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106 29
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29 3 5000 /

25%
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2,623,000
106 1 1 12 31

60% 20%
2%
2015 424

269
7 0.3

98%

2007

2012
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2007

2007

2007

2009
2013

6-8 2014 1.4
3-4 2014 7
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( )

1 20 24 3

2013 1
2013

2013 8,350
2016 16,157 93.35%

9,545

2013
4 2013

39,440 2016 65,105 65.07%
42,431

4,500-5,300 / 4,820

19



/

1  
/

2006 7,361 37,358 5,075
2007 6,778 33,885 5,000
2008 7,726 37,290 5,287
2009 9,446 45,981 5,210
2010 7,154 34,551 4,830
2011 6,729 35,097 5,216
2012 6,612 29,825 4,514
2013 8,350 39,440 4,723
2014 13,544 62,192 4,592
2015 15,135 68,694 4,539
2016 16,157 65,105 4,032

9,545 44,493 4,820

( )

1-3
1-7 1 2-9 1-4

15 1-2 1-3 8
9-10

2013 130
2013

471 2016 2,177 362.21%
507 2015

2014

20



142.94% 1,652

2013
230 2013

879 2016 3,061 248.24%
818

1,861 /

2  
                              /

2006 85 187 2,202

2007 68 147 2,160

2008 74 141 1,906

2009 123 220 1,785

2010 115 204 1,766

2011 55 105 1,919

2012 80 159 2,001

2013 471 879 1,873

2014 680 1,173 1,755

2015 1,652 2,725 1,653

2016 2,177 3,061 1,454

( )

21



2015 2006-2016
11,563

2006 2,549 3,778
2016 2,179 2,693 14.52%

28.72% 2,235
2,994

75-95 835,687

2006 425,012 299,134
2016 284,555 178,520

325,568 206,570

145,359 / 68,627 /

22



3
/

2006 3,778 299,134 79,187 2,549 425,012 166,751

2007 3,441 237,603 69,045 2,426 362,570 149,449

2008 3,113 212,529 68,280 2,339 332,116 142,017

2009 3,159 222,763 70,517 2,332 328,234 140,752

2010 2,965 203,975 68,794 2,184 321,302 147,116

2011 2,820 195,835 69,445 2,077 304,115 146,420

2012 2,707 171,211 63,247 2,095 306,405 146,255

2013 2,763 177,983 64,417 2,110 306,896 145,448

2014 2,727 183,906 67,436 2,158 318,205 147,439

2015 2,767 188,808 68,228 2,134 291,842 136,739

2016 2,693 178,520 66,300 2,179 284,555 130,567

2,994 206,570 68,627 2,235 325,568 145,359

23



( )

2008-2016 4

5.65%
3.41%

4  
/

2008 2,902 8,121 16,804 34,943 3,142 865 598
(4.31%) (12.05%) (24.94%) (51.86%) (4.66%) (1.28%) (0.89%)

2009 2,914 7,916 14,114 36,279 2,651 927 573
(4.46%) (12.11%) (21.59%) (55.49%) (4.06%) (1.42%) (0.88%)

2010 2,956 7,813 14,569 35,101 2,578 946 -
(4.62%) (12.21%) (22.78%) (54.88%) (4.03%) (1.48%)

2011 3,238 7,792 13,915 39,452 2,523 930 -
(4.77%) (11.48%) (20.51%) (58.15%) (3.72%) (1.37%)

2012 3,423 7,890 6,709 31,932 1,633 897 -
(6.52%) (15.03%) (12.78%) (60.84%) (3.11%) (1.71%)

2013 3,587 7,979 7,503 37,687 1,667 827 -
(6.05%) (13.47%) (12.66%) (63.61%) (2.81%) (1.40%)

2014 3,688 8,396 5,933 38,020 1,506 682 343
(6.30%) (14.34%) (10.13%) (64.92%) (2.57%) (1.16%) (0.59%)

2015 3,974 8,455 5,893 39,023 1,558 742 480
(6.61%) (14.06%) (9.80%) (64.90%) (2.59%) (1.23%) (0.80%)

2016 4,651 8,560 4,909 37,237 1,644 396 -
(8.10%) (14.91%) (8.55%) (64.88%) (2.86%) (0.69%)

3,481 8,102 10,039 36,630 2,100 801 499
(5.65%) (13.14%) (16.28%) (59.41%) (3.41%) (1.30%) (0.81%)

1.2006-2007
2. + + + + +

+ +

24



2008-2016
105,840 73,273

32,567
11.60

2013
2014 10.51 / 7.96 /

5  
/ / / /

(1) (2) (3)=(1)-(2) (4) (5)=(2)/(4) (6)=(1)/(2)

2008 91,487 77,866 13,621 6,560 11.87 1.17

2009 97,663 76,215 21,447 6,703 11.37 1.28

2010 91,063 74,769 16,294 6,412 11.66 1.22

2011 117,802 77,973 39,829 6,894 11.31 1.51

2012 103,511 64,050 39,462 5,306 12.07 1.62

2013 118,568 71,757 46,811 6,980 10.28 1.65

2014 117,010 72,340 44,670 6,812 10.62 1.62

2015 115,818 73,495 42,323 6,712 10.95 1.58

2016 99,635 70,990 28,645 4,986 14.24 1.40

105,840 73,273 32,567 6,374 11.60 1.45

4
1. 4
2. +

( + ) +
( )+ +

( )

2013
2 2013-2016
6
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11.00% 9.27%
7.71%

6  2
/

2013 4,356 5,108 13,947 27,314 6,280 1,339

(7.47%) (8.75%) (23.90%) (46.82%) (10.76%) (2.30%)

2014 4,204 5,223 17,188 26,516 6,456 1,328

(6.90%) (8.57%) (28.22%) (43.53%) (10.60%) (2.18%)

2015 5,534 6,280 19,464 27,852 8,089 836

(8.13%) (9.23%) (28.60%) (40.93%) (11.89%) (1.23%)

2016 5,538 7,000 18,391 28,449 7,184 818

(8.22%) (10.39%) (27.29%) (42.22%) (10.66%) (1.21%)

4,908 5,903 17,248 27,533 7,002 1,080 

(7.71%) (9.27%) (27.09%) (43.23%) (11.00%) (1.70%)

4
1.2006-2012
2. 4

7 2
2013-2016

92,626 80,074
12,552

42.51 /
2016

13.48 /

26



7  2
/ / / /

(1) (2) (3)=(1)-(2) (4) (5)=(2)/(4) (6)=(1)/(2)

2013 102,022 74,525 27,497 2,054 36.29 1.37

2014 104,078 78,148 25,930 2,341 33.39 1.33

2015 85,942 84,170 1,773 1,808 46.55 1.02

2016 78,463 83,454 -4,991 1,551 53.81 0.94

92,626 80,074 12,552 1,939 42.51 1.17

4
1. 6
2. 5

( )

88%
2

8 2003 511
2008 434

2010 512
425

88% 2010
111.64% 90%

2011
60-98% 2012

27



2003 5.87 /
2010 14.90

/ 2016
6.07 / 2003-2005

8  
/ %

2003 511 29,975 5.87 - -

2004 489 33,995 6.95 - -

2005 506 31,164 6.16 - -

2006 511 32,921 6.44 - -

2007 443 40,603 9.17 504 87.78

2008 434 48,083 11.07 481 90.31

2009 463 39,590 8.56 455 101.73

2010 512 76,292 14.90 459 111.64

2011 421 48,223 11.45 439 96.03

2012 439 52,123 11.87 437 100.48

2013 410 44,818 10.93 456 89.91

2014 425 37,679 8.86 472 90.15

2015 425 34,423 8.09 469 90.79

2016 426 25,848 6.07 459 92.81

458 41,124 9.03 463 95.16

28



( )

1 4
2

2
1

9 2003-2016
200-270 236

20
2003-2012 99% 2013 90%

100%

2009 (2004
) 70-90%

2009 48-66%
2009 34%

2016 46%

2003 9.30 /
2008 17.74 /

29



2009 14.38 /
2016 13.51 /

9  
/ %

2003 245 22,819 9.3 246 99.85

2004 203 23,506 11.6 203 99.75

2005 245 22,747 9.31 245 99.74

2006 239 20,697 8.67 239 99.76

2007 238 27,647 11.61 238 99.78

2008 209 36,911 17.74 209 99.56

2009 236 33,935 14.38 236 99.76

2010 254 37,493 14.75 255 99.67

2011 234 38,347 16.39 235 99.76

2012 234 42,902 18.32 234 99.99

2013 214 38,171 17.84 237 90.35

2014 237 40,833 17.23 232 102.38

2015 269 37,049 13.77 258 103.99

2016 243 32,827 13.51 252 96.43

236 32,563 13.89 237 99.34

( )

/
50 19-24

/ 38-48% 2009

30



2009

2013
2014

21
2016 24

2006
2016

9%

/
2006-2016 /

66-80%
10-28%

90-98% /

/
2006 3.14 / 2011 4.88 / 2012

7.93 / 2016 8.54
/
6-7 / 12 /

31



10  /

2006 68,554 167,473 236,027 741 3.14

2007 69,108 163,237 232,345 754 3.24

2008 54,911 161,255 216,167 819 3.79

2009 42,225 149,298 191,524 852 4.45

2010 45,359 161,870 207,228 970 4.68

2011 50,045 163,301 213,345 1,042 4.88

2012 43,445 172,297 215,742 1,711 7.93

2013 34,841 184,431 219,272 1,910 8.71

2014 30,899 176,831 207,729 1,875 9.02

2015 28,707 196,467 225,174 2,081 9.24

2016 22,548 219,392 241,941 2,066 8.54

44,604 174,168 218,772 1,347 6.15

( )

32



1.

(1)

USDA 2017/18

3.32% 10.15% 9,090 8,350

(2)

2017/18 170.7 /
2.23%

2014/15 171.0 /

(3)

2017/18
166 7,500

1.56% 2016/17
145 7,000 6.63%

2
7,000 3 1,200

2015/16
19 100 22 2,500

17.04% 2017/18

1.51% 143 5,000

(4)

2016/17 17 3,700
0.35%

33



36.44% 23 7,000

2017/18

4,500
1.89% 23 2,500 2016/17

16.20%

(5)

2017/18
2.90-3.70 /

3.30 /

2.

(1)

USDA 2017/18
0.71% 1 8,245

3.46% 10 3,347
2.92% 5.66 /

6.57% 3.55% 2.44% 1.79%

(2)

2017/18

0.86% 14 929
2017/18

0.38% 12 1,325

34



(3)

2017/18

12.13% 2 87

(4)

2017/18
6.39% 1 5,203

2016/2017 16.85% 4,699

2.86% 3,400

3.64% 2,850
2,150

18.18% 650
8.70% 250

60%
20

2017/18

7.07% 1 4,721

( )

1.

(1)

USDA 2017/18

7.31% 7.26% 89.5 88.7
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2017/18
7.87% 48.0 / 2015/16
48.0 /

(2)

2017/18 410

3.69% 4,695

2017/18
4,235 2.84% 2017/18

2.38% 21 5,000

(3)

USDA 2017/18

(4)

2017/18
8.40-10.40 /

2.

(1)

USDA 2017/18
5.36% 1 2,694

1.90% 3 4,509 2017/18

36



(2)

USDA 2017/18

3.04% 5 8,847

(3)

2017/18

1.32% 9,353

(4)

2017/18

3.22% 1 4,966
2017/18 4.41%

1 4,860

( )

1.

USDA hay
2016/17 5,346 2015/16

1.81% alfalfa and 

37



alfalfa mixtures for hay
1,689 5.02%

2017/18
0.11% 5,352 3

20

2.

USDA 2016/17
13,478 0.21%

5,826 5,897 1.21%

2016/17 2.52 /
0.05 / 3.45 /

3.

2016/17
Roughage-consuming animal unit, RCAU

2.25 2.29 1.75% 2016/17
RCAU

1.91 1.93 1.04%
North and South Dakota

Montana 2017

4.

2016/17 2,514

38



2.54% 2017/18
2.99% 2,439

5.

2016/17 117 /
3.31% 2011/12

5 138
/ 158 / 12.66%

( )

1.

2015
15,135

2015 68,694

2.

400

39



2% 2015
2.5%

3.

4,899 /
4,500-5,300 /

4.

73,558 /
11.27 /

5.

2007
8 / 2009

7.74 /
2011-2013 10 / 2014

8
/

6.

40



4.5
1

2 5,400

7.

2010

8.

9.

( )

41



1.

2015 1,652

2015 2,725

2.

230
0.1%

0.1%
2.5%

3.

1,902 / 2,300 /

4.

78,948 / 38.74
/ 2015

13.83 /

5.

42



6.

20-30
2

( )

1.

2.

3.

43



4.

5.

( )

1.

10 1

44



10

2.

2012
50

2008

3.

2008

2012

4.

45



( )

2007

1.2-2

( )

1.

2011

60-98% 2012

2008

46



2007-2008

2.

47



Genetically Modified, GM

( )

48



1.

35% 19% 13%
1.5%

2.

2-2.5
1 1-1.5

49



ADM Archer 
Daniels Midland Bunge Cargill

Louis Dreyfus ABCD
basis

56,000

1.5 15

4 6 5-6

20-30
1

50



( )

2016
531 2015 460

15.44% 347
65.45% 118

22.28% 87.72%

1.

11
2001-2016

43,244 79.61%

3,996 / 7.57%
87.17%

51



11  
                                                 /

2006 4,673 29,680 3,418 1,491 3,215 42,477

2007 3,993 34,017 2,977 1,482 790 43,259

2008 4,405 43,386 2,905 1,471 757 52,924

2009 4,538 41,217 3,025 1,464 761 51,005

2010 4,616 41,838 3,152 1,912 1,390 52,908

2011 3,299 48,651 3,444 1,894 1,405 58,693

2012 3,390 50,158 3,713 1,736 1,515 60,513

2013 3,549 50,048 3,929 1,954 1,644 61,123

2014 3,684 47,550 4,193 1,974 1,638 59,039

2015 3,832 45,475 4,398 2,080 1,713 57,498

2016 3,976 43,663 4,410 2,063 1,849 55,962

3,996 43,244 3,597 1,775 1,516 54,127

= + + +

2.

12
2001-2016 5,617

64.51%
1,770 /

20.15%
84.66%

52



12  
                                                              /

2006 1,391 3,928 299 772 174 6,564

2007 1,217 4,823 343 683 312 7,378

2008 1,522 5,353 357 765 269 8,266

2009 1,402 5,032 352 786 268 7,840

2010 1,741 5,438 361 796 277 8,613

2011 1,687 6,227 312 650 246 9,123

2012 1,405 6,266 290 615 230 8,805

2013 1,846 6,449 303 633 274 9,507

2014 2,281 6,278 330 676 316 9,881

2015 2,544 6,040 347 721 318 9,969

2016 2,440 5,956 359 717 298 9,770

1,770 5,617 332 710 271 8,701

11

3.

13
2001-2016

4,481 65.38%
1,245

/ 18.34%
83.72%

53



13  
/

2006 1,223 3,408 216 362 305 5,514

2007 1,227 4,097 222 370 304 6,220

2008 1,356 4,821 282 355 330 7,144

2009 1,340 4,105 283 353 340 6,421

2010 1,413 4,238 285 378 364 6,678

2011 1,430 4,926 313 427 309 7,405

2012 1,287 5,105 323 453 277 7,445

2013 1,234 5,086 365 472 305 7,462

2014 1,121 4,841 420 653 311 7,347

2015 1,039 4,421 426 648 326 6,860

2016 1,027 4,245 454 667 338 6,731

1,245 4,481 326 467 319 6,839

11

( )

1986
1997

733 14.29%
106 5

7,436
539

46.31%

54



1.

(1) 60-70%

(2)

(3)

(4)

55



2.

(1)

(2)

(3)

3.

2-7

8-11

( )

56



2015
31.4%

800 7
49 6%

2016
-

1. 2020
10 3 180

40% 2.
3.

( )

1.

2.

3.

57



4.

30 3,000
/

30
100 1/2

2

5,000 /

2017

2016

58



( )2017

2017

2008

2017 11,000
63,800

2.64% 2017
9,000 405,000

2017 5,000
92.30%

8,500 183%

2017
1.5

6,620
11.72% 2017

59



2013

2016
16,157

2015

2016-2020

4 2
5

2013 1
2009 2013

2013

60



8,350 2016 16,157 93.35%
9,545

42,431 4,820 /

2013 130

2013 471 2016 2,177
362.21% 507 2013

230
2013 879 2016 3,061

248.24%
818 1,861 /

88%
2003-2016 458

2011

61



60-98% 2012

2003-2016
236 2009

70-90% 2009
48-66% 2009 34%

2016 46%

62



2016
-

2020 3 10

40%

63



2,611,000
106 1 1 12 31

64



( )

1.

2.

(1)

65



(2)

(3)

3.

( )

1.

2.

66



( )

1.

67



2.

(1) Phenol compound

(2) Alkalis

2%

NaCO3 4%

CaO 20%

68



(3) Acid

peracetic acid
phosphoric acid lactic acid

(4) Quaternary ammonium

400-800 ppm

(5) Chlorine compound

200 ppm

(6) Iodorphors

50-75 ppm

69



(7) Aldehyde

40%
Gaseous fumigation

2.8 120 mL
60 g KMnO4

20

2%

(8) Oxiding agents

2.5% H2O2

85%

70



3.

(1)

(2)

(3)

(4)

(5)

71



(6)

(7)

(8)

4.

72



( )

1.

73



2.

(1)

(2)

(3)

74



(4)

(5)

(6)

DNA DNA

(7)DNA

3.

(1)

75



0.05 
mL

1.5
20

(2)

15

70

76



.

.

30

(3)

2 3

77



5-15
5-10 mL 16-30

10-20 mL 30-60 20-30 mL

24

0.1%

24

(4)

3
3

4.

(1)

78



(2)

(3)

.
4-8

.
25 15

-15 1-2 0-4
8

2 -8

.

79



2 -8

.

(4)

. 1

. 48

A E

.

80



.

.

.
7-10

(5)

.

81



.

.

.

(6)

.

.

.

82



20-40 g
atropine /kg 1-3 mL 0.1%

Adrenaline

.

5.

Porcine epidemic diarrhea, 
PED PED

PED
PED

PED
PED

( )

1.

83



2.

(1)

30

(2)

11

30

30

(3)

3.

(1)

84



(2)

3.

( )

85



1.

(1)

. silo

.

.

(2)

(3)

86



(4)

2.

(1)

.
30

.

(2)

.
30 30

87



.Shower in & out

. Shower in

30

88



(3)

30

(4)

.

.

(5)

3.

(1)

(2)

4.

(1)

89



(2)

5.

( )

1.

(1)

.

.

90



30

30

.

30

(2)

. 1

.

91



30

2.

30

3.

(1)

.

2 2 Shower in
Shower out

.

.

(2)

92



30
30

30

4.

(1)

(2)

(3)

.

93



. 16

5.

(1)

(2)

5 2

( )

1.

(1)

.

.

.

.
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.

(2)

.

.
1

2

2.

3.

(1)

.

2 2
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Shower in Shower out

.

(2)

4.

(1)

.

.

(2)

( )
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1.

(1)

(2)

9

(3)

97



(4)

(5)

(6)

2.

(1)

(2)

(3)

( )

98



Silo

99



100



 

 

 

1,071,000
106 1 1 12 31

 

 

 

  

1. 2017/18
2900

4 2017/18
2000 975

1000

101



 

 

500
500

2017/18 80
80 260

2016/17 2017/18
180

200 80 90
130

150 2017/18
40 2.68

102



 

 

3/

4/
5/
6/
7/

8/
9/

103



2. 2017/18
FSI

176.6 / 2,600
2,500 55.5

4,000

2017/18 800
72.1

3.15

2017/18 30
1,324.2

3. 2017/18

2016/17 2017 3

2.06 250
4.7 2500

104



 

 

4. 2017/18
8.80-9.80 32 35

5. 295 335
5.810 50

10 3.486
200 1.1 100

5600
2017/18

1.76 40 /

1.112 40

105



 

 

3/
4/
5/
6/
7 /

106



 

 

3/
4/
5/
6/

7/
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2 /

3 /
4 /
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2/

3/
4/
5/
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WTO 2014 11
2015 7 20

WTO

TPP 2015 10 5
FTA RCEP

TTIP
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1,673,000   
106 1 1 12 31

111



112



( )

1.

(1)

a. Rhyzopertha dominica
Coleoptera

Bostrichidae 28 36

b. Sitophilus oryzae Coleoptera
Dryophthoridae

113



27.2 25 17
92 13

c. Sitotroga cerealella Lepidoptera
Gelechiidae

36

18

d. Corcyra cephalonica
Lepidoptera Pyralidae

e. Tribolium castaneum
Coleoptera Tenebrionidae

f. Oryzaephilus surinamensis
Coleoptera Silvanidae

114



2

2~3 4

g. 

(2)

    2-4 30
40-100 100

20-50 14CC
50

0.4mm moh5.5
500kg/cm2 6

 ( )

1.

115



12% 54.6 56.6 58.7 60.7 62.6 64.6 66.6 68.6 70.5

13% 62.4 64.1 65.8 67.6 69.3 71.0 72.6 74.2 75.8

14% 69.3 70.8 72.2 73.7 75.1 76.5 77.8 79.2 80.4

15% 75.3 76.6 77.8 79.0 80.0 81.2 82.8 83.8 84.4

18% 88.3 88.8 89.3 90.0 90.5 91.0 91.5 92.0 92.5

24% 98.0 98.1 98.2 98.3 98.3 98.4 98.5 98.6 98.6

25% 98.5 98.6 98.7 98.7 98.8 98.8 98.9 99.0 99.0

1% 6

65%
12-13%

2.
0.0004cal/cm.s

1/5~1/10

116



3.

(1)

Dockage

(2)

A.
Dust

117



B.

a. 

b.

/
Asthma/bronchitis

Hypersensitivity pneumonitis

118



Organic Dust Toxic Syndrome, 
ODTS 12

c. 

...

...

...

...

d. Dust explosion

200 mesh

119



PM %

62.0-86.0 54.1 5.00-12.0 5.00-12.0 0.600-3.00 0.200-1.00 

33.0-78.0 34.3 - 3.00-4.00 - - 

60.0 34.3 - - - - 

- 44.2 - - - - 

- 50.6 - - - - 

10%

1785
Turin, Itay 1878 5 2

Washburn
22

( )

1.

120



2.

3.

4.

5.

( )

50
-17.7

25~32

25-

19-

5-

-

121



3 28-30
2-3

28-30 65-70%
5

30-32

1. 3

2.
>28-30

3.

4.

( )

 ( )

1.

122



(1)

(2)

(3)

mmAq %

1000-50 10-15 40-60 

Louver 100-10 30-70 50-70 

Cyclone 100-3 50-150 85-95 

Venturi 
Scrubber 100-0.1 300-900 80-95 

100-0.1 60-100 80-95 

Bag Filter 20-0.1 100-200 90-99 

20-0.05 10-20 90-99.9 

123



(4)

2.

(1)

(2)

( )

1.

124



2.

3.

(1)

(2)

Malathion, fenitrothion, Tempo-

Silicagel

(3)

125



4.5

Sulfuryl Flouride
Phosphine Aluminum phosphide

(4) Heat Treatment 50

50-60

100

70-90%

126



25~30

127



630,000
106 1 1 12 31

( )

1

2
3

4 5 6

128



7

8
9

10

11
12

( ) 

( )

106 1

129



2

3 4

4 5
6

7

8 10
11

12

( ) 

130



( )

106
1

2
3

4 5 6

7
8

9 9
10

11

12

131



( ) 

( ) 

132



( )

106 1
2

3 4 5 6
7

8
9
10

11
12

 ( ) 

133



( ) 

( )

457 247
823 438
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( ) 

( )

378 298
577 345

135



( ) 

( )

378
208

545 428

136



( ) 

( )

B1 C

250 102
273 174

137



( ) 

( )

216 95
251 151

138



( ) 

( )

42.5
73.8 52

139



( ) 

106

140



141



 

703,000  
106 1 1 12 31  

  

 

-

85%

90

 

12%
distichous two-rowed

hexastichous six-rowed 1

husk pericarp
testa aleurone endosperm
1
75 - -glucan 20

142



araban xylan 26 -
71

non-starch polysaccharides, NSP -
cellulose

-

hulless barley
dehulled barley

143



1

144



1

 

53-67% 9-14% 5%
crude fiber 14-25% dietary fiber 2.4-5%

-

3024 kcal/kg 92%
94%

(Barley/covered barley)

(Dehulled barley)
(bran)

(germ)

B1

(Pearl barley)
(bran)

/

(Hulless barley / 
naked barley)

145



-

0.33%

 

( )

-glucan

146



40 80

-
P 0.05

80%
45%

2

20%
>30%

45-50%
-

Dehulled barley
Hulless barley

40%

147



2 0-6

1
(g/kg)

0 400 800

3 ( ) 

(g) + 542 554 591

- 560 555 593

551 555 592

(g) + 722 739 792

- 736 749 792

729 744 792

+ 1.33 1.33 1.34

- 1.32 1.35 1.34

1.32 1.34 1.34

(cps) + 3.17 3.00 3.49

- 2.88 3.12 3.85

3.02 3.07 3.63

6 ( ) 

(g) + 1828 1883 1916

- 1787 1907 1880

1808 1895 1898

(g) + 1242 1283 1269

- 1246 1318 1324

1244 1295 1297

(g) + 2258 2377 2340

- 2294 2371 2437

2276 2374 2388

+ 1.82 1.77 1.82

- 1.81 1.80 1.84

1.82 1.78 1.83

(cps) + 3.02 3.01 3.13

- 3.36 2.78 3.59

3.17 2.91 3.32

1 -                      

148



( )

P 0.05

2

AME

NSP

bulk

AME
APD DMD

- 3

149



3 apparent 
metabolizable digestibility, AME apparent 
protein digestibility, APD dry matter 
digestibility, DMD

AMEn (MJ kg-1) APD (%) DMD (%)

- 12.59 89.7 65.9

+ 12.41(-1.4) 87.7(-2.2) 64.8(-1.7) 

- 13.99 87.7 69.1

+ 14.55(4.0) 89.4(1.9) 7.18(3.9) 

- 13.3 84.6 67.5

+ 14.91(12.1) 89.7(6.0) 73.5(8.9) 

- 12.59 81.7 64.6

+ 13.88(10.2) 86.7(6.1) 70.2(8.7) 

                                    

( )

4

150



4

(g/100 g)

0.21 0.16

2.05 1.89

0.42 0.38

0.44 0.27

1.4 1.31

0.63 0.53

0.95 0.76

1.21 0.99

0.21 0.15 

                                       

( )

89-90%

5

151



5
(g/kg)

0 400 800

(g/100 g body weight)

17.5 17.1 17.8

17.1 17.1 17.2

17.3 17.1 17.5

19.4 19.5 19.3

18.6 19.2 19.0

19.0 19.4 19.1

1.89 2.07 2.01

1.85 1.91 2.34

1.88b 1.99 2.17

-

-
6 cocktail -

Enterococcus faecium inulin

lactobacilli
bifidobacteria E. coli

152



6 21-35

- + 
-

(g) 327 350 345 362

(g:g) 1.71 1.65 1.67 1.68

(mPa*s)2 13.7 15.2 4.1 4.8

0.61 0.62 0.59 0.7

0.45 0.38 0.44 0.52

(mg/d per chick) 115 110 124 90

(mg/d per chick) 303 316 314 263

  

 

NSP

-glucanase

153



 

826,000
106 1 1 12 31

8

( )

( )

( )

( )

154



( )

( )

110 49 8

160 49 9

230 79 9

200 49 8

220 75 8

220 75 8

450 139 8

120 49 8

( )

220 67 8

400 99 8

400 136 8

450 136 8

220 69 8

220 69 8

80 60 10

130 60 10

130 49 6

155



( )

400 86 8

400 86 8

400 86 8

230 65 8

230 65 8

200 68 6

200 68 6

200 68 6

180 102 10

90 45 10

90 45 10

145 69 8

185 69 8

200 69 8

( )

400 86 8

400 86 8

400 86 8

90 59 10

140 45 6

140 45 6

140 79 6

140 45 6

185 79 8

145 79 8

130 57 10

156



( )

( ) 180 65 8

( ) 230 72 8

( ) 230 72 8

( ) 160 55 8

160 68 8

200 96 8

220 96 8

4 6 70 28 8

4 6 70 28 8

4 6 70 28 8

160 62 8

160 62 8

160 62 8

( )

1. OPEC
2017

50
OPEC

80
50

157



2. 2018
4

28.5 31.5

3. 50

1,500
1,080

4.

405 330
/

8.90 5.35

( )

16.00 12.80

158



28.5 31.5

OPEC

80
50

2
3

1500 1080

1090 850

1.

2. 1 2 2

3.

159



4.

1.

2. 500

3.

4.

160



800 1,000

80 450 50 150
150

500 60 150

161



162



2,778,000
106 1 1 12 31

-

( )

88%

5
5

9

163



2004
-

1989 1,000
1997 1,000

2,000 1998
2006

3,500 2015/2016
6,550 30%

5,382
25.1% 2,650

11.3%

1,500

90%

2006
1,000 29%

( )

18% 20%

164



1.2016 1 1,500
1 700

2.
2016 3

3,000

3. -

165



2016
8,300 62%

1,200

( )

11.3%

Canola

2300
500 260

240 28
875

-

( )

1.

166



Thomas Robert 
Malthus 1766-1834 18

2017 72
2010 68 4

2000 8 5
5% 2016

1.85 34%
29%

15% 9% 2~4%

2.

1995 1995
2016 8,300

167



     

3.

20 80

  

2012 2016

-28 9.74 12.27 26% 

3.50 5.70 63% 

2.46 2.55 4% 

2.39 3.40 42% 

1.91 2.40 26% 

168



( )

1.

2016-2025

(1)
2.5% 10 8.1%
2.1% 2.4%   

(2) 2.4% 10
4.2%

6%

(3) 10
2025 1.36 2013-2015
8,900

2025
7,000 1,300

(4)

)
2025 3,500

2,900

169



-
1.7% 1,500

2.

7

2015
2030

2 1.5

2013

9.2

3. -

170



(1)

(2)

(3)

25
-
-

83%

PG Economics

(1) 1996 2013

171



1.38 17 8.11
3.8%

(2)2013 15.94
5.8%

( )

180
200 34 38

56%

30

-

-

1

( )

172



21

3
2 3 4

55
60

( )

1.

2.

3.

4.

5.

6.

1.

2.

173



  

3.

4.

5.

6.

  

200 36

20
18

174



2008
12 13 2016

21

POC2017

( )

1870
1917

1960 2016
574 2015

1.7% 17.37%

Tenera
4.0 0.5

PKO 0.6 PKM
3 25

49%
50%

50%
80%

1960 9
2016 17,319,177 2006

175



1985
2016

39%
2016 16,045,957

( )

-

43% 43%
13% K

( )

MPOB 2016
1,731 2015 13.2%

4,847,253
3,585,285 2,745,389

2,422,681 1,629,338

176



( )

60

1993
1970 10% 1977 20% 1985 30%

2016
56.18%   

2
88%

  

88%

( )

2010 10
12 NKEA

130
100

50%

177



2020 1,780

2017 2016 1,750
1,950 700

2018
2,600 2,700

2017/2018

( )2017/2018

( )2018

( )

( ) 2017/2018
8.80 

9.80

( )

( )2018 1 WEF 1

178



17 2018

1,000

2013

179



961,000
106 1 1 12 31

( )

1%

5 6 7
10

4 5
9

9 90%

180



( )

100%

1.

(1)

(2)

(3)
Modified Starch

(4)

(5)

181



(6)

2.

3.

Corn Gluten Meal

A

Corn Gluten Feed

182



500
3-4

1%

75%

183



2005

20

2016
5.51 2,039 3.6%

13
836

184



2016

185



2017

1,960,000
70,000

1,890,000
106 1 1 12 31

2017 27

6 24

45
61,803 53,877

7,926

4

186



4,011 4

22
LIVE

Ricardo Antonio 
Álvarez Arias

2016

5% 936

187



9%

3

6

4.0
/

683 5.08%

188



MIT
MIT

16 60%

2
2013

Halal

700

Mr. Robert
James Bintaryo 70 17

80

189



6,000

2017

24 84 400
1,900

2017 106 6 21 106
6 24 4

6 20
8:30

190



DM

6 21
9 00

10

140   

6 22
DM

150

6 23
9:00

LOGO
160

6 24

191



LOGO

600
5,000

120 70

( ) 24 24

( ) 756

( ) 5,000 600

( ) 13 21

( ) 210

9
24 84

192



193



194



2017

110,000
50,000

60,000
106 1 1 12 31

( ) -

( )

( ) - - -

1.

195



2.
Functional  Factor

3.

Isoflavones

4.

196



/

4,000,000
106 1 1 107 6 30

( )

1.

2.

( )

1. 106
10,000 7

2.
50% 30 40

13 10

197



( )

( )

1.
50% 1 30

2.
50% 1 40

( )

1.

2.

3.

4.

5.

198



: 

( )106 12 3 754,990

295,000 235,000
224,990

( )107 1 4 1,140,000

300,000 300,000
240,000 300,000

( ) 107 6 2 1,200,000

800,000 400,000
106 ( ) 

(A=B+C+D)
( ) 

(B)
( ) 

(C)
( ) 

(D)

1. 1 47.000 23.500 23.500 0 106 11

1 44.998 22.499 22.499 0 106 11

1 59.000 25.000 29.500 4.500 106 9

1 103.740 30.000 30.000 43.740 106 11

1 60.000 21.000 30.000 9.000 106 11

1 48.000 24.000 24.000 0 106 12

1 63.000 25.000 30.000 8.000 106 12

1  0 0 0 0 106
( )

8 425.738 170.999 189.499 65.240
2.

1
500

1 195.000 130.000 40.000 25.000 107 6

3.
2

500
1 195.000 130.000 40.000 25.000 107 6

4.

1,000
1 319.800 200.000 40.000 79.800 107 6

3 709.800 460.000 120.000 129.800

1,135.538 630.999 309.499 195.040
( ) 50%( 30

( ) 40

106 1-12

199



106 ( )
-

1. ( )

2.

3.

4.

200



5.

6. NO.5

7. NO.6

-

1. ( )

201



2.

3.

4.

5.

202



6.

-
1. ( ) 

2.10" 6

203



-
4 5

( )

-

1. 4 ( ) 

204



2. 12"

3.

-

1.

2.

205



-

1. ( ) 

2.

3.

4.

206



5.

6.

7.

1 (500 ) 

207



2 (500 ) 

(1,000 ) 

( )

( ) 4,000,000
3,294,891 82%

1. 10~13

208



30~40
10 705,109

2. 106

107

( ) 6

209



1,000,000   
106 1 1 12 31

( ) 32%
400-500 2%

( )

CNS 2432

210



( )
( )

( ) 3
688 1 24 29

CNS

( )

211



( ) 104 900

20%

( )

( )   

1. AACC 46-30 6.26

212



2. CNS 5036 N6117 TECATOR / HT6

3. AACC 44-15A

4. AACC 08-01

5. 100% + + + %

6. AACC 32-07
AOAC98529

( )

1.

2.

( )

1.
TPA

2.
TPA

3. 9

213



( )

( ) 1 TN 01 3
MF 03 1 JS 01 23

TN23 POP

(%)

TN 01 1.25±0.01 3.88±0.13 7.93±0.39 9.30±0.00 77.3 11.02

MF03 1.15±0.01 4.12±0.04 8.27±0.11 9.45±0.35 77.1 10.4

JS 01 1.15±0.01 3.76±0.20 7.97±0.05 10.00±0.00 77.1 9.4

TN23 1.60±0.02 4.58±0.11 11.39±0.03 10.50±0.28 71.93 11.81

POP 1.19±0.08 4.10±0.02 9.66±0.10 8.65±0.07 76.4 18.47

214



( )
regular grits flour

WI TN23
b JS01 MF03

TN01 MF03 JS01 TN23 POP

(%)

<500 22.79±0.3 23.51±1.27 31.06±0.03 26.83±0.82 21.50±0.77

500~710 13.28±0.22 14.35±1.16 15.06±0.33 17.79±1.54 15.09±1.32

710~1410 43.7±0.13 46.07±1.45 40.46±0.7 41.13±2.84 45.48±0.87

>1410 20.24±0.4 16.07±0.98 13.42±0.34 14.25±2.12 17.93±0.32

TN01 MF03 JS01

TN23 POP

215



TN01 MF03 JS01 TN23 POP

L 43.92±0.17 43.27±0.15 44.64±0.05 48.15±0.97 46.65±0.39

a 1.47±0.39 1.72±0.45 1.76±0.39 -1.57±0.14 0.15±0.24

b 12.98±0.55 14.98±0.90 15.4±0.79 4.52±0.22 8.77±0.23

WI 42.41±0.29 41.29±0.11 42.51±0.23 47.93±0.99 45.93±0.42

( )

TN 01 MF 03 JS 01 TN23 POP

(rpm) 22.9-24.0 17.00-17.10 17.0-17.10 17.0-17.10 17.0-17.10

( ) 143 128-152 144-145 128-152 144-145

(rpm) 264 255-560 262 264 262

(rpm) 10.8-13.9 9.5-9.6 10.2-10.6 9.5-9.6 9.5-9.6

(mm) 2.5

216



( )

1.
2.5mm

POP JS01
TN01

2. TN01 POP
TN23 POP

3. TN01

217



JS01 MF03

TN 01 MF 03 JS 01 TN23 POP

3.85±0.01 4.83±0.16 5.26±0.16 4.80±0.04 5.70±0.19

(cm/g) 15.56±0.27 10.76±0.37 8.98±0.31 4.77±0.03 5.41±0.18

TN01 MF03 JS01 TN23 POP

(kg) 6.36±0.63 10.74±1.15 17.87±1.97 8.19±0.85 6.08±0.64

(kg) 2.07±0.21 2.97±0.28 2.49±0.25 1.48±0.15 1.44±0.14

TN01 MF03 JS01 TN23 POP

L 71.88±0.04 75.22±0.04 76.47±0.05 56.83±0.05 54.57±0.20

a 7.9±0.25 7.13±0.19 7.73±0.24 1.37±0.25 2.38±0.26

b 25.58±0.12 31.08±0.29 31.48±0.10 8.98±0.16 12.9±0.17

WI 61.17±0.06 59.61±0.22 59.94±0.08 55.89±0.04 52.71±0.19

218



( )

TPA TN01 TN23

45 RH75%
PP

1

1.

(1)
POP

TN23

(kg)

0 4

TN01 6.36±0.63 25.62±2.53

TN23 8.19±0.85 32.10±3.17

POP 6.08±0.64 26.48±2.61

(2)
POP

TN01

(kg)

0 4

TN01 2.07±0.21 10.72±1.08

TN23 1.48±0.15 7.54±0.72

POP 1.44±0.14 8.24±0.92

2.

(1)

219



TN01 2.8 
TN23

(%)
0 4

TN01 3.13±0.04 8.84±0.12

TN23 5.84±0.06 9.61±0.09

POP 5.72±0.15 9.40±0.06

(2) TN01
0.46~0.84

0 4

TN01 0.18±0.00 0.51±0.04

TN23 0.27±0.01 0.56±0.00

POP 0.28±0.01 0.55±0.03

3.

TN23
4.58 0.11%

mg KOH/g)

0 4

TN01 14.50±1.58 17.55±0.07

TN23 17.20±0.13 27.95±1.77

POP 12.90±0.99 16.60±0.99

220



4.

1500
358 153

5 153 31 700
115 118

800
6*4cm

5.

STD 20
11 9 20-30 45%

31-40 40% 40-50 15%

221



STD
TN01 STD

( )

1 TN01

( )
Gluten free

222



( )

( )

223



( )

( ) 106 11
107 1

( )

224



( )
600,000

106 1 1 12 31

F1 F2

14.08%
0% F1

F2

9
36 2n=4x=36

54 2n=6x=54

( )

( ) F1 F2

( )

225



( )

( ) F1 F2

( )

( )

( ) UPOV F1 F2

( )

( )

7
10

A001 TCC-2 A007 B001 TCTM-1
SBS-1 -T1 PI568155 PI478414
PI510537 71 10

14.08%

PI478414 PI510537 TCTM-1 SBS-1
B001 -T1 TCC-2 A001 A007 80

0%

( ) F1 F2

F1
106 3 16 106 6

226



1 1 2 F2
106 10 25 106 12 1

1. TCC-2 PI478414

2. TCC-2
PI478414 F1

UPOV

3.

TCC-2 PI478414
F1

F1

F1

227



TCC-2 ( ) PI478414( ) F1 F1

1 TCC-2 ( ) PI478414( ) F1 (1)

TCC-2 ( ) PI478414( ) F1 F1

2 TCC-2 ( ) PI478414( ) F1 (2)

228



1 F1

 TCC-2  TCC-2
×PI478414 (1)

TCC-2
×PI478414 (2) PI478414 

55 62 64 38

3 F2

229



F2
3

( )

9
36 2n=4x=36 54

2n=6x=54

4

230



0%

F1
F1

F2

9
36 2n=4x=36 54

2n=6x=54

3 5
6 9

11 2
11

2

( ) Ames13762

( )
20

231



20

( )

105 11 106 5
106 6 9 8 10

106 10
2 41 11 28

2 100 12 61
1 94.7 4 55.5
11 44.8 4 7

12 25 4.9 9.6
1 14.3 11 12

13.5 12.4 3 80
2 1 70 35.3

2.

6-9

232



5.
6 9

3. 2016 11 2017 10
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