M 542.638" 300.436¢ 564.105" 227.356° 479.903°
& +£8.711 +0.554 +14.881 +0.842 +£3.156
Mo 0.215" 0.127° 0.089° 0.065° 0.095°¢
+£0.018 +0.000 £0.011 +0.003 £0.004
N 753.416" 463.913° 607.289"° 220.628° 527.7148
+£14.169 +£20.008 +£37.114 +£11.101 +£44.719
- 63.594" 33.156° 51.597° 33.618"° 43.888°
+£1.262 +£0.456 +£0.239 +£0.110 +£0.506

A,B,CD

Azjel E A8y H|WA] Ca, Cu, K, Mo, Na ¥ Zn o] =
A AL HEle] AR S5 AR afold 93t Ao AR
2)=1

5. DpHE2| I 047} 4

Mol o|xl= g8
npjEE Hbeke 2 S Azts o
S =43 A3} (Table 10), CIE L* (X)) Croll nlste] vha
B A7k oA A JeREARE S AR oAl Afel=
st} 59 THLOM A VRt &4% 1?7} o ol st
o] TUYAHE (45 E(2009)% i
- AN A = CIE L*&
43.15, 1594
=552 CIE L* ge = l LHERdTEL Slo]
I5 Bl Z2UKim 5(2009)> L* F A=

7|3V webA ' Gzt Bl skltk CIE a* (A4
ol gt T1, T3, T41E A YeEREAS T2+ A
7P G ettt

Chang 5 (2007) H488 20%, 99 By 20%S 75
TFoAME S5 ol st 72} CIE a* gho] A YeREAw
30% H7HrelAe 28 "olAle Ads dElitka ®alske)
o} 28y Yamada 5 (2008) & S5 (30%) + w4 B.2](20%)
+ AR (25%) + 71EF(25%), EAHE] (50%) + HEE(25%)+
71EH25%), A EE] (20%) + HEE (55%) 8 217 2l s
o] H§%7] 9Nzt Folgt A axgh(FAE)e] R 20%

"~ Means with different superscripts in the same row are significantly different (p<0.01).

Table 10. Effect of cracked whole barley addition on
color value (L. a, b)

CIE colour
Treatments
L* a* b*
C 38.90+2.17 18.17£1.19® 8.05+1.43°
Tl 42.27+1.10 20.96+1.01° 4.74+1.02°
™ 39.66+2.56 16.29+2.44° 6.26+0.86%
T3 41.51+1.86 19.08+1.43 7.2240.75°
T4 39.49+1.22 19.15+1.69® 7.37+£0.81°

“®Means with different superscripts in the same column are
significantly different (p<0.05).

o} bR E 55%% T3] Foldk TolA A YERETi H
N 83 Mitsumoto 5 (1989)2 @AM tHEEE
44.5% 2 16.8%F 77t Hrlete] §44715E HS371714 g
oA Foldt A} a* o] 247 12 ¥ 1.82 YERdtial Bas}
Ak olglet ARES FFH £ o a* e S5 1] )
] wHAle Befe] b Eel weh depinke As AAksaL 9
ot @A ar]e) a* g2 FulEs Algshs 8lew 24E
W oohEt a7le] Wig) Ak defshs 8910 AHEs}y] wiol
- FQ3 HEolth(Park %5, 2000). CIE b*gk(ZAx)el ¢lo]
A Col Hlste] B H7FE(TL, T2, T3, T4)7F 25 S 4
Epgton, Col wgte] TI4E %QWOE A UeRict
(P<0.05). Mitsumoto 5 (1989)2 S50l A2 71%E< A
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20| 4.1~4.8 mgkg FHrHol L HEolE 0.4 mgkg TH @

A3} W) s %Ezm ol AletA Uebdtiar sholon ol g

Rl S FoAE FAETF 2 VERITTL sk Bag)
2 st z;% B%e 1Y

2 ot

2 AT vhfEE AbRe] Fo] o] H% $7] &g ANS

9l *}&@4% dGsAE, S, 54, g, FlE 2 A

: 2 0%,

of MAE 9 HESA Fo VECIRE Ve
10%, 20%, 30%, 40% vhine] H7hS 5712 sl ew aksitt.
ARl Qo Ade aoks BH that 2
HAFZ T2>T3>T4> Tl > CT £0%, 49 ?x] >
T3 > T4 > Tl > C7 o2 A4 vl A 77, 5%
] ul _. t}uﬂx%o 7L7L C T4 2 1l Tl?oﬂ/“] 1'—_71] L]_Ep)q;} l_EI_.
1 A= vkl Fue) WA (T, T2, T3 2 T4)7h CF
A deRgth AR E, 247 2 S45HS TI97) 7t
g (P<0.01, 0.05) A5k, A 8 42 4 A
ALl Aol7k fiiek ZX]HP T TIT7F 17.59%%
=9k W 437 7.47%% 7P SA YERITH(P<0.05).
, 23 R 7T AaE S AR Fo Aols
A egskeh Ay Azel oM mhAjRE (T, T2,
T3, T4)77F C7oll wlgte] 5% 57 Yebstth (P<0.01). Ca, Cu,
K, Mg, Mo, Na % Zn &2 ZF CyolM =7 depton
(P<0.05), Co T2 T2l =7 BRI (P<0.01). %= (L*)
& Ol el shiuE] AAE(TL T2, T3, T4)oIN BF &
A debgARE oAl Aol gtk AME (a¥)= T}
209602 tE el wlste] ¥ L}E}kkiﬂ% (P<0.05), FA&=
(b*)i= Coll Hsto] vhfre] H7b7h B s et e
I B vpRe] Hrhgel SMdeE “*OML Ao UEhlth
o Avs Tl Hul i He] A7kl 10%S) T1 = v
ol Hlate] FATHA], Marble score, 52457 % W&} TE
7ol mlste] & Ao et

(FA0l: 3, vhlRe, $45H, §4)
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