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SUMMARY

Development of Technology Producing Green Barley
and Wheat Cereals as Whole Grain Foods

Studies were carried out to develop a technology for producing green barley and
wheat cereals as whole grain foods. Green cereals were produced through
blanching the spikes harvested at dough ripe stage. Cultural characteristics such
as optimum harvest time, amount of yield, stem hight and hulled ratio were
investigated in 15 naked barley and 20 wheat cultivars to find out production
methods of green cereals in good quality. Concurrently storage conditions, nutrient

contents and methods of processing and cooking of whole grains were examined.

1) The optimum duration of harvest was very limited to produce green whole
grains. In naked barley it was may 18 to 22, and May 25 to 27 in wheat. Thus,
the harvest periods were only 4-5 days. To prevent the incorporation of yellow
grains, barley of wheat should be harvested before the yellow ripe stage of

development.

2) The cultivars showing higher yield of whole grains at dough ripe stage
include ‘Saessalbort’, ‘Hinssalbori’, ‘Ganghossalbort’, ‘Jaegangssalbori’,
‘Namhossalbori’ and ‘Donghossalbori’ in naked barley and ‘Namhaemil’, ‘Saeolmil,
‘Joeunmil’, ‘Jopummil’, ‘Anbaekmil’ in wheat. Naked barley cultivars such as
‘Hinchalssalbori’, ‘Gwanghwalssalbori’, ‘Saechalssalbori’, ‘Ganghossalbort’,
‘Jinmichabssalbori’, ‘Suyeongbori’, and wheat cultivars such as ‘Eunpamil,
‘Gurumil’, ‘Alchanmil’, ‘Goeunmil’ and ‘Jopummil’ showed less variation in stem

height at optimal harvest time.

3) Blanched whole grains with boiling water were green and clear in color

compared to those of steam treated ones. The optimum blanching to keep green



color of grains regardless of barley or wheat was 90 seconds or more. regardless
of water or steam. The 30 second blanching time was not enough to keep clear
green color of whole grains. thus, short blanching time less than 60 seconds
seemed not to inhibit the activity of chlorophyllase in grains. The color of grains

treated with steam in short time rapidly turned brown after drying.

4) Drying of whole grains above 50C was effective in keeping green color. After
drying at t 50C for 16 h, the hulled ratio reached almost 100% in all wheat and
almost naked barley cultivars except the ‘Daehossalbori’, ‘Jaegangssalbori

‘Donghossalbori’ and ‘Namhossalbori’.

5) The harvest duration could extend with spring sowing or delay sowing in
spring sowing, harvest time was delayed about 10 days. Delay harvest later than
the end of may seemed not to be desirable because of double cropping system
with rice and other crops. When harvested ears of barely were stored at different
temperatures prior to blanching, the color of cereals turned brown above 10 days
at 4C, and 5 days at 10C. Also, at 15C, color change occurred only within 2~3

days after harvest in non-blanched ears.

6) The green color of whole grains was turned brown with the increase of
storage period at ambient temperature, and 10°C under the light condition which
was similar to market condition, however, the color change of grains were almost
completely inhibited at 4C and dark condition and, thus, those kept green color

more than 1 year.

7) Nutrient contents of whole grains was higher than refined barley and wheat
grains in fiber, ash and reduced sugar. The contents of crude oil, protein and SOD
activity were decreased with delaying harvest time as well as with increasing the
time of blanching treatment. The contents of [-glucan and a-tochoperol in
whole barley and wheat grains, respectively, were increased with delaying harvest.

There was no or little differences in nutrient contents between spring-seeded

_10_



barley and fall-seeded one.

8) The taste and appearance of boiled rice prepared with whole grains of barley
or wheat higher than those with refined barely or wheat grains. After soaking in
water, green cereals became edible without cooking as a whole grain food. Green
color of grains was lost when cooked using pressure kettle, but browning was not
significant when cooked using microwave oven. Also the green color of flour
prepared from green cereals remained and kept even when mixed with milk or

patterned savory cake. However, the color of flour was not remained in pancake.

9) The development of machines related to harvest, blanching, drying, hulling and
cleaning is required to satisfy the mass production of green barley and wheat as
whole grain foods. We suggested several ideas of developing the harvesting,
blanching and hulling machines obtained from conducting the cultural experiments

on barley and wheat and examining pre-exist agricultural machines.
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Table 1-1. Growth and cultural characteristics of 15 naked barley cultivars in
2003.

Optimum Begin of

Begin of Ripening
Cultivars heading haryest yellgw eriod St'em Remarks”
Period  ripening height
(Month /date)
1. Saessalbori 51 51921  5/22 6/5  75.08+6.63
(AMERE)
2. Hinssalbori 4/98 5/19-21 5/22 6/6 66.24+7.38
(&1 )
5 Hinhealssalbori 430 51922 523 67 6407917
(28R )
4. Gwanghwalssalbori 4/30 5/19-23 5/24 6/7 75474450 x
(Fga R )
5. Ganghossalbori .
S 428 5/18-21  5/22 6/5  T4.42+4.76 3
6. Dachossalbori 4/28  5/19-21  5/22 6/7  77.36+5.00 3
(hE=& R )
7. Jacgangssalbori 428 5/19-21  5/22 6/5  73.4046.13
(72 R )
8. Donghossalbori
(55 ) 4/30  519-21  5/22 6/6  76.90+5.30
9. Chalssalbori 4/30  5/19-21  5/22 6/2  71.16+6.48
(FA R )
10. Sacchalssalborl 430 51921 522  6/5 7576520
(&2 R )
11. Jinmichabssalbori 5/1 5/19-21 5/99 6/3 50.90+3.88 %
(X a2 H )
12 Saehanchalssalbori 51 5/19-21 5/22 6/3 75.5345.00 %
(M3t wa])
13. Namhossalbori 427 51921 5/22 6/2  64.59+826
(Fadrd)
14. Hobanchalssalbori 4/30 5/19-21 5/22 6/4 67.84+10.0
(Zikaare)
15 Jeonnam 9 430 5/19-21  5/22 6/4 6601386
(A 93)

“Asteric marks indicate cultivars shown less than 4% %) and 5(3%) cm in

standard deviation of stem height.
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Table 1-2. Growth and cultural characteristics of 15 naked barley cultivars in

2004.

Optimum  Begin of

| ey harvest  Yellow PR ,
Cultivars Period ripening . Remarks
height
(Month/date)
1. Saessalbori 5/2 518-21  5/19 6/3  71.88+12.60
(A &w )
2. Hinssalbori 4/28 5/19-22  5/19 6/3  65.13+7.36
(321w )
3. Hinhcalssalbori 5/3 5/19-22 5/92 6/6 50.25+3.31 %K
(g &ang)
4. Gwanghwalssalbori g 518-21  5/18 6/5 6448435
g H )
o Ganhossalbori 5/1 518-21 517 6/5  72.67+651
(Fa&ne)
6. Dachossalbori 5/1 519-22  5/22 6/6  86.23+7.90
(Wz&H )
7. Jaegangssalbori
) 4/29 518-21  5/19 6/6  79.85+6.35
8. Donghossalbori
Cen ) 4/29 5/17-20  5/19 6/5 8273751
9. Chalssalbori 5/1 517-20  5/19 6/3 7465624
(Za1g)
10. Seachalssalbori 51 5/17-20 5/19 6/3 76.85+4.19 %
(A Z2m2])
11. Jinmichabssalbori 5/4 5/19-29 5/24 6/3 49.97+4.15 %
(Au AR )
12. Saehanahalssalbori 5/6 5/18-21 519 6/ 70.8345.92
(A 3k w 2])
13. Namhossalbori 4/30 518-21  5/22 6/3 62654571
(Fga2re)
14 Hobanchalssalbori | 519-22  5/22 6/4 7172712
(Zwraaya)
15. Suyeongbori .
o) 4/30 5/18-21  5/22 6/3 6897472 %

“Asteric marks indicate cultivars shown less than 4(3%3) and 5(3%) cm in

standard deviation of stem height.
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Table 2-1. Growth and cultural characteristics of 20 wheat cultivars in 2003.

. Optimum Begin of S
%€g$n0f haevest yellow Rlpé%ggg Stem ,
Cultivars cading period ripening b ) Remarks”
Height
(Month/date)
1 Qeumumi 428 5/24-27 5/30 6/10 68334664
2. Urmil 5/1 5/26-29 5/31 6/9  75.14+6.77
I(T E] = )
3. (Nj‘gﬁl‘ljfmﬂ 4/30 5/24-27 5/29 6/11  71.09+6.77
4. (gf‘p%d%r;gmﬂ 4/30 5/24-27 5/29 6/11  66.77+5.30 ®
5 (%%p%?ﬂ 5/1 5/24-29 5/29 6/11  66.86+5.88
6. Gurumil 5/2 5/26-29 6/2 6/12  69.98£9.06
(254)
7. Rebongmil 5/4 5/24-27 5/29 611  762047.05
8. %;ﬁ%g)gemﬂ 5/1 5/23-26 5/28 6/6 74.22+6.56
9. (%mé ) 4/28 5/24-27 6/3 6/11  79.14+9.49
10- Sichanmil 5/3  5/24-21 5/29 6/11 6653556 %
11. Gobunmil 5/1 5/23-26 5/29 611  72.02:7.04
(:1—7—7': = )
12. (%Pgﬁ‘%j;lgmﬂ 4/%6 5/22-25 5/29 6/9 71104857
13. %@S}iﬁ?jﬂﬂ 4/27 5/24-27 5/30 6/11  70.63+6.99
14. A??g%g?ﬂ 5/1 5/21-24 5/27 6/6 70.80+6.74
15 Jinpummil 5/1 5/22-25 5/28 6/6  71.04:559 3
16. filseangmil 51 5/25-28 6/1 68  T3R92
17. (Jgi%nﬂ 4/25 5/18-21 5/22 6/5 76.32+8.44
18. ({gp%ur%?ﬂ 4/22 5/21-24 5/22 6/5 70.59+6.22
19. Anbackmil 51 5/26-5/29 6/2 612 70.77+7.29
20. Sinmichalmil 5/2 5/24-5/27 5/29 6/11  67.1846.65

(v )

“Asteric marks indicate cultivars shown less than 6 ¢cm in standard deviation of

stem height.
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Table 2-2. Growth and cultural characteristics of 20 wheat cultivars in 2004.

Optimum Begin of

S |
height Remarks”
(Month/date)
L Qeurumil 52 52130 531 6/9  7595+7.96
2 Gl 5/2 528-31  6/1 6/9 72324567 ”
T =

3. Namhaemil 5/2 5/26-29  5/30 6/10  75.57+10.04

4 Fopdongmil 5/3 5/26-29  5/30 6/10  6895+6.83

> Epnpamil 5/3 5/26-29  5/30 6/10  69.22£599 i
6. Gurumil 53 52831 61 611 72224537 %

T =

7. Rebongmil 5/5 5/28-31 6/1 6/10  77.45+7.69

8 Siunggemil 5/3 5/27-30  5/31 6/8 79934676

o Qm 5/2 52629  5/30 6/10  82.38:7.27

10. Slchanmil 5/3 527-30  5/31 610  69.28+4.38
H.Cobunmil 53 52730 531 6/11 7232458 %
12. Gumgangmil 5/2 527-30  5/31 6/9  7455+9.24

13. (§$9§11‘§Epmil 5/3 5/26-29 5/30 6/10  73.27+7.25

14 Saeolmil 428 5/25-98  5/29 6/6  73.37+9.17

15 Jinpummil 5/3 5/26-29  5/30 6/6  71.52+657

16. Jsegnemil 429 52629 5/30 6/7  70.43+6.88

17 Joegnmil 427 521-23 5/ 6/4 77321170

18. Jopummil 421 520-22 523 6/4 63324500 3
19 Apbakmil 53 5296/l  6/2 6/12  72.98:7.49
20. Sinmichalmil 5/3 5/26-29  5/30 6/10  73.12+695

(Alm Z)

“Asteric marks indicate cultivars shown less than 6 cm in standard deviation of

stem height.
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Table 3. Average temperature of Daejeon area during growing season of barley
and wheat from Octover 2002 to May 2004.

Average Temperature (C)

Year

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
2002-3 12.9 49 2.4 -1.7 2.9 6.9 13.6 194
2003-4 14.0 10.0 2.3 -0.5 3.6 7.0 13.9 18.6

Fig. 1. A comparison of dough and yellow ripe stage in the naked barley cultivar

‘Saessalbori’ during May in 2003. (From left to right: 17, 22 and 29 May)

Fig. 2. A Comparison of dough and yellow ripe stage in the wheat cultivar

‘Gumgangmil’ during May in 2003. (From left to right: 17, 22 and 29 May)
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Table 4-1. Effect of harvest time on color differences of whole grains® in 15

naked barley cultivars(2003).

Hunter value

Date of harvest

Cultivars
20 May 23 May 26 May
L a b L a b L a b

1. Saessalbori 84.73 -5.00 35.00 80.33 -0.70 3640 9247 452 37.87
(&1 ) +191 057 =+0.54 352 +099 £043  £1.94 097 +2.68
2. Hinssalbori 84.27 -383 30.23 88.00 -2.37 3640 9573 220 40.70
(3241 2) £1.07 +0.90 =+2.50 £2.04 +1.03 099 +269 #2699 =£2.19
3. Hinchalssalbori 8590 -5.03 27.27 82.13 -0.37 3957 9797 350 4227
(AR R F) 253 041 =£0.71 £1.30 #1559 +£1.38  £0.61 +0.70 +1.27
4. Gwanghwalssalbori 8520 -4.00 25.40 81.75 -1.37 3557 9697 3.07 4227
(Fa21ra) £099 029 £1.02 £2590 +0.59 +1.38 061 *0.70 =£1.27
5. Ganghossalbori 86.07 -2.00 26.43 88.13 -1.83 3940 96.80 3.87 44.70
(38R E) +1.11 +0.67 =+0.38 215 +060 +0.64 +1.20 #0.45 =£0.41
6. Daehossalbori 86.40 -293 30.37 81.33 -1.20 3190 9837 3.10 26.03
(PR £0.65 +0.17 =*0.76 £233 +192 £091  £1.37 *057 *1.09
7. Jaegangssalbori 4967 -0.87 3231 80.70 053 29.17 9840 560 3830
(A 742Ra) +1.54 +0.62 +1.88 +0.71 +1.07 +1.03 +0.71 #0.08 =*0.57
8. Donghossalbori 8543 -497 34.67 87.77 -0.70 3697 9830 347 36.60
(Za241a) £147 +0.99 +1.54 +1.38 +141 +£278  £2.30 +0.76 +0.33
9. Chalssalbori 87.00 -340 32.23 81.27 -213 3863 9850 230 39.33
(FA 1 7)) 221 +0.14 =224 434 +054 +£278  £1.14 +2.01 *0.66
10.Saechalssalbori 8297 -4.13 30.87 8143 -0.33 40.13 9313 3.27 4093
(AR R ) +0.61 *0.26 =+141 +1.75 +060 £062  £1.18 +1.08 +0.39
11. Jinmichabssalbori 78.23 -583 31.43 79.63 -143 2810 9277 3.33 39.63
(A w20 a]) +0.79 041 =+1.35 £1.03 +1.31 #1.74 £131 £1.20 =0.66
12. Saehanchalssalbori 7562 -6.24 32.06 80.24 -232 3682 9464 285 40.02
(N 3-8 1 2]) 231 052 =*1.20 242 +0.82 =+1.64 +1.73 +1.02 =*1.45
13.Namhossalbori 76.27 -470 30.27 79.77 -147 4033  96.03 257 42.90
(38R £1.77 +0.36 +0.40 £0.68 +047 +£1.84 094 +0.65 *1.99
14. Hobanchalssalbori 8027 -5.37 30.87 80.17 -1.03 3043 9743 3.77 42.80
( TR a) +147 012 £0.52 +3.37 +1.30 +£1.24  £254 +140 +1.28
15 Jeonnam 9 79.97 -6.70 28.60 85.00 -2.10 3460 9537 253 39.17
(A 9%) +1.51 +0.65 +1.02 £059 +0.36 £190  £1.70 +242 +2.17

“Whole grains were processed by blanching ears with boiling water for 90 sec.
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Table 4-2. Effect of harvest time on color differences of whole grains® in 15

naked barley cultivars(2004).

Hunter value

Date of harvest

Cultivars
15 May 21 May 27 May
L a b L a b L a b

1. Saessalbori 82.14 -12.02 3730 7982 -0.33 36.33 96.82 255 44.80
(N 2Hg) 942 +2.05 =£342 £442 +£1.11 <271 +3.61 +042 =271

2. Hinssalbori 7666 -560 3092 7756 -214 36.04 9543 321 4532
(g2 x2) 272 +1.20 =0.73 £2.60 £0.72 +2.32 +5.32 042 +1.83

3. Hinchalssalbori 7992 -065 2952 &5.74 -036 42.35 9726 415 44.27
(2241 a) +0.73 +0.74 1254 +0.81 064 221 +5.01 +1.20 £8.32
4. Gwanghwalssalbori 76.05 -392 2386 8144 -024 3596 96.54 10.12 42.76
(F&2ne) +1.33 +1.31 +232 +342 +0.81 +173  +058 +292 =+0.74

5. Ganghossalbori 80.12 -4.16 2725 8386 -1.60 39.37 90.12 045 4448
(Hz2Rd) 244 +192 281 £3.06 +0.72 1.72 +2.80 +0.36 *0.82

6. Dahossalbori 8092 -560 3390 6274 -125 3298 9033 554 2486
(Wz2rg) +2.11 +2.16 324 561 042 0.74 +3.31 +3.82 =£1.51

7. Jagangssalbori 7825 -894 33.02 8740 0.76 2855 90.58 10.00 40.21
(A7Er) +1.73 +240 £321 £7.32 £390 292 +3.24 +192 +1.70

8. Donghossalbori 72 765 3410 8510 -0.74 37.86 9348 560 41.86
(Ta&rg) +2.82 210 =£322 £1.32 £232 +1.73 +3.02 +2.24 +2.63

9. Chalssalbori 78774 -1192 36.78 83.35 -4.06 4055 9780 557 4244
(225 a) £272 +131 *160 *4.03 +0.62 =*1.67 +1.80 +2.30 +1.03
10. Saechalssalbori 8046 -6.14 3074 9414 -0.37 4322 7954  0.02 4064
(A ZFEr ) +2.83 +150 =£1.05 £521 192 196 +3.32 283 £1.10

11. Jinmichabssalbori 7708 279 3110 7866 -3.20 29.48 9844 486 42.33
(R &\ ) +401 +4.32 =051 £3.04 %161 233 +1.01 220 =*0.72

12. Aj gk g 76.12 -12.00 3094 7328 -2.05 28.82 96.59 458 40.23
(Saehanchalssalbori) *0.75 £1.92 £312 £140 =+0.72 +£255 £1.80 +2.02 £0.82
13. Namhossalbori 79.22 -10.10 3158 8292 -323 4044 10166 390 45.89
(4321 7) +0.33 +2.22 =£1.76 £140 +£1.01 212 +1.61 +1.50 =+1.30
14.Hobanchalssalbori 80.74 -824 3096 7886 -9.08 32.10 9150 7.85 43.05
(ZRkza i g)) +3.88 +062 +1.82 +374 +2.02 +352 572 +281 +5.38

15. Suyeongbori 7544 772 2890 8216 -225 3858 100.61 943 41.92
(9 xe) +2.10 +0.31 =£1.12 £392 +148 +2.29 +6.70 092 =£1.05

“Whole grains were processed by blanching ears with boiling water for 90 sec.

_31_



Table 5-1. Effect of harvest time on color differences of whole grains® in 20

wheat cultivars(2003).

Hunter value

Date of harvest

Cultivars 23 May 26 May 29 May
L a b L a b L a b

1. Olgurumil 84,28 0,45 25.63 86.24 153 36.21 96.42 482 28.32
(&+53) +0.85 +0.43 +0.84 +1.32 +047 +158 +148 +1.35 =+1.06
2. Urimil 84.83 -087 23.77 87.70 1.03  35.00 98.10 6.60 25.43
($-8) +1.03  +052 +0.94 £191 +054 +1.49 +163 +1.02 +0.86
3. Namhaemil 8543 -1.03 21.17 8343 -0.90 34.20 90.83 520 34.43
(&) 223  +054 +0.37 £1.15 040 +1.34 £1.85 +059 +1.03
4. Topdongmil 83.40 -043 24.23 83.00 1.20 34.13 93.23 425 3372
(F54) £124 +031 +0.99 £123 +031 +£1.03 +1.85 1.8 1.8
5. Eunpamil 8267 -0.73 19.43 84.63 1.72  31.07 97.93 3.57 33.39
(234) +1.87 061 =*0.84 £161 070 =*1.84 +0.87 +0.37 *1.65
6. Gurumil 86.00 0.37 2270 87.70 247 3463 94.57 417 32.06
(253) +0.82 +0.12 +1.63 +2.71 +£043 +0.97 +1.05 054 <+1.14
7. (I])qe—lhon]g)mil 80.50 077 2013 83.00 247 3097 97.23 3.83 33.48
<2 220 026 +1.18 +0.14 +0.78 *1.16 246 057 +0.92
8. Cheonggemil 84.30 087 22.07 91.47 1.80 28.30 102.97 3.97 31.66
(FAZ) £0.88 +0.40 +1.31 £090 +0.78 *0.50 £0.63 +0.39 +0.30
9. Olmil 83.17 -060 23.60 89.77 0.22 3433 103.07 350 26.12
(= 9) +196 036 £1.20 +0.79  +0.09 +1.31 271  +045 +£0.33
10. (A%C}}largnil 83.30 -1.83 19.50 86.73 -0.23 3547 97.70 253 3247
&z £1.16  x0.68 +0.65 +0.45 +£049 +0.95 +0.78 +0.84 +£1.96
11. Gobunmil 87.33 092 20.83 87.03 1.82 28.83 100.30 223  31.98
(&4 +0.26 047 +1.11 +0.88 +0.14 +0.71 +0.73  +£0.09 =+0.37
12. Gumgangmil 88.00 -0.83 2357 90.00 1.20 35.93 102.93 040 3454
(T4 £164 +0.29 +0.81 £1.77 086 £1.62 £1.72  +0.22 +2.16
13. Seodunmil 80.60 -0.63 1877 83.70 0.25 3220 95.77 6.30 31.01
(M= +0.70 +0.65 *0.54 +1.06 +0.62 +0.29 278 +0.73 £1.67
14. Saeolmil 75.50 0.27 2043 87.03 1.83 34.17 98.53 517 38.44
M) £0.36 +0.66 *2.30 £029 +050 <£1.13 056  +0.05 +0.75
15. Jinpummil 85.60 -4.27 23.70 8723 -0.83 34.13 102.33 6.33 3542
(&) 022 +0.25 +1.00 235 +033 £125 £168 +090 +2.36
16 .Milseongmil 84.30 047  20.77 87.27 1.13  36.47 102.97 6.37 34.98
(24dd) +1.12  +0.17 +0.77 £097 +0.09 =*0.65 £0.83 +0.82 +1.48
17. (Joegnr]n)il 86.97 -050 23.23 84.70 0.24 3360 99.97 520 30.70
x4 +1.30 +0.33 +1.36 +1.37 +054 234 151  +092 +1.99
18. Jopummil 8447 -1.73 19.17 85.53 021 36.17 96.90 583  32.99
(=54 +2.09 042 094 +0.92 +0.26 +1.03 +1.44 +158 +2.87
19.Abaekmil 82.97 053 21.80 88.40 1.32  30.40 98.03 6.17 3217
(ekul=) +1.64 029 +0.36 +1.22 +048 *1.16 +1.35 +0.73 +£1.66
20. Sinmichalmil 7543  -193 21.17 90.47 1.83 2857 97.77 4.17 34.76
(Al w2 +1.33  +059 +1.13 +1.97 037 294 £1.16 090 =0.60

“Whole grains were processed by blanching ears with boiling water for 90 sec.
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Table 5-2. Effect of harvest time on color differences of whole grains® in 20

wheat cultivars(2004).

Hunter value

Date of harvest

Cultivars

21 May 27 May 2 June

L a b L a b L a b
1. Olgurumﬂ 87.14 1.10 295 92.32 376 32.84 100.32 9.80 2841
(&a279) 212 *1.72 +3.0 +1.28 +0.70 +0.52 428 171 +3.78
2. Urimi 89.10 -098 333  89.58 355 3691 8919 137 2590
(+29) £1.32 #032 02 #450 073 241 302 *241 *1.74
3. Namhaemil 93.75 -0.95 39.3 87.13 356 3715 98.21 99 3452
() +320 +051 +1.63 +432 +1.31 +4.00 211 *160 =+1.02
4. Topdongmil 7966 -108 272 826 076 3196 9162 554 3358
(Fe) 055 015 =*0.24 +052 +033 042 280 1.0 +1.81
5. Eunpamil 7994 -1.64 25.0 86.60 2.04 3556 98.14 7.08 34.72
(&93) £1.81 052 =+1.82 +2.34 +224 £372 +2.80 +1.24 218
6. Gurumil 80.90 0.46 28.38 89.83 256  30.64 9414 727 33.28
(z7) 042 +092 +1.66 +191 021 +£1.03 +3.72 +1.32 +3.25
7. Dahongmil 84.00 158 21.26 85.66 3.04 29.03 96.35 642 3358
(&%) +0.656 +0.32 =£0.25 +1.80 +0.72 +0.61 +0.72 +0.78 +2.32

. eonggemi . . . . . . . . .
8. Chi % il 82.12 0.26 28.05 91.62 1.71 3848 96.30 6.37 3352
(H A= +0.52 +0.33 =*0.54 +1.80 +0.32  +0.77 +0.72 +0.82 +2.33
9. Olmil 86.86 -0.14 3173 9225 124 3842 9494 1002 2892
(™ +531 £1.31 +5.04 £0.83 071 240 166 245 211
10. Alchanmil 77.42 1.06 2455 84.78 1.79  29.60 93.32 275 32.83
(¢z73) £1.90 +0.12 +0.82 +3.12 +1.08 *0.79 202 *076 154
11. Gobunmil 8404 -096 2914 9126 108 3421 9738 420 30.04
(e 202 +023 096 262 081 049 582 167 +1.21
12. Gumgangmil 77128 -0.88 27.68 82.34 -0.25 30.78 9742 502 31.14
(F4) £0.39 +0.20 =*0.32 +2.24 061 £2.59 521 094 +4.86

. eodunmi . 4. . . . . . . .
13. Seod il 84.47 275 2445 86.95 264 3781 102.72 13.76  38.17
(HER) +1.13 +140 £2.82 +0.68 +0.05 +0.33 +2.11 +2.04 +0.98
14. Saeolmil 68.25 0.28 30.32 91.06 1.84 3245 96.56 1266 34.61
(Ape) +29.06 £1.20 394 +590 +1.04 £2.28 +0.52 +092 +2.80

mpumimi . -0. . . ) . . . .
15. Ji il 82.54 059 27.04 92.04 0.88  42.68 98.84 10.85 31.65
(A=) 211 051 =£1.42 520 +0.71 *0.81 422 220 +3.22
16. Milseongmil 78.75 0.65 2715 89.86 1.19 34.04 9728 6.75 37.30
(2A4) £420 190 =+4.78 395 041 +£1.09 +1.12 +046 +1.68
17. ZToeunmﬂ 85.26 -064 3054 91.65 0.18 33.70 10060 890 32.76
Zxo) 298 +1.12 =£0.92 +3.056 +042 £0.75 224 142 054
18. gopummﬂ 9268 -0.67 3744 10070 020 3889 10368 10.85 33.62
z¥9) £1.94 2073 097  *062 011 031  *253 +1.68 051
19. Anbaek 80.82 0.78 2594 85.19 1.34 3272 9653 630 33.14
(otunel) 502 072 2.82 272 403 268 1242 +145 152
20. Sinmichalmil 7408 -195 2598 7856 178 3132 10154 754 3628
(A E=) 162 £032 £152 +1.12 072 £209  #1.77 +248 +3.60

“Whole grains were processed by blanching ears with boiling water for 90 sec.
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Table 6.

Effect of blanching time and methods on color differences of whole

grains in the naked barley cultivar ‘Saechalssalbori’.

Blanching

Hunter value”

" Method

(1me) Water Steam

Sec L a b L a b

30 70.27+2.91 3.25%1.22 3245+1.20 80.80+0.53 6.73+0.81 31.61+0.05
60 70.27+2.91 -9.30£2.18 30.63£1.55 78.77+1.81 4.93+0.68 29.53+4.91
90 85.53+1.99 -850£0.26 45.10+0.78 74.73+2.80 -4.07£191 32.27+2.95
120 80.67+1.46 -9.63£0.40 33.53%£1.70 84.23+0.60 -6.40+2.71 37.70+2.89
150 81.23+1.10 -12.54+0.62 3857+0.86  75.26+2.63 -5.97+0.67 32.00+0.95
180 83.43+1.85 -915%1.72 34.26+0.94  80.10x1.56 -6.13+2.29 33.67+5.18

YMeans value of color: L=lightness,

Table 7. Effect of blanching time and methods on

grains in the wheat cultivar ‘Geumgangmil’.

+a=red, —a=green, +b=yellow and —b=blue

color differences of whole

Hunter value

Blanching Method

time Water Steam

(sec) L a b L a b

30 85.07+0.82 -1.13+0.38 32.70+0.43  90.00+4.03 -1.67+189 36.77+4,58
60 72.67+0.50 -2.83+0.05 26.67+0.26  87.30+0.95 -3.80+0.53 36.57+1.96
90 86.27+3.92 -0.60+1.72 32.33+4.08  77.90+1.35 -2.17+1.70 33.93+2.20
120 79.33+t4.43 -5.07+1.96 33.63+0.42  82.47+3.07 -3.27+0.59 33.40+0.53
150 88.63+2.67 -2.60+0.83 38.40+1.35  84.27+2.46 -256+0.75 33.79+2.04
180 80.57+0.85 -2.37+0.05 30.00+0.98  84.00+1.61 -1.77+1.21 37.13+4.20
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Fig. 3. Comparisons of greenness of whole grains blanched with steam (left) and
water (right) in the naked barley cultivar ‘Saechalssalbori’. Blanching time
was given for 30, 60, 90 (upper), 120, 150 and 180 (bottom) sec from left to
right.

Fig. 4. Comparisons of greenness of whole grains blanched with steam (left) and
water (right) in the wheat cultivar ‘Gumgangmil’. Blanching time was given

for 30, 60, 90 (upper), 120, 150 and 180 (bottom) sec from left to right.
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‘Saessalbori’ (A 2 5.2]) ‘Jinmichabssalbori’ (% 7] 22 5 2] )

‘Hobanchalssalbori’ (& ¥F2-2F 1 2]) ‘Jeonnam 9" ( A 9%)

Fig. 5. Changes in greenness of whole grains according to harvest time in
several naked barley cultivars. (From left to right : 20, 23, 26 May and

ripening stage)
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‘Urimil' ($-89¥)

‘Gobunmil” (22&) ‘Gumgangmil” (F72)

‘Seodunmil’ (A EE) ‘Saeolmil” (M &)

Fig. 6. Changes in greenness of whole grains according to harvest time in several

wheat cultivars. (From left to right : 23, 26, 29 May and ripening stage)
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Table 8-1. Effect of harvest time on yield of whole grains” in 15 naked barley
cultivars(2003).

1,000 grains weight (g)

Cultivars Date of harvest
20 May 23 May 26 May Risptzréiélg Remarks”
1. Saessalbori 1687038  1913+070  21.001.13
(8w e]) (68.9)% (78.2) (85.8) 2447+0.32 *
2. Hinssalbori 1860£1.04  21.63:057 2250062
(28 2)) (70.9) (825) (35.8) 26.23+0.31 #
3. Hinchalssalbori 1160026  1650£072  22.80+0.72
EET T (37.3) (53.1) (73.4) 3LO7£1.55
4. Gwanghwalssalbori 15604053 18000.62 23604101 oo
(Fa ) (585) (67.5) (835) 67£0.
5. Ganghossalbori 15.20+0.10 20.67+0.55 24.73+0.83
(e 2 a)) (55.5) (75.5) (90.4) 21.37+061 ®
6. Dachossalbori 1813071  2350£056  25.67+0.95
(s dmg)) (57.6) (42.9) (81.5) 31.50+0.56
7. Jaegangssalbori 22.17+0.81 22.57+0.86 25.20+0.70
(A 7)) (76.1) (775) (86.5) 29.13¢1.34 H
8. Donghossalbori 18874050 2090£0.78  2340¢L18 4 om0
(E581 ) (60.4) (66.9) (74.9) 23%0.
9. Chalssalbori 16.37+0.06 19.80+0.10 21.67+0.67
(B 2 (68.3) (65.9) (90.4) 23.97+0.80
10 Saechalssalbori 1420075  1682:041  19.20+0.64
(A 22w e]) (53.0) 62.8) (71.6) 26.80+0.64
11. Saehanchalssalbori 14.93+0.47 16.67+0.47 18.30+£1.99 29.20+1.98
(A 321 7)) G1.1) G7.1) 62.7) 20£1.
12 JinmiZ F-ssalbori 15074032 1747+064  18.33+0.23
(Zm) 28w g)) (59.6) 69.1) (72.5) 25.27+0.40
13. Namhossalbori 1637095  2033+025 2257050
(Fadne]) (61.8) 76.7) ®5.1) 26.50+0.50 *
14. Hibanchalssalbori 14874055 1687+021 18505044 o5 smu040
(Zub g2 o)) (55.8) (63.3) (69.4) 670,
15. Jeonnam 9 13204036  2067:055 2473083
(A 95) (482) (75.5) (90.4) 21.37+061 #

“Whole grains were processed by blanching ears with boiling water for 90 sec.
YAsteric marks indicate cultivars shown more than 80% in yield at 26 May
compared to those of ripening stage.

*Values in parentheses indicate percentage of yield compared to those of ripening
stage.
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Table 8-2. Effect of harvest time on yield of whole grains” in 15 naked barley
cultivars(2004).

1,000 grain weight (g)

Cultivars Date of harvest
15 May 19 May 21 May Rislgggg Remarks”
1. Saessalbori 11.73+0.93 14.73+0.45 16.77+0.46
() (425 (53.3) (60.7) 2762+0.71
2. Hinssalbori 11.90£0.35 18.20+£0.70 19.73+0.61 3091211
(g2 x2) (38.5) (58.2) (63.8) e
3. Hinchalssalbori 8.27+0.25 11.03+0.29 13.80+0.36
(812w o)) (33.9) (45.2) (56.6) 24.38+1.34
4. Gwanghwalssalbori 6.80+0.26 11.87+0.81 14.67+0.50 98 04+1.24
FEa R ) (24.3) (42.3) (52.3) T
5. Ganghossalbori 8.63+0.57 15.77+0.65  18.53+5.60((6
(525 2) (28.1) (51.4) 13) 3069+1.24
6. Daehossalbori 7.63+0.29 15.63+0.40 18.83+1.85
(e (219) (44.8) (54.0) 34.8520.64
7. Jaegangssalbori 10.77+0.21 17.77+0.67 20.97+£0.31
(A 7w 2)) (31.6) (52.1) (615) 34.08+0.62
8. Donghossalbori 13.83+0.32 22.80+0.85 25.50+0.62
(Esaue]) (41.4) (683) (76.3) 33402044 *
9. Chalssalbori 7.60+0.17 15.00+0.20 18.17+1.18
(Zdue) (26.7) (52.7) (639) 2845+0.42
10. Saechalssalbori 6.30+0.10 12.27+0.95 15.43+0.76
(A 2 e]) (206) (40.4) (50.3) 30.64+0.46
11. Jinmichabssalbori 3.97+0.06 9.13+0.15 12.93+0.49((6 20.17+1.14
(X2 H.2) (19.7) (45.3) 4.1) S
12. Saehanchalssalbori 9.70+0.26 9.47+0.46 12.97+0.42 95 16+0.43
(A gk w 2)) (38.6) (37.6) (51.6) B
13. Nambhossalbori 8.13+0.64 13.23+0.50 16.67+0.23
(dsaug) (345) (56.2) (70.8) 23.56+1.44 *
14. HobanZ v]ssalbori 9.50+1.04 14.87+0.55 18.30+1.84 26.33+1.24
(b w 2)) (36.1) (56.5) (69.5) e
15.Suyeongbori 8.87+0.45 15.87+0.57 18.23+0.99
(o ma)) (30.3) (54.1) (62.2) 29.32¢1.18

“Whole grains were processed by blanching ears with boiling water for 90 sec.
YAsteric marks indicate cultivars shown more than 70% in yield at 26 May
compared to those of ripening stage.

*Values in parentheses indicate percentage of yield compared to those of ripening

stage.
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Table 9-1. Effect of harvest time on yield of whole grains” in 20 wheat cutivars

(2003).

1,000 grain weight (g)

Date of harvest

Cultvars
23 May 26 May 29 May RiSpt(;réi: € Remarks’

o

e I I

3. (I\L?%l}‘ggnﬂ 16.8171 %39).21 19.(3477 i‘rl()).25 25.(%%%)).71 41.1040.67

4. (’Ié(_)%d‘%r;gmﬂ 16.(%37%70).82 17.(64()1%10).08 25.%%%10).22 42.77+0.69

5. (I*ién‘_jp‘%rﬁnl 13.%03%)).50 17.8101%70).14 24.(76%%50).57 40.80+0.64

7. (%?%O%gmﬂ 9.(()%5%)19 11.%8;3).33 13.&%%10).36 29 904059

8. (%%?%%gemll 12.%79 i'r(g)).IZ 13.(54%%)).08 21.(76%%)).66 33934057 0
10. Alchanmil 10504022 14206042 2LTE066  5393:057
TG REEA R AGES man
12. ((glgﬁg?j)ngmﬂ 20.%32%)).25 23.2172 i.ré)).SS 30.%75 i.ri)).49 55.03+0.70
13. (§\$(§%?m11 15.%%%%25 17.21%%3).22 21.%%%4(1)).42 388341 18
T il R
15. (J;E%u‘%])mﬂ 11.(8372 157()).33 15.(2472 i.rl()).39 20.(%75 i.ré)).54 36.27+0.70
Sl R NEER TEEL s
17. (J;eg%n)ﬂ 22.((?5%%))‘29 24.(3579 152519 28.%02%8)‘43 41.0040.93
18.( %cg%n)mﬂ 20.&%%20).41 23.(3477 i.rgg)).19 30.(7632%)).41 48.80+0 41
19.( ﬁ%b%%kmﬂ 18.(1473%9())).52 22.((5)3%15{)).45 27.%%13)).45 41404082 %
20.( {\Sllgrgg%h)almﬂ 13.(22%%8).22 16.(%34%)).09 23.(24%%20).58 47934039

“Whole grains were processed by blanching ears with boiling water for 90 sec.
YAsteric marks indicate cultivars shown more than 65% in yield at 29 May compared to those of ripening stage.
*Values in parentheses indicate percentage of yield compared to those of ripening stage.
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Table 9-2. Effect of harvest time on yield of whole grains® in 20 wheat cultivars

(2004).
1,000 grain weight (g)

Cultivars Date of harvest

21 May 27 May 29 May Rislﬁggg Remarks”
g, R AmER S gnaw
R T T T
Chg O MEAR ABN
SRum TN GZAT DT g .
T
SRR SEOT S
o T L
Co s
o T
15. J%jl%u‘gjmﬂ 11.&71?(9)).35 19.(97%%%15 22'(1870%))'45 27 40+0.40 o
19. (A?ll:lﬁga‘f'j%mﬂ 17.(%058).53 21.(52135%60).29 25.(15%%30).40 47904250

“Whole grains were processed by blanching ears with boiling water for 90 sec.

YAsteric marks indicate cultivars shown more than 70%(3%) and 80% (3% %) in yield at 29
May compared to those of ripening stage.
*Values in parentheses indicate percentage of yield compared to those of ripening stage.
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Table 10. Effect of harvest time on unhulled whole grain” percentage in 15 naked

barley cultivars.

Percentage of unhulled grains

Cultivars Date of Harvest
20 May 23 May 26 May Rigzréiélg Remarks”
1. Saessalbori
1.54+2.81 3.04+2.81 0.62+1.07 0
(MERE)
2. Hinssalbori 279:098  6.39+0.41 158+0.60 0
(2R 2) R R o
3. Hinchalssalbori AT04160 4824253 0.99+0.98 0
(28R ) T T R
4. Gwanghwalssalbori o7\ 0 or 5076113 0.96+0.03 0
AR ) o o T
5. Ganghossalbori
} 0.25+0.44 3.81+1.85 0.77+0.73 0
(FaARa)
6. Daehossalbori
; 54.80+8.03 49.85+2.52 23.27+4.06 28.22+3.38 P
(&R )
7. Jaegangssalbori
37.95+4.69 15.49+0.87 20.09+3.83 14.83+£1.25 P
(72 R )
8. Donghossalbori
_ 49.13+7.37 33.21+8.61 31.00+12.52 13.42+4.48 ¥
(38R =)
9. Chalssalbori
_ 1.63+£1.58 2.70+0.83 3.35+1.98 0
(ZA R )
10. Saechalssalbori
N 1.80+1.81 2.04+1.65 2.62+1.47 0
(A2 R 2])
11. Saehanchalssalbori
o 1.22+0.52 5.81+£3.56 6.16+1.61 0
(A stz a])
12. Jinmichabssalbori
} 15.53+1.87 15.96+1.96 0.92+0.94 0
(w2 a])
13. Namhossalbori
- 2.93+0.81 0.89£0.89 257+1.99 3.44+0.43 P
(Faaug)
14. Hobanchalssalbori
o 1.14+0.52 2.58+1.07 1.48£1.82 0
(Zdrzar )
15. Jeonnam 9
- 0.56+0.58 0.33+0.58 0 0
(A 93)

“Whole grains were processed by blanching ears with boiling water for 90 sec.

YAsteric marks indicate cultivars shown higher percentage in unhulled grains.
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Table 11. Changes in color differences of ears stored at room temperature for 5

days in the naked barley cultivar ‘Saechalssalbori’.

Duration of Hunter value

storage

(days) L a b
cont. 76.73+0.52 -14.37+0.57 29.00+0.94
1 74.67+2.68 -7.20+0.43 30.37+1.77
2 80.77+0.97 -3.33+1.01 30.53+1.35
3 86.37+3.54 -0.87+0.82 32.20+1.55
4 88.03+1.72 -0.43+0.37 30.13+0.41
5 84.53+0.88 1.13+0.46 31.87+1.16

Fig. 7. Changes in greenness of ears during storage for 5 days at room
temperature in the naked barley cultivar ‘Saechalssalbori’. (From left to right:

0, 1, 2, 3, 4, 5 days and harvested at ripening stage)
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Table 12. Effect of storage temperature and duration on changes in color
differences of ears in the naked barley cultivar ‘Saechalssalbori’.
Hunter value
Temperature Duration of storage (day)
(C) 0 5 10
L a b L a b L a b
-20 98.36 -11.57 2297 96.38. -11.27 2497 101.62 -11.27 2597
221  x0.70 *2.09 +2.09 070 +2.09 421 2070 +2.09
-1 96.20 -11.10 21.95 9750 -820 2453 9853 -7.20 2357
+221 155 +1.02 +0.36 +054 +1.72 377 050 £2.45
4 96.83 -11.53 24.50 9357 -580 24.37 102.33  -1.70 2290
427 037 +1.34 095 #0229 +0.39 +3.30 086 *1.67
10 96.87 -11.27 2297 96.40 -1.63 22.77 103.43 263 2450
+1.52 070 +2.09 269 074 +1.25 +397 031 +0.99
15 9753 -11.77 27.20 102.07 1.83  24.37 112.43 3.63 2550
226 033 +1.70 267  +037 +252 297 031 +0.99
20 98.60 -10.77 23.07 108.90 347 2517 120.53 540  22.70
251 045 +1.10 +3.88  +042 +1.23 449  +051 £2.29
25 98.03 -11.08 23.10 113.93 715 2453 113.87 10.25  24.80
+213 110 262 212 #0775 +0.54 +359 177 045

Fig. 8. Comparisons of greenness of ears

stored for 10 days at various

temperatures in the naked barley cultivar ‘Saechalssalbori. ( From left to

right: -20, -1, 4, 10, 15, 20 and 25T )
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Table 13. Comparisons of color differences between ears and whole grains stored

for 2 months at various temperatures in the naked barley cultivar

‘Saechalssalbori’.
Hunter value
Temperature
Ear Grain
(C)
L a b L a b
-20 83.87£1.37 -14.1+1.73 27.13¥4.24 78.87+2.29 -10.43+1.05 17.53+2.54
-1 87.47£2.35 -853+1.21 19.73+1.48 86.63+1.32 -0.43+0.49 20.8+1.81
0 83.13+1.8 -2.7£061 16.7+0.75  87.2+1.78 453+3.11 239£1.71
25 7544432 4.13+0.76 17.8+0.44 87.07£1.86 6.93+0.8  29.27+0.95
Fig. 9. Photographs of ears and whole grains of the naked barley -cultivar

‘Saechalssalbori’ 2 months after storage at various temperatures. (From left

right: =20, -1, 0 and 25T )
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Table 14. Effect of water-blanching time and storage temperatures on changes in

color differences of whole grains in the naked barley cultivar ‘Saechalssalbori’.

Hunter value

Temp. Blanching Duration of storage (day)
(C) time (sec) 0 30 60

L a b L a b L a b
25 30 84.80 233 3327 87.40 453 3713 87.13 7.20 35.03

212 +1.90 +0.76 433 +148 +2.27  £223 +1.59 +2.70

60 80.77 287 2757 82.57 313 3033  84.50 477 3017
264 +1.17  +£1.97 249 188 076 580 +1.91 +0.80

90 80.23 547 3447 81.27 -447 3407 8267 -133 3133
422 +191 432 246 +2.01 +1.83 255 +1.93 +2.60

120 79.13 -6.30 3647 83.87 -520 3437 8240 -0.50 32.07
£0.51 +1.15  +1.29 £3.37 157 +322  +£332 +1.80 +£3.87

150 77163 -460  36.37 8237 -223 31.87 8450 0.10 3347

+0.62 +3.46 +3.82 472 +1.06 +3.26  £346 +0.46 +4.02

180 80.83 577  32.23 80.20 -320 3303 8157 -220 3647

+0.60 +0.81 +0.42 +1.21  £159 422  +£1.07 035 +£1.18

10 30 8453 200 3357 92.00 540 3343  91.20 6.33 3347
246 +1.31 +2.66 501 241 272  +456 +144 +£1.15

60 86.07 537 2807 84.17 770 2743 8367 1470 2870

+1.65 090 £1.56 593 +2.80 +0.87  £3.07 +351 252

90 80.23 -6.53  36.80 8263 -413 31.07 823 -387 3193
422 +372 257 377 +1.82 076  £2.29 +289 144

120 8313 -310 36.27 8333 -090 30.73  90.70 195 34.30
051 +0.70  +1.17 1263 +1.92 +137 £339 +049 212

150 77163 -6.87 3590 7857 423 3247 8457 1.07  29.87
+1.23 +4.06 +5.80 437 +£1.58 £1.77  +248 +1.44 +£274

180 7983 -6.23  34.07 80,53 -207 31.03 8427 -047 31.50
+0.60 +1.47  £1.53 +1.50 150 415 £168 +1.02 +1.54

*Light condition: 14 h light (37umol - S - m™®) and 10 h dark
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Table 15. Effect of steam-blanching time and storage temperatures on changes in

color differences of whole grains in the naked barley cultivar ‘Saechalssalbori’.

Hunter value

Temp.  Blanching Duration of storage (day)
(C) time (sec) 0 30 60

L a b L a b L a b
25 30 91.83 460 38.40 92.90 750 39.03 94.10 9.53 40.73

490 +1.82 £2.18 403 +£205 395  £2.09 +1.87 =*0.57

60 92.53 3.23  36.63 9397 450 3903 9437 6770 37.67
523  £0.25 £2.22 327 249 111 +1.33  +0.36 *1.70

90 84.27 4770 38.73 86.87 -2.20 4053 8737 220 37.00
166 +044 +£1.11 235 +£121 083 733 +1.81 £6.04

120 84.17 -310 43.17 85.27 -223 4457  86.03  2.83 4333
248  +1.11 £3.50 1260 £200 138 375 +1.04 =£2.22

150 85.77 =507 4530 86.10 -3.07 4137 8783 007 40.50
1297 £146 £2.79 1255 +£145 386 260 +0.76 £7.28

180 80.87 =330 4297 8543 097 4143 9037 227 4047
£0.78  +2.07 £1.38 401 093 +429 582 +1.52 £6.33

10 30 89.32 6.53  37.00 90.77 923 3767 9317 1067 3587
259 206 +£2.31 562 +£1.14 232  £352 247 +257

60 92.43 547 39.33 9440 803 4030 9767 1037 35.80
+1.11  £0.75 +£3.11 £6.10 £0.76 +4.62 203 +1.14 £2.23

90 85.33 -4.87 40.67 9057 050 4093 9213  0.87 37.83
6.05 +0.75 £1.55 476 £246 £140 +£1.11 042 =£1.27

120 84.73 =377 4593 89.77 050 3773 9400 067 40.87
2,07 117 £1.97 1260 +£246 +341 329 290 =£1.63

150 85.97 267 4417 86.03 0.07 3860 9223 167 37.70
568 £1.10 +£3.67 232 £150 392  £339 +1.09 £1.25

180 8237 -353 4537 85.23 -1.60 4033 9457  0.07 39.30
361 +0.64 £3.58 3772 +252 +38 726 +1.69 =£3.15

*Light condition: 14 h light (37umol - S' - m®) and 10 h dark
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Table 16. Effect of water-blanching time and storage condition on
changes in color difference of whole grains in the wheat cultivar
‘Gumgangmil’.

Hunter value
Temp.  Blanching Duration of storage (day)
(C) time (sec) 0 30 60
L a b L a b L a b
25 30 86.60 1.33  32.60 85.80 053 31.80 89.27 263 33.07
£3.06 *1.10 *1.65 +2.88 +1.00 £2.78 448 055 +2.28
60 90.70 150 3513 92.30 290 37.30 94.60 463 33.87
459 £1.13 £2.12 459 £325 £2.29 £3.03 £0.21 =#£1.00
90 91.07 -1.60 3550 8597 -1.20 36.37 90.93 2.33  34.07
£0.78 *1.15 225 +7.97 066 £3.79 740 =£1.82 +3.79
120 88.47 -093 34.80 95.07 147 3593 96.97 443 37.87
425 050 +3.08 456 +1.90 £2.60 442 £2.00 =#1.23
150 85.63 -1.32 3273 90.23 1.33  37.60 92.07 297 3317
558 036 +1.82 £6.40 £1.07 +£3.10 281 £1.66 690
180 82.03 -0.67 37.30 92.30 1.77  33.60 94.53 2.00 37.73
166 =*156 =*1.81 +6.72 271 £1.83 £1.33  £1.77 254
10 30 82.37 1.80 34.93 89.77 210  29.73 95.83 547 30.50
445 £1.08 250 +351 +0.72 +0.81 488 095 +3.12
60 87.13 1.37 33.23 93.43 3.07  29.67 97.33 497 3343
£1.99 <£142 £510 £0.29 040 £0.31 £5.23 £270 165
90 8587 -0.43 33.33 8890 -0.33 3590 93.23 -0.10 36.33
431 031 231 +6.96 +1.46 £1.95 245 £1.31 144
120 90.43 -057 3527 95.87 0.73  34.77 99.13 3.80 36.23
£4.03 090 =+0.47 +3.65 226 £1.79 359 082 412
150 89.03 -2.20 32.70 94.77 1.80 3217 10357 3.03 34.17
£3.87 191 287 231 201 £3.37 824 £2.03 059
180 83.87 -147 36.87 90.20 1.70  29.90 90.63 2.20 31.77
443 +0.86 +2.63 +560 052 £3.80 £156 £0.87 #*1.83

*Light condition: 14 h light (37umol -+ S - m™® and 10 h dark
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Table 17. Effect of steam-blanching time and storage condition on changes in

color difference of whole grains in the wheat cultivar ‘Gumgangmil’.

Hunter value

Temp. Blanching Duration of storage (day)
(C)  time (sec) 0 30 60
L a b L a b L a b
25 30 9260 223 3470 90.20 -1.03 34.70 98.47 1.80 36.80

242 +0.60 £3.56 1266 +1.39 =044 550 £1.21  +0.70

60 8750 -260 3947 90.27 -1.23 3527 97.37 127 3420
092 +0.78 +2.91 402 +1.05 £3.52 242 £114 +0.72

90 79.97 -240 3697 89.07 113 36.23 8717 2,60 33.37
1240 +046 +£1.40 £1.79 085 £1.08 +3.00 +0.78 +2.75

120 82.30 -0.57 3557 84.43 1.07 3647 86.87 093 34.03
1285 219 £5.97 461 090 =097 +1.10  £1.34 +3.05

150 83.33 -147 40.67 93.90  1.00 3857 89.70  3.00 34.83
16.81 +1.00 +1.96 467 +0.89 £3.49 £6.06 +1.25 +£1.63

180 89.53 -1.67 40.03 90.60 -0.40 3897 9153 090 36.53
339 021 £2.92 1265 +1.31 £2.02 583 £0.72 £2.25

10 30 9257 260 38.60 9347 030 32.50 95.57 227 34.27
1342 +1.71 +4.36 316 £376 £291 557 £1.27 £1.99

60 89.97 -213 4223 93.77 -0.73 35.87 97.17 153 36.23
291 +0.80 £3.15 +1.36  +1.16 £3.97 419 224 +151
90 79.17 -190 3827 82.67  0.00 32.87 93.77 383 29.97
803 +1.28 £1.04 1292 207 420 +3.14 050 +0.25
120 80.37 -190 31.93 85.83  0.60 37.20 89.40 440 29.57
+0.90 +0.30 +0.40 335 £050 +241 +1.81 +£1.85 +£3.86

150 84.83 -240 3820 86.23 -0.83 3547 94.60  4.00 3243
563 +1.93 +2.77 1256 +396 £3.52 +1.97 +£123 +£356

180 8757 -2.30 38.33 89.60 -1.20 37.87 9290  3.05 3145
290 159 £1.23 £3.01 +1.95 £483 £0.14 £035 191

*Light condition: 14 h light (37umol -+ S™' - m™® and 10 h dark
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Table 18. Effect of low temperature(4C) storage under dark on keeping

greenness of whole grain in the several naked barley and wheat cultivars.

Hunter value

Species ) Duration of storage (month)
Cultivars
4 16
L a b L a b
Naked  Hinchalssalbori 76.66 -0.65 29.52 76.6 1.80 35.63
barley (B &2n a) +2.72 +0.74 +2.54 +1.60 +1.14 +108
Gwanghwalssalbori  76.05 -2.92 23.86 95.63 5.97 37.37
(&1 7) +1.33 +1.31 +2.32 +2.14 +0.52 +2.07
Saechalssalbori 30.46 -4.14 30.74 ]7.23 3.47 33.60
(N Z8wE]) +2.83 +1.50 +1.05 +1.18  +0.12 +1.56
Wheat  Gumgangmil 87.28 -0.88 276 84.30 1.13 34.33
(Z743) +0.20 +0.20 +0.36 +3.66 +0.09 +1.25
Gurumil 80.90 0.46 28.3 87.70 2.48 32.85
(27) +0.42 +0.92 +1.62 +2.75 +0.42 +0.84
Urimil 89.10 -0.98 333 82.80 3.20 27.23
($-24) +1.32 +0.32 +0.25 +0.73 +0.22 +0.09

Barley Wheat
Left : ‘Hinchalssalbori’ Left : Gumgangmil
Middle : ‘Goanghoassalbori’ Middle : Gurumil
Right : ‘Saechalssalbori’ Right : Urimil

Fig 10. Comparisons of greenness of whole grains between stored for 4 (upper)
and 16 (bottom) months at 4C under dark in several cultivars of barley and

wheat.
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Table 19.

Comparisons of nutrient contents between whole and refined grains in

barley and wheat reported in literatures.

Nutrient contents (%)

Water  Ash Oil Protein  Fiber Reduced fi—glucan 8-"Tocopherol
sugar (mg/100g)

Refined )
barley 11.1 0.7 2.0 9.9 0.5 6.3 0.4
Whole ) )
barley 13.8 2.7 1.8 10.6 2.7 5.4
Wheat B )
powder 13304 11 104 02 04
whole 118 18 29 91 25 - . 4
wheat . . . . . .

Table 20. Effect of harvest time on nutrient contents of whole grains in the naked

barley cultivar ‘Saechalssalbori’.

Nutrient contents (%)

Harvest
i u-"Tocopherol
UME  \Water Ash  Oil  Protein Fiber Reduced o oy 0 sop P
sugar (mg/100g)

May 15 1530 3.08 7.00 15.05 2.04 1.75 7.38 53.2 42

17 1490 314 750 13.47 2.03 1.72 752 514 40

19 1430 289 650 13.30 2.02 1.59 7.74 46.7 3.8

21 1330 284 5.00 11.90 2.25 1.36 7.35 44.3 3.8

27 1280 253 450 11.55 2.34 1.23 8.15 472 3.6

29 1200 223 350 10.05 2.67 0.48 10.33 439 4.0
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Table 21. Effect of harvest time on nutrient contents of whole grains in the wheat

culitvar ‘Gumgangmil’.

Nutrient contents (%)
Harvest

time Water Ash Ol Protein Fiber 1educed o jican sop 1 Tocopherol
sugar (mg/100g)

May 21 1460 312 850 1540 3.04 0.90 5.57 50.7 1.9
24 1440 265 850 1365 3.02 0.95 3.90 48.3 3.2

27 1390 259 800 1295 262 1.10 3.87 48.8 3.9

29 1370 255 760 1260 3.07 1.12 3.23 49.2 4.2

31 1320 243 750 1155 315 0.96 3.56 43.6 4.5

June 2 1310 232 600 11.02 3.13 0.96 3.56 36.7 74
4 1280 200 450 11.02 314 0..90 2.23 40.4 6.8

Table 22. Effect of blanching time on nutrient content of whole grains in the

naked barley cultivar ‘Saechalssalbori’.

Contents (%)

Nutrient Blanching
rien ; ;
utrients method Blanching time (sec)
30 60 90 120 150 180
Water Water 9.40 9.20 8.50 8.70 8.30 7.20
Steam 10.30 10.60 10.10 8.90 8.70 8.90
Ash Water 3.55 3.69 3.46 3.58 3.27 3.37
Steam 3.53 3.68 3.59 3.38 3.15 2.79
Oil Water 3.05 3.36 3.08 3.10 2.85 2.68
Steam 3.04 3.10 3.10 3.04 3.10 2.84
Protein Water 15.45 15.40 13.65 11.02 11.55 11.72
Steam 15.40 13.47 13.30 12.90 11.25 12.60
Reduced Water 452 4.23 4.05 3.89 4.02 3.68
sugar Steam 4.20 4.30 4.15 4.08 4.23 4.05
Fiber Water 2.59 2.62 2.66 2.87 2.69 2.48
Steam 2.65 2.60 2.85 2.55 2.78 2.40
[i-glucan Water 7.21 7.30 7.00 7.45 7.30 6.95
Steam 6.25 6.90 7.60 7.35 7.65 6.65
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Table 23. Effect of seeding season and blanching time on nutrient contents in the

naked barley culivar ‘Saechalssalbori’.

Contents (%)

Blanching

Nutrients Blanching time (sec)

method

30 60 90 120 150 180

Water 9.50 9.20 750 770 .00 6.50
Water

Steam 11.00 9,50 9.00 8.50 750 7.20
Ash Water 2.40 2.39 2.60 2.30 2.40 2.20

Steam 250 2.30 2.30 2.10 2.45 2.39

Water 3.52 3.23 3.03 256 2.73 2.34
il

Steam 3.52 3.35 3.28 3.19 2.80 2.94

Water 16.45 15.40 13.47 13.65 12.90 12.60
Protein

Steam 16.45 1575 15.05 14.35 13.65 14.35
Reduced Water 3.20 3.02 3.15 352 3.32 3.04
sugar Steam 3.10 3.54 3.05 3.72 345 3.26
Fiber Water 3.02 3.14 3.06 2.85 3.05 2.90

Steam 3.04 3.10 3.15 3.14 2.98 2.94
i glucan Water 3.56 3.28 3.20 3.25 3.08 3.23

Steam 3.45 3.65 3.87 3.20 3.05 3.40
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Table 24. Effect of blanching time on nutrient content of whole grains in the

wheat cultivar ‘Gumgangmil’.

Blanching Nutrient contents (%)

Seas.on of time

seeding (sec) Ash  Protein oil Fiber  [i-glucan SOD

Mar. 6 30 3.45 14.25 3.54 2.59 7.12 55.42
60 3.41 14.40 3.01 3.22 6.64 53.44
90 3.32 13.62 3.26 3.24 7.08 41.80
120 3.08 11.02 3.24 2.78 6.85 37.26
150 3.01 11.48 2.74 2.85 6.74 36.53
180 291 10.94 2.39 2.98 6.32 3291

Oct. 23 30 3.55 15.45 3.05 2.59 7.21 55.78
60 3.69 15.40 3.36 2.62 748 53.72
90 3.46 13.65 3.08 2.66 748 43.45
120 3.58 11.02 3.10 2.87 7.34 37.24
150 3.27 11.55 2.85 2.69 6.92 36.52
180 2.37 12.60 2.68 248 6.82 33.83
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Left: Whole barley grinded with milk Left: Whole wheat grinded with milk

Middle: Whole barley powder mixed with Middle: Whole wheat powder mixed with
milk milk

Right: Parched refined-barley powder mixed Right: Refined-wheat powder mixed with
with milk milk

Left: Whole rice grinded with milk
Middle: Whole rice powder mixed with milk
Right: Refined-rice powder mixed with milk

Left: Whole barley pancake
Right: Whole wheat pancake

Cooked rice mixed with whole barley Cooked rice mixed with whole wheat

Fig. 11. Several examples of using green whole grains of barley, wheat and rice.
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Table 25. Effect of water absorbing time on color differences of whole grains in

the naked barley cultivar ‘Saechalssalbori’.

Soaking Hunter Value
time (h) L a b
Control 88.00+1.95 -5.30+051 31.63+2.87
After spray 10 89.48+3.43 -4.72+1.00 32.87+2.69
Soaking 1 85.90+1.95 -4.43+2.23 31.33+1.80
2 93.43+1.63 -4.83+0.56 30.13+1.26
3 95.23+2.22 -4.57+2.25 31.63+4.12
4 99.75+3.27 -4.70£1.18 35.63+3.97
5 99.20+3.27 -4.39+1.50 35.03+1.69
6 101.73+5.65 -4.00£1.39 35.23+1.00
7 102.97+4.63 -3.73+1.66 36.17+3.95
8 102.00+4.00 -3.60+1.53 33.70+2.17
9 103.23+8.19 -3.20+1.08 38.13+4.41

Table 26. Effect of water soaking time on color differences of whole grains the

wheat culivar ‘Gumgangmil’.

Soaking Hunter value
time (h) L a b
Control 98.73+1.95 -1.37£0.20 30.77+1.20
After spray 10 89.48+3.43 -1.40£0.69 34.17+2.86
Soaking 1 87.80+1.53 -0.40+1.23 27.00+3.30
2 85.77+5.59 -1.105+0.98 25.07+1.78
3 80.60+2.21 -2.03+1.67 26.53%1.14
4 83.93+3.01 -0.33+0.56 23.00+2.11
5 90.43£2.20 -0.63+1.12 27.87+1.12
6 91.37£2.00 -1.32+1.68 27.37+2.24
7 90.27+4.19 -1.03+0.25 27.47+2.00
8 94.23+£3.19 -0.30£1.37 30.47+2.53
9 97.43+1.73 0.43+1.22 26.87+2.83
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Table 27. Effect of water soaking time on hardness of whole grains

‘Saechalssalbori’ naked barley and ‘Gumgangmil’.

in

Soaking ‘Saechalssalbori’ ‘Gumgangmil’

time (h) Hardness Sensory Hardness Sensory

(g/cm?) test (g/cm?) test

control - 10 10,000+280 10

1 2204+470 9 2994+361 9

2 1950+320 8 2249+354 9

3 1583+273 7 1530+286 9

4 1260+153 6 1450+235 8

5 1198+239 4 1309+238 5)

6 1072+196 3 1258+207 5

7 987+95 1 1066+125 4

8 883+106 1 779+148 2

9 720+145 1 727131 2

Table 28. Effect of cooking methods on color differences of whole grains in naked

barley ‘Saechalssalbori’ and wheat ‘Urimil’.

Hunter value

Cooking
method ‘Saechalssalbori’ ‘Urimil’
L a b L a b
Control 92.83+253 -4.03+150 3430340  9257+262  310+099  33.17+2.13
Water
; 97564325  -3.07+1.23 3190182 8345235 355:0.30  31.75+3.43

soaking
lgilgrrlowave 8507097 -3.10+1.32 3090155  81.15£243 337+121  28.750.68
gzzsure 96.15¢1.14  275:0.83  35.72¢1.18 8800212 6.00+1.04  30.10£2.68
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Table 29. Effect of blanching method and time on color differences of whole

grain in the rice cultivar ‘Chucheongbye’.

Blanching Blanching Hunter value
method time (sec) L A b
Steam 30 92.33+3.50 -1.37+1.26 40.10+0.79
60 91.70+4.84 -2.90+0.92 44.70+7.96
90 84.90+3.65 0.17+1.27 38.13+6.63
120 92.27+0.91 1.13+1.24 38.93+5.80
150 88.73+3.96 1.67+1.36 36.30+3.64
Water 30 93.63+5.44 -9.03+1.30 42.57+0.67
60 94.67+1.01 -5.10+1.23 36.33+1.03
90 96.03+5.09 -6.13+1.12 39.77+1.52
120 95.40+1.83 -6.13+2.08 43.70+3.05
150 95.27+0.35 -6.43+1.04 41.70+2.45
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Steam-blanching Water—blanching

Fig. 12. Effect of blanching method and time on greenness of whole grains in
the rice cultivar ‘Chucheongbye’. Blanching time was given for 30, 60

(upper), 90, 120 and 150 (bottom) sec from left to right.
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Fig 1. Barley cultivars cultured in 2004.
(Photographed at 15, 19, 22 and 25 May from left to right)
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Fig 2. Wheat cultivars cultured in 2004.
(Photographed at 22, 25, 27 May and 1 June from left to right)

_90_



Fig 3. Whole grains of barley cultivars were harvested at 15, 17, 19 (upper),
21, 27, and 29 May (bottom) from left to right in 2004..
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Fig 4. Whole grains of wheat cultivars were harvested at 21
29, 31 May and 2 June (bottom) from left to right in 2004..
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