
  

1 
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13 

97 

129 

139 

153 

164 

177 

185 

212 

222 

227 

232



249 

270 

289 



 
 

 
112  

   
112

25 5 2 6 112
17 5

24,996,000
 

112 15 18,425,455
17

3

1



 
 

   

 

2022

( )

(Fed)

 

 

2



 
 

H5N1

 

 

3



 
 

ABC

 

 

4



 
 

 

 

;

5



 
 

 

 

36 6
6

10 10 5
2.5

ATTD

DM

6



7



 
 

 

 

2022

2023

2023
2023

8



 
 

 

2023  

2023

22 77

682 3,000 300
240

2,400  

 

9



 
 

 

 

 
2006 IPCC 

2006 IPCC 
 

 

 
 

 

10



 
 

 

 

( )

10 37 85  

 

11



 
 

 (60% 72
)

 
 

12



 
 

 

2,623,000   
112 1 1 12 31  

 

 

(Food and Agriculture 
Organization of the United Nations, FAO)
2020 98.13 2021

(COVID-19) 125.73
28.12% 2022 3

159.3 12.6% 1990
7

140.9 13.3% 2008 10
2019

95.1 2020 98.1 2021 135.3 2022

 

2021 164.85 99.44
65.77%

2020 79.53 37.48% 2021 109.33
2020 103.12 27.19% 2021

131.15 2022 3

1 185.9 3 248.6
33.73%

13



 
 

(2022)
1 140.6 20.98% 3 170.1

( )
(2022) 1 132.6 9.50% 3 145.2

(2022) 7
147.3 11.43% 16.6%

 

(2022) 2

7

 

14



 
 

 

 

 

 

( )  

1. (USDA, 2023a) 

(United States Department of 
Agriculture, USDA) (2023) 1 2022/23

27 3,060
2021/22 27 9,500 2.30%

2022/23 14 4,640
2021/22 15 70 3.62%

2021/22 3
4,527 2.27% 2022/23 3 3,742

2021/22 4.35 /
1.38% 4.29 /

15



 
 

 

2. (USDA, 2023b) 

021/22
1.49% 35 9,583

2.22% 28 281
0.98% 7 9,302

(USDA) (2023) 1
2022/23

2.01% 35 2,366
1.42% 27

6,297
4.08% 7 6,069

2022/23
27.53% (29.21% 28.29%)

2022/23

2022/23  

( )  

1. (USDA, 2023a, 2023c, 
2023d, 2023e) 

2021/22
2 686 12 1,488

(USDA) 2022/23

2.70% 4.85% 2 128 11 5,593

16



 
 

7.76% 5.05%
8.92% 5.91%

23.64%
2020/21

7.18% 3,205 8.92%
3 4,875 (2023)

2022/23 2,270
4.13%

2.82%
 

(USDA) (2023) 11
2023/24

1.60% 2 376
3.81% 5.99 /

5.51% 12 2,079

11.08% 61.76% 3 8,697
5,500 10.09%

5.97%

2.23%
5.84%

17



 
 

1 2,900  

2. (USDA, 2023a, 2023b, 2023d) 

2022/23
4.58% 3 595

3.20%
16 3,730

3.00% 12.67%
2022/23

3.11% 2 9,642
2022/23

7.20% 3 8,500
2013/14

1962

6.96%
3 5,346

9.83% 3,154  

2023/24
3.58% 2 9,922 5.51%

12 2,079
10.25% 1 8,987

4.28% 17 988

11.08% 61.76% 9.85%

18



 
 

56.72% 4 2,219 5,612
5.84% 7.69%

1.27% 1 4,047  

2023/24

3.15% 10.32%
4.11% 14 465

3.33%
3.51% 0.38% 1

3,250 2.33%
24.61%

5.03% 3 6,743
20.51%

78.26%
58.79% 5,510  

1  2021/22-2023/24  
 

   
 

 
 

 
 

 
  

  
 

2021/22  292.54 1,214.88 184.08 1,691.50 749.02 1,201.46 204.03 1,405.49 305.95 
 31.36 382.89 0.62 414.87 145.25 317.12 62.78 379.90 34.98 
 4.15 116.00 2.30 122.45 61.00 72.00 46.50 118.50 3.95 

 1.18 49.50 0.01 50.69 9.80 13.70 35.50 49.20 1.49 

2022/23  310.34 1,157.08 172.21 1,639.63 730.64 1,168.20 180.94 1,349.14 299.22 
 34.98 348.37 0.98 384.33 140.96 307.55 42.3 349.85 34.58 
 3.97 137 1.3 142.27 62.5 75 57 132.00 10.27 

 1.8 34 0.01 35.81 7.5 11.7 23 34.70 1.11 

2023/24  299.22 1,220.79 189.87 1,709.88 759.78 1,205.03 199.62 1,404.65 314.99 
 34.58 386.97 0.64 422.19 143.52 314.72 52.71 367.43 54.75 
 10.27 129 1.2 140.47 63.5 77.5 55 132.50 7.97 

 1.11 55 0.01 56.12 9.8 14.1 41 55.10 1.01 

USDA(2023d)  
2023 11 USDA  

19



 
 

2023/24
5.27% 3 1,499

58.33% 5,475

22.40% 797
9.01% 101

 

3. (USDA, 2023a, 2023d) 

2022/23
12.67% 1 7,817

22.11% 17.50%
24.02%

15.49% 4,100
6.25%

1.08% 340 4,700  

2022/23
4.69% 1 7,545

20



 
 

8.70% 2,150
23.64%

2020/2021
2,951

2021/2022 2,188

2020/2021
2021/2022 99%(

70% 29%) 98%

(2023) 1
 

2023/24

10.32% 1 9,962
24.61% 78.26%

5,271 4,100

3,51% 5,500

25.93% 10.17% 2,000
530  

2023/24

10.25% 1 8,987

21



 
 

4.26% 2,450

22.93% 2,300
1,880

10.33%
3.82% 1,795 1,550  

( )  

1. (USDA, 2023a, 2023d, 
2023f, 2023e) 

(USDA) (2023) 1
2022/23

3.96% 8.35% 1 3,614
3 8,801

4.58% 0.03% 2.52% 4,340 3,493
1,630

4.24% 1 1,638
( ) 18.15% 3.64%
1 5,300 4,550

23.96% 0.84%

2022/23
 

(USDA)

22



 
 

2023/24
2.07% 1

3,905
5.49% 2.88 / 7.57%

4 42

3.40% 4,560
3.16% 1 6,300

13.89% 1,640

4,800
3.93% 3,350

3.30% 1 1,239  

2. (USDA, 2023a, 2023b, 2023d, 
2023f) 

2022/23
1.81% 9,822

2022/23 8.35% 4.58%
5.74% 6 5,055

5.80% 5 4,706
5.40% 1

352  

2022/23
8.81%

18.15% 38.89%

23



 
 

13.25% 1 8,056
4.86%

14.99%
10.90% 1 4,710

24.80% 3,346
2022/23

6.87%
4.24% 4.65% 3.64% 1

2,426
2.55%

7.77% 2.44%
1 1,853

23.43% 572 7  

2023/24
2.29% 1 31 7.57%

0.39% 4.89% 6
6,648

5.99%
1 9,689

92.00%

22.34% 7,091
2.28% 3.30% 22.39%

3.10% 1 2,051  

2023/24

24



 
 

1.56% 3.15% 6 6,648

5.11% 2.08% 3.21%
1 5,720

5.36% 11.90%
2.76% 1 1,382

14.16% 9.79%
13.71%  

2023/24
14.16% 1 1,451

18.69% 42.71%
3,969 2,456

8.49% 668
2015

0.30% 3,369
 

3. (USDA, 2023a, 2023b, 2023d, 2023f) 

2022/23
8.86% 1 6,753

14.99% 99.30%
157.78%

25



 
 

2022/23
(54.32%)

4.58% 1 6,432

(
)

4.84% 18.75% 7.38%  
2  2021/22-2023/24  

 

   

 

    

 

 

 

   

 

2021/22  100.03 358.1 157.13 615.26 314.19 363.16 153.89 517.05 98.22 

 6.99 121.53 0.43 128.95 59.98 62.77 58.72 121.49 7.47 

 29.4 129.5 0.54 159.44 50.25 53.5 79.14 132.64 26.81 

 25.06 43.9 3.84 72.80 38.83 46.04 2.86 48.90 23.9 

2022/23  98.06 372.24 165.11 635.41 31.43 364.15 170.95 535.1 100.31 

 7.47 116.22 0.67 124.36 60.20 62.84 54.21 117.05 7.30 

 27.60 158.00 0.16 185.76 53.00 56.80 95.51 152.31 33.44 

 23.90 25.00 9.06 57.96 30.32 36.57 4.19 40.76 17.21 

2023/24  100.31 400.42 165.75 666.48 329.47 383.68 168.29 551.97 114.51 

 7.30 112.39 0.82 120.51 62.60 66.06 47.76 113.82 6.68 

 33.44 163.00 0.45 196.89 55.75 59.70 97.50 157.2 39.69 

 17.21 48.00 5.70 70.91 34.50 41.75 4.60 46.35 24.56 

USDA(2023d)  
2023 11 USDA  

2022/23
(

26



 
 

)

 

2023/24

1.56%
1 6,829

2.08% 9.79% 9,750 460

11.90% 4,776
 

2023/24
0.39% 1 6,575

3.37% 16.53% 1,380
994 0.84% 0.62%

1 640
 

( )  

FAO 1990
2006

80 ( 2014-2016
) 2006-2008

2006 72.6 2008 117.5 2009
91.7 2006

2009 2011
131.9 2011-2015

27



 
 

2015 93.0 2016-2020
92-99 2020

2020 98.1 2022
143.7 (2023) 1 131.2

 
3  1990-2023 FAO  

       
(%)       

1990-1999 66.26 76.39 52.68 63.09 63.60 64.68 
2000-2009 72.81 69.37 78.22 75.00 75.05 64.13 
2010-2019 107.06 100.01 111.25 110.46 110.91 109.05 
2020-2023 124.68 108.94 124.88 134.08 148.12 104.79 

 
( ) 

      

1990-1999 - - - - - - 
2000-2009 9.89 -9.20 48.48 18.87 18.01 -0.85 
2010-2019 47.04 44.18 42.22 47.29 47.78 70.05 
2020-2023 16.45 8.93 12.25 21.39 33.55 -3.91 

FAO(2023)  
1. 2014-2016  
2. 2023 1  

1
2019-2023 2014-2016

2019 11 98.63
12 2 2020 1

102.52 2020 5 91.1

2022 3 159.7

2023 1 131.2

28



 
 

( 2022 ) 3.27 2021 2020
15.53 27.94

2020 8
99.2 2022 1 140.6

2
5 174.5

(2023) 1
147.4 4.79 2021 2020

17.89 46.37

2020 10
106.45 2022

1 185.9 2 4
251.8

(2023) 1 140.4
24.48 2021 2020 1.11

29.14 2
 

 
1. 2019-2023 FAO  

29



 
 

FAO(2023)  

( )

 

 

( )  

(International Monetary Fund, 
IMF) 2019-2023

( )
2 2

(Free on Board, FOB)

167.06 2021 5
304.30 82.38%

2022 1 276.72 2

4 348.51 /
(2023)

30



 
 

1 302.84 8 207.68
9 223.85

11 209.04 2023 255.46
19.76% 2021

 

2020

(USDA) (USDA, 2023e)
2021/22 3,453 ( 8,533

) 2022/23 7.18% 3,205
( 7,920 )  

 
2. 2019-2023 ( )  

IMF(2023) 

(USDA)11
2023/24

2024 (2023)

31



 
 

2020 165.58
/ (USDA)

2024
( )

(CBOT) 2023
31%

 

( )  

322.45
2020

318.64 /

2020 2021 443.66 /
473.81 / 2022

583.69 /
6 621.20 /

( 2012 8 622.91 / )
15.60% 2020 2019

94.95% 90.19%
(2023)

1 2 555.51 561.29
5 508.35 7

555.11 11 494.35
524.02

8.02% 2021  

32



 
 

2020

(USDA)
(USDA, 2023e) 2021/22 3,493

( 8,631 ) 2022/23
0.03% 3,494 ( 8,634 )

 

(USDA) 2023/24

2024
(2023) 2020 349.88 /

(CBOT) 2023
15%

 

( )  

1.  

(1)  

i.  

2007

( )

33



 
 

(2022)
 

ii.  

(National Oceanic 
and Atmospheric Administration, NOAA) (2023)

6 (El Niño)
2024

FAO (2023) 7
2.8% 19.7% 2011 9

2022 9
15-20% 9

9.8% 2010 11

( )
 

iii.  

34



 
 

5 24

5%

( )
 

(2)  

i.  

2022

5

32% 30% 17% 75%

2022 7 22
(Black Sea Grain Initiative , BSGI) 8 1

35



 
 

(2023) 7 17

 

ii.  

2021

15%

(2022) 3

(2022)
2-3

FAO (Organisation 
for Economic Cooperation and Development, OECD)

(2023) 7 -
2023-2032

2%(OECD-FAO, 2023)  

36



 
 

iii.  

2007-2008 2011-2012

 

(3) 
 

2021

(2023) 9

(Organization of the Petroleum Exporting 
Countries Plus, OPEC+)

9
2007

(2023) 10

 

(4)  

37



 
 

3
2022 5

20

2022 5 8

 

2.  

(1)  

FAO OECD (2023) 7
- 2023-2032

1.1% 2032
1.3%

2032 41%
37%

0.1%
2032

(OECD-FAO, 2023)  

 

38



 
 

(2) 
 

2022 4
15% (E15)

4

(
)

2022 4,600 1
3 1.38

 

 

(
)

( )  

( )  

1. (USDA, 2023e, 2023g, 2023h, 
2023i) 

(USDA) (2023) 3

2022/23 7.18%

39



 
 

3,205 ( 7,920 )
8.92% 3 4,875

 

2022/23
11.54% 104.84% 3,498 127

8.92%
7.20% 3 8,500 2013/14

 

7.75%
4.16%

25.15% 2019/20

7.63% 3 5,092
1962

(2023) 1

 

2022/23 2.57% 3,408
 

(USDA)

40



 
 

(USDA, 2023h)

2032/33 30.4%
30.7%  

2. (USDA, 2023f, 2023g, 2023h, 
2023i) 

(USDA)
(2023) 3 2022/23

4.13% 2,270

7.76%
1 2,500

( )

6-9

1-6

7-11  

2022/23
9.64% 50.00% 375 130

7.76% 5.95%
1 3,005  

3.36% 3.09% 6,150

41



 
 

5,000 3.36% 1
2,300

2014

2022
5
11 12 110

 

2022/23 88.00% 705
2018  

(USDA)
(USDA, 2023h) 10

9.4% 5
3,750 2032/33

41.0% 6,910
25.8% 30.7%

 

 

42



 
 

3. (USDA, 2023f, 2023g, 
2023h, 2023i) 

60
(USDA)

(2023) 3 2022/23
5.63% 670 2

3
18% 2011/12

19.19% 4,000
2018

12 2
1-3 3

(2023) 2
35 C

 

2022/23
26.27% 149

43



 
 

18.13% 4,150  

26.61% 18.60%
800 2,800

18.70% 4,000
2017

3-6
7-9
(2023) 3-6

 

2022/23
149  

( )  

1.  

(USDA)

2013/14 4.46
2014/15 3.70 / 3.3-3.7

/ 2022 2
2020/21

4.53 / 2021/22 6.00 /
2022/23 6.60 /

2012/13 (6.89 / )
( 3) (2020 12 )

3.97 /
2021 8 6.32

44



 
 

/
5.00-5.60 /

(2022 2 )
6.09 / 6 7.38 /

2012 8 (7.63
/ )

(2023) 2 6.80 / (
3)  

2
3

 

(USDA)
(USDA, 2023h)
2022/23 6.60 / 2023/24

5.70 /
2032/33 4.30 /  

 

 

 

 

 

 

 

 
3   

USDA(2023)  

45



 
 

FAO 2
(FOB) 2016-2019

154-171
2020 165

2021 259 2022
318 (2023)

(2020 12
) 199 / (2021) 5 304

/ 2022 1
277 2

4 348 /
8 294 /

(2023) 3
285 (2022 3 )

15.31% 2021 2020
15.72% 76.15%

2020

(2023) 1 ( 4)  

 

 

 

 

 

46



 
 

 

 

 

 

 

 

 
4   

FAO(2023) 
2 (FOB)

(Paranagu ) (Up River)
(FOB)  

2.  

(BM&FBOVESPA)
60

2019 2020
167 ( 9.99 /60

) 190 ( 11.41 /60 )
2021 2022

284 285
49.52% 0.26% 2011 303

2020
12 244 /
2021 5 317 /

2022 1 290 2

5

47



 
 

335 /
7 255 /

267-286 (2023) 4
265 (2022 4 ) 14.97%

2021 9.00% 2020
59.69%  

FAO (Paranagu )
2016-2019

160-187
2020 192

2021 274 2022
309 (2023)

(2020
12 ) 241 /

2021 5 306
2022 1 287 2

3
364 /

7 276 /
(2023) 2 371

(313 / )
(298 / )( 4) 3

5.53% 290 /
(2022 3 ) 20.24% 2021
6.64%

3 (Paranagua)

48



 
 

1 3

(Anec) 2022
(2,040 ) 4,316

 

3.  

Rosario
2019 2020

138 149
2021 2022

201 245
34.90% 21.89% 2020 12

198 /
2021 5 223
2022 1 229 2

3 279 /
223-266

(2023) 4 249
(2022 4 ) 5.32% 2021 2020

19.14% 94.53%  

 

49



 
 

FAO (Up River)
(FOB) 2016-2019

159-176
2020 180

2021 249 2022
299 (2023)

232 / 2021
5 272

2022 2
3 336 /

7 271 /

2 313
( 4) 3

4.46% 299 /
(2022 3 ) 11.01% 2021 2020

26.57% 76.12% (2023)
 

( )  

1. (USDA, 2023f, 2023g, 
2023j) 

2021/22 2022/23
3,493

3,494 2017 2018

50



 
 

4.24% 1 1,638
 

2022/23
6.87% 747
4.24% 4.65% 3.64% 1
2,426  

0.73%
1.47% 6.61% 5,484

2.44% 1 1,853

 

2022/23
23.43% 572  

(USDA)
(USDA, 2023h)

( )

51



 
 

( 54.32%)
33% 28%  

2. (USDA, 2023f, 2023h, 
2023j) 

2006/07 2,070 2022/23
4,340

2022/23 1 5,300
18.15%

5%

 

2022/23
8.54% 2,689

18.15% 38.89% 13.30% 1
8,064  

2022/23
4.98%

5.42% (17.25%)
12.48% 1 4,910

 

 

52



 
 

2022/23 17.29%
3,154  

(USDA)
(USDA, 2023h)

18%
84% 65%

86% 2032/33

1
304
2%  

( )  

1.  

2013/14 13.00
2014/15 10.10 8.4-9.5

2020/21 10.80
2021/22 13.30

2022/23 2022/23
7.52%

14.30 / 2012/13
(14.40 / ) ( 5)

53



 
 

10.60
/ 2021 5 14.80

/
11.90-14.50 /

14.70 2022 6 16.40

(2023) 2 15.10 /  

1
5

 

(USDA, 2023h)

2022/23 14.30
2023/24 13.00 2028/29

2032/33 10.30 /
 

 

 

 

 

 

 

 
5   

54



 
 

FAO (Rotterdam) (Cost, 
Insurance and Freight, CIF)
2015-2019 373-402

2020 407 2021 580 2022

660 (2023) 650
( 6)

513 / 2021 5 646
2022 1

608 2 4
621 /

(2023) 2 651
(2022 2 ) 2.69% 2021 2020

12.05% 73.14%  

 

 

 

 

 

 
6   

 

55



 
 

2.  

(BM&FBOVESPA)
60

2019 2020
347 ( 20.83 /60 )

390 ( 23.39 /60 )
2021

34.82% 526 / 2022
611

/ 2020 12
495 / 2021 5

555 2022
1 542 2

3 670 /
( 2012 9 8 714

703 ) (2023) 4
504 (2022 4

) 22.86% 2021 5.02%
2020 57.51%  

(USDA)
(Paranagu ) (FOB)

2022 2

15.72% 633 / 3

10

56



 
 

677 /
4-5

667 665 2
620-700

/ 6
661 / 7

8.62%
604 /

20 8

2.65% 620
/ 9-10

-1.94% -1.32% 608 /
600 / 11

2.33% 614 / 12
2023 1

4.07% 589 /  

(2023) 1
590 /

2

57



 
 

2

4.07% 566 /
3

8.30%
519

( )

20

(Paranagu ) (FOB)
(CBOT) (

)

2-6

 

58



 
 

 

 

 

 

 

 

 
7   

 

( )

 

( )  

(2017-2021) 762-864
1995-1996 900

4.15-18.13% 1997
2002 (World Trade 

Organization, WTO)
 

59



 
 

(2017-2021) 824
393 ( 47.72%)
355 ( 43.05%)

46 ( 5.55%) 26 (
3.11%)

 

(2017-2021) 108-116
567 ( 68.88%)

 

95%
55% 15-20%

70% 6
75% 20%

95%
55%

 

( )  

1.  

2

60



 
 

4
(2013-2022) 408-490

436
36.3 (2018-2022) 455

( 38 )
 

2011
60-98% 2012

2021
35.34% 27.64% 24.32%

87.30% 2022
31.19% 29.08%

15.91%
76.18% 2011

2012
 

 

 

 

 

 

 

 

 

 

61



 
 

4   

 
   

2013 408.72 35,710 
2014 423.83 31,767 
2015 423.95 28,238 
2016 425.94 25,832 
2017 447.74 26,237 
2018 424.40 26,607 
2019 489.41 31,385 
2020 451.13 27,191 
2021 439.00 37,693 
2022 471.18 52,581 
20232 389.28 37,351 

   
2013-17 426.04 29,557 
2018-22 455.02 35,091 
2013-22 435.87 32,781 

(2023) 
1. 101##02 (1010102)

(1010202) (1010302) (1010402)  
2.2023 1-11  

2.  

5 2010-2012
10.12 / 2013-2019
6.9-8.0 /

7.75 / 2021
10.10 /

2022
22.34%

12.36 / (2023)
10.25% 11.09 /

 

 

62



 
 

2011 9.89 /
2017 5.86 /

2021 2022
42.45%

29.97% 8.59 / 11.16 / (2023)
14.02% 9.59 /

 

2010-2012
10.53 /

2017-2020 9 /
8.61 / 2021

9.03 /
8.59 / 2022

11.24 /
2010 11.57 /  

2010-2012 1.17

1.05-1.48 2022

1.01  

 

 

 

63



 
 

5   

/  

  
(1) 

 
 

(2) 

 
 

(3) 
 

(4)=(3)/(2) 
2010 8.56 7.87 11.57 1.47 
2011 10.88 9.89 10.28 1.04 
2012 10.92 9.63 9.74 1.01 
2013 10.58 8.74 9.00 1.03 
2014 7.99 7.50 9.00 1.20 
2015 7.37 6.66 9.00 1.35 
2016 6.82 6.06 9.00 1.48 
2017 6.91 5.86 7.64 1.30 
2018 7.04 6.27 8.97 1.43 
2019 7.57 6.41 8.95 1.40 
2020 7.04 6.03 8.87 1.47 
2021 10.10 8.59 9.03 1.05 
2022 12.36 11.16 11.24 1.01 
20231 11.09 9.59 - - 

     
2010-12 10.12 9.13 10.53 1.17 
2013-19 7.75 6.79 8.79 1.31 
2020-23 10.15 8.84 9.71 1.18 
2010-23 8.94 7.88 9.41 1.25 

(2023) 
2023 11 -  

( )  

1.  

(
)

 

1 4 4
2

2

64



 
 

1
 

6 (2013-2022)
213-275 254

21 (2018-2022)
264 ( 22

)  
6   

 
   

2013 213.60 38,087 
2014 237.04 40,711 
2015 268.99 37,046 
2016 243.94 32,817 
2017 254.60 32,667 
2018 262.70 32,126 
2019 267.43 31,642 
2020 259.14 30,469 
2021 258.43 41,701 
2022 274.61 55,203 
20232 232.94 44,343 

   
2013-17 243.63 36,266 
2018-22 264.46 38,228 
2013-22 254.05 37,247 

(2023) 
1. 102##01 (1020101)

(1020201)  
2. 2023 1-11  

2009 (2004
)

70-90% 2009 48-61% 2018
86.29%

49-69%
2009 26.35% 2012

65



 
 

48.20% 43.45% 2022
65% 32%

2009

 

2.  

7 2010-2012
14.59 /

2017 12.40 /
2021

16.00 /
2022

14.14%
18.26 / (2023)

17.83 / 2019
12.35 /  

2010 14.77 /
2012 18.32 /

2020 11.76 /

2021 2022
37.24% 24.58% 16.14 20.10 / 2022

(2023)
5.30% 19.04 /

 

 

66



 
 

2010-2012 2013-2019
25.00 47.14

2020 39.00 / 2021

8.97% 42.50 / 2022

2010-2012
1.53 2013-2019

3.38 2020-2022 2.69

 
7   

/  

 (1) 
 
(2) 

 
(3) 

 
(4)=(3)/(2) 

2010 13.70 14.77 25.00 1.69 
2011 13.87 16.42 25.00 1.52 
2012 16.19 18.32 25.00 1.36 
2013 17.64 17.83 50.00 2.80 
2014 17.89 17.17 45.00 2.62 
2015 13.83 13.77 55.00 3.99 
2016 13.35 13.45 57.50 4.27 
2017 12.40 12.83 43.50 3.39 
2018 12.90 12.23 41.00 3.35 
2019 12.35 11.83 38.00 3.21 
2020 12.51 11.76 39.00 3.32 
2021 16.00 16.14 42.50 2.63 
2022 18.26 20.10 42.50 2.11 
20231 17.83 19.04 - - 

     
2010-12 14.59 16.51 25.00 1.53 
2013-19 14.34 14.16 47.14 3.38 
2020-23 16.15 16.76 41.33 2.69 
2010-23 14.91 15.41 40.69 2.79 

(2023) 
2023 11 -  
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( )  

1.  

(HRS)
(HRW) (SRW) (SW)

(Durum)
(dark northern spring, DNS) (HRW)

(SW)
 

8 (2013-2022)
132-145 135

11 (2018-2022)
134

 

 

 

 

 

 

 

 

68



 
 

8   
 

   
2013 133.55  14,958  
2014 131.11  14,279  
2015 135.63  13,164  
2016 137.40  11,299  
2017 144.79  12,487  
2018 125.90  11,320  
2019 137.39  11,854  
2020 144.36  12,418  
2021 131.01  12,930  
2022 132.48  18,522  
20232 116.48  14,192  

   
2013-17 136.50 13,237  
2018-22 134.23 13,409 
2013-22 135.36 13,323 

(2023) 
1. 101##03 (1010103) (1010203)

(1010303) (1010403)  
2.2023 1-11  

2019
66-78%

2019-2020 2021
2022 65-75%

1-2 2022

2022

 

2.  

9
2010-2012 6.58 /

69



 
 

2015 5.20 / 2020
5 2021 2022

19.46% 10.55% 6.84 7.56
(2023) 1.81% 7.70 /  

2010 14.77 /
2012 18.32 /
2016 13.45 / 11-13

2021 2022
37.24% 24.58% 16.14

20.10 / (2023)
5.30% 19.04 /  

2019 31-32
2020 2021

39.13 37.95 2022 5.90% 40.19

1.71-3.33
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9   
/  

  
(1) 

 
 

(2) 

 
 

(3) 

 
 

(4)=(3)/(2) 
2010 5.68 14.77 31.00 2.10 
2011 6.92 16.42 31.16 1.90 
2012 7.15 18.32 31.39 1.71 
2013 7.31 17.83 31.29 1.75 
2014 6.12 17.17 31.78 1.85 
2015 5.20 13.77 31.80 2.31 
2016 5.55 13.45 31.78 2.36 
2017 5.80 12.83 30.97 2.41 
2018 5.41 12.23 31.58 2.58 
2019 5.99 11.83 31.55 2.67 
2020 5.72 11.76 39.13 3.33 
2021 6.84 16.14 37.95 2.35 
2022 7.56 20.10 40.19 2.00 
20231 7.70 19.04 - - 

     
2010-12 6.58 16.51 31.18 1.90 
2013-19 5.91 14.16 31.54 2.28 
2020-23 6.95 16.76 39.09 2.56 
2010-23 6.35 15.41 33.20 2.26 

(2023) 
2023 11 -  

 

 

( )  

1.  

71



 
 

8

2019
5-9

2020
5.88 7.04 2020 4

2022
2 2022

2021 8.51 10.10
2022 11.01 12.36

2020 87.22% 75.60% 2022

2023 10.26
11.07 2020 74.39% 57.38%  

2019 2020
5.22-6.63 / 2020 9 5.22

/ 2022 7 12.68
/ 142.91%

(2023) 10 8.24 /
28.72% 5.50%

(5-7 / )  

 

72



 
 

1 2019 2020
6.26-8.45 / 2021 1

9.11 / 2021
5 10.29 / (2021)
9 2022 1

14.94 / 64%
117.15% (2023)

10 10.92 / 2019-2020
 

 

 

 

 

 

 

 

 
 

8  2019-2023  

2022 7
(2023) 7

17

 

73



 
 

( )

 

2.  

9
2019

11-13
2020

12.43 12.51 2020 4

2022 2

2021 16.82 16.00
2022 20.24 18.26

2020 45.98% 62.81% 2022

2023 19.18 17.83
2020 54.24% 42.53%  

2019 2020 11.61-13.11
/ 2020 7 12.15 /

2022 10 22.61 /
86.09%

2023 10 17.51 /

74



 
 

9.09% 2021 14.37%
(11-14 / )  

2 2019 2020
11.61-14.85 / 2020 6

11.61 /
2021 2 19.29 /

(2021) 7 2022 12
19.87 /

23.57% 33.80%
(2023) 6 16.47 / 10

17.51 / 2019-2020
 

2020
2022

2020 1-2 2-4

2023/24

7-8  

75



 
 

 

 

 

 

 

 

 

 
 

9  2019-2023  

( )  

 

1.  

2009
2008 58,040 2009

58,917
2013

2012 57,506 5.52% 2013
60,679 2017
77,853 2012 35.38%

2018

( )

 

76



 
 

4.5 ( 1.08 )
6

2019

2018-2021

73,092-76,431 2022
( )

2021 56
(

)

(
)

78,455 6.51%  

2009-2012 6,832 2013-2017
23.15% 72,322 2020-2022

76,183
5.34%

77



 
 

 

2.  

2009
(2008 )7,726 22.26%

9,446
2013

(2013) 8,350
2016 16,157

(
) 2017 15,171

2018
4.5

6
2018 14,562 12.07% 2021

16,319 2022
6

8.7-9.0
2022

2022

78



 
 

(2022)
25.18% 20,148

2009-2012
7,485 2008 3.12 2013-2019
14,018 87.28% 2020-2022

25.26% 17,560

 

8 9
29 7

120-135 1

 

3.  

258

79



 
 

2009 74
66.62% 123

2013

2013 471 2017
3,188 2018

6
2018

3,023 2021 3,378
2022

8.7-9.0
1.5

3
21.27% 4,102

26
2009-2012

93 2008 26.15% 2013-2019
2,085 2,139%

2020-2022 74.42% 3,637  

80



 
 

(2022)
1

5 ( )
1 1.9%

10% 1
 

10  2008-2022  

 
    

2008 58,040 7,726 74 
2009-2012 58,728 7,485 93 
2013-2019 72,322 14,018 2,085 
2020-2022 76,183 17,560 3,637 

 

 

 

( )  

2022 3 8
76.4 80.5

(2018-22) 38.3

81



 
 

2 43.2
46.9 21.9

2  

2022 473
275 2011

2019

 

( )  

(2022)

( 2022)
(2022) 3

(2023)

 

1.  

2012

82



 
 

(
)

2022 8.6
7.2

1 2022
2

30

 

2.  

2022 3,000

2023
2022 ( 1.2 )

6-8  

3. ( )  

( )
2021 12 10 2022

83



 
 

2
( ) 5 1

 

4.  

2022 2
7 2023 6 30

(2023)
5 15

112 7 1 12 31 6

100%(
2023)  

5. 
 

( ) 6

(2022
89%)

( )

84



 
 

( 2022a 2022b)  

6.  

2010

( )
(

)
 

7.  

2020

(2022) 2021 7
1 10

5

2021 12

( 2022)  

8.  

2022

85



 
 

42.98
2022 38.13

( )
 

9. 
 

2022

2.5
 

10.  

(1) ( )
 

( )

2022
( )

( ) 6
9

1.5 5 (
) 8.8

30 1

86



 
 

3-4
2.1%

6%

( 2022b)

46% 1.8
86% (

2022)  

(2) 
( )  

2022
(

)
( ( ) )

5.5-9.0 (2023)

( ( ) )
3-9 ( 2021 2022a)  

(3)  

2016

87



 
 

2022

( )
(

2022b)  

11.  

2022
6

 

( ) 
 

1.  

(1) 
 

( 2022)

88



 
 

( )

(
2023)  

(2) 
 

89



 
 

5% 8%

( 2023)  

(3)  

2

10

( 2023)  

(4)  

90



 
 

2023

 

(5)  

 

(6) 
 

91



 
 

 

2.  

(1) 
 

10

 

(2)  

92



 
 

 

 

455
264 719

141

 

2022 2

(2022)

(2023)
2022

93



 
 

2020
 

(2020-2023)
8.84 16.76 / 2013-2019

(6.79 14.16 / ) 30.19% 18.36%
(2020-2023) 16.76 /

2013-2019 (14.16 / ) 18.36%
18-31%

 

 

2007-08

( )

94



 
 

 

2023/24
(2023)
2023/24

 

( )
(Fed)

(2023)
10

( )

(IPCC) 2019
1981-2010

4.1%
4.5% 2050

5-30% (El Ni o)

95



 
 

2023/24 27.55% 26.41% 20.54%
53.96% 74.50%

2023/24
57.94% 28.38%

(Fed)
3 6-7

 

96



 
 

 

2,611,000   
112 1 1 12 31  

 

 

 

20

97



 
 

20 15 10

 

 

 

 

98



 
 

parent stock PS

 

10

Hy-line Lohmann white Bal-cock
DeKalb Booans Nick

Isa Hy-line Brown Hendrix
Neva

15~25  

17
97 5.21 17

1.24 17 110 17
5

99



 
 

Hen-day 50
146 24 36

93-94 66 80
80 70 60

240-250 80 345-361 110
472-482 60 96

80 94 26 38 56 84
54.9 60.1 62.0 63.5 18 80

20.2
egg mass 32 70

1.52 1.54
38 56 84 Haugh 
unit 91 88 86

24.6 24.7 24.7 18 80
91 21 60

1
1.82 80 1.86 21 60

1 12 1.29
80 1.35

 

17
97 5.62 17

1.40 50
142 25 36

100



 
 

95-96 70 80 80
70 60

249-257 80 348-358 110
465-475 60 97

80 94 26 32 70
58.5 61.6 64.4 18 80

21.7
egg mass 32 70

1.91 1.98
38 56 70

Haugh unit 90 84 81
18 80

107 20 60
1

2.02 80 2.07 20 60
1 12 1.49

80 1.55

 

 

 

101



 
 

500 300  

21
0 17 17

8 8
 

W36
 

 0 3
2977-3087 kcal/kg 20 1.0

0.50  

 3 6
2977-3087 kcal/kg 19 1.0

0.49  

 6 12
2977-3087 kcal/kg 18 1.0

0.47  

 12 15
2977-3131 kcal/kg 17 1.4

0.45  

 pre-lay 15 17
2911-2955 kcal/kg 17

2.5 0.48  

102



 
 

 

 5 -32
84 g 2844-2955 

kcal/kg 19.05 4.76
0.60  

 32 - 44 95 g
2844-2944 kcal/kg 16.32

4.42 0.51  

 44 - 58 95 g
2822-2922 kcal/kg 16.05

4.58 0.48  

 58 - 93 g
2800-2844 kcal/kg

16.13 4.84 0.43  

 

103



 
 

 

100

10-11 17
3

 

6

5%

CARBARYL
1-Naphthy1-N-methylcarbamateC12H11NO2

 

15 ~ 16  

104



 
 

2
1~1.5 9 11 10

12
10

10 105

 

 

 [ ]  
 

 
Lux  

1~3 [ ] 23 20~40 

4~7 [ ] 22 15~30 

8~14 [ ] 20 10~20 

15~21 [ ] 18 5~10 

22~28 [ ] 16 5~10 

29~35 [ ] 14 5~10 

36~42 [ ] 12 5~10 

43~105 [ ~ ] 10 5~10 

105



 
 

40 LUX

24 hr 1
12

 

1250~1300
1100~1150

2
1

1
50% 21 21 22

15~16

13 45
1

50% 21 21 22
15~16

15~16

106



 
 

15~16  

16 
4:00-20:00 8 3

11 20
1

2 30
45

 

10 Lux
1 Lux

 

107



 
 

 

30

14
30

8
5 7

10 15

1 4 5

6

108



 
 

50 10
80 10

10 5 70  

 

356.25
1,999.2 3,358.6

8,327,354,000
33,067 1,480
751 50.7 212

1613 827
51.3 236

293
18.16 945

58.59
266 16.49

94
9

2
4

1479 59
75

781 21 25 33,162
119,982 12

43.62 / 2.30
497,634 CAS Certified Agricultural 
Standards

109



 
 

23,700 4.76  

1504
93.2

91.7

700 1000

110



 
 

300 500

 

20

111



 
 

3
35

35 12 47 30

80
 

 

 

66
12 10

1 11

 

 

112



 
 

32-35

52-58

98 2
1 10-14

 

7000-17000

28
16

20 1
10

1

113



 
 

30  

5-6%

 

 

114



 
 

2.8-4.5 kg/cm2

 

 

 

20

20 15 10

6
 

115



 
 

2

 

1.25 2.00

14 30

116



 
 

 

H5N1

 

parent stock PS
grandparent 

stock GP

H5N1

 

 

 

 

117



 
 

 

H5N1

6

118



 
 

5
3

3 5

 

 

1. 11 2
 

2. 

 

3. 
 

4. 

119



 
 

5
;

3  

5. 5

PCR

 

6. PCR
 

7. 11 2

 

8.  

9.  

10. 

 

11. 
 

12. 
 

120



 
 

700 1000

 

 

30

121



 
 

040700
040899

 

 

30
 

122



 
 

 

 

 

123



 
 

 

H5N1

 

1. 

 

2. 

 

3. 

 

4. silo

124



 
 

 

5. 

1
1

 

6. 

1
 

7. 

 

8. 

 

9. 
 

 

125



 
 

 

 

28
16

20 1 10
2

30

126



 
 

line
Cofacts  

 

SOP

127



 
 

 

128



 
 

 

1,071,000   
112 1 1 12 31  

 

  

food self-sufficiency rate food 
security

10
local food

buy local
 

food 
system

 

food safety

 

Shokuiku

ABC Food and Agricultural 

129



 
 

Education
Food and Agricultural Literacy

Agricultural System
 

 

  

111.5.4 111.5.20
1

111.12.27 2  

 

( )  

1. 8 1
111.5.6  

2. ( )
5 2 111.8.12

 

3. 
5 2 111.9.26  

4. 
13 14 15 111.11.23  

5. 

130



 
 

11 111.12.9  

( )  

11
111 5

( )
10 14

22 111 11 Q
95.71%  

( )  

9
45

64

111 137,867 160
3,209  

( )  

16
( )

 

( )  

13 14 15 111
145 407 688

62,234
50,000

 

131



 
 

  

171
3 1 111 5

4 20  

1.

2.

2020  

2020  

ABC

2022  

132



 
 

:

:
2015  

2017  

education for sustainable 
development, ESD

2019  

2017  

1996 World Food Summit

133



 
 

World Health 
Organization WHO 1

food availability
2 . food access

3 food use
 

2008 2010 10
Niigata Japan

APEC Niigata Declaration on APEC Food 
Security APEC

1 distribution
2 needs

3 .
globalization

2012   

2018

global food security index GFSI

 

 

134



 
 

 

1945
20,000

1984
3,000 5,000 25 /

2.5
1990

2017  

1997 World Trade 
Organization WTO

1,982 684
4,700 1,400

1999 162
352

100 100-300  

2013 470
1,000 2016

2019 3,405

 

 

2016 -

135



 
 

2016 115 2018 475
2016 89

2018 283
2017 2018

24,000-29,000
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( )

 

( ) 5 6

 

( ) 11 ( )

( ) Q  

 

( )  

( )  
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( )  

( )  

Food Citizen
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1,673,000   
112 1 1 12 31  

 

 

30
 30

100

30

 

 

? 
 

139



 
 

( : )  

( )  

 

( )  

 

( )  

 

 

( )   

-

 

( )   

(
)

140



 
 

 

( )  

(
)
 

( )  

 

 

130
(

)

 

24 17
: 845 (

) 2,898 (
) 3,743 : 241 (

) 951 (
) 1,192  

141



 
 

6
 (

)  

(
)

 

 

 

( )
110

 

( )  

(1 )

142



 
 

8%

4:6  

6
36%

2/3
1/3

73%  

6
 

1.  

26%

5% 4%

0.4%  

2.  

143



 
 

1.8%

8%  

3.  

/
/ /

18%

13%

4% /
0.7%  

4.  

/ /
/ 3%

1.5% /

1.1%  

5.  

144



 
 

2.5%

1.6%

 

6.  

3.8% 2%
1%  

( ) 30  

81 (90 ) 110
(125 ) 4
( / ) 81 28.97kg/
110 52.4kg/ 81

( ) 40% 110 31%

 

/

 

145



 
 

 

1. 1.4% 

1.4%  

2. 2.2% 

( )
 

3.  

 

4. ( : ) 18.4% 8.4% 

(1)
3

 

(2)30
 

(3)
 

146



 
 

(4) ( ) -
 

5. 8% 4.4%
: 

(1) 30

 

(2)
 

(3)
 

(4)
 

(5)

 

(6)

 

30

 

 

147



 
 

30% 53% 10% 7%

50%
37% 13%

 

 30 36%
2/3

1/3 26.4%
(Baked food -Breads  26.4%)
18.1 (Noodles- raw, dumpling 18.1%)  

 
72.6% (Staple foods-breads, 

frozen dough, steam bun, noodles and frozen dumpling 
72.6%)  

30
1990

20

  

148



 
 

36% 36%
10% 8% 4% 6%

26.4% 18.1%
-

72.6%  

80
25% 30% 8%

18% 4% 3% 8% 4%  

( )

 

81 (90 ) 110
(125 ) 4

( / ) 81 28.97kg/ 110
52.4kg/ 81 ( )

40% 110 31%
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 :  

150
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 152



 
 

 

630,000   
112 1 1 12 31  

 

 

 

 

 

( )  

2023
1 2

60
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3
4

5
6

7 9

10
11

12

 

 

 

 

 

 

 

 

 

 
 

 ( )  

2023
1 2

60 3
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5

6
7 9

10

11 12
 

 

 

( )  

2023
1 2

3 4
5 6

7
8

9
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10 11 12
 

 

 

 

 

 

 

 

( )  

2023
1 2

3 5

6 7

8

9
10
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12

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( )  

1
2
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3 4
5

6

8
9

10 11
12
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( )  

 

21 26
40.25 52.5

 

 

 

 

 

 

 

 

( )  
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21 26
36.3 44.9

 

 

 

 

 

 

 

 

( )    

 

20.5 23
35.1 46.5
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( )  

 

27.5 35
42.4 75

 
 

 

 

 

 

 

161



 
 

( )  

A B C E

 

27.5
35 49.8
89.5

 

 

 

 

 

 

 

 

2023

162



 
 

 

 

163



 
 

 

703,000   
112 1 1 12 31  

 

 

ATTD
36 8.14  0.65 6

6

Noblet (1994)
10 5

2.5
Homo

Hetero 90
42

ATTD
1.9 6.8 6.3

P 0.05
P 0.10

P 0.05

164



 
 

ATTD P
0.05

ATTD

 

 

 

 

 

36 8.14 0.65 21
6

1 6 10
1.80 0.60m

1 29 1 1.5

2 18 1
10

2.5 106 kcal [ME] 
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0.75 08 00 16 00
 

 

DSMZ8862 DSMZ8866
BIO-SIL, Dr. Pieper Technology and Product 

Development Ltd, Wuthenow, Germany)
27 6 105

55
90 90

Table 1
-20
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1.  

16 10
6

DE ME
3

11 16 -20
10 ml 6N

N
11 16 5

-20  

2.  

60 3

 

3.  

DM
GE CP EE

NDF ADF  

NSP P Ca  

DM GE N Ca P  

GE N  

DM(method 934.01) EE(method 920.39A)
(942.05) Association of Official Analytical 

Chemists (AOAC, 2006) N

167



 
 

(model CNC-2000; Leco 
Corporation, method 984.13A-D)

N 6.25 (Parr 
Instrument Co., Moline, IL)

 

AOAC (2006)
ICP-MS (Varian Inc., Palo Alto, CA) Ca

NDF ADF Goering 
and van Soest (1970) -

ADF NDF
Ankom 200 (Ankom Technology, 
Fairport,NY) (Megazyme Total Starch 
assay kit;Megazyme International Ltd, Wicklow, Ireland)

 

NSP Englyst and 
Cummings (1988)

Ellis et al. 1977
28.2  (Tran and Sauvant, 2004)

GE
0.5 100 24 2 ml

50 24
DM

GE (Parr Instrument 
Co., Moline, IL) GE
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ATTD
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 NE DE  ME /  EE
CP  ADF /  SAS  

MIXED  9.4 SAS Inst. Inc. Cary NC
1

 

1) 2) 3) 
 4)  
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-
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NRC 2012 Table 
2

DM GE

 DM 
 GE  100 kcal/kg

 CP 
 GE 

 3.7  4.2 kcal/kg  GE  
4.6 kcal/kg  CP 

N x 6.25
 N 

(Owens et al., 1999)  
NDF  42%

 52%  DM
GE CP EE NDF  ADF

NSP 
 13%  8%

 NSP DM
 13%  NSP 
(Koo et al., 2018)

 Skrede
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(2001)
 9.0 %  14 %

 P  27 %  
25 %  DM (2007)

 9.73 
 0.51 mmol/kg  

 

P < 0.05 DM N Ca P  GE 
 3

 
DM GE  P ATTD

DM N GE EE P  AA 

Lyberg et al., 
2006 Bedford and 
Schulze, 1998

- -
-

 pH 4 (Brejnholt 
et al., 2011)  Lactobacillusinoculum 

(Pieper et al., 2011)

 pH  (Canibe and Jensen, 
2003)

 (Humer et al., 2014)
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 CP  
 Hackl 2010

Pieper 2011

- -
 

 

 

 

 

 

 

 

 

 

 

 

 N  P  ATTD 
P < 0.05 Kraler (2014)
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 CO2 CO CH4  H2  
(Monteny et al., 2006)

 (Mackenzie et al., 2016)  

 DE (P < 0.05)
 GE Table 4

 ME  NE 
 GE  ATTD 

P < 0.05  
DE 

 (P < 0.05) ME  NE  (P 
< 0.10)

 ME:DE P < 0.10  
ME:DE P < 0.05

N P < 
0.10

 (Hou 
et al., 2015)  (Le et al., 2016)

 (P < 0.05) ME:NE  (P 
< 0.10) ME:NE 

 CP  
EE van Milgen  (2001) 

 ME  0.84  0.88
0.42  
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(P < 0.05)  
 (P < 0.05) DM

DE NE (P < 0.05) ME (P < 0.10)
DE

(Koo et al., 2018)

 (Holzer et al., 2003; 
Wang et al., 2014)  
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(Noblet and Perez, 1993)

(Agyekum and Nyachoti, 2017)
NDF ADF NSP

17% 14% 13%
NDF ADF

DM N
GE  DE ATTD P < 
0.05 Lynch (2007)

DM N GE ATTD

+

(Skrede et al., 2001; J rgensen et al., 2010)  

 

ATTD
DM
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826,000   
112 1 1 12 31  

 

 

10

 

 
( )

  

( )
 

( )  

( )
 

( )  

( )  

177



 
 

 

( )  

178



 
 

( )  

 

179



 
 

( )  

 

180



 
 

 

( )  

2024

29.75
32.30  

( )  

 
88 55  

 

2024 2.4
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2350 1720  

 

1.  

600 380

11.70 7.20
 

2.  

1520
1080

21.50 15.30
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( )      

( )     
 

( )  

( )  

50

20
40

30 10
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30

30 7.5
10

30
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2,778,000   
112 1 1 12 31  

 

 

2021 9 Ida

2021
1947

WMO
1

2100 3-5
1
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1995
(The United Nations 

Framework Convention on Climate Change, UNFCCC)
(Conference of the 

Parties,COP1)
2021

(COP26)
1997 (Kyoto Protocol) 2015
(Accord de Paris) 2021

(Glasgow Climate Pact) 2015
(Sustainable Development Goals, SDGs) 

17 169 230
( 2)
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UNFCCC

2050

 

 

(UNFCCC)( 3)
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Montreal Protocol  

1987
9 16 26

1989 1 1
CFCs

Halons Carbon 
tetrachloride, CCl4 Methyl chloroform, 
CH3CCl3

6

 
Convention on Biological Diversity, 

CBD  
( 4) 1992 6 5

1999
2010
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( )
 

 

 

 

 

 

 
 

Kyoto Protocol  
1997 12 11

2005
2012 5.2%

8% 6%
 

Stockholm Convention  
2001 5 22

( 5)

2025 2028

2009 5 8
9
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Paris Agreement  
2015 12 12

2 C
1.5 C

 
Glasgow Climate Agreement  

2021 11 26
COP26

2030
1.5 C

 (
)

( )
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Orsted
Iberdrola 100

2035 100  

191



 
 

 

( ) ( )

 
 

 
 

6 2021

 

 

 

192



 
 

 

 

 

 

 

 
6. 2021  

 

ESG

2023

( 7)
 

 

 

 

 

 

 

7. 2.0  

193



 
 

 

 
 

24%

8  

 

 

194



 
 

 

 

 

 

 

 
8.  

18%

Organic Valley 2022
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( )  

 

(Asahi)

20%
 

 

Kewpie
GREEN 

KEWPIE

9  
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9. GREEN KEWPIE  

 

( )  

Do Good Foods
Michael Foods 2023

Do Good Eggs
Do Good Foods

1,000
 (CO2e)  

Berry
(PET)

( 10)
1 PET

10%  
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10.  

 

(MARS, Inc.) Berry Danimer 
Scientific

Berry 15%
10g

300 Danimer Scientific

2025 100%
 

Ingredion HowGood
50

(Clean 
Label) Ingredion 2025

99% 100%
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(Tazo)

2023
60%~80%
2026 2029

 

( )  

Arla Foods Arla
Arla CARE

5 Arla UK 360

 

(PepsiCo Inc)
(Walkers) CCm CCm

CCm 70%
2030 Carbon Negative

 

2023 10 1

199



 
 

250 Walkers

40%
465  

( )  

(Friesland Campina)
4 Friesland Campina

2025 14% (
2019 )

2050  

Arla Foods
Danish Crown

DFDS DSV
2030

 

( )  

1
(Fonterra Co-operative Group Limited) (Nestle)

5
Dairy Trust Taranaki

2027 30%

200



 
 

50
 

( )  

MIGROS
CoffeeB

Nespresso
2023

(The 
Kraft Heinz Company )

Bumble Bee 100%
(Diageo)

 Johnnie Walker 100%
( 11) The 

Singleton Smirnoff Baileys
Guinness 5%  

 

 

 

 

 

 

11. Johnnie Walker 100%  
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( )  

2015

2 C 1.5 26
COP26 2030

1.5 C
2030 45%( 2010 )

2050 2022 3
 2050 12

2023 1
112-115

202



 
 

 

2050
4 1. 2.

3. 4. 12  
 

 

 

 

 

 

 

 

 
12. 2050 4  

12 1.
2. 3. ( ) 4.

5. 6. 7.
8. 9. 10.

11. 12. 13  
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13. 2050 12  

( )  

5+2

(107 109

1. 2. 
3. 4. 14  
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14.  

 

( )  

 

 

1.  

2022 10
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74
384 CO2

 

2.  

 

(
) ( 15)

 

 

 

 

 

 

 
15.  

 

206



 
 

3.  

 

 

 

1995
(COP1)

 

2020 2022 47.17 2017
2019 0.1%

21% 19% 11%
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16%

 

16  

 

 

 

 

 

 
16.  

5 1. 
2. 3. 

4. 5. 

 

66% 3%

208



 
 

6% 5% 20%

 

2050
 

 Food Next
CSRone

2021 29

29
 

( 17)
ISO 14064-1

( 2027 )
ISO 50001
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17.  

 

 

130
2050 16

210
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961,000   
112 1 1 12 31  

 

 

 

2 2024 2023

2024
 2024

2024
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( )  

-

15% 1.5
4000

16% 60%

 

2021 70573 2022
42134  

( )  

Food and Agriculture Organization
24%

10% 34%  

breadbasket of Europe

40%

2021
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2022
14.5%

2020 7

 

 

( )  

(GDP 
growthrate)

 

( )  

 

( )  

34%
15%

2012
1.3%

 
 

214



 
 

( )  

2023

 

( )  

 

8.2~8.1
1

 

 
2024

215



 
 

2024

2023  
- 2021

1.112
34% 15%

(stagflation)  
-

7-9

 

:
2023

216



 
 

4  

12
1

13% 15%
 

2023
2.8884 4% 2023 12
37

 

 

2023

217



 
 

2024  

 

SAF
1.25 1.75 /

3
GREET SAF

50% 2022
8000 1.6 2024

4.9 950
SAF

GREET
2016

150 160 2024

GREET  
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Unem 2030
100 172,320 /
20% 4 2023/24

60 37%  

 

SWIFT

--
2023 7 1

 

16 2011 11
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200

2023

 

 

CRP

 

  

 

220



 
 

90

2023

2024
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2023  

70,000   
112 1 1 12 31  

 

  

2023

1 2 23 1,498
4,118 /

 

33 2 4
23

1.200 1,000 , 30

30000 ,
 

, ,

222



 
 

,

 

 

2023

FoodTaipei
700
YouTuber -Lukas Amy

2023

22 77

223



 
 

 

 

6 13  

12:00
DM

 

6 14  

9:30

1
60   

6 15  

DM

75  

6 16  

9:30

90
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6 17  

3

300
130

60  

  

22 22  

450  

3,000 300  

240 240  

2,400  

 

1 1
1 4

2 1 2 4
2 1

1
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704,251   
112 4 1 12 31  
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1. 
 

2. 
 

3.  

4.  

5.  

 

1.  

2.  

3.  
   

228



 
 229



 
 

                               

 

 

 

 

 

 
1000  
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1000  
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647,234   
112 4 1 12 31  

 

 

 
2006 IPCC 

2006 IPCC 
 

 

 
 

 

 

United 
Nations Framework Convention on Climate Change, 
UNFCCC Kyoto Protocol

 
Annual National Inventory Report

UNFCCC    

232



 
 

 

2014 11
2014

 

 
 (Intergovernmental Panel 

on Climate Change, IPCC)  2006 
 1 (2006 IPCC Guidelines for National 

Greenhouse Gases Inventories  2006 IPCC )
 3.A

3.B  3.C 3.D
3.E 3.F 3.G
3.H

(Global Warming 
Potential, GWP)  25  298

(  ) (  )
 2006 

IPCC 
 (  

5.2.1)
 2006 IPCC  2

 2006 IPCC  
3  2006 IPCC  1  
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 5.2.1  

(Gg/ ) i (EFi  
 10-6) EFi = 

 Gg=109  

 

1998 
 2001 

 

  2006 IPCC 
  IPCC 

 5%  

 1
( )  

 
 1  
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1  
   (EF)   

  
(%) 

(Cattle) 

a,d 
(Dairy Cows) 

125.1 / / 3 IPCC 
68 

±30.0 

b,d 
(Other cattle) 

64.3 IPCC 
47 

±30.0 

(Bu  alo)c 55.0 / / IPCCf  ±30.0 

(Goats)c 5.0 / / IPCCf  ±30.0 

(Swine)c 1.5 / / IPCCf  ±30.0 

 e  1.587×10-5 / / 4  ±12.1 

(Poultry) 
e 

e 
e 

8.482×10-5 

1.061×10-2 

1.500×10-3 

/ /

/ / 

/ /

4 
5 
6 

IPCC ±12.0 

±37.3 

±27.7 

 e  2.071×10-3 / / 7  ±21.7 

IPCC(2006)
1.5

0.6%

Le Goff 2002

INRA-AFZ 2004 Noblet  (1994)
Jorgensen (1996) Olesen Jorgensen(2001) Le Goff

(2002a,b) Ramonet (2000) Galassi (2004, 
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2005) Jorgensen, (2007) Jorgensen (2007) Serena
(2008) 

(1) (2) 

300 (dRes)
 3.6

300 (dRes)
6.3  

E - CH4,pig 0.012  digestible residues (dRes) (R2 0.77) (1) 

E - CH4,sow 0.021  digestible residues (dRes)  (R2  0.90) (2) 

 (E-CH4,pig/sow, in g CH4 day 1) from dRes intakes (g day 1) 

Vermorel 2008 20
20

0.8 2.4 8.2  IPCC 2006
1 ( 4.1 ) Dämmgen

2012 0.9 2.5 6.1
IPCC 2006 1

( 4.1 )Jørgensen (2011)
 

 
 0.13 / (GE)

0.1%  
(GE) 0.2% 0.5%

3.4 /  IPCC 2006 (
0.6%) Jørgensen (2011)
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0.6% 2.7%
 0.6%

 ICPP(2006)
( 0.6%)  

2015

2006 IPCC 
(

 2015)  2015 12
( )  

2015

103

3.04
1.11

2022
2006 IPCC 

1.5 

53.74
 

2006 
IPCC 

2006 IPCC 
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( )  

IPCC(2006)
1.5

0.6%

 

 
 

 
  

( )  

1.  

(1).  

(2).  
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2. /  

(1). 112  ( )  

i.  

ii. 

 

(2). 113  

i. 

 

ii. 

 

(3). 114  

i. 

 

ii. 

 

( )  

1.  

(Boisen and Fern ndez, 
1997; Bindelle et al., 2007)

239



 
 

 

 

2.  

5
 

5
5 5 5

5  
5 125

 

 

( )  

1.  

 NRC(2012)
 

(1) 14% (2) 18%
(3) 20% (4)

16% (5) 15%

240



 
 

2
3  

2.  

(Boisen and Fern ndez, 
1997; Bindelle et al., 2007)

 

 

IVID  Boisen and Fern ndez 
1995  IVTTD Boisen and Fern ndez 1997 

IVID 1g 
100 mL 25 mL 

241



 
 

0.1 M pH 6.0  10 mL HCl 0.2 M pH 0.7
1 M HCl NaOH  

pH 2.0  1 mL 
10 mg/mL 250 /mg P7000

, Sigma-Aldrich, St. Louis, MO, USA) 
 39 C 

6  

IVTTD 

IVID IVTTD 0.5 g
25 100 mg/mL

 2 4 IVTTD
10 mL 0.2 M EDTA

30%  1 M NaOH pH
4.8 30mL  

14

5 x 10 cm 50 
m Ankom Technology Corp., Macedon, NY

 Menke and Steingass  1988
 0.05 g 

/mL Bindelle et. al. 2007) 30mL

 39 C 18 
 IVID 

4  
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2  

CNS 2770-3 75 8 4 
0.01% 

(g/100g)
~100.00 

%(g/100g) 
CNS 2770-9 75 8 4 

0.01 
%(g/100g) (g/ 100mL)

~100.00 % 
(g/100g or mL) 

CNS 2770-4 75 8 4 
0.01 

%(g/100g) (g/ 100mL)
~100.00 % 

(g/100g or mL) 
CNS 2770-5 75 8 4 

0.01 
%(g/100g) (g/ 100mL)

~99.9 
% (g/100g or mL) 

- (
: B-7.2-02-49a) 1.

2. 107 3 31 
1071300530 

%(g/100g) (g/ 100mL): 
100%(g/100g) (g/100 mL)– ( + + 

+ ) %(g/100g) (g/ 100mL)

— 

- (
: B-7.2-02-48a) 1.

2. 107 3 31 
1071300530 

(Kcal/100g): (4× (%)) 
+ 
(9× (%)) + (4× (%))

— 

- (
B-7.2-02-29a) CNS 2770-8

75 8 4 0.01 
%(g/100g) (g/ 100mL)

~60.00 % 
(g/100g or mL) 
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3  
 

 % % % % % Kcal/kg % 

10.66 4.12 4.95 14.47 65.8 3656 1.8 

10.67 5.33 5.22 18.49 60.29 3621 2.51 

10.62 5.56 5.00 20.41 58.41 3603 2.51 

10.53 2.38 5.73 16.25 65.11 3770 1.95 

10.54 4.74 5.33 15.29 64.1 3655 1.77 

4  
 DE/GE 

  %  

30 0.89 0.82 

30 0.84 0.78 

30 0.87 0.85 

30 0.82 0.81 

30 0.81 0.78 

( )  

1.  

(1) (2) (3)
(4) (5)
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 2  5 
 6  

5  
 

 % % % % % Kcal/k
g 

% 

10.66 6.22 3.74 14.86 64.52 3512 3.19 

10.14 5.59 6.57 18.27 59.43 3699 2.39 

9.45 6.38 7.71 19.33 57.13 3752 2.59 

9.84 5.38 7.05 17.30 60.43 3744 2.94 

9.89 5.17 7.16 17.01 60.77 3756 2.76 

 

6  
 

 % % % % % Kcal/kg % 

10.38 4.58 4.37 14.76 65.91 3620 2.04 

9.87 5.35 6.29 18.45 60.04 3706 2.69 

9.56 5.89 6.19 19.82 58.54 3692 2.25 

10 5.02 5.81 16.83 62.34 3690 2.14 

10.04 4.62 5.73 16.37 63.24 3700 1.97 

2.  

IVTTD 

IVID IVTTD
0.5 g 
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25 100 mg/mL  2 
 4 IVTTD 10 mL 0.2 

M EDTA 30%
 1 M NaOH pH 4.8 30mL

 
14

5 x 10 cm 50 m Ankom 
Technology Corp., Macedon, NY

Menke and 
Steingass 1988

 0.05 g /mL Bindelle 
et. al. 2007) 30mL

 39 C 
18 

 IVID 
7 8  

7  
 DE/GE 

  %  

30 0.76 0.73 

30 0.74 0.74 

30 0.81 0.8 

30 0.78 0.72 

30 0.72 0.72 
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8  
 DE/GE 

  %  

30 0.78 0.75 

30 0.76 0.74 

30 0.79 0.79 

30 0.74 0.72 

30 0.74 0.72 

 

IVTTD 72%
81%

IVTTD 81%
89%

IVID

IVID IVTTD
18

IVID
14%  

 

( ) 

 

( )  72~89%  79%  

( )  72~85%  
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76.5%  

( ) 
 

( ) 
 

( ) 
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800,000   
111 4 1 12 15  
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HACCP
ISO22000 

 

 

 

 

ESG
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5 5  

1.  

 

1

 

2   
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3  

4  

 

5  
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2.  

6

7
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1.  
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2.  

1  

3.  
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4.  
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16  
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17  

5. 1  

18 1  

 

 

 

1  

1. :ESG  

2. :12  

3.  
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2  

400  

3  
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( )  

 

1.  

 

2.  

 

3.  

GPS

 

4.  
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5.  

 

6.  

 

7.  

 

8.  

 

9.  

 

( )  
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1.  

 

2.  

 

3.  

 

4.  

 

5.  

 

6.  

 

7.  
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8.  

 

9.  

 

10.  

 

( )  

1. 1  

 

 

2. 2  
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3. 3  

 

 

4. 4  

 

 

5. 5  

 

 

( )  
     

 

1.  
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2.  

 

3.  

 

4.  

 

 

( )  

1.

 
2.
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( )  

1.

 
2.

 

( )  

1.
 

2.
 

( )  

1.
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( )  

1.  
2.

 

( )  

1.  
2.
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( )  

1.  
2.

 

( )  

1.  
2.

 

( )  

1.  
2.

 

( )  

1.  
2.
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1,000,000  
112 4 1 112 12 31  

 

 

( )  
1. 

 
2. 

(
)

( )  

1. 112 (
) 17,000 8 5

 

2. ( )
50% 30

(
)
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( )
 

( )  

50% 1 30  

( )  

1. 
 

2. 
 

3. 
 

4. 
( )

 

5. 

 

 

 
10 37 850,000

 

( )  

1.  
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(1) C1  

(2) C2  

(3) C4  

(4) C5  

(5) C6  

(6) C7  

2.  

(1) ( ) 

(2)  

(3) (2.4 *2.4 ) 

(4)  

(5)  

(6)  

3.  

(1)  

(2)  

(3)  

(4)  

4.  

(1)  

(2)  

5.  

(1)  FK250 20
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(3.0t) 

6.  

(1) 10"  

(2) 10"  

(3)  

7.  

(1)  

(2)  

(3)  

(4) 14"  

(5)  

(6) 7.5HP  

(7)  

8.  

(1)  

(2)  

(3) 7.5HP  

(4) 7.5HP  

(5)  

9.  

(1) 
 

10.  
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(1)  

(2)  

( ) 112 1-12
: 

1  

 
 

112
  

 
 ( ) 
(A=B+C+D) 

( ) 
(B) 

( ) 
(C) 

( ) 
(D) 

   

 

 1 127.0000 40.0000 12.2100 74.7900 
112  6

 

1  48.0000 24.0000 9.7680 14.2320 
112  8

 

1  83.5800 40.0000 12.2100 31.3700 
112  11

 

1  89.9000 45.8000 12.2100 31.8900 
112  8

 

1  93.8000 71.2720 9.1690 13.3590 
112  11

 

1  63.0000 39.9150 8.7910 14.2940 
112  11

 

1  45.9900 36.7920 3.7440 5.4540 
112  11

 

1  19.0000 9.5000 3.8670 5.6330 
111  7

 

1  9.6180 7.6000 0.8210 1.1970 
112  11

 

1  390.0000 285.9838 12.2100 91.8062 
112  11

 

10  969.8880 600.8628 85.0000 284.0252  

( ) 50%

( ) : 

1.  

2.  
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112 ( ) 
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1,000,000   
112 7 15 112 12 31  

 

 

 

 ( )

110
1856.1

633
34.1% 279.6

44.18%
 ( 60-75%)

289



 
 

110

5,092 109 4,666 9.13% (
1.05) 110

110
109

110
449.7 261.8  (

)
142,537  ( ) 4,194  ( )
3.1698% ( ) 0.1698% ( )

 

2004
500 200

2006
2019

2004 2014

2006
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2020 2022

 

 (okara) 

 (70-80%)
 (35-55%)

42 

 
(30%)  (10-11%)  (  
56%)
Motawe  (2012) 75%

Diaz-Vargas  (2016) 10%

 
(non-starch polysaccharide)  (galactan)

 (glucan)  (araboxylan)  (xylan)
 (mannan)  

291



 
 

(anti-nutrition factors)  (soybean 
oligosaccharides)  (trypsin inhibitor) 

 (soybean globulins) 

 

 
(non-starch polysaccharide enzyme)

Saleh  (2018) 

Ravn  (2018) 
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(Bacillus subtilis) 

 (
)  (soybean allergens)

IgG

 (Lactobacillus acidophilus, Lactobacillus 
delbrueckii, Lactobacillus salivarius)  (Clostridium 
butyricum) 

 ( )

pH

 (bile salt hydrolase)

pH
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 (rice bran) 
10%

 (pericarp)  (seed coat)  (nucleus)
 (aleurone layer)  (germ) 

 (sub-aleurone layer)
10

11-14% 13-16% 33-50%
8-10% 8-12% 14-21%

 (rice bran oil) 90-96%
 ( 68-71% 2-3%

5-6% 2-3% 2-3% 5-7%
3-4% ) 4%  (

gamma oryzanol)

90%
 (steryl ferulates)

 (cellulose)  
(hemicellulose)  (phytic acid)

 (polyphenol)  (tannin)
 (oxalate)  
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 (solid-state fermentation) 

 
(Geotrichum candidum, Yarrowia lipolytica, Debaryomyces 
hansenii, Kluyveromyces lactis)
(Saccharomyces cerevisiae, Lanchancea thermotolerans, 
Metschnikowia pulcherrima, Pichia kluyveri, Torulaspora 
delbreuckii, Williopsis saturnus)

 (Bacillus subtilis) 

 ( 11-14% )

 

 
(Lactobacillus acidophilus, Lactobacillus delbrueckii, 
Lactobacillus salivarius)  (Clostridium 
butyricum)
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 (fermented okara and rice bran, 
FOR)  

  

 

1.  

 (L. delbrueckii BCRC 10696)
 (L. salivarius BCRC 12574)  (L. 

acidophilus BCRC 10695) 
-80

70%
100 L 4 mL MRS (de Man, Rogosa, 

and Sharpe broth) 
150 rpm 24

 

2.  

5% (v/w)  (L. 
acidophilus L. delbrueckii L. salivarius)

1 × 108 CFU/mL
4 × 4

 (45% 50% 55%
60%)  (0 48 60 72
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) 37°C

 

3.  

 (spread plate method) 
1 g 9 mL NaCl (0.85%) 

30
100 L MRS agar

37 24
 (CFU/g)  

4.  

DNS (dinitrosalicylic acid) 
 (1 g) 50 mL 50 C 30

DNS  (1:1)  (100
) 10 (540 nm) 

 (1 mg/mL) 
 

5.  

 (high performance 
liquid chromatography, HPLC) 5 g

60 mL  (0.01 mol/L
pH=2.3) 50 C 20

100 mL
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0.22 m HPLC HPLC
C18  ( 5 m 4.6 m 25 cm)

0.01 mol/L  (pH 2.3)
1.0 mL/min 210 nm 206 nm

 

6.  

 (SDS-PAGE) 
 (1:10, w/v) 

30 pH 9 60°C
30 14,000 ×g 30

pH 4.5 14,000 ×g 30

pH7 BSA sample 
buffer (1 M Tris-HCl, pH 6.8 50% (v/v) glycerol 10% 
SDS 1% BPB  2-ME) 100 C

10 SDS-PAGE
SDS-PAGE 40% acrylamide/bis

1.5 M Tris-buffer (pH 8.8) 10% SDS 10% APS  
TEMED Coomassie 
Brilliant Blue R-250

-conglycinin subunit  
(57~72 KDa) -conglycinin subunit  (57~68 
KDa) -conglycinin subunit  (45~52 KDa)
Glycinin acid (38 KDa) Glycinin base (20 KDa)  
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7.  

 

8.  

ZymoBIOMICS DNA Miniprep Kit
DNA

16S rRNA
 ( )

(operational taxonomic unit, OTU) 
16S rRNA QIIME 2

 (GitHub)  

9.  

100 L 400 L  (
=2 2 1 (v/v) 1 g/mL)

30 35 Hz 4
5 2-3 -20 1
4°C 12,000 rpm 25

Agilent 1290 (Agilent Technologies) 

 (MS/MS) 
MetaboAnalyst 6.0
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10.  

Statistical Analysis System 9.0 
(2005) ANOVA

 (Duncan s New 
Multiple Range Test) 

  (Mean  SEM) 
P < 0.05  

 

1.  

112  (Arbor 
Acres)

 
(NRC, 1994)

 (1)  (control, CTRL) (2) 1.25%
 (FOR1.25) (3) 2.5%

 (FOR2.5) (4) 5%
 (FOR5.0) 7  ( ) 4

35  ( 1-14
15-35 ) 1 ( ) 2 

( ) 2-3

4 14  (Newcastle 
disease, ND)  (Infectious 
bronchitis, IB) 

21

300



 
 

35
35

 

1  ( ) 
Ingredient% CTRL FOR1.25 FOR2.5 FOR5.0 

 Corn, yellow 47.0 46.4 46.0 44.0 

 Soybean meal 34.96% CP 44.2 43.6 43.0 42.0 

 Fish meal 5.0 5.0 5.0 5.0 

 Fermented okara and rice bran 0.0 1.25 2.5 5.0 

 CaCO3, 38% 2.0 2.0 2.0 2.0 

 CaHPO4 1.0 1.0 1.0 1.0 

 Salt 0.4 0.4 0.4 0.4 

 Vitamin premix1 0.1 0.1 0.1 0.1 

 Mineral premix2 0.1 0.1 0.1 0.1 

 Methionine 99.5% 0.2 0.2 0.2 0.2 

Calculated composition     

 Crude protein% 21.85 21.79 21.73 21.62 

 ME, kcal/kg 3361.96 3338.40 3314.02 3265.28 

 Fat% 10.27 10.32 10.36 10.45 

 Ca% 0.42 0.42 0.43 0.44 

 p% 0.48 0.5 0.51 0.54 

 Essential amino acid (EAA)     

 THR 0.82 0.82 0.82 0.81 

 VAL 1.29 1.29 1.29 1.28 

 MET  0.31 0.31 0.31 0.31 

 ILE  1.03 1.03 1.03 1.02 
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 LEU 1.94 1.93 1.92 1.91 

 PHE 1.08 1.08 1.08 1.08 

 LYS 1.46 1.46 1.45 1.44 

 HIS 0.55 0.55 0.55 0.55 

 ARG 1.48 1.48 1.47 1.47 

 Indispensable amino acid (IAA)     

 ASP 2.32 2.31 2.31 2.3 

 SER 0.92 0.92 0.92 0.91 

 GLU 3.75 3.73 3.72 3.68 

 PRO 1.24 1.23 1.23 1.22 

 GLY 1.06 1.06 1.06 1.06 

 ALA 1.11 1.11 1.11 1.11 

 CYS 0.18 0.17 0.17 0.17 

 TYR 0.66 0.66 0.66 0.65 

 Total aminol acid 21.2 21.14 21.08 20.96 

 

2  ( ) 
Ingredient% CTRL FOR1.25 FOR2.5 FOR5.0 
 Corn, yellow 58.4 57.6 56.9 55.3 
 Soybean meal 34.96% CP 33.8 33.3 32.8 31.9 
 Fish meal 4.0 4.0 4.0 4.0 
 Fermented okara and rice bran 0.0 1.25 2.5 5.0 
 CaCO3, 38% 2.0 2.0 2.0 2.0 
 CaHPO4 1.0 1.0 1.0 1.0 
 Salt 0.4 0.4 0.4 0.4 
 Vitamin premix1 0.1 0.1 0.1 0.1 
 Mineral premix2 0.1 0.1 0.1 0.1 
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 Methionine 99.5% 0.2 0.2 0.2 0.2 

Calculated composition     

 Crude protein% 18.36 18.34 18.33 18.3 

 ME, kcal/kg 3345.6 3321.18 3297 3248.78 
 Fat% 8.66 8.72 8.79 8.92 
 Ca% 0.33 0.34 0.34 0.35 
 p% 0.43 0.44 0.45 0.48 

 Essential amino acid (EAA)     

 THR 0.68 0.68 0.68 0.68 

 VAL 1.07 1.07 1.07 1.07 

 MET  0.26 0.26 0.26 0.26 

 ILE  0.84 0.84 0.84 0.83 

 LEU 1.66 1.66 1.65 1.64 

 PHE 0.91 0.9 0.9 0.9 

 LYS 1.17 1.17 1.16 1.16 

 HIS 0.46 0.46 0.46 0.46 

 ARG 1.21 1.21 1.22 1.22 

 Indispensable amino acid (IAA)     

 ASP 1.88 1.89 1.89 1.89 

 SER 0.77 0.77 0.77 0.77 

 GLU 3.17 3.16 3.15 3.13 

 PRO 1.09 1.09 1.08 1.07 

 GLY 0.87 0.87 0.88 0.88 

 ALA 0.96 0.96 0.96 0.97 

 CYS 0.14 0.14 0.14 0.14 

 TYR 0.55 0.55 0.55 0.55 

 Total aminol acid 17.7 17.68 17.66 17.63 
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2.  

(average daily gain)  
(average daily feed intake)  (feed 
conversion rate FCR)  

3.  

21 35

 

4.  

21 35

 

5.  

35 2

10% 15 mL
H&E

/
 

6.  

35 2
( ) 8 DNA
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7.  

( ) 9
 

8.  

Statistical Analysis System 9.0 (2005) 
ANOVA

 (Duncan s New Multiple 
Range Test)  

 (Mean  SEM) 
P < 0.05  

  

 

1. 
 

 (L. acidophilus)  (L. 
delbrueckii)  (L. salivarius)

 (VemoZyme  1002) 

 
( )

 (1.0  108 CFU/mL) 
5%

37 C

305



 
 

 (45% 50%
55% 60%)  (0 48 60
72 ) 

3  

1  ( ) 
Moisture 45% 50% 55% 60% 
Rice bran (g) 531 461 389 318 
Okara (g) 310 381 452 523 
Protease (g) 2 2 2 2 
Probiotics (ml)1 50 50 50 50 
Yeast (g)2 5 5 5 5 
NSPase (g)3 2 2 2 2 
Molasses (g) 100 100 100 100 
Water (ml) 0 0 0 0 
Total gram 1000 1000 1000 1000 

1 Each probiotic supplement contains 50 mL of the following strains: L. acidophilus, L. 
salivarius, and L. delbrueckii. 

2 Yeast, Saccharomyces cerevisiae 
3 Composition of VemoZyme ® 100: xylanase, 20000U/g -glucanse, 450U/g  cellulase, 

1350U/g mannanase and -galactosidase. 

 ( 0 1)
45% 55%

50%
60%  (P 
< 0.05) 60%

 (48 60 72 ) 
 (P < 0.05)  
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1

 (P < 0.05)  

2

 (P < 0.05)  

 (45%
50% 55% 60%)  (0 48 60

307



 
 

72 ) 
 ( 2)

60% 72
 (P < 0.05)  

 ( 3)
45% 48

 (P < 0.05) 60
72

50%
 (P < 0.05)

50% 60%  
(48 60 72 ) 

 (P < 0.05)
55% 60%

 

3
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 (P < 0.05)  

 (SDS-PAGE)  (
4)  (60% 72

) -conglycinin subunit ’ 
(57~72 KDa) -conglycinin subunit  (57~68 KDa) -conglycinin 
subunit  (45~52 KDa) Glycinin acid (38 KDa)

60% 72
 ( 1)  

( 2)  ( 3)
 ( 4)

 

4 -conglycinin 

subunit  (57~72 KDa) -conglycinin subunit  (57~68 KDa)

-conglycinin subunit  (45~52 KDa) Glycinin acid (38 

KDa) M: marker RB: rice bran OK: okara  
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2.  

(1)  

15 OTU OTU 24 31 (
5a)  
(PC1, 99.8%  PC2, 0.7%  PC3, 0.1% 5b)

 

5 (a) (b)  

 (enrichment)  
( 4) Chao1 (

) Fisher alpha  (
) 

72

Shannon  ( ) Simpson
 (

) 
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 ( ) 
 

4  

Parameter 
Treatment1 

SEM P-value 0 h 72 h 
Chao1 12.50 10.50 0.71 0.172 
Fisher alpha 1.42a 0.91b 0.12 0.014 
Shannon 1.16a 0.08b 0.20 < 0.001 
Simpson 0.59a 0.02b 0.11 < 0.001 

1Means of a row with no common superscript are significantly different (P < 0.05). 

(2)  
5  (phylum)  (genus) 

 (Firmicutes) 
 (Bacteriodetes) 

 (Lactobacillus) 
51.24% 98.74% (P < 0.001)

 

5  

Level 
Treatment1 

SEM P-value 
0 h 72 h 

Phylum (%)     
 Firmicutes 88.43b 98.79a 0.02 < 0.001 
 Bacteriodetes 0.55a 0.02b < 0.01 0.002 

Genus (%)     

 Lactobacillus 51.24b 98.74a 0.09 < 0.001 
 Bacillus 37.02a 0.01b 0.07 < 0.001 
 Pantoea 3.12a 0.02b 0.01 < 0.001 
 Xanthomonas 1.93a 0.50b < 0.01 < 0.001 
 Methylorubrum 2.02a 0.001b < 0.01 < 0.001 
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 Sphingomonas 0.91a 0.10b < 0.01 < 0.001 
 Pseudomonas 0.81a 0.03b < 0.01 < 0.001 
 Rhizobium 0.77a 0.07b < 0.01 < 0.001 
 Enterobacter 0.50 0.21 < 0.01 0.373 
 Curtobacterium 0.50a 0b < 0.01 < 0.001 
 Enterobacteriaceae 0.16 0.14 < 0.01 0.917 
 Chryseobacterium 0.26a 0.01b < 0.01 0.012 
 Mucilaginibacter 0.26a 0b < 0.01 < 0.001 
 Weissella 0.16a 0b < 0.01 0.003 
 Burkholderia-Caballeronia 0.07 0.02 < 0.01 0.534 

 (Bacillus) 
 (P < 0.001)

 (Pantoea, Methylorubrum, 
Sphingomonas, Curtobacterium, Chryseobacterium, 
Mucilaginibacter)  (Rhizobium, 
Xanthomonas) 

 (P < 0.001)  
 
 
 
 
 
 
 
 
 
 
 

6 KEGG  

312



 
 

KEGG  ( 6)
 (amino acid related enzymes)

tRNA  (aminoacyl-tRNA biosynthesis)
 (amino sugar and nucleotide sugar 

metabolism) ABC  (ABC transporters) 
 (P < 0.05) amino acid 

related enzymes

aminoacyl-tRNA 
biosynthesis

amino 
sugar and nucleotide sugar metabolism

ABC transporters

 
Tax4Fun2

7
 (galactose metabolism) 

 (fructose and mannose metabolism) 
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 (P < 0.05)
 

( 30%) 
 ( 4-9% 5-12%)

ATP ( ) -6-
-1-

-6-

 ( pH ) 

 (glycosyl nucleotides) 

DNA RNA  ( ) 
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7  

 

3.  

 (MS/MS) 

96
MetaboAnalyst 6.0

13 3

315



 
 

 (P < 0.05)  
(purine metabolism)  (arginine 
and proline metabolism) 

 (glycine, serine and threonine metabolism) (
6)

 

(1) 

ATP

 

(2) 

 

(3) 

316



 
 

 

6  

( ) 
 

1.  

7
 46.64  0.3 g 45.82  0.54 g 46.01  0.18 g

45.83  0.29 g  (P > 0.05)

1.25%  (FOR1.25) 7

Metabolites P-value 
Purine metabolism 0.00598 
Arginine and proline metabolism 0.0064 
Glycine, serine and threonine metabolism 0.0497 
Tryptophan metabolism 0.0733 
Valine, leucine and isoleucine biosynthesis 0.0853 
Sulfur metabolism 0.0853 
Caffeine metabolism 0.105 
Biotin metabolism 0.105 
Arginine biosynthesis 0.145 
Steroid hormone biosynthesis 0.249 
Glycerophospholipid metabolism 0.333 
Pyrimidine metabolism 0.355 
Arachidonic acid metabolism 0.391 
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CTRL  (P < 0.05)
CTRL FOR1.25

FOR2.5 FOR5.0 2211.40  46.31 
g 1966.47  38.92 g 2204.98  23.42 g 2149.08  
23.42 g FOR1.25 CTRL FOR2.5

CTRL FOR5.0 CTRL
 (P > 0.05) CTRL

FOR5.0 1-7
 (P < 0.05)  (FOR1.25 FOR2.5 ) 

 (P > 
0.05)  ( 8) FOR1.25 14-21

FOR2.5 FOR5.0
CTRL  (P > 0.05) FOR1.25

28-35 CTRL  (P < 0.05)
FOR1.25

CTRL  (P < 0.05)  (FOR2.5
FOR5.0)  (P > 0.05)

CTRL  (P > 0.05)  

2. 
 

9 ND
IB

 (P > 0.05)
ND IB

Zhenping  (2013) 
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10

 ( )

35 FOR1.25
CTRL
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21 35  ( )
21

 ( 11)
 (P > 0.05)

 (FOR1.25 FOR2.5 FOR5.0) 
 (P < 0.05)
FOR1.25 CTRL  (P < 

0.05) FOR2.5 FOR5.0  (P > 0.05)  
35  ( 12)

 (P > 0.05)
FOR1.25 FOR5.0  (P < 0.05)
FOR2.5  (P > 0.05)

FOR5.0 CTRL
 (P < 0.05) FOR1.25 FOR2.5  (P > 

0.05)  

4.  

Beta  (species) 

8
 (FOR1.25

FOR2.5 FOR5.0 ) 
 (Lactobacillus johnsonii)  

(Romboutsia timonensis)  (Clostridium 
polynesiense) 
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5.  

 (MS/MS) 

CTRL
36 MetaboAnalyst 6.0

FOR1.25 FOR2.5 FOR5.0 5 7
4 2  (FOR1.25) 2  

(FOR2.5) 4  (FOR5.0)  (
13)  (biosynthesis 
of unsaturated fatty acids)  (linoleic acid 
metabolism valine)  (leucine and 
isoleucine biosynthesis)  
(taurine and hypotaurine metabolism)  

13  
Items P value 

FOR1.25 
Valine, leucine and isoleucine biosynthesis 0.0155 
Taurine and hypotaurine metabolism 0.0155 
Valine, leucine and isoleucine degradation 0.0742 
Tryptophan metabolism 0.0779 
Primary bile acid biosynthesis 0.0871 
FOR2.5 
Valine, leucine and isoleucine biosynthesis 0.0258 
Taurine and hypotaurine metabolism 0.0258 
Starch and sucrose metabolism 0.0572 
Biosynthesis of unsaturated fatty acids 0.112 
Valine, leucine and isoleucine degradation 0.121 
Arachidonic acid metabolism 0.135 
Primary bile acid biosynthesis 0.141 
FOR5.0 
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Linoleic acid metabolism 0.00649 
Glycine, serine and threonine metabolism 0.0424 
Arginine and proline metabolism 0.0463 
Biosynthesis of unsaturated fatty acids 0.0463 

 

(1)  (biosynthesis of 
unsaturated fatty acids)

 

(2)  (linoleic acid metabolism)
-6
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(3)  (valine, leucine and 
isoleucine biosynthesis)  
(valine)  (leucine)  
(isoleucine)

 

(4)  (taurine and hypotaurine 
metabolism)

 

 

( ) 
 

 (L. acidophilus)  (L. delbrueckii) 
 (L. salivarius)  

(VemoZyme® 1002) 
60% 72
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pH
 

2. 

 

3. 

 

4. 

 

5. 
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6. 

 

7. 

 

( ) 
 

5%
 (FOR1.25 FOR2.5

) 

CTRL
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1-7 CTRL  (P < 0.05)
 (P > 0.05)

CTRL
14-21 FOR2.5

FOR5.0 CTRL  (P 
> 0.05) FOR1.25 CTRL

CTRL  (P > 0.05)
 

1.  (predigestion)

 

2. 

 (Lactobacillus plantarum) 
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