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SUMMARY

I.Subject

Development of functional colored barley and their products

[1. Objectives and Necessity of Research and Development

Barley is a crop that allows farmers to use idle farmland effectively in
winter and that also provides considerable public functions and environmental
effects, contributing to the reduction of environmental pollution through air
purification, soil preservation, and use of livestock by-products. In recent
years, the demand for barley has increased with the development of new
barley varieties such as sticky barley, and the food industry has put special
emphasis on the functionality of products with the more increased interest in
health. As this situation has highlighted the necessity to develop colored
barley like in case of colored rice, it has been launched to create new
varieties of colored barley using the cross—fertilization between Korean native
barley species (such as ”“changnyeong jaerae”) and alien species from foreign
countries. The purposes of this experiment are to select colored barley
cultivars with superior agricultural traits and high productivity from
early—generation barley lines to bring up them as intermediate parents identify
the physiochemical characteristics and antioxidant effects of new colored
barley varieties; develop functional food with selected superior cultivars to
help promote the growth of the food industry; and contribute to raising farm

household income by encouraging the consumption of barley.

[1l1. Contents and Scope of Research and Development



1. Development of Functional Colored Barley
(1) Selecting a functional colored-barley lines
(2) Testing the disease resistance of functional colored barley lines
(3) Testing the cold resistance of functional colored barley lines
(4) Testing the grain characteristics of a functional colored barely lines

(5) Yield trials of a of a functional colored barley lines

2. Evaluation of Antioxidants in Barley and Development of New Functional
Products
(1) Physiochemical characteristics of colored barley
(2) Measuring the antioxidant effects of colored-barley extracts

(3) Developing processed colored-barely foodstuffs

IV. Contents of Research and Development and Suggestions for Use
1.DevelopmentofFunctionalColoredBarley

Artificial crossing was conducted on a per—property basis for the
development of a functional colored-barley line. The experiments used a total
of 27 combinations, composed of 6 early-maturity combinations including
olssalbori //saessalbori /changnyeong jaerae; 7 high quality combinations
including jecheon chalssalbori /hoban chalssalbori //Hinchalssalbori 5
cold-resistant combinations including dongho ssalbori
/dokkusima-mochihadaga//donghan ssalbori; and 9 disease-resistant
high-yielding combinations including nulssalbori /changnyeong jaerae//naehan
ssalbori. The first filial generation (F;) included 15 combinations selected from
a total of 27 available combinations, and 10 combinations and 642 lines were
selected as the second filial (F») generation out of a total of 15 known
combinations. Included in the third filial (F3) generation and the subsequent

were 30 combinations, 103 lines, and 461 individuals selected from 40



combinations and 1,103 lines. Among old-generation lines, 17 promising lines
(including CN9707), which were well shaped and expected to have high yields,
were newly selected so that they could be used for a preparatory productivity
test.

BaYMYV that is fervently discussed for cultivation of barley recently is a
soil-borne infective virus disease. Therefore, functional colored barley lines’
disease resistance was tested, for which the barley filed that was habitually
attacked with the disease was used. Based on the test results, 179 lines out
of a total of 300 with comparatively strong resistance were selected, and 3
lines including CN9744-B-14-1-1-2 in the final productivity test were
evaluated promising as resistant lines.

One of the important restrictions in cultivation of barley is cold
resistance so cold resistance test is essentially required for upbringing of a
variety. The safe zones for cultivation of unhulled barley with strong cold
resistance are where the average temperature of January is over -4C (lowest
temperature of January is over -10C). However, naked barley and malting
barley have weaker cold resistance than unhulled barley. As a result of
testing advanced generation lines of functional colored barley selected from
the test group located 4300m above the sea level, and 100 lines selected for
the productivity test, 8 lines including CN9777-BG-BSP-7-3-1 were evaluated
in the similar level with hulled barley. That is, they showed a low rate of
death and strong cold resistance. However, 37 lines were found to have
weak cold resistance.

At the time of pounding and polishing barley, coefficient of its utilization
goes up when tensible ratio of grain is low and ample is good. Therefore,
tensible ratio of grain, ample of grain and its color were investigated. Out of
total 100 lines, 30 were selected that had 150725096 tensible ratio and good
ample. Among these 30, 3 lines including CN9781-B-7-1-1-3-2 were



evaluated excellent in terms of coloring status, ample and appearance of grain.

As a result of performing the productivity test for functional colored
barley based on the standard method of cultivation, CN9747-B-6-1-1-1 was
selected as an excellent cultivar and 9 lines including HB14901-BG-BSP-34-5
were evaluated to have strong resistance against BaYMV and good yields.
For the Ilines selected from the preparatory productivity test, the final
productivity test (3 repetitions of randomized block design) was given,
according to the standard method of cultivation on paddy field. It was
possible to select intermediate parents: The name of "Iksan No. 80”"was given
to CN9747-B-6-1-1-1 that was evaluated promising as a
cold/disaster-resistant high-vielding cultivar and also that was found strong
against lodging; "Iksan No. 81,” to CN9781-B-7-1-1-3-2; and "lksan No. 87,"
to CN9744-B-14-1-1-2 that was evaluated promising as a disaster-resistant

high-vielding functional colored barley

2.Evaluation of Antioxidant Components of Barley and Development
of New Functional Products

The experiments analyzed the contents of general components and
inorganic matters that the grouped colored barley, chunchu naked barley and
unhulled barley have. Group I of colored barley was found to have 9.56%
water, which is highest, while Group III was found to have largest crude
protein (12.72%) and crude fat (2.98%). chunchu naked barley had the highest
content of crude ash, 2.35%, and also the highest content of Ca, 622.06mg%.
On the other hand, unhulled barley had the lowest content of Ca (442.82mg%).
Colored barley had more Ca content than unhulled barley, but less than
chunchu naked barley . In terms of Mg content, Group I had the highest with
1117.92mg% and chunchu naked barley had the lowest with 998.04mg%. In

terms of Cu, K, and Mn contents, chunchu naked barley and unhulled barley

_‘IO_



had significantly higher content than colored barley groups. The total content
of dietary fiber was 18.24-38.73%: Colored barley had the significantly lower
content than chunchu naked barley, but significantly higher than unhulled
barley. In terms of the [i-glucan content, unhulled barley had the lowest
with 6.26% while colored barley Group III was found to have the highest
with 11.18%. In other words, colored barley was evaluated to have [f—glucan 2
times more than chunchu naked barley and unhulled rye. These experiments
also measured the amylose content of barley cultivars: Group I was found to
have 594%,; Group II, 17.42%; Group III, 21.94%96; chunchu naked barley,
23.44%; and unhulled barley, 23.45%. There was difference among cultivars.
Analysis of the average grain size showed that: colored barley Group I had
1455pmgrain size; Group II, 18.00pm Group III, 12.81um chunchu naked barley,
16.38um and unhulled barley, 16.411gm. Group I was measured to have the
surface area of 6190cn’/g, GroupIl, 5230cr/g, Groupll, 6940cr’/g,chunchu naked
barley , 5290cm/g, and unhulled barley, 5790cr/g. Group III was found to
have the largest surface area.

In terms of water combination capacity of barley cultivars, Group I
showed 60.12%, Group II, 40.17%, Grouplll, 35.74%, chunchu naked barley,
41.52%, and unhulled barley, 39.32%. Colored barley Group I was found to
have the largest water combination capacity.

Swelling power and solubility of the barley cultivars were measured too:
All of them showed similar levels of swelling power and solubility, but Group
I was found to have the largest.

Analysis of x-ray diffraction showed that colored barley, chunchu naked
barley and unhulled barley reached peak at 15-25°, making a conventional
A-type starch.

The grain shape and size were observed by use of scanning electronic

microscopy. The hull of colored barley was in the shape that several thin
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hulls were closely crowded. The darker the colored barley was, the hull was
thicker in the order of GroupI > Groupll > Grouplll. Unhulled barley was
observed to have a lot of pores. Double-erected amyloplast was filled up with
starch particles, and circular protein and substances (which are assumed as
fibrous membrane) were located between the double-erected amyloplasts. In
addition, dark-colored barley had dense embryo tissue.

This paper also investigated antioxidant effects of color content by each
colored barley group. Group I (CN9718-B-53-1-2-1-3, No34) was found to
have the largest content of phenol. That is, compared with chunchu naked
barley and unhulled barley, colored barley had higher content of phenol. In
terms of electron donating ability, CN9758-B-6-1-1-3(No.24) of Group III was
measured to have the highest ability. Through the measurement of SOD
similar  activity, all the extracts showed over 98%. Group I
(CN9755-G-BSP-4-1-3, No.5) was measured to have the highest activation.
As a result of measuring oxidation inhibitory activity of colored barley
extracts based on Lecithin, Group I (CN9758-B-6-1-1-1, No.22) was found to
have the largest while unhulled barley has the lowest. In terms of hydroxyl
radical removing activity,CN9781-B-7-1-2-1-3, (N0.40) of Group III showed
the highest activity, and in terms of hydrogen radical removing activity,
Group I (CN9718-B-53-1-2-1-3, No34) showed the highest while unhulled
barley showed the lowest.

It was also found there was high correlation between the content of
anthocyanin color and antioxidant. Therefore, colored barley Group I whose
color is dark had the largest content of anthocyanin color.

As a part of developing functional foodstuff using colored barley, this
study manufactured barley beverage, barley vinegar, vinegar—fermented
beverage, barley bread, instant barley gruel through extrusion molding, and

soup. Through the consumers’ sensory test, significantly high preference was
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found in the products made from Group I. The above experiments can
suggest a possibility to develop functional processed foodstuffs using cultivars

with high antioxidant activity.
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Table 1. Number of Colored barley Combinations and Lines

Ao T A H 1
Equss A& AT
Vg 27 ) 2% WA $2
Fy 15 1,857 T =g
o) éH LE_
F 10 239 2,00070 4] CR AR E)
Fs; o] % 40 745
1,35770 A
Al 92 7457 %
2) AluH
Table 2. Culture Method
. 5 . N
il == il = HF & 3E
'il— o 7] ‘4— o O " ar = (N_P205_K20)
‘oé‘].?—-_] cm kg/lOa
10. 15~30 10cem 24 3k 40 12 -8 -7
3) FoxXAEE  UAElY, E57], A=), Al 223 854
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Table 4. Culture Method

kg/10a
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<Al 2 AFFHA B F4s AR 7T B 2 715 AAF AL

1. 438 As 2 HAH
Ao A3 Arnes FERTY sEdFdATA A EZANA 2002
Lol Aule FAEE 40F, =FEEL AT AT BERYE gxL o
A3t (Table 5, Fig. 1). 279 HE A&+ Micro Hammer Mills® 5%3F
A F 50 meshZ A8 tg WARBEHEAN A 82 ALE83 T

_27_



Table 5. The Name of 40 Colored Barley Lines

No.

AT

BT g

Colored Barley 1
Colored Barley 2
Colored Barley 3
Colored Barley 4
Colored Barley 5
Colored Barley 6
Colored Barley 7
Colored Barley 8
Colored Barley 9

Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley
Colored Barley

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
338
39
40

CN9718-B-53-1-2-
CN9718-B-53-1-
CN9718-B-53-1-

CN9777-BG-BSP-7-1-2
CN9777-BG-BSP-7-2-3
CN9777-BG-BSP-7-3-1
CN9755-BG-BSP-4-1-1
CN9755-BG-BSP-4-1-3
CN9755-BG-BSP-4-2-1
CN9754-BG-BSP-2-1-2
CN9754-BG-BSP-2-1-3
CN9754-BG-BSP-2-2-1

CN9747-B-42-1-1-1
CN9747-B-42-1-2-1
CN9747-B-42-1-2-2
CN9747-B-42-1-2-3
CN9775-B-44-1-1-3
CN9775-B-44-1-2-1
CN9775-B-44-1-2-3
CN9775-B-44-1-3-1
CN9775-B-44-1-3-2

CN9766-BSP-144-2-3-1
CN9766-BSP-144-2-3-2
CN9766-BSP-144-2-3-3

CN9758-B-6-1-1-1
CN9758-B-6-1-1-2
CN9758-B-6-1-1-3
CN9758-B-6-1-2-2
CN9758-B-6-1-2-3
CN9744-B-14-1-1-2
CN9744-B-14-1-1-3
CN9744-B-14-1-2-2
CN9744-B-14-1-2-3
CN9744-B-14-1-3-1

2,
2,

CN9781-B-7-1-1-2-1

CN9781-B-7-1-1-2-3
CN9781-B-7-1-1-3-1
CN9781-B-7-1-1-3-2
CN9781-B-7-1-1-3-3
CN9781-B-7-1-2-1-3

1-1
1-2
1-3

YB2101/5+9) 3045//< 3 K.

TR R A /7 5 B ]
CIRA R B/ A 465

"

717t el 8ttt 7k//YB2101/97 9 3045

S REL R VA LS AR

st shebl/ el S 2 A vl

"

"

spobs- A stehl/e) g A ue

o1 2|30% /= A A St/ 9l Fs

”

”

g R 2 //2 A7) /RS 9695
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40

38
Chunchu

Fig. 1. Appearance of 40 Colored Barley Lines, Chunchu Naked Barley and Hulled Barley
1-40 : 40 Colored Barley Lines

_29_



2. TR AYBHYEL F2
AR el gatst 4o HA FExAH A dts 2R E dotr
7] Slal Fig. 29k #2 WRlew FEdAY By 7HF 288 01% s&=°
TFA (trifluoroacetic acid)”} 37} ethanol& 30m¢ Y3, 25C <] water bathol
Al 3A1ZE EF wRE100rpm) Al 33 WHE FE3Fe] Whatman No. 2 1%}
Az o3g v I3 AR FAE ol &kl bm7AA] FHste] ARR ARE
ST

Barley 2g

1 fumm | 0.1% TFA in ethanol 10ml

257 Waler kath Shaking 3Hr

1 h Filter paper{Whatman Mo, 2)

Fitering

!

3 Times repeatiTolal volume 30ml)

!

30T Fvaporation[Total vwolome Smil)

R

Fig. 2. Scheme of Extracts in Colored Barley, Chunchu Naked Barley
and Hulled Barley
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3. FAEE J40F 9 1E3

Antr glof] Hla] Mol g FFe FARI 7T LAAEAY &§
Aol =55 AESH] 98 FARY 7R A
59 % anthocyanin & 3ol ZAyE SAS system?
Cluster Ward W o2 F7 Agste] AR 40FS 32522 78
o Table 63 21}

Group I & HFARB a3, 4, 5, 22, 26, 27, 34, 35, 36, 38, GroupI =
w1, 11, 13, 17, 18, 20, 21, 25, 32, 37°1R oW, GroupllS &2 H 2|2,

6, 7, 8,9, 10, 12, 14, 15, 16, 19, 23, 24, 28, 29, 30, 31, 33, 39, 40 o] T}.
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Table 6. The Grouping of 40 Colored Barley Lines

No. AEHS Grouping
Colored Barley 1 CN9777-BG-BSP-7-1-2 Group I
Colored Barley 2 CN9777-BG-BSP-7-2-3 Grouplll
Colored Barley 3 CN9777-BG-BSP-7-3-1 Group I
Colored Barley 4 CN9755-BG-BSP-4-1-1 Group I
Colored Barley 5 CN9755-BG-BSP-4-1-3 Group I
Colored Barley 6 CN9755-BG-BSP-4-2-1 GrouplIl
Colored Barley 7 CN9754-BG-BSP-2-1-2 GrouplIl
Colored Barley 8 CN9754-BG-BSP-2-1-3 Groupll
Colored Barley 9 CN9754-BG-BSP-2-2-1 Grouplll
Colored Barley 10 CN9747-B-42-1-1-1 Grouplll
Colored Barley 11 CN9747-B-42-1-2-1 Group I
Colored Barley 12 CN9747-B-42-1-2-2 Grouplll
Colored Barley 13 CN9747-B-42-1-2-3 Group I
Colored Barley 14 CN9775-B-44-1-1-3 Grouplll
Colored Barley 15 CN9775-B-44-1-2-1 Grouplll
Colored Barley 16 CN9775-B-44-1-2-3 Grouplll
Colored Barley 17 CN9775-B-44-1-3-1 Group I
Colored Barley 18 CN9775-B-44-1-3-2 Group II
Colored Barley 19 CN9766-BSP-144-2-3-1 GrouplIl
Colored Barley 20 CN9766-BSP-144-2-3-2 Group I
Colored Barley 21 CN9766-BSP-144-2-3-3 Group I
Colored Barley 22 CN9758-B-6-1-1-1 Group I
Colored Barley 23 CN9758-B-6-1-1-2 Grouplll
Colored Barley 24 CN9758-B-6-1-1-3 Grouplll
Colored Barley 25 CN9758-B-6-1-2-2 Group I
Colored Barley 26 CN9758-B-6-1-2-3 Group I
Colored Barley 27 CN9744-B-14-1-1-2 Group I
Colored Barley 28 CN9744-B-14-1-1-3 Grouplll
Colored Barley 29 CN9744-B-14-1-2-2 Groupll
Colored Barley 30 CN9744-B-14-1-2-3 Grouplll
Colored Barley 31 CN9744-B-14-1-3-1 Grouplll
Colored Barley 32 CN9718-B-53-1-2-1-1 Group I
Colored Barley 33 CN9718-B-53-1-2-1-2 Grouplll
Colored Barley 34 CN9718-B-53-1-2-1-3 Group I
Colored Barley 35 CN9781-B-7-1-1-2-1 Group I
Colored Barley 36 CN9781-B-7-1-1-2-3 Group I
Colored Barley 37 CN9781-B-7-1-1-3-1 Group I
Colored Barley 38 CN9781-B-7-1-1-3-2 Group I
Colored Barley 39 CN9781-B-7-1-1-3-3 Grouplll
Colored Barley 40 CN9781-B-7-1-2-1-3 Grouplll
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A FEAR W) met ANg dFFS o] Helo] du] @Az o
= A71Z(B00T)oNA s 3sAAT. Bl $ HCl @ water(1 : 3 v/v)
10meE 7hske]l 308 AE 100C water bathellx 7Fdste] @ & 1IN
HNO3 & 9 (Cae Lae 24 1,000ppme] ¥ =% LaCl3® 7+ IN HNOs$
oz S0mE ALY HFEZgZAvk(Inductively Coupled Plasma
Spectrometer, Atomscan Advantage, Thermo Jarrell Ash, USA)S o] &3}o]

714 %-(Ca, Mg, Cu, K, Mn)& #4891},

Z AoldfF FHES enzymatic method® AOAC Total Dietary
Fiber kit(Sigma TDF 100A)= A =3}t

B-glucane & 59 BEAWHYS MIPAA Fig. 339 o] FZ
o, 1 7 50

oA 2047 WAste]  ABA  the, pH 602 2PFHL
5

= T 250mlell EAMAIA pH 1002 A st A

1]

termamyl(Sigma Co., USA) 25mlE 7}ste] 95C water bathell A 24 3¢

b 75rpmS. & shakingAlZth  olA&  wAl pH 452 AL
amyloglucosidase 7.5m¢E 7}3sle] 60ColA 2A7F FoF ¥t A 71 & &S
oA 307 7Hdste] EAE B3t A olAds WAAN v
4,000rpm e = 203 A EE st S ARES 3k ethanol ¥EF 10%

ojst= w33 pH 452 AT F amyloglucosidase 7.56mE THAl 7Fa}o]
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60T oA 2A1%F &<t shakingAl At &2 EolA 30&E1t 7938t &4 5
B84 Al7]a o]E WZd v ethanol &% 80%7F H X5 ethanols
7ot YA E 28] crude fi-glucang At ©] crude f-glucanol &7
TZ 7}3te] ethanol ¥=7F 10% ©]3l7F ¥ =& 3 & pH 622 ZAHsI1

termamyl 25m{= 7}ste] 95C water batholl A 2417+ E<¢F 7Srpml®E
shakingA At} o] A& thA] pH 452 %At amyloglucosidase 7.5mlZ
7kste] 60T ol A 2413 &F WhgAIZl & F& =olA 30&7F 7Hdete] &
25 B4 AzlY. olAds WHAAZ Y ethanol §& 80%7F ¥ =5
ethanols 7Fste] AAE sttt A7A A& AHE0 WA S/FFE 7
3l termamyl % amyloglucosidase 438 E W&t A A B thA
ZH4E 713 3 pH 452 ZA il amyloglucosidase 7.5mE 7Fste] 6
0CoA 2A17F F<ot HbSA|ZTE o]AS pH 752 AMZFAH3FI protease
0.25gS 7}ske] 37ColA] 2A]3F shaking A7l s ¥ B4 303 7}
ethanol ¥ =7} 80% =

N
.
>
N
o

2)
4 Hzxsto] &3 f-glucans A

Zoofdzo g oldzHY Y FF
W 7hEe] opiz ool opdlesAu ke Wiliams 5o WY
ek Zgstglch 2l 7 20mgs 100me FEksAe] FHska 05N KOHE 9
10mes 7hste] Algs 2 1A b SHFE 7hskel 100mE shgith o]

f4S 10m FH3te] 0.IN HCl bl 2 F3A7 & FHFZE 7Fste] 46m7t

A Ak 20 §9(02% L9 2% KI £ 05mE 7teta Z2H5E 2
A7k 5ome7k FA & F AL 5EzF UG e 625mold FTHEES =

Aatol HE FMoRRE obUR e~ Ty ofd AR S 3

+

Amylopectin (%) = 100 - Amylose (%)
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Powder barley o3
4 Softening (pH10, 20HR
Softeninz powrer barkey
Treaied with Termamy| (pHS. 95°C. ZHr)
Treated with aomvioglicusidese (pH 4.3, 3T, ZHr)
Heating at %5 . 20min
Cocling 31 roei Memg.

Ceantrifuzation
Solid—mater Liguad phose
{Dasasardd Tregted with ethancl (12Hr )

Treated with DLW

Treated with armrioglicusidass (pH 4.5 60, 2Hr
Hearing at 95"C. 30man

Caaling al roorm 1eemp.

Centrifuzation

Lequid phase Precipitaie
{Discard] Treaxed wirth annioghicusidaze (pH 4.5, 60C, 2Hr)

Treared with protease pH 7.5, 37T, 2HH

Heatinz at 95'C. 30min

Coaling at roeam temp.

Centrifuganion

v v

Liguid phase Preciponate
(DN 3 lFI‘EEIE dArying- Dryving {105, 3HM

Fare Sgiuocan

Fig. 3. Determination of [f-glucan

_35_



o YdE B4
®g 7FFE 100 mesh® wvhddt ¥ particle size analyser (HELOS,
Germany)E Ab&3to] 241519 th focal length @ 100mm, beam length : 2.2mm

>,
U g
ol
38
)
s
o
)
—ut
DO
lije]
filo
ot
ol
£
E
-
L

ot
o
ol\

AE MAsHAA 50z L5t YAFE(1000rpm, 30min)$ AR A
ARZ AY 18 A= FAAAY. A" 1o FAA)E 439

Al FEFTEE

Bl 7hF 1gs 20, 30, 40 ¥ 50C water batholl FA|stHA 20%
Aol ARAE FUFE A7 bF FA SRR H A&

S7hES ALtstth AE 2 33 wrEste] 1 Fd ks Asta, FEET

= Becker'™e] gabbA Ao olste] Abalot).

m : YA "X G F=EZIE (g, HoO/g dry matter)

B}k (g, H,O/min"?)

E
fT
)
o
B
N
&

ol 3 LIP=
Schoch®] W3} Leach 9 WS WM AA 55 60, 65, 70, 80C
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2 90CoAM ABEH G=EE FASIAT 16m FH ®E 7 100mgS
Astar FRTE 7P 10wz ske] dEA 7 U5 water baths ©] &3}

30CAMFE Zzte] 2=7b4 1TC/min &5 A]

w

Jan 74 & A 3023 frA
AT WEES Aol d w7kx Awe deeR WAA7a
(3000rpm, 15min)ste] Ao ods Hx3 1PEe THFL2HH BA=s T
slen, Jd=o Fyo A& FARTH A&EHS FAHS ] vs 4

of ubeh A Asel o,

At X-ray 3| A= 2 FAAAAWTZ FF
B 7175 300 mesh@ vha 8k ¥ Owusu-Ansah 59 WHVel] bz}
X-ray diffractimerE ©]&3}9] target : Cu-Ka, filter : Ni, scanning speed :
5.0°/ming] Z7H o2 I AHAZE(26) : 5°FE 40°71A] I AAA Az zeo u}

2 a9 42N 233 2AsA
Bl MRS B4 7A%89 100 meshZ vh 3 & 140AFAR 53

= Qxe FEE BASRAL 3 94e Fe= we AFE 100009 HE
= $aea, wele AZ 10009 w2 gEedth 22w welE 200, 300,
1000, 3000vH¢] ®] &= #EsHTh

5. 44T Az FF 37
7}. % anthocyanin M4 &%
Hi F=ES Ultra Spectrophotometer 3000(Pharmacia’h)& ©] &3}
UV 535mol A 33 =A% gFoz JeE L.

g fARY AT 4% 23

B 7FF9 A E= A (color and color difference meter, Model

No. CR-300, Minolta Co., Japan)® ZA3Jc. & HEZ Yed+s
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L(lightness)#, A Mo A== JEE= alredness)dt, =akAe] A= 1}
Bl = b(yellowness)#t o & UEldo] Wald kg vlustge. 25 H 39
AMEE L o= 9700, a = -060, b = 0.74°] k. H=3k WA} & (Whiteness
Index : WD<= th Aol 9ste] Aitstal

WI = 100 - [(100 - L)* + a’+ b*]"°

o. TLC 4
He] FEE9 cyanidin-3-glucoside ¥ TLC w4o2 A¥ 314
ot TLC plate(silica gel 60 Fosa, MERCK)Z 7l on, A7l8vie
buthanol : water : acetic acid (4 : 5 : 2)2, &A= 5% H.SOE ©] &3}
o}

2}, Cyanidin-3-glucoside 3%
vy FEE
associates)S ©]&3}o] Table 73 22 Z7Ao g BA3 o, Z}7+9] peak

o WAE AMS] FFE F4sA

9] cyanidin—3-glucoside &% ¥4 HPLC(Young-lin
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Table 7. Operating Conditions of HPLC for Analysis of Anthocyanin

(Cyanidin—-3-glucoside)

Requester Condition
Instrument Young Rin associates
Column ODS-5 (4.5x250mm, Nomura)
Mobile phase Mathanol : Water = 4 : 6, v/v
Detector UV 320nm
Flow rate 0.8m¢/min

6. FARE FE2EY F3} a7 =4
7HF s ¥

1=
f
ich
o
e
e
ofy
&
il
ook

s I =4S AOACS Folin-DenisH ®®&
A gkl v FFsdich. 5 R FEE 0.1mlell 2% Na,COs 2.0mt 2
I 287 Ao AHA3E F 50% Folin—ciocaliecic(2N) A2k 02ml 7}stx
E3ale] ALoA 308 AXE e 7B50molA FAES =AsAch

of Al

querceting mg/mle FEE FA3 FH, FFEIHAE FAs

T A= 33 v

oX,

-

s
ol

CER

Y. AAF %5 (Electron donating activity) =3

B FZZE 05mo 0.15mM DPPH &9 35m¢ 7}ste] & 4 17

¥ 5
w9 WskE Z4stel et ol Aetel vhehygie

=

E}

=2

R

[S—

o

Me

N

oy
o

EDA (%) = 100 — (4 > 100)

A AR Bohe] BB

B: AR RAEY FHE
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t}. SOD-liked &4 =4A
Al Bl Tris—-HCI buffer 3m¢, 0.2mM pyrogallol 0.2m¢, B2 FEE 0.2

SOD-liked activity (%) = 100 — (2 > 100)

A AR A7 FRE

B: AR RAEY FHE

2}. Lecithin oxidation A &4 =3

Chloroform 10méel egg volk lecithin 1lg2 =9 & z} A& o] 1000
A FAANZ 5 Aavtag GulE AT Bl FE5E 0.1nst Tris-KCl
buffer(0.01M Tris-HCl, 0.175M KCI(pH 7.4))°l 2mM FeSOs, 2mM ascorbic
acid& =o] WE §4% 72 Al el 2mE 7hske] 37C water batholl A 24
7t 5<F shaking A1#HT. 0.7% TBA 1m¢, 1% phosphoric acid 3m¢, 5mM
EDTA 05mlE 7Fste] 100TColA 30+ <t B3 & WZEAA n-buthanol
. pyridine(14 : 1) 4mE 713 & Q4% 2 (3000rpm, 10min)3dhe] 532mmeoll Al &

> = @D
Fres SAsAET

Relative antioxidative effect (%) = 7 < 100

A NE W72 FRE

B: AR RAbEY F%

n}. Hydroxyl radical &2 A &4 &3A
Al & 0.1lmM FeSO/EDTA £ 0.2m¢, 10mM 2-deoxyribose 0.2mé,
By F=E 0.1ml9 0.1M phosphate buffer(ph 7.4) 1.3m¢, 10mM H.O2 0.2m¢
£ 7}8bar, 37C water batholl A 2413 ¥H-8-A171 3 20% TCA/trichloroacetic
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acid) & 1mlE 7}8te] 100TCAA 158 71E3 & F£3] WZA A 532m9l

A EREE ZRAAG?,

A AR H7MY FEE

B: AR FAZEY FHE

B}. Hydrogen radical 2A&A &4
Hydrogen radical #2840 Mullere] #H®e wdgsie] =439t}
Al & ol phosphate buffer 0.1m¢, ethanol(A & FX 7)) T+ HE FE2E
0.02mE 7Fet & 1.0mMe H0, 0.02meE 718t 5% &9 Wx$ & 1.25mM
ABTS [22' azinobis (3-ethylbenzthiazoline-6-sulfonic acid] 0.03m¢<} 1U/mé
peroxidase 0.03m¢S 7}8}a 37°C water batholA 10&7 ¥k-gA1Z1 3 405nmm
N FHEE SAFATH

B— A

B > 100

Hydrogen radical scavenging activity (%) =

o)

A Ag @R FRE

B: AR FHMEe] FHE
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7.0 E0] 4375 7MFAF ML
M ELRIA(LTE
D Al=e] dAF
NEREE 77te) dAe 21 2elste] ¥Fol HyA SR A
ol

7| A& gatol 4 A 2He DPHE

ol gake] 02t 35T B WA A7) FepolNL ol Fte] 0 F
o 120C ] W, elm MGA o 42 o] A Sk

W zb 7o) Az Z2WMAEE Palombo 59 Wl o8] FaAEALt = A
2R E 100mgS 575 1meet ¢hd3s] 4ot 0.2m &35S Protease &
N (20mg protease/ml buffer tris, pH7.0, with 50mM CaCly)9] 0.2mE test
tube®= &7 45C water batholl Al 2A17F F<F HiGA AT d5Eo 23
TCA 0.3mle Z+Z} tubeo] H7FFch LAEZ(20E 7000rpm)3sta o #3815
o dWlss 2 E o) SAEJT. AR, OD= Aponm—Assnm &2
Axrg ek B ke dalztadEE= Deoxy-ribosed 4H3: =43 DPPH
radical 2275l o3 WRjol o 3ttt

Y. 2GS AFTTA
D s ge] dvkgdid
50g9] FAEZ(Group I FHHE 12-200mesh FEF=AE  ALE5}]

Ro-Top sieve shaker(W.S. Tyler Co. USA)ol A 1A17+-5<¢t 2ed & 7z
meshE S3aE HHde FFoz AAAVE ZASANeH, FHFS
100078 ¢] il FHS FAste] dwt Bst Hlwsidn. FEEFTE
g gl 5w FHTE Zhetal A2olA 30264 HEE FAAI T HA

AR Aol B FAFoRYH FREFFS ANsAT
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L/D ratio 20, ®H-& %2 75HPeItt. A8F U&= 0.15kg/min, =27 3
HAEEE 200-300rpme & st e, EET+= F7Z 3mmel d¥EAS AME
AT AR S A3 FE 30, 45, 60mm fprward pitch screw®} 20mm reverse
pitch screw(RSE)e| ™, pitchi= 25mm(FP), 16.6mm(2/3P), 125mm (1/2P)<]
forward type¥} 12.5mm| reverse typec] 21 tH Table 8).

g goel HEAIA ES HUbet] FEFFS 20, 25% % =45k oM, St

ESEx202 90, 105, 120CT= 3k
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Table 8. Condition of extrusion pressing process for colored barley

1 2 3 4 5 6
Moisture content (%) 25 25 20 20 20 20

Screw speed(rpm) 206 | 305 [ 203 | 302 | 208 | 300

1(set/melt temp.T) 90 92 90 95 108 | 109

2(set/melt temp.T) 95 99 90 90 90 92

3(set/melt temp.T) 57 57 54 54 59 57

Moisture content (%) 25 25 25 25 20 20

Screw speed(rpm) 204 | 309 203 | 302 203 302

1(set/melt temp.T) 12 | 112 | 121 123 | 121 120

2(set/melt temp.T) 94 94 77 77 76 76

3(set/melt temp.T) 57 82 88 88 87 87

3) =AYl 23 pellete] 3%
Pellet®] %3l%+= Kainuma 59 "ol wel fARE ol T3 7o
pellet &2 0.15gS S/ 16mlol E4HA1A A 7]2 43 & A 5d9S
270e] A g gholl EH ko] FRjol wel Alg I s st S Azl 7t
Zyoll & A (f-amylase®t pullulanase)S 7Fska 40Col A 30&3F Hb-g-A] 7
e AAE Feo I}PUHS Somogyi-NelsonH o2 ZA 3] 3+

Hle2A 33=E ALkt
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Fig. 4. The pellets of colored barley made by various extrusion processing

4) Bulk density ¥ A=
AR 15gs waddre] ¥i 45 dA" Fo| WP =g o
7HA FEY U A4S FujdA F240 FulE w A5 FuR §glow
A 59 bulk densitys= A8 9 %S HuE o] ALt
Aes= AlRE 438 & AAAE ol&3to] BV (Lightness, L), A%
(Redness, a), &A= (Yellowness, b)gte 2 ZA& U} oy FT&MAorE=
WA 7H(1L=92.42, a=-0.97, b=0.92)& A&}

o

bt

5) WAI, WSI

WAI(water absorption index) % WSI(water solubility index)+:
Anderson ¢ Rl wel € AR 15gS 50ml 94 Ee FHO Y1
7T 20mlE 7hete] EAEAIR) 30Tl Al 30i7F WA gk ok 25,000xgel

o

ap2my
5CeA HAxAIA RPJEFS FAHs] WSIE =i on, WAIE dA4 2

glete] AdE Ad=e FAE S48t AxAE 1god Fad 7 7

f
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&3t A3, Alm 15gS A4 44mm, =°] 8mme UFF 7]
Y AA 44mm 93 plate typed probeE AFE3e] 2.0mm/sec? test

speedoll A A5 =o]9] 50%7HA] 4Este] AeEle Fog HFEE YERAT

SAARIYUARSLEHLIGEAI R STUS o) LA THENT
GARFE o] g8t 75A AENLe Ao HEAW Bz HE

83 Ad T4 34 59 AHES A T 5 S Aow Aztdn
9.¢%453 7t

FARIE o] &3k 7|5 AF Ut dsAAE AU AEIS
sty 4 159 S BepAledoe R AEEte] du AL T vkE FH &
227, AAAQ] 7|EEe diste] 23] HbE
A A AT AAEIH S 974 7] 3 2 W (hedonic scale)el] ¢ o]
mrl 992 ol Fu = HULESTE 3 sl AlRE HIFsE $of = HlE A

0Ce B2 A4ere BT F ol 0 ARE BrAEE ek

dskalnk. Al A, Bt 99

®oage] Ashe WEeEEUAR JeA, 2 AP 29 v

A

2& SAS systeme ©°]&3le] ANOVA &4 % 0=0.05914 Duncan’s

multiple range testE ©]&3te] FA3S HAS3HAT
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<A 1A F-3A

Table 9. Line Selection

P71 AR >

Ao T A A gk H| a1
. %3}
235 | ASONADS S AFOIADS
T
?__%JT_HH - 27 2,376 i?{ LHXHSH OO]:;é]
F 27 - 15 Bulk 53 =3
F 15 S 10 642 craED
z 2,00071 A
Fs ©]3% | 40 1,103 30 103(461)
1,445 23769
g 8 593 82 103(461)

%l—

- E2HEY SRR/ ERY/AYAY T 6=
- FEEE AR/ R/ AR AR e T T

A 27z
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Table 10. Selection of Promising Lines

WS SRS B s FREA H] 1

CN9707 | £ R /= A v} 2A s}t g, WA, o Lol
Al A

CN9704 | Aj2x 2] /3hka 2 H g w4, T3 23 IS .
4715

CN9712 | 712 R /= )l 2 3kt 7} A4, F74 538

CNO8002 | AAE 2]/ =HAlv BA//AaE e | b, e, FA 94

Fig. 5. Long awn and Short awn of Colored Barley Lines
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3 A FIomE AHAARY/EnAARY/AAARE 5 7% U s
A 2FoRE TR/ EHARER ST/ AR 5 52 g

= =
Wt 29e AR/ A/ eERy & 9x%S AAs

HEAIANE)E F212FS FAIF] 1623S Ao FFA24 o)
(F)= & 152%S FAI8te] 1028 6424155 12319 o)

FFEAZA N (F3) ol F+= F 40x3 1,10341'5S & Alske] 3023 103415

B1NAE Aadstslen wAld Als & 2¥ol dEstal vdedoew F9
AlE= CN9707 & 17A6S At AEAA dnA g eAA ez HAdst

At

715 AR WY AR A

7 71sd A RE BRelses dY 2R

Table 11. General Results of BaYMV Test for Functional Colored Barley

2 I AE (0-9)
T
A& 0 1 3 5 7 9

A& 213 79 32 36 49 13 4
Ay o 63 23 23 8 9 0 0
A2 24 18 4 2 0 0 0

Al 300 120 59 46 58 13 4
(%) aom | @ | a9 | am | a9 | @ (1)
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Fig. 6. Experiment Station for BaYMV Test

Fig. 7. Difference in Levels of BaYMV Resistance
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Table 12. Incidence of
Barley Lines

and Recovery from

BaYMV in Functional Colored

A EIE o
NO| A% A | % NO A% A Zé; NO A7 Aw Zé;
09 | 34 09 09
121 Songhag 5 ++| 161 Songhag 3 i+ 201 Songhag 3 et
122| CN98020-B-75-2 0 | ++[ 162 |[CN9706-B-B-105-2| 0 ++ [ 202 CN9712-B-B-133-2 | 3 | ++
123 CN98020-B-76-1 1 | ++| 163 |[CN9706-B-B-106-1| 0 ++ | 203] CN9710-B-B-134-1 | 7 | ++
124 CN98020-B-76-2 0 | ++| 164 |CN9706-B-B-106-2| 0 ++ | 204] CN9710-B-B-134-2 | 3 | ++
125 CN9702-B-B-77-1 | 0 | ++| 165 |CN9706-B-B-107-1| 0 ++ | 205 CN9710-B-B-135-1 | 3 | ++
126 CN9702-B-B-77-2 | 3 | ++| 166 |[CN9706-B-B-107-2| 1 ++ | 206 CN9710-B-B-135-2 | 0 | ++
127) CN9702-B-B-78-1 | 3 | ++| 167 |CN9706-B-B-108-1| 1 ++ [ 207 CN9710-B-B-135-3 | 0 | ++
128 CN9702-B-B-78-2 | 5 | ++| 168 |[CN9706-B-B-108-2| 1 ++ | 208 CN9710-B-B-136-1 | 0 | ++
129] CN9702-B-B-80-1 | 5 | ++| 169 |[CN9707-B-B-113-1| 3 ++ | 209 CN9710-B-B-136-2 | 0 | ++
130] CN9702-B-B-80-2 | 5 | ++| 170 |CN9707-B-B-113-2| 0 ++ | 210] CN9710-B-B-137-1 | 0 | ++
131| CN9702-B-B-81-1 | 0 | ++| 171 |[CN9707-B-B-115-1| 5 ++ | 211| CN9710-B-B-137-2 | 9 +
132| CN9702-B-B-81-2 | 5 | ++| 172 |CN9707-B-B-115-2| 0 ++ | 212| CN9710-B-B-138-1 | 7 +
133| CN9702-B-B-82-1 | 0 | ++| 173 |[CN9707-B-B-116-1| 3 ++ | 213] CN9710-B-B-138-2 | 5 +
134| CN9702-B-B-82-2 | 0 | ++| 174 |CN9707-B-B-116-2| 5 ++ | 214] CN9777-BG-BSP-7-1-2 | 5 +
135 CN9702-B-B-83-1 | 0 | ++| 175 |[CN9707-B-B-117-1| 3 ++ | 215 CNI777-BGBSP-7-2-3 | 5 +
136 CN9702-B-B-83-2 | 1 | ++| 176 |CN9707-B-B-117-2| 5 ++ | 216 ONO777-BG-BSP-7-3-1 | 1 +
137| CN9702-B-B-84-1 | 1 +| 177 |CN9712-B-B-118-1| 0 ++ | 217) ONOE-BGBSP-4-1-1 | 5 +
138 CN9702-B-B-84-2 | 1 +| 178 |CN9712-B-B-118-2| 0 ++ | 218] CNIT-BGBSP4-1-3 | 3 +
139 CN9703-B-B-87-1 | 3 | ++| 179 |[CN9712-B-B-119-1| 0 ++ | 219] CN9T-BGBSP4-2-1 | 5 | ++
140| CN9703-B-B-87-2 | 5 | ++| 180 |[CN9712-B-B-119-2| 0 ++ | 220 CNOBABGBSP2-1-2 | 3 +
141 Saessal 5 | ++| 181 Saessal 5 ++ | 221] CN9BABGBSP2-1-3 | 3 +
142 CN9703-B-B-88-1 | 5 | ++| 182 |[CN9712-B-B-121-1| 0 ++ | 222 CNOBABGBSP2-2-1 | 3 | ++
143) CN9703-B-B-88-2 | 0 | ++| 183 |CN9712-B-B-121-2| 0 ++ | 223f CNO747-B-42-1-1-1 | 3 | ++
144 CN9703-B-B-89-1 | 5 +| 184 |CN9712-B-B-122-1| 3 ++ | 224] CN9747-B-42-1-2-1 | 1 ++
145 CN9703-B-B-89-2 | 7 +| 185 |CN9712-B-B-122-2| 5 ++ | 225 CN9747-B-42-1-2-2 | 0 | ++
146 CN9704-B-B-98-1 | 5 | ++| 186 |[CN9712-B-B-123-1| 5 ++ | 226 CN9747-B-42-1-2-3 | 0 | ++
147| CN9704-B-B-98-2 | 5 | ++| 187 |[CN9712-B-B-123-2| 3 ++ | 227 CN9775-B-44-1-1-3 | 0 | ++
148/ CN9704-B-B-99-1 | 0 | ++| 183 |CN9712-B-B-124-1| 3 ++ | 228) CNO775-B-44-1-2-1 | 0 | ++
149| CN9704-B-B-99-2 | 0 | ++| 189 |[CN9712-B-B-124-2| 0 ++ | 229 CN9775-B-44-1-2-3 | 5 | ++
150 CN9704-B-B-100-1 | 0 | ++| 190 [CN9712-B-B-125-1| 3 ++ | 230 CN9775-B-44-1-3-1 | 3 | ++
151| CN9704-B-B-100-2 | 1 | ++| 191 |[CN9712-B-B-125-2| 1 ++ | 231] CN9775-B-44-1-3-2 | 3 +
152 CN9704-B-B-101-1 | 0 | ++| 192 |[CN9712-B-B-126-1| 0 ++ | 232 ONIIGBSP-144-2-3-1 | 5 +
153] CN9704-B-B-101-2 | 0 | ++| 193 |CN9712-B-B-126-2| 0 ++ | 233) ONOT6-BSP-144-2-32 | 3 +
154 CN9704-B-B-102-1 | 0 | ++| 194 |[CN9712-B-B-127-1| 0 ++ | 234] ONOIGBSP-14-2-33 | 5 +
155 CN9704-B-B-102-2 | 0 | ++| 195 |[CN9712-B-B-127-2| 5 ++ | 235 CN9747-B-6-1-1-1 | 3 +
156 CN9704-B-B-103-1 | 3 | ++| 196 |[CN9712-B-B-128-1| 3 ++ | 236 CN9747-B-6-1-1-2 | 1 ++
157| CN9704-B-B-103-2 | 5 | ++| 197 |CN9712-B-B-128-2| 3 ++ | 237 CN9747-B-6-1-1-3 | 3 +
158] CN9706-B-B-104-1 | 1 | ++| 198 |CN9712-B-B-130-1| 5 ++ | 238] CN9747-B-6-1-2-2 | 1 +
159 CN9706-B-B-104-2 | 3 | ++| 199 |[CN9712-B-B-130-2| 1 ++ | 239 CN9747-B-6-1-2-3 | 5 +
160 CN9706-B-B-105-1 | 0 | ++| 200 |[CN9712-B-B-133-1| 5 ++ | 240 CN9744-B-14-1-1-2 | 3 +
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| Dl . | gl
NO A% A% | I No A% A% NO A% A%

09|35 09| #= 09|25
241 |CN9744-B-14-1-1-3 ++| 261 [HB14405-B-37-3-1 ++ 281 |HB14405-B-26-3-2 ++
242 |CN9744-B-14-1-2-2 + | 262 |HBI401-BG-BSP-34-5 ++ | 282 |CN9744-B-14-1-1-2 ++
243 | CN9744-B-14-1-2-3 + | 263 |HBI4RZ-BG-BSP-33-1 ++ | 283 |HB14405-B-37-3-2 +
244 |CNI74-B-14-1-3-1 + | 264 |[CNB98014-B-40-1 + 284 |HBI4901-BG-BSP-10-3 ++
245|CNI718-B-53-1-2-1-1 + | 265 |CNB98014-B-47-1 ++ 285 |CNIB1-B-7-1-1-3-1 ++
246 |CNI718-B-53-1-2-1-2 + | 266 |CNB9704-B-98-1 ++ | 286 |HBI4901-BG-BSP-30-5 ++
247|CNI718-B-53-1-2-1-3 + | 267 |CNY2-B-30-2-7 + 287 |HBI492-BG-BSP-33-4 +
248 |CNIWI-B-7-1-1-2-1 + | 268 |[CNY9-B-413-2-3 ++ | 288 [HBIBHBIP-14-2-1-1-2 +
249 |CN9781-B-7-1-1-2-3 +| 269 [CNY9-B-413-3-1 + 289 |HB14542 ++
250|CN9781-B-7-1-1-3-1 + | 270 |CNY7-B-301-2-2 ++ 290 |HB14576 ++
251 |CN9781-B-7-1-1-3-2 + | 271 |HB14542-B-17-3-1 ++ | 291 |HB14405 ++
252 |CN9781-B-7-1-1-3-3 + | 272 |HB14576-B-21-3-3 ++ | 292 |HB14576 ++
253| CNURI-B-7-1-2-1-3 ++| 273 |HB14576-B-31-3-2 + | 293 |cNBogOL4 -
254 |HB14542-B-17-3-1 ++| 274 |HB14576-B-37-1-5 ++ | 294 |CNY3 ++
255|HB14576-B-21-3-1 ++| 275 [CN9747-B-6-1-1-1 + 295 |Hichalssal ++
256 | HB14576-B-118-1-1 ++| 276 |HB14576-B-65-2-3 + 296 |Dokusimamochi ++
257|HB14577-B-33-2-1 + | 277 |HB14576-B-118-1-4 ++ | 297 |ONITA-BGBSP-2-1-2 +
258 |HB14577-B-35-3-1 ++| 278 |ONOB1-B-7-1-1-3-2 ++ | 298 |ONIB4-BG-BSP-2-2-1 ++
259 |[HB14405-B-23-1 + | 279 |HB14577-B-33-1-2 ++ | 299 |ONI47-B-42-1-1-1 ++
260|HB14405-B-23-1-2 ++| 280 |ONI777-BGBSP-7-3-1 ++ | 300 |[ON974-B-14-1-1-2 ++

 EEAE e wage] B

Aol AT W+ T0%0] 4 F5H,

s 500014 B8R, - Wwae] SAsd 8 et
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Table 13. Overview of Cold-Resistance Levels of Available Barley Lines

oA A E0~9)
T8 (3AAE
0 1 3 5 7 9
AE 99 0 4 35 17 3 0
Ao 40 0 4 20 12 4 0
gMEE | 1 | - | - | - | 1 | - | -
A 100 0 8 55 30 7 0
co | am | & [ ® [ e ]| @ o

u FeAEe] g A=

Table 14. Degree of Cold Resistance in Principal Barley Lines

T R R
TR
0 1 3 5 7 9
CN9001-B-1-3  |[CN98001-B-5-3  [CN98002-B-2-3  [CN98005-B-3-3
CN98003-B-1-3  |[CN98002-B-6-3  [CN98005-B-2-3  [CN98020-B-9-3
?éo%) - |CN98018-B-5-3  |CN98012-B-1-3  |CN98013-B-5-3
CN98020-B-6-3
5 A% s BAE 5 18A1% s 3A%F
QUITBGBSP7-31 | OUBABGBSP-2-13 | BGBP4-1-1  |CN9747-B-6-1-1-3
Zig')] ~  |CN9744-B-14-1-2-1 |CN9775-B-44-1-3-1 |CN9TRI-B-7-1-1-2-3 -
5 A% 5 671% 5 9AE 5 3AE
8 55 30 7
®) (55) (30) (7)
#() @ HE
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Fig. 8. Experiment Stations for Cold-Resistance

Test (in Namwon Unbong)

Fig. 9. Difference in Cold Resistance

Between Colored Barley Lines(Yeonchon)

Al FAAW= W]l A3 ZrevE 149 Ha 2o -5Col%

R o

(19 H4 7€ A -12C o149l Aol aAMAde 19 BF 7L
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Table 16. The 1st Year Preliminary Yield Trial on Colored Barley Lines

O A&A, OBEEA
Eaad
] N I I b R L R T
No A (F ¥ 49 B (aon| a0 e T 2% (¥ 2
0-9) | (0-9 (em) | (cm) (&) (g) | ON) | B=%| A
o " .
ol A e 5| 5 [501|68|64]63| 74 [29.0]483| 360 | 100780
3 |CN9777-BG-BSP-7-3-1 | 1 | 1 |428|65 |57 |57 | 55 |247|542| 381 106 741| O
4 |CN9755-BG-BSP-4-1-1 | 5 | 7 |427|64 |55 |41 | 50 |263|575| 327 | 91| 698
5 |CN9755-BG-BSP-4-1-3 | 3 | 3 |429] 67 | 56|43 | 53 |266|471| 350 | 97|728
6 |CN9755-BG-BSP-4-2-1 | 5 | 7 |426| 65 | 56| 48 | 43 |246|609| 309 | 86|740
7 |CN9754-BG-BSP-2-1-2 | 3 | 3 |424|64 | 61|43 | 51 |276(534| 367 [104724| O
8 |CN9754-BG-BSP-2-1-3 | 3 | 5 |425|65| 61|50 | 55 |27.7(484| 361 100735
9 |CN9754-BG-BSP-2-2-1 | 3 | 3 |427|63| 62|46 | 54 |305[492| 389 [108757| O
10 [CN9747-B-42-1-1-1 3| 1 [427|64 63|52 | 51 [30.3]492| 389 |104757| O
16 |CN9775-B-44-1-2-3 5 | 3 [428|65|56|49 | 54 [27.3|584| 365 | 101/ 748
17 |CN9775-B-44-1-3-1 3| 1 [430| 66| 68|77 | 58 [284|480| 321 | 89| 753
21 |CN9766-BSP-144-2-3-3 | 5 | 5 [428|66 | 61|51 | 58 |265|533| 405 |113756| O
22 |CN9747-B-6-1-1-1 3| 1 [430|63|54|61 | 53 |275/550| 384 |107720| ©
25 |CN9747-B-6-1-2-2 3| 1 [428|66|63|49 | 60 [29.7|446( 367 | 104738
26 |[CN9747-B-6-1-2-3 5 | 3 [425|64|60|43 | 52 [253|625| 312 | 87| 740
27 |CN9744-B-14-1-1-2 3| 1 |429]| 62| 68|48 | 57 |257]671| 403 [112741| ©
34 [CN9718-B-53-1-2-1-3 | 5 | 3 |501|66 |56 |52 | 63 |24.4|554| 330 | 92| 728
35 [CN9781-B-7-1-1-2-1 | 3 | 3 [430|64 | 71|56 | 56 |299]475| 400 | 111774
36 |CN9781-B-7-1-1-2-3 | 3 | 3 [430| 65| 73|39 | 42 |275|663| 389 |104710| O
37 |CN9781-B-7-1-1-3-1 1| 3 |501]66|75|51| 58 |331]496| 409 |114739| ©
38 |CN9781-B-7-1-1-3-2 | 3 | 3 |430|64 | 65|45 | 54 [269|471| 402 |119724| ©
39 |CN9781-B-7-1-1-3-3 | 3 | 3 [501|66 | 71|51 | 50 |286|483| 305 | 85|738
40 |CN9781-B-7-1-2-1-3 | 5 | 5 |501| 6.7 | 68| 74 | 65 |20.7 |392| 380 | 104 753| O
L.S.D(5%) - - - - - - - 754
CV (%) - - - - - - - - - 46
« ghaf B sEFHe HAEY A
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2) ke A dmiAd (03/704) - 293

Table 17. The 2nd Year Preliminary Yield Trial on Colored Barley Lines

o AR O A&A, OBEEA

g \ | e (st ol | 0 | | 1] 3|14 g2

we|  NEEDT 2 gy |@0]@| @ || H e [ ] T
@9 vh b | @ w | T

1| EFAmpRs sietr} 3 0 42563 | 75|39 57| 472 | 672|274 | 286 | 100

2| &ALy 3 0 |425|62 | 52|46 61| 478 |674|23.2| 280 | 98

3| ARy 5 0 |424| 64 | 63|50 64| 583 | 713|279 323 | 113

4 | HB14542-B-17-3-1 3 0 |430| 6.7 | 62|6.0| 73| 477 |683|29.0 | 259 | 91

5 | HB14576-B-21-3-1 1 3 428 66 | 80 |6.0| 70| 519 | 705| 26.8 | 300 | 105 @)

11| HB14576-B-118-1-1 3 0 420|531 74|49 70[ 503 | 704 |26.7 | 281 | 98

15| HB14577-B-33-2-1 1 0 |422| 6.7 | 8|58 74| 452 |692|25.3 | 266 | 93

16| HB14577-B-35-3-1 3 3 |4.27| 68 | 87 | 50| 71| 483 |672|27.3 | 288 | 101

17| HB14405-B-23-1 3 0 | 52|64 |81]49]| 65501 |711|29.3| 270 | 94

18| HB14405-B-23-1-2 1 0 |429| 64 | 84|50 72| 472 | 693|285 | 254 | 89

24| HB14405-B-37-3-1 3 0 |4.26|529| 64 | 44| 63| 509 | 720|282 | 310 |108| ©

35| HB14901-BG-BSP-34-5 3 0 |428|531| 87|66 69| 565698334316 |110| O

36| HB14902-BG-BSP-38-1 1 0 [427| 62 | 74|48| 66| 614 [713]29.2| 316 | 110| ©

39| CNB98014-B-40-1 3 0 |425|61 |71 |7.8]|65/539|694|259|310|108| ©

40| CNB98014-B-47-1 1 0 |426| 62 |76 |50| 63| 550 |709|29.0| 331 | 116 @)

41| CNB9704-B-98-1 3 0 424|529 75| 43| 52| 541 | 708|27.8 | 290 | 101 ©)

42| CNY2-B-30-2-7 1 0 418|529 79 |4.1| 56| 583 |684|29.0| 309 | 108 @)

43| CNY9-B-413-2-3 1 0 [425|528| 85|44 58| 635[694[29.8|342 |120| ©

44| CNY9-B-413-3-1 1 0 |4.23|527| 73 |4.0| 53| 517 | 646|284 | 332 |116| ©

45| CNY7-B-301-2-2 3 0 [425| 66 | 72|42 58| 551 [676]27.1|326 |114] ©

L.S.D(5%)-——————————— oo 88.7
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3) Aate HA dnAd (104705 - 3dAh)

Table 18. The 3rd Year Preliminary Yield Trial on Colored Barley Lines

o Az O A&, OAEEA
N AT T e
e I e ) e B P Rl L S o
wg NEEDEEY) ol o0yl @e)] @ | @] BT e | BT L o
i 09 D o | om @ | % | 2%
(kg)
1| &8 5 31428 1601614159 |517|816(129.1| 394 | 100
2 | =HAeEEA 1 3 50260384767 550778323386 | 98
3| AR 5 51427 1602|69|42|55(600 (798321382 | 97
4 | HB14542 3 3 501 [601 |58 |58|58([49 |746|31.4| 358 | 91 @)
7 | HB14576 1 0| 430|601 |77|47|69|421|785(336[389| 99 |ONE=E o
14| HB14405 1 0 [501]601|66([61]69|500]|763]|32.7|426 | 108 O%t4=
16| HB14576 1 0 | 429 | 531 |58 |57|60([538|778129.3|345| &8 @]
18| CNB98014 3 1 1430|531 | 73|45 65|646|773|31.6| 351 | &9 @)
23| CNY3 1 014271601 | 7639|511 |575|760|34.2|329| &4
LSD—— ns
GV Ag)mmmmmmmmm e 188
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Table 19. 2nd Advanced Yield Trial on Colored Barley Lines

_59_

O ezt O A& Al
30 ) R o | TE
ol AECES)E ;js e B et R lauz‘r 2_)«; s ZL%H o= L
hia Gy | 09| ED|ED| @ | @ | ool G| @ © Z%?;)F A
1| BT szt 310 (425|166 |95 45|61 |532|738]27.7| 305 | 100
2| ga4ny 3| 0 [425]6.7 | 65|42|58]|621|753(26.2| 356 |116
3 | HB14542-B-17-3-1 1| 0 |424|68 | 77|58 773|419 |718|29.3| 269 | 88
4 | HB14576-B-21-3-3 313143066 | 95|49 68 |503 |755(27.2| 308 | 101
5 | HB14576-B-31-3-2 1| 3 |428|68 |8 |50|69|519 |732(27.9| 294 | 96 O
6 | HB14576-B-37-1-5 3| 0 [420] 6.7 | 95|52 | 67| 482 |744(27.1| 282 | 92
7 | CN9747-B-6-1-1-1 1|0 |422]66|90[49]|66|511|753[26.7| 341 |112| <liR0ZE
8 | HB14576-B-65-2-3 310 (42769 | 72|49 67 | 587 |734|25.0] 298 | 98
9 | HB14576-B-118-1-4 3|0 |52]66 |8 |46]|65|592|741(27.4| 340 | 111 O
10| CN9781-B-7-1-1-3-2 1|0 (429]64 |87|49]|65|672|763|282| 348 |114| °|xl8l=
11| HB14577-B-33-1-2 310 (426|169 |85 (91|80 |483|709|27.8| 300 | 98
12| CN9777-BG-BSP-7-3-1 3| 0 [428]6.7 | 83|85 75492 |721(29.9| 317 | 104
13| HB14405-B-26-3-2 1| 3 42766 |96 |46| 67 |504 |722(27.8] 301 | 99 o)
14| CN9744-B-14-1-1-2 310 [425]63 |9 51|66 507 |741(30.0] 338 |111 o
15| HB14405-B-37-3-2 1| 0 |426]63|95|48]| 68481 |750(29.6( 318 | 104 O
16| HB14901-BG-BSP-10-3 3| 0 [424]65 | 79|52 66 |503|729(27.2| 285 | 93
17| CN9781-B-7-1-1-3-1 1| 0 |418]69 | 93|68]| 71| 476 |733|28.2| 332 | 109 o
18| HB14901-BG-BSP-30-5 1| 0 |425]6.10| 79 |53| 68| 605 |699|25.5| 323 | 106 O
19| HB14902-BG-BSP-38-4 3]0 [420] 6.1 | 96 |6.1| 63| 479 |707(32.0| 306 | 100 @)
20| HB14666-BSP-14-2-1-1-2 3| 0 [425] 6.2 [106]| 6.5 | 66 | 465 | 741 |34.4| 289 | 95
L.S.D(5%) - - - - - - - - - 691
C- V(%) - 130




5)

e 1Y 2 A

('04/'05 : 3 A})

Table 20. The 3rd Year Advanced Yield Trial on Colored Barley Lines

o gz O AFA
-y % P . ¢
A3 I ] X ) B o P Bl L (VR E TR e
we | AEEDR 3R b oyl @al @@ |3 T @ @ |5 M
v 079) ‘ )' on | on % | A9
(kg)
1 [3zaR 5 31426 1601|6240 61 |371|779| 27.2 | 433 | 10
2 |=HAvER 1 315031(16.02| 8[54 66 [509]|766| 283 | 404 | 93
3 | AR 5 5150316.02| 53|58 74 (358|770 | 276 | 336 | 78
5 |HBI4O01-BGBIP-#5 3 315021602 77 165| 70 [702|617 | 32.7 | 446 | 103
14 |ONIAABGBSP2-1-2 3 11503601 686070459751 | 275 | 428 | 99 O
15 |[CNY9-B-413-2-3 1 31430 |1531| 8 |46]| 57 | 687|703 | 289 | 455 | 103 O
16 |CN9747-B-42-1-1-1 1 31503160181 (54| 771439789 314 | 399 | 92 O
18 |CN9747-B-42-1-1-1 1 31425 (1531]92 (45|62 (414|737 296 | 362 | 84
19 |CNY9-B-413-3-1 1 31427 1530 7444|554 665|683 27.7 | 464 | 107 O
21 |[CNY7-B-301-2-2 3 31429 |6.01| 71 [45]60 (696|712 | 275 | 442 | 102
JART &
23 |CN9744-B-14-1-1-2 1 1| 427 |1530| 72 |59 | 72 | 537|787 | 27.5 | 480 | 111 . e
(2%, o)
LSD 72.08
O ., LL..:A 114
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Tksan No.80 Iksan No.87 Iksan No.81

Fig.10. Selection of Promising Functional Colored Barley Lines

SA4F 7154 AR A Ao s AE 40A1%] g 1
234 uAES ZFEAMHA ofs) AAstATh Al@ A Table
16914 HiE mpepzro]l CN9747-B-6-1-1-1 A2tz HAggoz Hus
9o CN9754-BG-BSP-2-2-1 5 64152 A& goz HAusidnt
At Al 23, 3dx 4422 Table 17, 189419} 2t} A
AA3 HB14901-BG-BSP-34-5 & 97&°] HelZ 95l HatHr 7

A 35} 2hd &= e dA EAggoz ksl o
HB14576-B-21-3-1 5 7TA%<& A& ste] HES o Aot}

AE AR duAgelA AR ARl gk AEng BAYE ©
2zl A mEAwEel we Gy 3wEow st 2dx A @A
Table 19 oA Hi= wpepzo] EHo % Zstn Wy UAls ooz &
AlH = CN9747-B-6-1-1-1 Al&& “24t 8057, CN9781-B-7-1-1-3-2 A&
S ‘it 81E7o AFTHE Folate] FREoR Mt 3dA A @A
% Table 200149k #Zol WAls] w4 71eAd FARYR FEAEHE
CN9744-B-14-1-1-2 A%< “Jit 87579 AEH S FoJste] FUHRES A

%

ja8le = AR o] Hle 1¢Hyrt Ba md FrE Boen AYF
T3k 20g B FAY 14% T(348kg/10a) 3 Tt 7AlF

AR AdyE 9al875 = Figlodl A B& vpepzto] At {4 H
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<A2 AE BA - B A3 AR VT Hrt 2 71 AAFE
L8828 FFY 2§53
A w g el Mo Groupl, Groupll, Grouplle & EHF3adc. 2

% Group I +M KB 2134, 362, Groupll 5 F+AH 25, 325, Grouplll 5
AR 39, 405 HE FFoE MEUsida, gxroer FF4Ege 2H
& Ab&3F A thH(Fig.11).

Fig.11. Ear and Powder of Colored Barley, Chunchu Naked Barley and
Hulled Barley
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A A, Ares s 11.8%, ¢ 11.2%, AW 2%, 3% 09%E

deA dedH, ¥ AFEAS FES AT ZE ARl

ol Ho

BN

ek FEEReu drdd wle fARe v 232 dEe A9

@ A AR Fgel we AL ¢ 4 ddn
faml e} wne) mmelyel oahW xR A A4S wne 2
Wool4e TR Aow tehgtin wy Hgov, o Wi B4 F

ST ey B A

al
of AEE faRYE dagEe] Ao Aueld e wy ol 4

A7 wEol 3| FEy A Ho] e Aoy {FHIEW FHIE =AH5]
ANaEZ AERS o, FA1e F99 o] FARZe X372 | 7ol

dwrr o) 2uje) FFS el Aom G

Stol frA R 7t Ared HAE o i, 3R
BoesE Udes o F dAg Mg &S Group I o] 1117.92mg% = 71 =
i, FFA R 998.04mg% = THE e 3S Hol f4
Y7t EFaRge Arert Mg kol =t Cu %2 Groupll©]
421mg% 2 74 @2 #@s JEUda, 2RV 571meg%E 7HY S g

< YEdo] AR 7E FFARe} ZHEd vE] v shEs wmolt)
K 8o E341e7F 807.25me% 2 714 @& =S Jeugla, 2Eg
7F 9329Tmg% 2 71 =L d#HS Ho fAHEE FEARIgERUE =&

s Hold, FReHE w2 FFE Btk Mn F§E2 33.08me% =
FFERL b e e, 9456mg% = ARV Mg 2 s dEhd
of #ARee Mn & FFEARARGE w1, ARETGE Sk
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Table 21 . Proximate Compositions of Colored Barley, Chunchu
Naked Barely and Hulled Barley

(%)
Moisture Crud.e leufie Crude
Protein Lipid Ash
Group I 9.56 ¢ 11.93 ° 2.86 " 1.80 ©
GroupII 9.27 ¢ 9.74 © 2.81 ¢ 1.88 "
GroupIll 9.39 P 12.72 * 298 ° 178 ¢
Chunchu Naked Barley 880 *° 12.40 ° 2.00 ¢ 235 ¢
Hulled Barley 9.20 © 11.60 ¢ 2.35 ¢ 145 ©

Table 22. Mineral Compositions of Colored Barley, Chunchu Naked

Barely and Hulled Barley

(mg%)
Mineral

Ca Mg Cu K Mn
Group I 604.44 > 111792 * 488 ¢ 871697 " 4116°"
GroupII 55501 ¢ 108639 © 441 ¢ 86335 ¢ 39.88 €
Grouplll 57803 ¢ 1076.08 © 421 © 87610 ¢ 3899 ¢
Chunchu Naked Barley 622.06 © 99804 ¢ 538" 807.25° 33.08 ©
Hulled Barley 44282 ¢ 103465 ¢ 571 * 93297 * 9456 °
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o & Aol H f-glucand
frAaRe, 532 2R F Aol 32 Table 230
guigich 2 59 ostw maEdlE 12-16% &= Aol A 42 gfain
Haustgon B Aot 1824-3873%¢ WR U} F 2
i

2]
of ¥ =A FAHANL, &l M w2 AL =FAELY, M

By, A 59 AEHIE B(1-3)3 B(1-4) glucosidic Agto]l 3 @ 79
Hl & & o] Fo] 2 mixed linked fi-D-glucan®] o] &Hxo =t Hg 9
A5 3 FeFel 30-69%eka deiA Aok ole wlas B ow) & Aol
A= 1 ko]l AR 626%%E M w2k, Grouplllo] 11.18% & 7}
T =g meA fFARes EF2R Y AR v f-glucano] 2

o
P
g2 o 4 A9

,4
[o
(o]

W

Table 23 . Total Dietary Fiber and [i—glucan Contents of Colored
Barley, Chunchu Naked Barely and Hulled Barley

(%)

TDF [i-glucan
Group [ 21.28 € 10.18 ©
Group Il 20.25 ¢ 1058 ©
Groupll 2338 P 11.18 °
Chunchu Naked Barley 3873 ° 6.34 ¢
Hulled Barley 18.24 ¢ 6.26 ©

ARl o]3lea EAS AAAFE P 2 2998 HAE AAU
ol Z e ofdEHAE e A v Folt), B EFFo| ulste] ofdER o~
Sheks xS Ay B Ar e 181-232%, FH i 66-95% AEE &
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o] 594%, GroupIl ©] 17.42%, Grouplll©] 21.94%, +=F2 R 2|7} 23.44%, &
HelE 2345%=A FF e Aol BthH(Table 24). webA Group I 2
ZH Y2, Groupll & Groupll:= &2 Al )

Ao w ofb g o FraFo] 7-20%01H A ofER Q2 20-25%°]
W OFR olMRE e s 259 o] olW i ofEe~® FERFI A ofER
Q2 AR A= ofsta FAA7] A9A A A BE - ZaHE v
W oldEe s AR A= Aot A BEI Befol AdAHS
v 9ot g wal A oW R 9 29 GroupI © Groupll, Group

=l AR gdEee] A& F& Favh 944 d A=

Table 24. Amylose and Amylopectin Contents of Colored Barley,
Chunchu Naked Barley and Hulled Barley

(%)

Amylose Amylopectin
Group I 594 ¢ 94.06 *
Group1l 1742 © 8158 °
Grouplll 21.94 © 78.06 ©
Chunchu Naked Barley 23.44 *® 76.56 ¢
Hulled Barley 2345 * 7655 ¢

FAH e} BHE 9 dAAV|E 472 Table 269 2
o] EF&Att By 7FFe YEEEE J1F9 paste 547 gel consistency
5o olststa SAS WIA o wA HFAFY T AR A
A= ZoR Agd d= 278 sofshs Ale] Fasd®. Rxu&e 100
um W HEe] WA £3F= B EL Groupl o] 19.44%, Groupllo] 16.14%,
Grouplll©] 17.42%, =217} 17.16%, Z2EZ7} 17.76%°] %t} 10.0-30.0
me Mol = Group I o 41.09%, GroupIlo] 35.82%, Grouplle] 50.51%,

o

1]

_67_



FFAR 7 3895%, 2R 4098% = HE 9 dA7E o] HE WA 7t
2 wol RIS o £ ddrh 30.0-100.0me] WM E Groupl °]
28.71%, GroupIl o] 29.35%, Grouplll©] 23.83%, =32 R 27} 20.15%, AHE
7} 25.06%°] 32, 100.0m ©]73< ®HLld M= Group I ©] 10.76%, Groupl ©]
18.69%, Grouplll©] 8.24%, +=F2H 7} 14.74%, BE 7} 16.20%2] EXE
ATH

gt Table 262 FMEE YA HAZA7](minimum), FIEHA7]
(median), & ™= 7](maximum), B 37| (mean)® F WA (surface area)= 4
el Group I @ A} A=AV = 547m, =371 20.62um, A7) =
130.03ime] 3L, GroupIl 9] YA HA=Z7]|= 6.28um, =HA7|E 27.72im, o
A7]E 143.99mol Ao Groupllle] A HAA7IE 544m, A7)+
1853um, H =7l 11528mol vk 5348 = A H4&=717F 6.31me] i
FHA7]1E 23.33m, H A7 = 137.93mo| Atk T3 2R = 4A HA4AAT
7} 5.46pme) i, F7tA 7= 21.94m, A A7) = 149.88m= 7H¢ Zih

AR e HF PAA7)E Group I o] 14.55um, GroupIl o] 18.00um,
Grouplll©] 12.81m, &322 KX 27} 16.38um, 22X 27} 1641mo 2 YEG T}
WA 2 Groupl ©] 6190cr/g, Groupl©] 5230cm/g, Groupllle] 6940cm/g, &
FA& 4 8 7F 5290cr/g, B X2 7} 5790cr/g 0.2 Groupllle] 7F4 Zit}.

B YA 2 38-44um Helol ol ®e b= dWrbFRG %

==

2 YArse] ddH oz wol o] il bran flour(Brewer's grain)®] ¢
P 23X MeE 125-400m (BT A7) 250m), LA W] 7hRe] Wi
AAA7 = 50mol ks B Pe mms Ry §ARE g =77 A
o= wARS #FAT F AUTH

N
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Table 25 . Percent Particle Size Distribution of Colored Barley,
Chunchu Naked Barley and Hulled Barley
(%)

Range of particle size (um)
<100 10.0~<30.0 30.0~<100.0 100>

Group I 19.44 41.09 28.71 10.76

Group Il 16.14 35.82 29.35 18.69
Grouplll 17.42 50.51 23.83 8.24
Chunchu Naked Barley  17.16 38.95 29.15 14.74
Hulled Barley 17.76 40.98 25.06 16.20

Table 26 . Particle Size Distribution and Surface Area of Colored Barley,
Chunchu Naked Barley and Hulled Barley

Particle size (um) Surface

area
Min. Med. Max. Mean (cri/g)

Group I 5.47 2062  130.03  14.55 6190 "
GroupIl 6.28 20172 14399  18.00 5230 ©
Grouplll 5.44 1853 11528 1281 6940 ©
Chunchu Naked Barley  6.31 2333 13793  16.38 5290 ¢
Hulled Barley 5.46 2194 14988 1641 5790 ©

_69_



i
Jo
Ton
fwl
Th
<+

60.12%, Groupll 40.17%,

Group I

Table 279} o]

Hel 41.52%, 2R 39.32%% Group I o 2K 27}

)

Grouplll 35.74%, =52

w

)

il

ol

o))

o

N

()

ol

o]

B

i

K

R
-
4

=0
W
o

ox
R

e

X

T
Jjo
o
T
R
-

3 -
1952 Beleia 59V

5|

ol 2L

]

_,AO
il

Ay
X

o ol

i
il

0

T

SEBY

=
s

_EH

el
i
A

o))
G
y

B

TR

7o 2

B

whebA] ¥
A e Ro® mop i AWEsL

Ak,

o]

i

=]
g5

A *

]

H

al

Table 27. Comparison of Water Binding Capacity(25°C) of Colored Barley,

Chunchu Naked Barley and Hulled Barley

(%)

Water Binding Capacity

60.12 °

Group 1

40.17 ©

GroupII

35.74 ¢

Grouplll
Chunchu Naked Barley

4152 °

39.32 ¢

Hulled Barley

M
4qr

_EH
il
4

cl

= 20-50TCelA 60

B 2R

)-

A

ane,

[e]
T

L

]

}9th. Fig. 123 2o

3|

ARPER Aol FAAE AL

_70_



@5% FEFFFS O 27 vehdvh £ Becker™e] £ FFEHA

Table 28. Calculated Values of the Water Uptake Rate Constants of

Colored Barley, Chunchu Naked Barley and Hulled Barley

Ko (l’ninfl/Z)

Soaking temperature(C)

20 30 40 50
Group I 0.1190 0.1404 0.1422 0.1447
Group II 0.0749 0.0839 0.1223 0.1346
Grouplll 0.0640 0.0720 0.0751 0.0843
Chunchu Naked Barley 0.1299 0.1364 0.1380 0.1409
Hulled Barley 0.0970 0.1020 0.1111 0.1221
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Fig. 12. The Water Uptake Rate Constants of Colored Barley,
Chunchu Naked Barley and Hulled Barley

>
i
——___'_'_
P R —
L _ —
— .
* e ——=4
———i-___-_'_-'F_.‘-_-
| : Tom P §
#oa--m T _—y —=-E
o
-
—
—— - - i —a e e LT Lt T il B

Fig. 13. Relationships between the Water Uptake Rate and the
Soaking Temperature for Colored Barley, Chunchu Naked

Barley and Hulled Barley
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Table 29. Comparison of Swelling Power of Colored Barley,

Chunchu Naked Barley and Hulled Barley

Swelling power

55T 60T 65T 70C 80T
Group I 2.33 3.04 6.59 1144 1291
GroupIl 1.94 2.93 6.25 9.72 10.50
GrouplIll 1.66 2.35 6.11 9.16 10.46
Chunchu Naked Barley 1.58 2.32 6.95 9.88 10.88
Hulled Barley 1.77 2.00 591 7.24 38.59
Table 30. Comparison of Solubility of Colored Barley, Chunchu
Naked Barley and Hulled Barley
Solubility (%)

55T 60T 65C 70C 80C

Group I 0.16 0.17 0.18 0.22 0.24

Group Il 0.14 0.16 0.18 0.22 0.23
Grouplll 0.13 0.15 0.16 0.22 0.23
Chunchu Naked Barley 0.12 0.13 0.14 0.20 0.22
Hulled Barley 0.12 0.14 0.16 0.20 0.21
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Fig. 14. Relationships between Swelling Power and Solubility of
Colored Barley, Chunchu Naked Barley and Hulled Barley
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Fig.15 . X-ray Diffraction Patterns of A, B, C and V-type Starches
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Chimezhin Hoked Horey Hufled Badey

Fig.17. Scanning Electron Microphotographs of Powder Colored Barley,
Chunchu Naked Barley and Hulled Barley(cross section, %1000,
by SEM)

Hudbe i Pimshey

Fig.18. Scanning Electron Microphotographs of Whole Colored Barley,
Chunchu Naked Barley and Hulled Barley(cross section, %200,
by SEM)

_79_



Chunchu Moked Badey

Fig.19. Scanning Electron Microphotographs of Whole Colored Barley,
Chunchu Naked Barley and Hulled Barley(at epidermis, x1,000, by
SEM)

Fig.20. Scanning Electron Microphotographs of Whole Colored Barley,
Chunchu Naked Barley and Hulled Barley(at inside, %300, by
SEM)
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Hulied Barley

Fig.21. Scanning Electron Microphotographs of Whole Colored Barley,
Chunchu Naked Barley and Hulled Barley(at inside, %1000, by
SEM)

Chunciu Maked Badey b Bl

Fig.22. Scanning Electron Microphotographs of Whole Colored Barley,
Chunchu Naked Barley and Hulled Barley(at inside, %3000, by
SEM)

_81_



3. Anthocyanin A& FEE&
fFARE] 40T =588, 28
%3 FEES Fig239 o, F&5E9
g U, EFARS} FRe=
AR

B2EE 0.1% TFA-ethanol &" &

=
an

se ANHozE Ao o]

Z 2

>,

|

g A 93

o)
=)

KeN
=

o

=

B

=

=
T

Fig. 23. Photography of 0.1%6 TFA-Ethanol Extracts Prepared from 40
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Table 31. Color Index of 40 Lines of Colored Barley, Chunchu
Naked Barley and Hulled Barley

L a b WI

Colored Barley 1 76.95+0.81 2.44+0.15 11.59+0.58 74.09
Colored Barley 2 73.23+3.16 2.61+0.44 12.06+0.44 70.52
Colored Barley 3 73.67+1.18 2.83+0.12 11.12+0.34 71.28
Colored Barley 4 71.65+2.91 2.85+0.29 10.77+0.48 69.54
Colored Barley 5 73.57+0.66 3.07+0.06 9.21+0.10 71.84
Colored Barley 6 72.77+1.18 2.93+0.17 11.09+0.48 70.45
Colored Barley 7 71.22+0.99 3.42+0.22 10.80+0.18 69.07
Colored Barley 8 71.99+3.10 2.91£0.50 11.74+0.78 69.49
Colored Barley 9 70.61£1.10 2.79+0.03 10.86+0.02 68.54
Colored Barley 10 74.30+2.07 2.46£0.06 10.69+0.29 72.05
Colored Barley 11 77.06+0.79 2.43+0.17 11.32+0.87 74.31
Colored Barley 12 74.00+£1.49 2.29+0.25 13.17+0.33 70.77
Colored Barley 13 75.30+1.67 2.41+0.34 11.32+0.65 72.73
Colored Barley 14 73.69+0.72 2.31£0.12 12.07+0.11 70.96
Colored Barley 15 73.41£2.28 1.88+0.15 12.71+0.55 70.47
Colored Barley 16 78.96+1.75 1.84+0.23 11.89+1.04 75.76
Colored Barley 17 75.71+2.51 2.35%0.09 11.55+0.16 73.01
Colored Barley 18 77.04+1.40 2.28+0.12 11.63+0.19 74.16
Colored Barley 19 72.15+0.87 3.44+0.11 12.83+0.16 69.14
Colored Barley 20 76.86+0.45 2.69+0.28 11.87+0.52 73.86
Colored Barley 21 77.43+1.35 2.48+0.18 10.54+0.54 7497
Colored Barley 22 76.00+1.22 2.94+0.11 9.87+0.18 73.89
Colored Barley 23 72.21+£1.02 3.08+0.18 12.97+0.66 69.18
Colored Barley 24 64.60+1.37 2.66+0.16 12.26+0.41 62.44
Colored Barley 25 71.75+£2.10 2.66+0.09 10.43+0.32 69.77
Colored Barley 26 67.01£1.41 2.71+0.15 11.32+0.81 65.02
Colored Barley 27 73.23+2.20 2.17+0.43 10.96+0.18 70.99
Colored Barley 28 71.41+0.44 2.54+0.07 12.22+0.08 68.80
Colored Barley 29 73.57+1.43 1.95+0.23 11.67+0.48 71.04
Colored Barley 30 74.00+0.57 2.43%0.09 12.92+0.46 70.87
Colored Barley 31 73.04+1.24 2.43%0.09 11.63+0.06 70.54
Colored Barley 32 71.99+1.25 2.86+0.08 10.68+0.51 69.89
Colored Barley 33 72.20+1.81 1.75+0.16 11.82+0.23 69.74
Colored Barley 34 73.05+0.97 2.14%0.12 10.93+0.54 70.84
Colored Barley 35 67.56+2.27 3.72+0.18 8.28+0.40 66.31
Colored Barley 36 70.31+£1.35 2.93+0.15 9.60£0.45 68.65
Colored Barley 37 68.89+1.70 3.05+0.11 9.02+0.03 67.47
Colored Barley 38 69.42+1.50 3.57+0.10 8.80+0.26 67.98
Colored Barley 39 70.20+0.40 3.30£0.19 13.14+0.74 67.26
Colored Barley 40 78.08+0.08 1.18+0.03 11.04+0.11 75.43
Chunchu Naked Barley 63.94+5.64 3.14+0.29 16.73+0.42 60.13
Hulled barley 69.26+3.20 2.62+0.14 16.34+0.21 65.09
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Table 32. Absorbance at 535nm of 40 Lines of Colored Barley,
Chunchu Naked Barley and Hulled Barley

O.D O.D
Colored Barley 1 0.221 Colored Barley 22 0.715
Colored Barley 2 0.252 Colored Barley 23 0.416
Colored Barley 3 0.756 Colored Barley 24 0.414
Colored Barley 4 0.652 Colored Barley 25 0.364
Colored Barley 5 1.224 Colored Barley 26 0.606
Colored Barley 6 0.335 Colored Barley 27 0.298
Colored Barley 7 0.416 Colored Barley 28 0.484
Colored Barley 8 0.355 Colored Barley 29 0.267
Colored Barley 9 0.341 Colored Barley 30 0.340
Colored Barley 10 0.502 Colored Barley 31 0.355
Colored Barley 11 0.521 Colored Barley 32 0.474
Colored Barley 12 0.262 Colored Barley 33 0.314
Colored Barley 13 0.508 Colored Barley 34 0.971
Colored Barley 14 0.458 Colored Barley 35 1.180
Colored Barley 15 0.170 Colored Barley 36 1.072
Colored Barley 16 0.212 Colored Barley 37 0.788
Colored Barley 17 0.614 Colored Barley 38 1.042
Colored Barley 18 0.473 Colored Barley 39 0.191
Colored Barley 19 0.592 Colored Barley 40 0.113
Colored Barley 20 0.439 Chunchu Naked Barley 0.096
Colored Barley 21 0.499 Hulled barley 0.050

1) TLC &4
Anthocyanin % cyanidin—3-glucoside®] %5 &2l3l7] 9& TLCE
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Fig.24. TLC Chromatogram in Extracts Prepared from Colored Barley,
Chunchu Naked Barley and Hulled Barley
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2) Cyanidin-3-glucoside 3%
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Fig.25. Purification of Cyanidin-3-glucoside by HPLC
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Table 33. Cyanidin-3-glucoside(CG3) Contents of 40 Lines of Colored Barley,
Chunchu Naked Barley and Hulled Barley Extracts Prepared from 0.1%
TFA-Ethano by HPLC

(mg/g)

CG3 CG3
Colored Barley 1 1.029 Colored Barley 22 3.731
Colored Barley 2 0.721 Colored Barley 23 1.843
Colored Barley 3 7.435 Colored Barley 24 5.266
Colored Barley 4 9.610 Colored Barley 25 2.734
Colored Barley 5 7.196 Colored Barley 26 4.836
Colored Barley 6 2.520 Colored Barley 27 6.334
Colored Barley 7 2.002 Colored Barley 28 4.446
Colored Barley 8 2.437 Colored Barley 29 3.487
Colored Barley 9 3.250 Colored Barley 30 3.680
Colored Barley 10 9.229 Colored Barley 31 4526
Colored Barley 11 11.553 Colored Barley 32 3.349
Colored Barley 12 5.030 Colored Barley 33 4.072
Colored Barley 13 5417 Colored Barley 34 4.156
Colored Barley 14 6.428 Colored Barley 35 3.327
Colored Barley 15 2.734 Colored Barley 36 3.850
Colored Barley 16 3.442 Colored Barley 37 5.877
Colored Barley 17 5.450 Colored Barley 38 2.349
Colored Barley 18 3.991 Colored Barley 39 3.409
Colored Barley 19 4.395 Colored Barley 40 3.115
Colored Barley 20 4708 Chunchu Naked Barley 1.584
Colored Barley 21 4.236 Hulled Barley 0.670
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Fig.26. Relationship between Absorbance at 535nm and
Cyanidin—3-glucoside Contents of 40 Linees of Colored
Barley Extracts Prepared from 0.19%6 TFA- Ethanol

4fARD Y Aol mETEE G wH A

HoE AE G

of ZHHT 53 Ay FFBEL AA Ul T AL e
toom delAuA HABRYE G458 BAL FEaE AT dIE

_89_



Zhxo 4] o] o gep ™,

=
=

complex

Oott O2 o}

- 1
R

flavonoid

e FAbshAl =

o] Aol atshol

T

‘.._AIO

30

_ﬂo

TR

ToR

=y

oy

1
.

Table 34

b e b

9]

Aol dugo] v

%

%

¢

o

_90_



Table 34. Total Phenolic acid Contents of Colored Barley, Chun Naked
Barley and Hulled Barley Extracts Prepared from 0.19
TFA-Ethanol

(mg/me)
Quercetin Quercetin
Colored Barley 1 0.362 Colored Barley 22 0.259
Colored Barley 2 0.346 Colored Barley 23 0.240
Colored Barley 3 0.277 Colored Barley 24 0.216
Colored Barley 4 0.267 Colored Barley 25 0.192
Colored Barley 5 0.407 Colored Barley 26 0.216
Colored Barley 6 0.303 Colored Barley 27 0.212
Colored Barley 7 0.401 Colored Barley 28 0.203
Colored Barley 8 0.303 Colored Barley 29 0.218
Colored Barley 9 0.230 Colored Barley 30 0.264
Colored Barley 10 0.268 Colored Barley 31 0.247
Colored Barley 11 0.334 Colored Barley 32 0.222
Colored Barley 12 0.218 Colored Barley 33 0.252
Colored Barley 13 0.299 Colored Barley 34 0.527
Colored Barley 14 0.135 Colored Barley 35 0.588
Colored Barley 15 0.124 Colored Barley 36 0.484
Colored Barley 16 0.193 Colored Barley 37 0.443
Colored Barley 17 0.340 Colored Barley 38 0.458
Colored Barley 18 0.271 Colored Barley 39 0.136
Colored Barley 19 0.244 Colored Barley 40 0.124
Colored Barley 20 0.227 Chunchu Naked Barley 0.164
Colored Barley 21 0.276 Hulled Barley 0.240
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Fig.30. Relative Antioxidative Effect(%) of Colored Barley, Chunchu
Naked Barley and Hulled Barle Extracts Prepared from 0.196
TFA- Ethanol on the Peroxidation of Egg Yolk lecithin
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Fig.31. Hydroxyl Radical Scavenging Activity(%) of Colored Barley,
Chunchu Naked Barley and Hulled Barley Extracts Prepared
from 0.1%6 TFA- Ethanol
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Low cultivar Chunchu cultivar

Fig. 38. Photography of roasted at 125C colored barleys

Low cultivar Chunchu cultivar

Fig.39. Photography of roasted at 325C colored barleys
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Table 35. Color Index of colored barleys prepared under different roasting

temperatures
L a b

Unroasted Group 1 87.893 + 0.154 |-2.022 + 0.024 | 20.373 + 0.590
Groupll 87717 + 0.135 |-3.060 £ 0.088 | 24.262 + 0.365
Group III 89.858 + 1587 |-1.838 + 0.211 | 14.200 + 3.666
Chunchu 87.357 * 4399 |-1.383 + 043419620 + 8944
Gneneral 87870 =+ 0.070 |-2.867 + 0.006 | 23.117 + 0.135
Black 88233 * 0.169 |-1.160 = 0.044 | 14720 + 0.353

125C
Group 1 89.333 + 0.420 |-2.150 £+ 0.035|18338 + 1.181

roasted
Groupll 89.640 =+ 0927 |-2.347 + 0.077 | 18517 + 2.336
Group 1T 89.637 + 0.104 |-1.842 + 0.026 | 16.020 + 0.312
Chunchu 92.310 + 3.890 |-1.457 + 0.326|12.723 + 6.026
Gneneral 86.757 * 0.199 |-2.313 + 0.040 | 27.303 + 0.497
Black 82.053 + 0.126 |-0.397 + 0.012 | 27.250 + 0.340

325C
Group 1 38645 =+ 1.207 |120.610 + 0.242 | 34.360 + 2.143

roasted
Groupll 57703 + 4524 112480 + 2696 | 47365 + 2.251
Group III 54.062 * 4563 |12.683 + 1.995|39.288 + 4.783
Chunchu 48990 + 1951 |15.097 + 1.127 | 47347 + 1319
Gneneral 49423 + 1.602 |13.423 + 1.116 | 45713 + 1.645
Black 44487 + 1.832 |16.630 + 0.980 | 43933 + 2.807
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Table 36. Nonenzymatic browning of colored barleys prepared under

different roasting temperatures

Sample Browning index(OD/0.1g of barley)
Group I 0.198 = 0.001
Group II 0.480 =+ 0.001
anroasted Group 1II 0.264 £ 0.001
Chunchu 0.411 £ 0.001
General 0.370 £ 0.001
Black 0.198 = 0.001
Group 1 0.252 = 0.001
Group II 0.319 = 0.001
125C Group I 0.193 = 0.000
roasted Chunchu 0.494 + 0.001
General 0.561 £ 0.001
Black 0.239 + 0.002
Group I 1.647 £+ 0.002
Group II 1.631 + 0.001
325 Group 1II 1.690 £ 0.002
roasted Chunchu 1.960 £ 0.002
General 1.221 £+ 0.002
Black 2.219 £ 0.002
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Table 37. Reducing power of colored barleys prepared under different

roasting temperatures

Reducing power

Sample (OD at 700nm/1mg in barley)

Unroasted Group 1 0.048 £ 0.003
Group |l 0.063 + 0.002

Group Il 0.048 £+ 0.000

Chunchu 0.031 £ 0.010

General 0.063 = 0.008

Black 0.106 £+ 0.004

1257C roasted Group | 0.121 £ 0.005
Group |l 0.091 + 0.002

Group |l 0.072 £+ 0.006

Chunchu 0.097 = 0.004

General 0.075 £ 0.008

Black 0.062 + 0.003

3257T roasted Group | 0.109 =+ 0.002
Group I 0.042 £+ 0.010

Group Il 0.070 + 0.007

Chunchu 0.097 + 0.006

General 0.105 £ 0.003

Black 0.153 + 0.010
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Fig.42. Scavenging effect of water extracts of colored barleys prepared

under different roasting temperatures on DPPH radical

|

325T
roasted

125T
roagsted

unroasted

0 10 20 30 40 50 60 70 80 2
Hydrogen radical scavenging activity (@)

@ Group | mGroup |l OGroup Il 0O ChAunchu B Generdl

Fig.43. Hydroxyl radical scavenging activities(%) effects of colored

barleys extracts prepared under different roasting temperatures
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barleys extracts prepared under different roasting temperatures
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Table 38. The Color Index of Pellet made by Colored Barley.

L a b
pelletl 59.83 + 1.30 2.05 = 0.13 1530 + 0.17
pellet2 61.49 + 0.66 230 = 0.09 1659 + 0.07
pellet3 62.67 + 1.70 186 = 0.10 1566 + 0.50
pellet4 6522 + 0.55 292 + 0.03 1869 + 0.20
pelletd 6455 + 0.52 262 = 015 1793 + 0.64
pellet6 64.63 + 0.98 285 = 0.15 1851 + 0.27
pellet? 60.64 + 0.58 314 = 0.18 1780 = 0.14
pellet8 62.49 + 0.75 2.38 + 0.08 1584 = 0.05
pellet9 60.58 + 0.57 245 £ 0.11 1547 + 0.26
pellet10 61.03 + 0.48 240 = 0.07 1564 = 0.09
pelletl1 63.04 + 0.27 235 = 0.02 1546 =+ 0.13
pellet12 6254 + 0.78 289 + 0.05 1763 = 0.31
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Table 39 . Comparison of WAI and WSI the Pellet made by

Colored Barley.

WAI(% WSI(%)

pellet before 4.6 6.2
pellet 1 348.0 121
pellet 2 378.4 14.8
pellet 3 283.2 23.2
pellet 4 271.8 29.8
pellet 5 282 .4 25.1
pellet 6 263.5 24.9
pellet 7 285.9 23.2
pellet 8 300.5 12.4
pellet 9 353.4 16.9
pellet 10 347.9 18.8
pellet 11 287.2 20.8
pellet 12 275.4 22.2
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Table 40. The Gelatinization of the Pellet made by
Colored Barley.

Gelatinization %

pellet before 16.28
pellet 1 84.21
pellet 2 50.00
pellet 3 127.66
pellet 4 98.33
pellet 5 82.50
pellet 6 75.51
pellet 7 92.31
pellet 8 4.65
pellet 9 35.06
pellet 10 69.39
pellet 11 1156.71
pellet 12 36.50
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Table 41. The Hardeness of the Pellet made by Colored Barley.

Hardness C.V(coefficient of bar.)
pellet 1 25180.61 =+ 909.94 3.61
pellet 2 12231.35 =+ 855.84 7.00
pellet 3 6427.41 £ 657.03 10.22
pellet 4 5391.92 =+ 150.12 2.78
pellet 5 5689.91 £ 468.23 8.23
pellet 6 573019 £ 339.05 5.92
pellet 7 5698.47 =+ 166.59 2.92
pellet 8 10160.75 =+ 894.82 8.81
pellet 9 16347.63 =+ 241.41 1.48
pellet 10 8193.08 =+ 465.59 5.68
pellet 11 12620.64 + 2550.39 20.21
pellet 12 5832.05 =+ 148.22 2.54
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Table 42. The Vinegar Drink made by Colored barley vinegar

(2)
A B C D E
Colored barley vinegar 25 50 50 50 50
Water 25 - - 50 50
Apple juice 50 50 50 - -
Honey - - - - 20
Fructose 20 20 20 20 -
Glucose 6 6 - - -
Sugar 1 1 1 1 1
Oligosacchride 1 1 1 1 1
Ciric acid 0.2 0.2 - - -
Malic acid 0.2 0.2 - - -
Phosphoric acid 0.5 0.5 - - -
Salt 0.2 0.2 - - -
Sodium citric acid 0.5 0.5 - - -
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Table 43 The Korean traditional Jook  made by the Pellet of

Colored Barley

Ingredients g
Colored pellet powder 30
(Groupl, Groupll, Grouplll)

Water 210
Salt 3
Seasoning of clam powder 3
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B nAEES o] &3 &Z

Table 44. The Soup made by the Pellet of Colored Barley

Ingredients g
Colored pellet powder 30
(Groupl, Groupll, Grouplll)

Butter 20
Water 300
Milk 10
Salt 3
Seasoning of beef powder 3

- 118 -



Group III Groupll Group I

EREE R

- 119 -



Table 45. The formulation of bread with colored barely

Ingredients(%) Control ~ Group I  Group II Group III
Flour 100 75 75 75
Colred barley 0 25 25 25
Whole egg 250 250 250 250
Sugar 125 125 125 125
Corn oil 30 27 24 21
Water 20 20 20 20
Salt 1 1 1 1
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