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99

•
• Fibrobacter succinogenes: ,
• Ruminococcus albus: ,
• Ruminococcus flavefaciens: ,

•
• Prevotella ruminicola: ,
• Butyrivibrio fibrisolvens: ,

•
• Ruminobacter amylophilus: ,
• Streptococcus bovis*: ,

•
•Megasphaera elsdenii: ,
• Selenomonas ruminantium: ,

*: Streptococcus bovis
10

1111

•

•

•

• * : P < 0.05, ** P < 0.01.

67.86 0.98
66.02 0.92
56.56 1.24
57.26 1.23
54.02 0.85

70.78 1.09
68.63 1.24
59.60 1.68
58.90 1.71
50.38 2.65

73.15 0.81
71.40 1.06
64.20 1.84
63.28 1.29
62.53 1.11

**

**
**

*
*
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(n=5)               (n=6)                (n=6)
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1
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1 9559 (1001) 109 8459 949 - 41 18(-) 5(5) -
3 9732 (939) 89 8760 770 - 113 56(6) 3(1) -
4 3903 (174) 34 3867 - - 2 3(-) - -
5 6833 (910) 57 4860 1799 - 114 82(21) 20(11) 14(5)
6 698 (123) - 519 175 - 4 - 42(22) -
7 5078 (142) - 10 5064 - - 10(-) - -
8 1727 (137) - 1702 4 - 21 36(12) - -
9 1937 (307) 4 856 866 - 211 39(29) 4(2) -

10 2282 (309) 14 1566 351 - 351 22(12) 2(2) 7(2)
11 1150 (256) 5 582 459 - 104 - 31(21) 4(2)
12 551 (114) 66 354 130 - 1 22(4) - -
16 4272 (649) 18 1920 2276 49 11 34(2) 8(1) -
26 940 (105) 5 888 33 - 14 67(5) 5(5) -
43 5139 (364) 17 4766 329 - 27 5(2) 1(-) -
44 108 (19) - 104 3 - 1 4(-) - -
45 350 (81) - 18 325 - 7 22(1) 1(1) -
48 748 (28) - 723 22 1 2 15(1) 3(2) -
51 1450 (137) 20 1256 134 20 20 - - -
74 246 (27) - 222 21 - 3 5(-) - -

56703 (5887) 438 41432 13710 70 1047 440(95) 125(73) 25(9)
EC number: 3.2.1.4 ( ), 3.2.1.6, 3.2.1.8, 3.2.1.21, 3.2.1.1

CAZy http://www.cazy.org/) 2016 2 2
2007 2 16
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GH 1 2 3 5 8 9 10 11 13 16 18 25 26 28 31 35 36 38 43 47 92 94 95 97
Butyrivivrio fibrisolvens 16/4 3 3 6 4 1 2 2 9 2 1 5 2 1 2 15 3 75

Butyrivivrio proteoclasticus B316 1 9 10 4 1 3 6 14 2 1 5 2 5 2 3 1 11 2 1 111
Clostridium thermocellum ATCC27405 2 1 2 10 1 16 5 1 2 2 4 3 6 3 74

Fibrobacter succinogenes S85 2 3 12 6 9 8 4 3 5 2 5 14 1 1 100
Prevotella ruminicola 23 10 12 4 1 1 4 5 2 1 3 1 5 6 2 1 1 20 8 1 2 6 135

Ruminococcus albus 7 3 5 13 1 8 5 5 5 2 5 8 1 1 6 7 2 1 100
Selenomonas ruminantium TAM6421 6 1 2 1 5 1 1 1 1 1 36

Homo sapiens 9 2 1 7 8 10 5 5 7 98

CAZy http://www.cazy.org/) 2016 2 2

2013

2014

20

(2014 WGI SPM )

CO2 72%

CH4 18%

N2O 9%

40%

30%

%
From UNFCCC 1994

20%
40% 

202020

(2005)

*
* *

, 238.4 64.8 87.8 26.9 21.1 4.2 127.8 6449

( ), 
/ 6.4 3.2 1.5 2.2 4.3 1.2 1.1 92

( )/ ( ) 23% 22% 27% 15% 87% 97% 46% 59%

( )/ ( ) 51% 91% 66% 15% 60% 91% 64% 51%

( )/
( ) 15% 23% 31% 32% 20% 35% 1.9% 18%

( )/
( ) 9.4% 8.0% 33% 4.8% 16% 48% 2.2%

* : 1994

~25~



2121

Hexose

[2H]

Oxaloacetate

Malate

pyruvate

Formate

Acetyl CoA

Succinate

Fumarate

Lactate

Butyrate

( )

Acryl CoA

CH4

[2H]

[2H]

CO2

CO2

CO2

CO2

[2H]

[2H]
[2H]

[2H]

CO2

[2H]

•

• /

•

•

•

0
10
20
30
40
50
60

0 5 10 15 20 25 30 35
FCM (kg/day)

(li
te

r/k
g 

FC
M

)

Y2 = 8.19 + 300/FCM
r = 0.82

(kg/

(li
tt

er
/

0
10
20
30
40
50
60

0 5 10 15 20 25 30 35
(kg/ )

(L
/k

g
)

Y2 = 8.19 + 300/
r = 0.82

•

12% 12%

a
b

~26~



11

Akio TAKENAKA Ph. D

Ruminant microbiology in cow nutrition 

Deputy Director
Food & Fertilizer Technology Center (FFTC)

24 May 2016

DNA eDNA

3

1860 Pasteur
1882 Koch

Hungate Roll tube
Watson Crick DNA

DNA PCR1988

1674 Leeuwenhoek

1953

1977 Sanger DNA

1995 ( )

2003

1950

1843

A difference of energy intake and 
output is accumulated to a body.
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9 10

cilia with whole bodycilia present anterior part
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GH family No.
Butyrivivrio fibrisolvens 16/4

Butyrivivrio proteoclasticus B316
Clostridium thermocellum ATCC27405

Fibrobacter succinogenes S85
Prevotella ruminicola 23

Ruminococcus albus 7
Selenomonas ruminantium TAM6421

Homo sapiens

2013

20

CO2 72%

CH4 18%

N2O 9%

40%

30%

%

1994 UNFCCC)
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(2005)

GHG UNFCCC

*
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*

*

238.4 64.8 87.8 26.9 21.1 4.2 127.8 6449

( ), Tg/yr 6.4 3.2 1.5 2.2 4.3 1.2 1.1 92

/ 23% 22% 27% 15% 87% 97% 46% 59%

/ 51% 91% 66% 15% 60% 91% 64% 51%

/ 15% 23% 31% 32% 20% 35% 1.9% 18%

/ 9.4% 8.0% 33% 4.8% 16% 48% 2.2%

* : 1994
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