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SUMMARY

I. Title

Studies on the industrialization and development of Total Mixed
Fermentation(TMF) feeds using rice straw as a main by- products for the
cattle

[1. Purpose and Necessity

At present, the most serious problem in the field of cattle producing industry in
Korea are summarized as 1) lack of roughage and its poor supply 2) shortage of
labor and high wage 3) unbalance between feeding system and raising system 4)
animal waste. Among those, the former three problems can be solved by expansion
of roughage resources and its improvement of utilization and labor curtailment. To
overcome these problems, the objective of this research are primarily development of
Total Mixed Fermentation(TMF) as cattle feed which is a kind of TMR silage or
called as All in Silage, TMF can increase utilization of rice straw the most
abundant roughage produce in Korea and simplify the feeding for raising the cattle
and establishment of TMF supply system. Especially, to solve the problem in the
field like supply the TMF, this research emphasizes on industrialization of the TMF
supply and computerization of feeding system for the each farm.

[11. Contents and sphere of research and development

1. Development of dairy TMF feed using by feed crop

A. Contents of research

- simplification of feed by development of TMF feed as dairy complete feed

- construction of manufacturing process of TMF feed and its supply to the farm

- introduction of TMF industry and development of mass production and
marketing system

- improvement of the feed value of rice straw and maximization its utilization

B. Sphere of research
- determination of feed- value for the ruminant by the feeding trial of each TMF



feed to six kinds of feed crop in the sheep

- construction of manufacturing process of each TMF feed and determination of

changes of its value of feed during its manufacturing process

- determination of feed value by feeding trial of each TMF for dairy cattle

2. Development of TMF feed for Korean Native Cattle using by agricultural

A.

B.

processing by- product

Contents of research

simplification of feed by development of TMF feed as a complete feed for
Korean Native Cattle

determination of the level of additives and construction of the manufacturing
process

mass and industrialization of starter

induction of TMF industry and development of mass production and marketing
system

reduction of environmental pollution by turning the agricultural processing

by- product to the feed resources and diversification of circulating feed

Sphere of research

determination of the level of additives and investigation of the its effect on the
storage capability to the starters and the level of additives

construction of manufacturing process of TMF feed according to three juicy
agricultural by- product and determination of changes of feed value during its
manufacturing process

determination of feed value by feeding trial of TMF feed to Korean Native
Cattle

3. Development of reinforcing feed for each TMF feed

A.

B.

Contents of research

inducement of participation of feed factory to TMF supply industry
diversification of feed by development of special feed for the ruminant
physiology

Sphere of research



- development of mixing ratio of reinforcing feed to each TMF feed and its
production

4. Development of individual feeding program of TMF feed for dairy cattle and
establishment of supply system

A. Contents of research

- maximization of national dairy cow capability by establishment and
computerization of individual feed system

- reduction of animal management task by service of TMF feeding system to
the farm through the network and inducement of voluntary participation on
farm performant test

B. Sphere of research

- development of Herd Master Management Program for effective individual
management and establishment of its broad usage

- determination of nutritional requirement if cow according to its physiology and
computerization

- computerization of each TMF feeding system

- demonstration service of TMF feeding system and test of its effectiveness

IV. Result of the research and suggestion of its application

o Research results

1. Determination of feed- value and manufacturing process for the dairy cattle TMF
feed using agricultural feed corps.

A. Establishment of TMF feed manufacturing process using 6 kinds of high-
moisture agricultural feed crops.

B. Rice straw digestion rate increase 40% ratio by using TMF feeding
procedure.

C. No the other processing procedure needed that shatter and repress
corns during the TMF feed production.

- 8-



D. The average dry matter digestion quantity that higher than 2%- 3% of
cattle body weight have fine result to the productivity and health
maintenance when taking the TMF feed.

E. To compare with general TMR feed, TMF feed have fine results on
single feed to the productivity and health maintenance

2. Development of TMF feed for Korean Native Cattle using by
agricultural processing by- product.

A. Establishment of 8 kinds of mixture system using 4 kinds of
high- moisture agricultural processing by- product.

B. Determination of the level of additives and Development of
additives(MHA) for the purpose of storage capability increment to the
high- moisture organic agricultural processing by- product in a condition
of storage and circulation.

C. Construction of starter for stable fermentation and promotive
utilization of TMF feed.

D. Development of economical massculture- medium of starter on
agricultural processing by- product basis of corn steep liquor(CSL).

3. Development of reinforceing fed and Breeding system for farm
popularization of TMF feed

A. Development of two TMF exclusive feed for high- energy exclusive feed
and high- protein exclusive mixture feed

B. Establishment of nutrients supply device provided by physiological
change and milk yield for individual diary cattle.

4. Establishment of TMF feed industrialization



A. Establishment of TMF feed mass production using Holstein cow and Korean
Native Cattle agricultural congregation.

B. Providing of complete self-support TMF feed mass production to the
large scale breeding farms.

o The results of study and the plan of application (achievements)

1. An announcement of scientific meeting : two subjects
Effect of processing level for rice straw and grain on nutritive value of
Total Mixed Fermentation feeds and characteristics in the rumen of
sheeps  1996. Combined scientific meeting of livestock field. PB6918.

Studies on evaluation of fermentation characteristics of Total Mixed
Fermentation feeds using rice straw and palatability for Holstein cow
1997. Combined scientific meeting of livestock field. D9721.

2. A patent of application : two subjects.
T he utility technique and the mixed ratios of energy and protein
concentrate supplement on lactating dairy cattle 1997. 12. patent of
application (Rural Development Administration)

A manufacturing technique of Total Mixed Fermentation (TMF) feeds
in ruminants  1997. 12. patent of application (Rural Development
Administration)

3. A plan of application

A. Continuous promotion of TMF industrialization : It is planning that
High- grade moisture TMF using agricultural processing by- product in
association with The Girisan Nakhyup and The Jangsu Chukhyup.

B. A promotion of policy recommendation

- A policy recommendation of roughage products foundation for extension

- 10 -



of support subject : We have a plan that the financial support applied
to the ammonia treatment of rice straw, also apply to the TMF using
rice straw treatment system.

- we have a policy recommendation plan that is the row interest loan of
long and short term to reduce the materials of TMF feeds production
and temporary burden of manufacturing costs.

C. A patent of application : More than two subjects for manufacturing
techniques of TMF feeds using high- grade moisture as organic
agricultural by- product.

D. Publication for diffusion of TMF feeds : It will be publish in the
middle of march.
Silage for breeding system the basis of roughage and the new TMF
feeds production and technique.

- 11 -
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3. TMF
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Lactobacillus cellulase PCR
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3) Lactobacillus plantarum

Starter Lactobacillus plantarum KCTC 1048, Lactobacillus plantar

um KCTC 3104

4) Cellulase
Lactobacillus- E. coli Clostridium thermocellum cel A gene
plasmid
5) plasmid
Cellulase plasmid E. coli ce
[lulase , electroporation
cellulase Lactobacillus plantarum starter
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1)
( silage
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TMF
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1)

(1)
AOAC (1990)

(2) REV (Relative Feed Value)
REV  ADF- NDF

ADF NDF
2)
(1 1
1 0, 36,9 12
(2) pH VFA
4 cheese cloth
NA,USA) pH , , ,
Erwin  (1961) 5ml HgCI2 1ml
3,500rpm 20 - 20
graphy (Varien 6000 Vista,USA)
(3)
Holdman
nter deskglass
1. TMF
TMF Table 3
CP, ADF, NDF TDN, P, Ca
TMF 151.1 TMF
TMF

- 40 -

rumen fistula

(Hooland  .1990)

digital pH meter (HAN

25% metaphospotate 0.25ml

(1977)

105.6

Gas Chromato

RFV

cell cou

, TMF



3. TMF ( %)
Items T reatment CP ADF NDF TDN P Ca RFV
Control 17.2 39.3 53.1 58.5 0.27 0.65 102.1
Corn H- milling 17.6 39.8 50.6 58.0 0.26 0.69 106.4
Milling 17.3 39.2 50.2 58.7 0.25 0.70 108.2
Mean 17.4 394 51.3 58.4 0.26 0.68 105.6
Control 18.4 39.0 534 58.9 0.31 0.78 101.9
Grass H- Milling 19.4 37.6 47.6 60.5 0.31 0.89 116.6
Milling 20.2 37.8 46.7 61.3 0.32 0.95 118.3
Mean 19.3 38.1 49.2 60.2 0.31 0.87 112.3
Control 17.8 38.1 50.0 59.9 0.32 0.74 110.2
Rve H- Milling 17.7 40.0 53.1 57.8 0.28 0.75 101.2
y Milling 17.4 40.6 53.5 57.1 0.29 0.73 107.4
Mean 17.6 39.6 52.2 58.3 0.30 0.74 106.3
Control 20.3 32.6 38.8 66.0 0.39 0.99 152.1
Rape H- Milling 19.1 34.1 414 64.3 0.30 0.91 146.2
P Milling 21.1 32.0 37.2 66.7 0.32 1.00 155.0
Mean 20.2 33.2 39.1 65.0 0.34 0.96 151.1
Control 21.5 39.8 48.4 68.2 0.34 1.45 130.1
Alfalfa H- Milling 219 40.6 48.6 63.5 0.50 1.32 126.6
Milling 20.2 38.8 47.6 63.6 0.41 1.09 138.3
Mean 21.2 39.7 48.2 65.1 0.42 1.29 131.7
Control 16.8 38.1 51.0 60.4 0.33 0.84 116.2
Oat H- Milling 17.5 37.0 51.7 57.9 0.38 0.85 109.2
Milling 17.4 40.2 53.2 59.6 0.29 0.83 121.4
Mean 17.2 38.4 52.0 59.3 0.33 0.84 115.6
TMF
7 T M F 7 7 7
. (RFV)
7 7 7 7 T M F .
2. TMF pH, )
TMF pH, ,
Table 4
TMF 3.82 4.95 , , , ,
) , 21.76%
26.64%, 27.08%, 27.42%, 28.77%
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4. TMF pH, ,
Items T reatment pH DM (%) DM loss(%) Int%g}(/kg) /I?/vwzleigIHtt%%?
Control 3.88 27.02 11.3 3.64 2.56
Corn H- milling 3.75 28.09 9.5 354 2.46
Milling 3.82 27.15 11.8 3.66 245
M ean 3.82 27.42 10.9 3.61 2.49
Control 4,34 29.00 259 3.37 2.32
Grass H- milling 4.05 29.27 25.3 3.33 2.33
Milling 4,58 30.07 24.8 3.38 2.38
M ean 4,32 29.45 25.3 3.36 2.34
Control 4,92 21.21 295 3.27 1.69
Rve H- milling 4.85 21.74 28.8 3.29 1.75
y Milling 5.08 22.34 26.4 3.45 1.92
M ean 4,95 21.76 28.2 3.3 1.79
Control 441 26.84 12.6 4.37 2.86
Rape H- milling 4.64 27.38 12.8 4.46 2.98
p Milling 455 25.70 135 4.27 2.78
M ean 4,53 26.64 13.0 374 2.87
Control 404 2813 14,88 419 2.81
Alfalfa H- milling 491 29.98 11.14 4.10 2.93
Milling 4.02 28.21 14.30 4.26 2.86
Mean 4,32 28.77 13.44 4,18 2.87
Control 444 27.07 17.67 361 232
Oat H- milling 4.28 27.09 17.17 3.59 2.32
Milling 454 27.08 18.11 3.73 240
Mean 4.42 27.08 17.65 3.64 2.35
10.9% 13.0%, 13.44%, 17.65%, 25.3%, 28.2%
TMF
TMF
. TMF TMF
1.79% , 2.34%, 2.35%,
2.49% 2.87% 2.87%
pH TMF 3.82
TMF 4.95 pH
. McDonald(1981) pH 4.0
pH
40% pHA7 )
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21.76%

(Bastiman,1976)

(3)

pH

6.79

pH

pH

2945,

(Gibson

, TMF

TMF
TMF

. pH

28.71, 27.42,

stirling,1959),
(Jones ,1986)

0,36 9 12

12.21%, 10.34%, 9.13%
5 6%

TMF 7.15

3 6
(1979)

6.84
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5 TMF pH
Hours 0 3 6 9 12 M ean

T reatments
Corn 6245 6538 6223 6118 5956 6216
Cron 6300 6217 6293 6275 60.66 6248
Acetate Rye 5084 5422 5196 5376 5146 5245
(mmol%) Rape 6272 6187 6431 6478 659 6393
Alfalfa 6483 6211 6201 6118 6046 6212
Oat 5884 6133 6013 5977 6156 6033
Corn 1517 1572 1449 1627 1754 1584
Grass 1809 1646 1515 1473 1510  16.09
Propionate  RYe 1481 1363 1337 1202 1116 1300
(mmoloe) Rape 1416 1445 1577 1785 1739 1593
Alfalfa 1789 1646 1585 1499 1521  16.08
Oat 1423 1454 1527 1366 1656 1485
Corn 1348 1346 1173 1061 1178 1221
Grass 927 940 896 801 10.03 9.13
Butyrate Rye 504 641 589 599 615 5.90
(mmolv%) Rape 577 629 656 694 613 6.34
Alfalfa 1021 1136 966 1028 1021 1034
Oat 513 844 743 699 623 684
Corn 420 431 480 380 343 411
Grass 339 385 423 435 409 3.98
A/P rate Rye 345 405 399 467 484 .20
(mmol%) Rape 260 455 423 381 395 423
Alfalfa 635 377 391 408 398 4.42
Oat 413 422 394 438 372 4.08
Corn 9107 9656 8845 8802 8888  90.19
Grass 9216 8802 8724 8550 8563  87.67
Total VEA  RVE 7069 7426 7122 7177 6876 7134
(mmol%) Rape 8255 8261 8664 8958 8982 8624
Alfalfa 9203 8993 8752 8645 8583 8854
Oat 7820 8431 8283 8042 8435 8202
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Lampila(1955)

3
(Briggs , 1957)
h Baldwin, 1974)
pH
pH
(Woodford Murphy, 1988)
Hobson(1972)

6.0 ,
ytic bacteria pH 6.2

pH 6.8
pH 56 7.0
glucose cellobiose

6.7 7.2

(%)

6. TMF

Smith(1941)

5 6

timothy  alfalfa
pH
2 6
5 (Smit
(T homson Lamming, 1972)
pH

pH
pH cellulol

(McCullough, 1986), amylolytic bacteria
(Rskov, 1978).

(1985)

pH 64 66
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TMFEs Treatment 0 3 6 9 12
Control 1.6x 1010 3.3x 1010 1.1x 1011 2.5x 1010 3.3x 1010 4.7x 1010
H- milling 4.1x 1010 5.0x 1010 5.8x 1010 7.5x 1010 1.0x 1010 4.7x 1010
Milling 4.1x 1010 2.5x 1010 1.6x 1010 3.3x 1010 8.0x 109 2.5x 1010
M ean 3.3x 1010 3.6x 1010 5.8x 1010 4.4x 1010 1.7x 1010 4.0x 1010
Control 5.8x 1010 5.0x 1010 8.3x 109 1.6x 1010 3.3x 1010 3.3x 1010
H- milling 5.8x 1010 3.3x 1010 1.2x 1011 5.0x 1010 1.6x 1010 5.5x 1010
Milling 8.0x 109 8.2x 109 5.0x 1010 7.9x 109 8.1x 109 1.5x 1010
M ean 6.1x 1010 3.0x 1010 5.9x 1010 2.5x 1010 1.9x 1010 3.5x 1010
Control 8.1x 109 6.7x 109 6.6x 1010 4.1x 1010 1.6x 1010 2.8x 1010
H-milling 84x 109 1.7x 1010 1.1x 1011 4.1x 1010 5.9x 1010 5.6x 1010
Milling 9.4x 109 9.0x 109 2.3x 1010 4.5x 1010 1.2x 1010 4.0x 1010
M ean 8.6x 109 1.1x 1010 6.6x 1010 4.2x 1010 2.9x 1010 4.1x 1010
Control 7.8x 109 7.5x 109 8.3x 1010 1.6x 1010 2.5x 1010 3.4x 1010
H- milling 1.6x 1010 4.1x 1010 1.0x 1011 1.8x 1010 2.5x 1010 5.1x 1010
Milling 5.3x 1010 5.4x 1010 3.2x 1011 3.4x 1010 3.2x 1010 1.0x 1011
M ean 2.6x 1010 3.4x 1010 1.7x 1011 2.3x 1010 2.7x 1010 6.2x 1010
Control 6.8x 1010 5.5x 1010 3.1x 1010 2.6x 1010 4.3x 1010 4.1x 1010
H- milling 6.2x 1010 5.8x 1010 54x 1010 3.7x 1010 2.4x 1010 4.8x 1010
Milling 8.0x 109 9.2x 109 1.0x 1010 8.9x 109 9.7x 109 1.8x 1010
M ean 46x 1010 4.1x 1010 3.1x 1010 2.4x 1010 2.6x 1010 3.6x 1010
Control 9.3x 109 1.1x 1010 1.7x 1010 5.6x 1010 5.1x 1010 2.9x 1010
H- milling 1.5x 1010 1.9x 1010 6.0x 1010 2.2x 1011 4.1x 1010 3.1x 1010
Milling 9.7x 109 9.0x 109 1.7x 1010 3.3x 1010 5.4x 1010 2.5x 1010
M ean 1.1x 1010 1.3x 1010 3.1x 1010 3.7x 1010 4.9x 1010 2.8x 1010
TMF
6 TMF
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, TMF , ™™

62 x 1010 TMF 2.8x 1010
(Dehority , 1989). Minato  (1989)
6 L L L L
TMF
, TMF Fistula 12
TMF
. TMF CP, ADF, NDF TDN, P, Ca RFV
TMF 151.1 TMF 105.6
. TMF pH TMF 4.95 TMF
3.82 TMF 29.45% , TMF
18.43%
TMF 28.25% TMF 10.9%
TMF 3.74kg TMF 3.36kg
. pH TMF 7.15 TMF 6.79
3
TMF VFA(mmol%) TMF 90.19
TMF 73.34
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TMF

6. TMF
TMF

18.8kg(

40.8%,

62.1%

/ TMF 4.23

3.98
TMF 6.2 x 1010
2.8 x 100
, , TMF ,
TMF
1 152
5,734kg)
280
30%
1992). ,

26.1%
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1997 U

(1993 )

91.3%,

70%



90%

70%

TMF
TMF
, TMF
7 TMF
, TMF
TMF (208 PVC ) 0,
5, 10, 25, 35, 60, 100 , 60
TMF in vitro
() TMF
-3 TMF AOAC
- 6 TMF
18:00
(2) TMF
- 5 10mm 120g
- 24
- (5A)
(3) TMF pH VFA
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60 4 cheese cloth

digital pH meter (HANNA,USA) pH
3,500rpm 20
Gas Chromatography (Varien 6000 Vista,USA)

(49 TMF in vtro
0." Tilley and Terry " 2 Moore
0. 48 Hydrochloric acid - pepsin digestion
0.
- . TMF
- TMF : TMF
1. TMF
3 TMF
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1%)

TMF (
0 5 10 25 35 60 100
7144 | 7396 | 7382 | 7546 | 7538 | 709 | 76.27
TCP | 156 14.9 14.7 15.2 14.4 15.1 14.7
TDN | 706 73.6 75.6 775 74.3 73.7 74.7
ADF | 22.3 19.4 17.4 15.6 18.7 19.2 183
NDF | 490 | 461 44.6 43.9 49.7 47.6 46.7
Ca 1.2 1.0 1.0 0.9 1.0 0.9 0.9
P 03 0.4 0.3 03 0.4 0.4 0.4
K 3.0 2.6 2.8 2.9 25 2.7 2.7
Mg 03 03 0.3 03 03 03 03
7975 | 7604 | 737 | 7609 | 7449 | 7686 | 74.25
TCP | 145 143 14.4 146 15.1 145 145
TDN | 686 72.2 74.1 75.2 76.6 74.0 75.0
ADF | 242 20.7 18.9 178 16.4 19.0 19.2
NDF | 524 | 473 45.7 450 | 438 48.1 48.2
Ca 1.0 1.0 1.0 1.0 1.0 0.9 0.9
P 0.4 0.4 0.3 0.4 0.4 03 0.4
K 2.7 2.7 2.6 26 2.7 26 2.6
Mg 03 03 0.3 03 03 03 03
TMF ( %)
0 5 10 25 35 60 1001
748 | 7247 | 6914 | 7113 | 7156 | 7233 | 70.62
TCP | 208 178 176 176 18.1 19.0 186
TDN | 733 80.1 81.2 81.6 84.2 84.6 83.0
ADF | 197 13.0 12.0 116 9.1 11.7 10.3
NDF | 434 38.9 37.1 38.7 365 | 417 40.1
Ca 15 11 11 1.0 1.0 1.0 0.9
P 0.4 0.4 0.4 0.4 0.4 0.4 0.4
K 3.1 3.0 2.9 3.0 3.1 3.2 3.2
Mg 03 03 0.3 03 03 03 03
81.78 | 7139 | 7191 | 7113 | 7009 | 7247 | 7314
TCP | 195 176 175 16.4 18.7 19.0 18.0
TDN | 717 81.1 80.3 80.0 87.1 84.4 81.0
ADF | 212 12.1 12.9 13.2 6.2 8.9 12.1
NDF | 47.1 37.3 39.2 40.4 35.0 39.1 42.9
Ca 1.4 11 11 1.0 1.0 0.9 0.9
P 0.4 0.4 0.4 0.4 0.4 0.4 0.4
K 47 3.0 2.0 2.9 3.2 3.2 3.1
Mg 03 03 0.3 03 03 03 03
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9. TME ( %)
0 5 10 25 35 60 100
8322 | 741 | 7827 | 7646 | 7432 | 745 | 751
TCP | 213 | 168 | 168 | 165 | 167 | 157 | 1741
TDN | 791 | 784 | 796 | 785 | 828 | 751 | 796
ADF | 140 | 147 | 135 | 145 | 104 | 179 | 134
NDF | 389 | 392 | 389 | 409 | 376 | 450 | 430
7 Ca 14 10 1.0 1.0 1.0 0.9 0.9
p 05 04 0.4 04 04 04 04
K 35 29 28 28 29 27 29
Mg 0.3 0.3 0.3 0.3 03 03 03
8302 | 7245 | 7852 | 7589 | 7837 | 7647 | 74.86
TCP | 193 | 157 | 159 | 167 | 168 | 154 | 160
TDN | 717 | 774 | 777 | 809 | 792 | 755 | 767
ADF | 212 | 157 | 153 | 122 | 139 | 175 | 163
NDF | 487 | 440 | 424 | 404 | 441 | 465 | 453
Ca 13 1.0 11 1.0 0.9 0.8 0.8
p 04 04 0.4 04 04 04 04
K 31 27 27 29 29 27 27
Mg 0.3 0.3 0.3 0.3 0.3 03 03
TME TME
CP, ADF, NDF TDN, P, Ca
2) TME
() TMF TME Figure 1
6 y 5 l l )
MF 60
CTMF
, 2-3
()8 TME 28
17 ,
TME TME
2-3
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Figure 1. Changes of daily temperature in Rye-TMFs after ensiled
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(3) TMF

6 TMF
- TMF (pH)
pH 3.93 467 TMF ,
L L L pH
10. TMF (pH)
5 10 25 35 60 100
1 4.26 4.39 459 3.95 3.91 3.97 418
2 4.90 4.02 3.88 5.05 3.92 3.97 4.29
1 4.42 4.19 4.00 4.00 4.02 4.05 411
2 4.36 4.25 4.00 3.93 3.95 4.00 4.08
1 443 4.28 3.93 3.77 3.92 3.90 4.04
2 4.16 3.96 4.00 3.96 4.08 411 4.05
1 4.60 463 458 4.66 475 4.67 4.65
2 459 4.74 459 457 4.75 4.76 4.67
1 431 4.07 4.07 4.05 4.00 4.00 4.08
2 4.60 4.10 4.09 4.04 3.99 3.99 4.14
1 3.95 3.92 3.91 3.92 3.95 3.94 3.93
2 4.04 3.91 4.10 3.97 3.93 4.00 3.99
- TMF (NH3 N)
6.93 8.66 TMF
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pH

11 TMF (NH3 N) ( : mg/dl)
5 10 25 35 60 100
1 8.11 7.68 7.70 7.64 7.76 8.01 7.82
2 7.87 7.51 7.56 7.83 7.59 7.73 7.68
1 7.51 7.78 7.63 7.82 7.97 7.78 7.75
2 7.12 7.06 7.51 7.62 7.95 7.97 7.54
1 6.84 6.92 6.39 6.45 6.56 7.00 6.69
2 6.17 6.42 6.62 6.31 6.45 6.45 6.40
1 8.60 8.63 8.58 8.66 8.75 8.67 8.65
2 8.59 8.74 8.69 8.56 8.73 8.67 8.66
1 8.31 8.37 8.17 8.25 8.00 8.20 8.22
2 8.30 8.10 8.21 8.04 8.19 8.29 8.19
1 6.95 6.92 6.91 6.92 6.95 6.94 6.93
2 7.04 6.91 7.10 6.97 6.93 7.00 6.99
TMF
12
acetic acid TMF 50 m mol% dms
TMF 61 65 m mol%
propionic acid TMF 11 14 m mol%
25
, butyrate 10 m mol% ,

60
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12. TMF
VEAs days 5 10 25 35 60 100
corn 6245 6538 6223 6118 5956  60.17 6156
Grass 6390 6217 6293 6275 6066 6134 6322
Acetate Rye 50.84 5422 5196 5376 5146 5235 5332
(mmol%) Rape 62.72 6187 6431 6478 6596 6376 6521
Alfalfa 6483 6211 6201 6118 6046 6004 6151
Oat 5884 6133 6013 59.77 6156  60.66 6183
Corn 1517 1572 1449 1627 1754 1714 17.94
Grass 1899 1646 1515 1473 1510 1529 1538
Propionate  RYe 1481 1363 1337 1202 1116 1116 11.64
(mmol%) Rape 1416 1445 1577 17.85 1739 1630  16.38
Alfalfa 1789 1646 1585 1499 1521 1501  15.15
Oat 1423 1454 1527 1366 1656 1539 1597
Corn 1348 1346 1173 1061 1178 1169  12.25
Grass 927 940 8.96 801 1003 1023  11.07
Butyrate Rye 504 641 5.89 5.99 6.15 1045 1221
(mmol%) Rape 577 629 6.56 6.94 6.13 906  10.13
Alfalfa 1021 1136 966 1028 1021 1072  11.19
Oat 513  8.44 743 6.99 6.23 977 1048
Corn 420 431 4.80 3.80 343 351 343
Grass 339 385 4.23 4.35 4.09 401 411
A/P rate Rye 345 405 3.99 4.67 4.84 469 458
(mmol%) Rape 460 455 4.23 3.81 3.95 3901 3.08
Alfalfa 635  3.77 3.01 4.08 3.98 4.00 4.06
Oat 413 422 3.94 4.38 3.72 3.94 3.87
Corn 91.07 9656 8845 8802 8888 8900 9115
Grass 9216 8802 8724 850 8563 8686 8967
Total VEA  Rve 7069 7426 7122 7177 6876 7396  77.17
(mmol%s) Rape 8255 8261 8664 8958 8982 8912 9172
Alfalfa 9293 8993 8752 8645 8588 8577 87.85
Oat 7820 8431 8283 8042 8435 8582  88.28
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) TMF in vitro

TMF 60 In vitro
13. TMF in vitro (%, )
(hours)
2
24 48 72 24 48 72
21.41 33.14 4435 32.97 25.34 35.26  47.68 36.09
36.54 50.72 59.25 48.84 43.72 59.25  67.67 56.88
T 36.76 48.81 59.96 4851 4431 53.30 65.74 54.45
M 35.98 46.27 56.63 46.29 44.05 55.54  62.96 54.18
F
36.77 49.72 54.72 47.07 4511 55.88  66.29 55.76
35.78 47.92 59.64 47.78 45.93 57.33 67.48 56.91
37.08 47.88 59.24 48.07 45.35 56.37 63.46 55.06
TMF TMF TMF TMF TMF TMF
TMF 44%
, 2 53% . TMF
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(1995) 43%

(Solaiman  ,1990, Kiangi, 1981).

TMF 6
TMF
, TMF
7 TMF
, TMF
1. TMF TMF CP, ADF,
NDF TDN, P, Ca
2. TMF
TMF TMF
, 2-3
3. TMF
6 TMF pH( ) pH
3.93 4.67 TMF : : , , ,
pH
4, TMF (NH3 N)
6.93 8.66 TMF , , ,
5. TMF
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TMF TMF

TMF TMF
25
, butyrate 10 m mol%
60
TMF in vitro
1 TMF 44%
, 2 53%
. TMF ,
TMF
TMF ,
25
TMF
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4

Holstein
TMF
, TMF
1.
(1 ) '96.8 21 '96. 10, 30( 12, 60 , 72 ) 2
) ‘97. 2. 2 '97. 4. 15( 212 160 , 72 )
2.
(1 ) 28 (7 x4 ), © 2.39, : 240.0,
: 20.2K g, » 5772, BCS : 3. 08
(2 ) 28 (7 x4 ), © 2,94, : 220.0,
» 22.3Kg, : 573.0, BCS : 3. 32
3.
6 ( ’ ’ ’ ’ ’ )
H H H y 3' 5Cm
TMF 15
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( ) 3 5Cm 15
() :
( ) TMF
TMF ,
’ 6
40 (44m2)
30K g
15
( ) TMF 74 365 (1
), 74 248 (2 )
14. TMF
TMFs
‘96. 5. 14 99
‘96. 6. 7 ‘96. 8. 21(1 ) 74
‘95. 8. 20 365
‘96. 6. 14 234
‘96. 11. 20 ‘97. 2. 2(2 ) 74
‘96. 5. 30 248
15. TMF (%)
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100
2.63 4.42 3.50 26.55 62.90 100
1.69 4.56 3.45 43.07 47.23 100
1.67 4.17 3.33 45.83 45.00 100
1.49 451 3.01 45.68 45.31 100
2.00 5.00 8.31 23.31 61.38 100
* TMF (Alifat)  75.73%
24.27% (
).
4.
10 (TMR)
14 ,
15
16. TMR (%)
(A) (B)
716 9.55 9.07 9.78 100
17.
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TMR,

TMF,

TMF,

TMF,

TMR,

TMF,

TMF,

N NN N NN NN

NN DN [DNIDNIDNIDNDN

TMF,

~ ]~~~ -~ ~

1)

( ) TMF 10
, TMF 1 2 (9:00, 18:00)

TMF 9
2)
(1)

AOAC (1990

(2) RFV(Relative Feed Value)
RFV ADF NDF
ADF
(Hooland . 1990).

(3) TMF
10
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(4 TMF pH

TMF pH digital pH meter(HANNA, USA)
, , Erwin (1961)
5ml HgCl21 ml 25% metaphosphate
0.25 ml 3,500 rpm 20 -20

gas chromatography(Varien 6,000 Vista, USA)

1.
TMF
18. TMF ( %)

(%) ADF NDF TDN P Ca RFV

2842 164 403 513 584 026 068 1056

2645 172 392 492 602 031 087 1123

2476 168 399 522 583 030 074 1063

2398 162 363 391 650 034 09 1511

2677 192 412 482 651 042 129 1317

2708 172 394 520 593 033 084 1156

L L L L L T M F
28.42, 27.08, 26.77, 26.45, 24.76, 23.98% ( 16),

, , , , , TMF 19.2,

17.2, 17.2, 16.8, 16.4, 16.2%

(TDN) , , , ,
TMF 65.1, 65.0, 60.2, 59.3, 58.4 58.3% .
, , ) , 151.1, 131.7, 115.6, 112.3, 106.3,
105.6 TME
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1) TMF

24.76, 26.45, 26.77, 27.08,
28.42% ( 17),
08 1.9%
TMF
45.74K g 1.95%
TMF , 62.85K g
2.9%
19. TMF
Intake(WM kg) DM Intake
0 0
(%) (%) /day /weight(%)
28.42 1.9 57.11 2.80
26.45 21 60.48 2.76
24.76 15 45.74 1.95
23.98 0.8 58.04 2.40
26.77 1.0 62.85 2.90
27.08 1.6 54.61 2.55
(2) TMF pH,
pH 389 487 TMF
6.93 8.66 TMF ) , ) ' ,
AlP TMF 096
261
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8.4, 15.42, 16.8, 18.4,
32.01 TMF
20. TMF pH,
(mol %)
pH (mg/dl)
(mg/dl) A/P(%)
3.89 6.84 32.01 55.0 314 8.3 1.77
4.65 7.04 15.42 475 195 255 249
4.87 8.15 8.4 24.9 26.0 423 0.96
3.97 8.20 22.15 52.1 27.8 15.3 1.97
4.24 8.42 16.8 28.9 19.2 44.0 154
4.46 7.33 184 714 275 1.0 2.61
1)1
21. BCS
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_ _ 2.65 2.80 2.40 2.76
(%/ live weight)

(Kg)
568.1 577.7 575.2 578.5
583.1 596.3 586.9 597.2
(9) 250.0 310.0 195.0 3117
BCS
3.04 3.13 3.11 3.07
3.20 3.38 3.30 3.34
0.16 0.25 0.19 0.27
BCS TMF
TMF TMF
BCS
22. TMF
TMFs
1
15.33 16.90 16.16 17.20
(Kg)
920 1,014 970 1,032
(Kg)
23.
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10 20 30 40 50 60

20.0 18.4 15.9 154 16.2 14.6 13.6 13.2
19.8 19.9 185 16.8 16.7 154 159 151
20.3 194 19.2 17.8 14.6 14.2 141 13.8
20.6 201 19.3 174 16.8 16.1 155 152

60
24. TMF
(%)
Lactose S.N.F total solid
451 3.52 4.67 8.81 12.76
4.40 3.45 4.67 8.81 12.74
479 3.45 459 8.71 12.57
4.67 3.54 4.65 8.80 13.00
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25. BCS
%/ live weight) 244 2.90 1.95 255
(K9g)
576.1 567.1 569.8 579.0
589.1 586.7 578.2 596.8
(9) 216.7 326.7 140.0 297.4
BCS
3.34 3.23 3.34 3.37
3.42 3.40 3.30 3.46
0.08 0.17 0.04 0.09
BCS TMF
TMF TMF
BCS , BCS
0.04 , TMF
BCS
TMF
26. TMF
TMFs
1
17.42 18.95 16.16 18.12
(K9g)
1,045.2 1137.0 969.6 1,087.2
(K9)
27.
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()

10 20 30 40 50 60
225 21.8 20.0 18.4 17.1 15.8 15.6 13.2
21.9 22.0 20.7 19.2 19.0 18.6 17.2 16.1
22.2 21.9 17.8 16.9 16.1 15.2 13.6 12.8
22.6 22.2 20.5 18.6 17.4 16.9 16.4 15.2
, TMF
TMF
60
28. TMF
(%)
Lactose S.N.F total solid
3.98 3.25 4.33 8.79 12.77
414 3.15 4.36 8.58 12.72
411 3.23 4.45 8.86 12.97
4.06 3.16 471 8.72 12.78
TMF

TMF 28.42%
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23.98% TMF
TMF
2. TMF ,
08 1.9% ,
TMF
45.74K g 1.95% TMF
, 62.85K g
2.9%
3. pH 3.89 4.87 TMF , ,
, , 6.9
3 866 TMF : , , , ,
. 8.4, 15.42, 16.8, 18.4,
22.15, 32.01 TMF
TMF
4, AlP TMF  0.96
2.61
5
1 6 L L L L
TMF
2 15
3.
4. TMF TMF
5. TMF 28.25% TMF 10.9%
TMF 3.74kg TMF
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3.36kg

6. pH TMF
TMF 6.79
7. TMF
TMF 73.34mmol% :
/
TMF 3.98
8. , TMF
TMF 2.8 x 10X
9. TMF
1 TMF
, 2 53%
10. TMF TMF
ADF, NDF TDN, P, Ca
11. TMF
, 2-3
12. 6 TMF pH(
pH 3.93 467 TMF
13. TMF

- 78 -

7.15

90.19mmol%

TMF

4.23

6.2 x 1010

in vitro
44%

CP,



14.
TMF TMF

TMF TMF
25

15. , butyrate 10 m mol%
, 60
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29.

TMR
TMF
1 (4 6 )
9 12 ) , ,
1
: 1995 8. 8. 1997. 7. 6
TMR
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TMR

30 40%

(



(K9) (%)

1 300 13.53
2. 30 1.35
3. 30 1.35
4. Alfalfa super pellet 480 21.66
5. Alfalfa super pellet 80 3.61
6. (Rice hull) 70 3.16
7. 80 3.61
8. 1,000 45.13
9. Top & Bagasse 80 3.61
10.Alfalfa Bale 66 2.99

2,216 100

15 kg
1.0%, 2.0%, 4.0% ,
5.0 ppm, 10.0 ppm ,

0.5 ppm, 1.0 ppm, 2.0 ppm
30

, (2 )

1)

29.

0.2%, 0.4%, 0.6%

0.1%, 0.2%, 0.3%

0.2%, 0.4%, 0.6%
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0.5%, 1.0%, 1.5%



( | Kg) ( 1 Ko
1.0% 2.0% 1.0% 2.0%
Methionie Hydroxy Analog 5% 10% 5% 10%
Ca- propionate 0.4% 0.8% 0.4% 0.8%
inoculant mixture 11.35ppm 22.7ppm 11.35ppm 22.7ppm
4 8Kg 8Kg
2)
)
- : / = 80g/8,0009(1%), 160g/8,000g(2%) —
- : 2,160 / , 4,320 / , : 10,800 /50K g(216 /Kg)
) Methionie Hydroxy Analog
- : ( )/ = 400g/8,000g(5%), 800g/8,000g(10%)
- : 1000 / , 2000 / , : 5000 /250Kg( 20 /Kg)
) Ca - propionate
- : / = 32g/8,0009(0.4%), 64g/8,0009(0.8%)
- : 4,400 / , 8,800 / , : 1,100 /1Kg
) inoculant mixture
/ = 7.57cc( )/8,000g(22.7ppm), 7.57cc(
)/8,000g(11.35ppm)
0. (1) : / = 7.57cc( )/8,0009(22.7ppm)
1,135g/18,926.5cc(24 )— 75,700cc = 94,630 cc/100
( 0.959/ Kg = 0.095%)
19/16.68cc( ) - 66.72cc = 834cc 7.57cc/8Kg
. 2,700 /
0. (2) : / = 7.57cc( )/8,000g(11.35ppm)
2,2709/18,926.5cc(24 ) — 75,700cc

- 05 -




( 0959/  Kg = 0.095%)

2g/16.68cc( ) - 66.72cc = 834cc 7.57cc/8Kg
: 5400 / , : 270,000 /1.135Kg
5)
) 30
) 2 20
- : (%)
- pH : pH
1 TMR
1
40% , 19 20%
, TDN 78 82%, ADF 12% , NDF  40% , Ca 0.65 0.93%,
P 023 032%, K 27% Mg 0.3% , 2
, 30

30, 31, 32, 33, 34, 35, 36
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30. (%)
0 0.2% 0.4% 0.6%
0 30 0 30 0 30 0 30
4033 3422 4176 4074 4220 3933 4184 4030
TCP 1895 1845 1885 1800 1883 1741  17.30  18.00
TDN 80.30 8111 7940 8061 7888 8024  8L73  80.67
ADF 1283 1199 1373 1233 1423 1383 1163  12.03
NDF 3960 3543 3970 3911 4025 3949 3970  39.52
Ca 0.88 0.82 0.92 0.86 0.93 0.89 0.65 0.69
P 0.23 031 0.23 0.29 0.26 0.27 0.32 0.33
K 2.74 2.01 2.70 2.44 2.73 2.74 2.63 2.69
Mg 0.30 0.32 0.29 031 0.30 0.34 0.28 0.27
31 (%)
0 1.0% 2.0% 4.0%
0 30 0 30 0 30 0 30
4033 3741 4088 4042 4042 4030 3968  36.33
TCP 1895 1768 2043 1995 1960 1899 1988  19.98
TDN 8030 8102 8340 8217 8333 8220 8533  84.32
ADF 1283 1288 1230 1119 9.95 1064 1798 1801
NDF 3960 3901 3323 3460 3690 4001 3523 3563
Ca 08 087 0.63 0.78 0.91 0.85 0.92 0.77
P 023 022 0.33 0.33 0.25 0.29 0.24 0.22
K 274 269 3.43 2.44 3.00 321 3.16 3.11
Mg 030 028 0.35 031 0.32 0.30 0.33 031
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32. ( %)
0 0.1% 0.2% 0.3%
0 30 0 30 0 30 0 30
40.33 34.37 4257 36.99 43.31 40.03 43.18 40.11
TCP 18.95 16.39 19.33 16.98 19.30 18.54 19.18 19.26
TDN 80.30 77.90 80.83 79.29 80.13 80.55 80.15 79.95
ADF 12.83 13.36 12.35 14.65 12.98 12.91 12.95 12.81
NDF 39.60 41.26 38.73 40.32 39.33 39.36 38.78 39.17
Ca 0.88 0.69 0.89 0.77 0.92 0.89 0.96 0.90
P 0.23 0.26 0.23 0.24 0.24 0.21 0.23 0.22
2.74 2.39 2.85 2.69 2.76 249 2.78 2.75
Mg 0.30 0.29 0.24 0.29 0.31 0.31 0.31 0.36
33. ( %)
2.5ppm 5.0ppm 10.0ppm
0 30 0 30 0 30 0 30
40.33 40.16 40.06 41.12 41.08 40.17 40.56 39.81
TCP 18.95 19.41 19.48 19.01 19.48 19.21 19.40 18.49
TDN 80.30 82.22 82.28 81.95 82.48 81.35 81.70 79.99
ADF 12.83 13.21 10.93 11.63 10.73 10.12 11.50 10.39
NDF 39.60 37.66 37.68 36.48 37.60 36.98 38.05 39.60
Ca 0.88 0.89 0.94 0.90 0.94 0.84 0.89 0.91
P 0.23 0.21 0.24 0.25 0.25 0.30 0.25 0.30
K 2.74 2.90 2.93 3.03 2.99 2.97 291 2.88
Mg 0.30 0.33 0.32 0.29 0.31 0.29 0.31 0.29
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34. %)
0 0.2% 0.4% 0.6%
0 30 0 30 0 30 0 30
4033 3942 4265 3633 4216 4011 4225 3765
TCP 1895 1941 1935 19049 1898 1848 1920  17.95
TDN 8030 8110  79.95 8112 7873 7991 7883  79.99
ADF 1283 1310 1320 1383 1435 1365 1430  12.92
NDF 3960 4169 3913 3916 3975 3933 4015  41.98
Ca 0.88 0.91 0.96 0.98 0.93 0.89 0.90 0.87
P 0.23 0.27 0.25 0.30 0.27 0.31 0.26 0.29
K 2.74 275 277 2.44 2.74 2.62 2.89 2.74
Mg 0.30 0.31 0.30 0.35 0.30 0.34 0.31 0.28
35. ( %)
0 0.5%
0 30 0 30 0 30 0 30
4033 4111 4087 4322 4126 4316 3857 4041
TCP 1895 2003 1995 2112 2093 2092 2160 2210
TDN 8030 8212 8160 8233 8210 8212 8308 8284
ADF 1283 1181 1158 1110 1108 1216 1013  11.17
NDF 3960 3796 3815 3965 3715 3841 3575  37.06
Ca 0.88 1.09 1.27 1.47 1.49 1.44 1.77 151
P 0.23 0.34 0.28 0.36 0.30 0.29 0.31 0.34
K 2.74 3.17 2.92 3.17 3.07 3.14 3.15 3.08
Mg 0.30 0.35 0.31 0.31 0.31 0.26 0.31 0.27
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36. %, NIR )

0 0.5ppm 1.0ppm 2.0ppm

0 30 0 30 0 30 0 30
40.33 41.49 41.11 42.29 40.68 41.02 40.94 40.69
TCP 18.95 19.77 19.85 18.99 19.63 20.94 19.58 20.61
TDN 80.30 82.34 82.03 83.01 83.25 81.94 82.43 82.39
ADF 12.83 10.38 11.15 11.69 12.98 11.83 10.83 11.14
NDF 39.60 37.04 37.85 37.41 36.83 37.04 37.40 37.43
Ca 0.88 0.98 0.92 0.89 0.88 1.03 0.89 0.88
P 0.23 0.31 0.26 0.25 0.25 0.23 0.25 0.24
K 2.74 3.30 2.97 3.03 3.02 3.11 3.03 3.17
Mg 0.30 0.23 0.32 0.32 0.33 0.32 0.32 0.31

2.
20
20 37
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37.

Cont.

NaCl 1.0%
NaCl 2.0%
MHA 5%
MHA 10%
Ca-P 04%
Ca-P 0.8%
I-Mix 11.35ppm
I- Mix 22.7ppm

285213202212288 222271214273 215 265 221 24.0 220 27.0 235 26.8 224

30.022028321.3289 225271212 278 22.2 280 22.2 250 23.0 28.0 22.0 26.8 238
30.6 220 304 221 281 27.0 269 21.9 27.1 22.2 26.0 23.5 26.0 23.0 28.0 25.0 27.0 236
30.821.9 288 214 208 221 263 21.4 270 22.0 27.1 231 24.0 22.0 29.0 240 276 228
305229278211 265225 27.1 21.3 263 21.5 27.0 221 250 230 26.0 235 26.6 228
308232 310215271 220 268 21.7 268 21.7 26.1 22.2 235 22.0 27.0 235 260 226
305230280220 20.8 239 259 219 272 225 27.2 232 250 22.5 280 245 265 234
205221200275279 26 278 225 31.2 25.1 290 25.0 252 22.8 28.0 25.0 27.0 236
297221280 21.8 286 256 26.6 21.8 282 23.0 281 231 250 23.0 28.0 245 27.2 238
295235292 27.0 260 235 270 230 285 231 275 232 24523 280225275 248

Cont.

NaCl 1.0%
NaCl 2.0%
MHA 5%
MHA 10%
Ca-P 04%
Ca-P 0.8%
I-Mix 11.35ppm
I- Mix 22.7ppm

330233269219 262 223 265 21.2 26.2 22.3 265 230 24.5 22.0 285 245 29.0 24.0

316 225280 21.6 27.9 22,6 283 21.6 265 22.0 265 220 25.0 22.0 28.0 26.0 28.2 24.0
316226 278219284 226 281 21.2 2715 222 265 220 24522028526 27.8 240
208 23.7 274 215 275 255 26.9 21.8 260 21.8 26.2 22.2 23.8 22.0 29.0 240 265 228
298 231 27.0 21.6 269 22.8 26,6 21.6 260 21.8 265 21.5 265 22.0 26.0 235 264 225
303229276 21.4 268 222 259 215 27.2 21.8 27.0 21.8 25.0 225 285 25.0 24.0 238
312234 273218270222 289 219 263 22.3 26.2 228 24524 265 245 29.0 240
203223270215272 222 260 21.9 266 22,5 27.0 220 255 230 27.5 245 26.8 230
203223270215272 222 260 21.9 266 225 27.0 23.0 245 220 280 250 27.2 24.2

MHA

NH3-N

NH3-N 38
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38. NH3-N
( I)
0 1 2 3 4 5 10 15 20
Control 0080 0169 1384 1761 1950 6.762 9173 12870 11.022
NaCl 10% 0080 0169 0850 0912 0912 1384 10341 18.805 8298
NaCl 20% 0080 008 0761 3271 1290 1478 12578 19486 12287
MHA 5% 0080 0080 0850 0912 0535 0346 0806 0223 0417
MHA 10% 0080 008 0672 0346 0346 0346 0320 0320 0320
Ca-P 04% 0080 0527 1117 1950 2139 2610 14038 10146 11508
Ca-P 08% 0349 0080 1473 1667 0346 2422 11508 18319 6936
I-Mix  11.35ppm 0080 0080 0939 1667 1573 1667 14038 13357 11703
I- Mix 227ppm 0349 0080 1473 1667 0346 2422 11508 18319 6.936
Control 2224 2849 2273 5346 5536 2799 12676 16470 15011
NaCl 10% 2313 2313 1028 5346 6101 6.667 18708 15984 13649
NaCl 20% 2402 2125 1028 6290 8554 6667 21140 8298 15594
MHA 5% 0080 0.080 2540 0346 0346 0441 0125 0223 2169
MHA 10% 0080 008 1117 0441 0441 0252 0417 0320 0.709
Ca-P 04% 0259 0080 0850 2516 2044 2233 5866 12676 12676
Ca-P 08% 0080 008 0850 3082 1950 2327 11995 15692 12189
I-Mix  11.35ppm 1420 1778 3340 3271 5346 5535 10925 11411 17.054
I- Mix 227ppm 0430 0080 0939 855 6290 5724 17637 18319 11.022
pH
oH 39 MHA
27 34 . MHA 25
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15

- 104 -

10



39. pH
/
0 1 2 3 4 5 10 15 20
Control 378 388 526 564 513 693 759 760 6.22
NaCl 1.0% 367 376 464 533 515 520 431 612 851
NaCl 2.0% 357 351 442 50 509 474 492 777 768
MHA 5% 284 284 28 28 283 284 258 293 339
MHA 10% 260 255 266 254 263 265 251 259 305
Ca-P 04% 410 426 419 809 771 712 652 804 888
Ca-P 0.8% 417 456 743 755 795 784 755 739 867
I-Mix 11.35ppm 3.8l 371 537 549 548 548 745 780 833
I-Mix 22.7ppm 386 380 434 529 523 624 751 715 0908
Control 378 388 526 564 513 693 759 760 6.22
NaCl 1.0% 6.88 589 576 570 478 470 470 733 528
NaCl 2.0% 6.60 554 594 599 605 483 512 754 505
MHA 5% 330 340 343 352 347 343 332 405 315
MHA 10% 297 294 292 297 299 305 305 351 271
Ca-P 04% 6.60 568 518 542 660 486 542 6.69 511
Ca-P 0.8% 6.73 551 558 604 659 530 572 693 499
I-Mix 11.35ppm 7.04 548 546 550 550 445 465 599 515
I-Mix  22.7ppm 697 528 526 540 539 535 501 706 520
MHA
, MHA 15
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0 1 2 3 4 5 10 15 20

Control 100 10.7 76 136 141 471 503 289 20

C2 NaCl 1.0% 100 485 75 0 809 102 664 17 0
NaCl 2.0% 86 88 133 13 40.6 80.7 2.2 11 183

MHA 5% 85 498 228 316 253 36 617 179 236

MHA  10% 85.7 828 0 46 266 525 405 323 333

Ca-P 0.4% 414 551 383 552 272 50 36.6 237 142

Ca-P 0.8% 317 48 433 548 441 31 364 18 385

I-Mix 11.35ppm 825 29.6 21 421 459 603 265 0 0

I-Mix 22.7ppm 225 291 286 35 457 373 294 35 24

Control 0 615 822 787 859 453 259 322 263

C3 NaCl 1.0% 0 481 925 100 191 898 248 351 492
NaCl 2.0% 80 604 867 711 594 193 485 489 274

MHA 5% 915 39 766 684 747 64 383 769 747

MHA  10% 143 172 100 954 734 475 595 513 472

Ca-P 0.4% 58.6 449 617 267 728 50 392 291 303

Ca-P 0.8% 68 50.1 56.7 326 559 513 41 343 29

I-Mix 11.35ppm 175 704 763 317 541 36 153 40 344

I-Mix 22.7ppm 80 688 705 337 536 627 221 274 269

Control 0 123 6 7.7 0 76 237 389 537

Cc4 NaCl 1.0% 0 34 0 0 0 0O 88 479 5038
NaCl 2.0% 19 189 0 159 0 0 492 50 521

MHA 5% o 77 0.6 0 0 0 0 52 17

MHA  10% 0 0 0 0 0 0 0 164 195

Ca-P 0.4% 0 0 0 18 0 0 242 472 535

Ca-P 0.8% 0.2 1 0 126 0 177 226 639 325

I-Mix 11.35ppm 0 0 0 262 0 37 533 60 65.6

I-Mix 22.7ppm 15 1 1 328 0.7 0 444 591 70.7
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41.
( I)
0 1 2 3 4 5 10 15 20
Control 4 799 78 203 191 504 453 31 03
Cc2 NaCl  1.0% 381 571 141 408 91 66 403 182 413
NaCl  2.0% 77 285 113 322 249 342 466 374 0
MHA 5% 01 296 345 111 89 25 42 643 94
MHA  10% 234 286 206 56 366 461 369 257 89.4
CaP 04% 509 129 78 78 18 274 258 34 201
CaP 08% 08 252 79 55 32 143 29 1 18
I-Mix 11.35ppm 669 40 243 152 727 361 476 396 1
I-Mix 227ppm 01 626 24 36 575 257 47 253 387
Control 96 165 917 492 608 399 314 129 397
c3 NaCl  1.0% 613 312 734 588 695 34 597 818 557
NaCl  2.0% 893 654 854 417 427 614 408 486 73
MHA 5% 999 704 64 89 911 922 527 357 906
MHA  10% 748 639 794 90 513 539 631 743 106
CaP 04% 491 871 922 876 959 716 372 32 409
CaP 08% 992 742 847 702 789 789 413 446 39.1
I-Mix 11.35ppm 331 60 757 409 15 639 29 317 37.7
I-Mix 227ppm 999 374 976 88 301 733 257 423 314
Control 0 36 05 279 135 98 234 561 59.9
c4 NaCl  1.0% 06 57 27 02 65 0 0 0 28
NaCl ~ 2.0% 3 43 33 253 24 44 126 14 27
MHA 5% 0 0O 15 0 0 41 53 0 0
MHA  10% 19 75 0 44 1212 0 0 0 0
CaP 04% 0 0 0 46 08 1 37 341 374
CaP 08% 0 07 74 243 98 68 367 545 59.1
I-Mix  11.35ppm 0 0 0 44 97 0 189 287 613
I-Mix  22.7ppm 0 0 0 352 108 1 274 32 299
, MHA
0.1% 0.2%
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42.

42
11

20%

0.1%

2,000

10
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TMF

95%

600

67- 88%

( :ton,%)

700



1 2 3 4 5 6 7 8 9 10 1 12
2,937 | 2836 | 4,061 | 4,368 | 9,691 | 11,121 10,889 | 7,763 | 10,131 | 8,660 | 11,050| 6,699
(68.8) | (67.27)| (749) | (76) | (87.2) | (83.3) | (87.1) | (8L6) | (84.8) | (84.2) | (88.3) | (82.6)
1,105 | 1,110 | 1,110 | 1,125 | 1,156 | 1,211 | 1,352 | 1,460 | 1516 | 1,324 | 1,186 | 1,14
(256) | (26.3) | (206) | (20.6) | (104) | (96) | (108) | (155 | (127) | (129 | (95 | (14.2
235 | 265 | 238 | 240 | 253 26 288 | 291 | 265 | 253
246 (2 2
G4 | 63 | 44 | 42 | 23 46 (2) 255 (9 28 | 24 | 28 | () | 3Y
9 9 10 10 10 10 9 9 10 9 9 9
02| 02| ©2 | 02| ©2| @Oy, ©) | @OYy | Oy | O | O | (O
4,322 | 4220 | 5420 | 5740 | 11,110 12,588 | 12,505 | 9,402 | 11,945| 10,284 | 12,510| 8115
(1997)
43
43. ( ‘ton/ )
1,813 9,537
845 1,372
1,676 228
98 159
330 99
764 378
(1995)
43
36%, 45%, 63%
44
44. ( :ton/ )
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() 1,329,000 104,280
( ) 3,030,000 96,577,000
1,638,600 12,625,600
521,400 324,350
1,642,800 4,030,200
406,200 3,794,700
732,550 5,980,000
2,282,150 73,264,750
3,366,350 6,313,800
23,247,250 4,881,500
1,771,900 4,617,000
(1995)
44 96
500 50
% 16
29
45
45.
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52-1911 55-40 135
44-1515 678-1 45
52- 3666 2 3B 27
53- 68% 2 3BR 27
56- 0567 697 29
53-5580 2257 13
54-3301 548 6
57- 6990 3B 130
42- 6690 42-1 13
52-0704 55-33 46
761- 6661 547 200
7450211 163-1 17
52- 4090 200-8 2
53- 4002 159-8 6
63-8777 102 3
63-9111 1250 60
63- 8793 1048 40
62- 7755 25 10
62- 6887 1250
439790 133-4 60
944- 0008 100-2 4
331300 482-4 4
31- 0225 433-15 32
31-5770 433-21 50

1292-1

1292
72-0118 80-4 50
734711 81 71

2B/L
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)

100kg
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12

TMR

kg

kg 35 30

88 90%
30 40

kg

kg

20 40

50%(
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TMR

60 65%

20%

30%

kg

80%

10%

10



TMR ,

80% 25 /kg , 70% 40 /kg

5 10%
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kg

kg 40 50

(Si)

, TMR

100
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TMR

(OEM)

70 80%
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46.

(%)
TDN UIP | DIP Ca P

(/Kg)

73( 75)| 704|300 | 75 | 21.0 | 259 0.07 | 0.15 K]

12( 13)| 578 | 94 | 33 | 57 |247| 052|039 | 110

12( 13)| 591 | 296 | 74 | 20.7 | 114 | 0.06 | 0.47 120

12( 13)| 68.0| 120 | 30 | 84 |20.0| 052 | 0.39 | 120

( 12( 13)| 650|122 | 37 | 79 |160| 05 | 03 115
( 88( 90)| 833|307 | 7.7 | 215 |133| 0.2 | 0.13 12

CP33%

10( 12), 640|121 | 73 | 42 [401| 05 | 04 140

10( 12)|57.0| 90 | 36 | 49 |280| 05 | 04 135

( 12( 13)| 68.0 | 16.0 | 46 | 106 |11.3| 04 | 04 140
() 65 780|120 | 30 | 84 | 70| 007|014 | 45
( 60 770| 135| 27 | 101 | 87 | 0.07 | 0.14 50
85 83 |887| 93 | 28 | 6.1 |10.0| 0.07 | 0.33 15

80( 70) 680 | 51 | 1.6 | 3.3 |150| 015 | 0.1 | 25(40)

10( 13)| 705|101 | 25 | 7.1 |148|0.01 | 0.01 140

10( 13)| 76.1 | 205 | 82 | 11.3 |12.8| 0.56 | 0.09 | 150

40( 35)| 66.0 | 30.3 | 9.1 | 19.7 | 15.7| 0.44 | 0.49 50

( 12( 15)| 494 | 152 | 46 | 9.9 |455|0.06 | 1.75 | 100
12( 15)| 46.0| 79 | 6.0 | 16 |71.2| 061 | 0.2 100

() 70 823 | 255 13.8| 0.12 | 0.46 35

() 80 75.0 | 185 0.63 | 0.19 25 +
* -
(DM base)
TMF
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1)
0. TMF

0. 3 5cm

500K g
0. (1,000

2) TMF

47, TMF ()

1,000

50 60%

)
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TMR

300 500



TDN |TCP| Ca | P () ()
CF | ADF | NDF
(%) (Kg) | (Kg) | (@) | (9) | (9) IKg /100Kg
(%) | 118 | 10| 1.2 /005 004 | 6.4 | 204 | 37.2 20 2100
() 70 |(Kg)| 82| 70| 08| 00| 00| 45 |143 | 260
(%) | 880 | 457 | 80| 04 /014 | 40| 40
15 |(Kg)| 132 | 69| 12| 01| 00| 60| 60| 00| 292 3030
(%) | 64.0 |49.66 | 21.6 | 25 022 | 13.1 | 462 | 64.7 % 260
4 |(Kg)| 26| 20| 09| 01| 00| 05| 18| 26
(%) | 87.7 | 740|358 | 0.13 | 057 | 6.08 | 12.7 |14.14
4|(Kg)| 35| 30| 14| 00| 00| 02| 05| 06| 2 1000
(%) | 954 |86.03 | 162 | 25 |0.22 | 7.92 171 242
() 2 |(Kg)| 19| 17| 03| 01| 00| 02| 00| 00
(%) | 86.1 (9057 | 96 |0.02 | 03 267 3021022 o, 194
1|(Kg)] 09| 09| 01| 00| 00 00| 00| 01
(%) | 90.0 | 745|160 |0.17 | 104 |803 138 [4133 | . 580
4 |(Kg)| 36| 30| 06| 00| 00| 03| 06| 17
100 339 | 244 | 54| 03| 0.1 118|232 | 309 7606
(%) 38.9
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48, TME ()
TDN|TCP| Ca | P ( ()
CF | ADF | NDF
(%) (Kg) | (Kg) | (@) | (9) | (9 IKg /100K g
(%) | 118 | 10| 12[005|004 | 64 [2037 | 37.2
70 30 2100
() (Kg)| 82| 70| 08| 00| 00| 45| 143 | 260
(%) | 880 | 426 | 51038 | 015 | 318 4886 |7955
15 151 2265
(Kg)| 132 | 64| 08| 01| 00| 48| 73| 119
(%) | 640 [4966 | 216 | 25022 | 131 | 462 | 647
4 90 360
(Kg)| 26| 20| 09| 01| 00| 05| 18| 26
(%) | 877 | 740 | 358|013 | 057 | 6.08 |1266 |14.14
4 250 1000
(Kg)| 35| 30| 14| 00| 00| 02| 05| 06
(%) | 94 8603 |162 | 25022 | 792
2 171 342
() (Kg)| 19| 17| 03| 01| 00| 02| 00, 0O
(%) | 8.1 9057 | 96002 | 03267 | 302 |1022
1 194 194
(Kg)| 09| 09| 01| CO| 00| 00| 00| 01
(%) | 900 | 745 [ 160 | 017 | 1.04 | 8.03 [13.78 |41.33
4 145 580
(Kg)| 36| 30| 06| 00| 00| 03| 06| 17
100 339|239 | 49| 03| 01105 | 245 | 429 6841
(%) 389
49, TME ()
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TDN | TCP| Ca | P ( ()
CF | ADF |NDF
(%) (Kg) | (Kg) | (9) | (9 | (9) IKg /100K g
(%)| 145| 11| 464 585
72 30 2160
() (Kg)| 104 79| 33| 00| 00|421| 00| 00
(%)| 88| 426 | 511|038 | 015 | 318 [4886 | 79.6
15 151 2265
(Kg)| 132 64| 08| 01| 00| 48| 73119
(%)| 644966 | 21.6 | 25|022 | 131 | 462 | 64.7
5 90 450
(Kg)| 32| 25| 11| 01| 00| 07| 23| 32
(%) | 8769 | 74 | 358 | 013 | 057 | 6.08 [1266 | 14.1
4 250 1000
(Kg)| 35| 30| 14| 00| 00| 02| 05| 06
(%) | 95.39 |86.03 [1615 | 25| 022 | 7.92
1 171 171
() (Kg)| 10| 09| 02| 00| 00| 01| 00| 00
(%) | 86.12 |9057 | 964 | 002 | 03 |267 | 302 | 10.2
1 194 194
(Kg)l 09| 09| 01| 00| 00| 00| 00| 01
(%)| 90| 745 (1598 | 017 | 1.04 | 803 [1378 | 41.3
2 145 290
(Kg)| 18| 15| 03| 00| 00| 02| 03| 08
100 340 | 230| 72 02| 01 481 | 105 | 167 6530
(%) 388
50. TME ()

- 123 -




TDN|TCP| ca| P ( ()
CF | ADF|NDF
(%) K9 | (K9)| @ | © | (© /Kg | I100Kg
(%) | 145| 11| 464 585
72 30 2160
() (Kg)| 104 | 79| 33| 00| 00 |421| 00| 00
(%) | 88| 457 8| 04/014] 40| 40 666
15 202 3030
(Kg)| 132 | 69| 12| 01| 00| 60| 60 100
(%) | 64 (4966 | 216 | 25 | 022 | 131 | 462 | 647
5 90 450
(Kg)| 32| 25| 11| 01| 00| 07| 23| 32
(%) | 8769 | 74 | 358 |0.13 | 057 | 6.08 | 127 | 141
4 250 1000
(Kg), 35| 30| 14| 00| 00| 02| 05/ 06
(%) | 95.39 [86.03 [16.15 | 25 |0.22 | 7.92
1 171 171
() (Kg)| 10| 09| 02/ 00| 00| 01| 00| 0O
(%) | 8612 |9057 | 964 |002 | 03 |267 |302 | 102
1 194 194
(Kg), 09| 09| 01| 00| 00| 00| 00/ 01
(%) | 9 | 745 1598 | 017 | 104 | 803 | 138 | 413
2 145 290
(Kg)| 18| 15| 03| 00| 00| 02| 03| 08
100 40| 235| 76| 02| 01 493 | 91 147 7295
(%) 38
51. TMF ()
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TDN |TCP| Ca | P () ()
CF | ADF | NDF
(%) (Kg) | (Kg) | (9) | (9) | (9) IKg /100Kg
(%) | 279 (1984 | 81 031|058 | 38 |204 |37.2
77 20 1540
() (Kg)| 215| 153 | 62| 02| 04 | 203 157 | 286
(%)| 80| 426 | 51 038|015 318|489 | 796
8 151 1208
(Kg)| 70| 34| 04| 00| 00| 25| 39| 64
(%) | 640 (4966 | 216 | 25 | 022 | 131 | 462 | 647
55 0 495
(Kg)l 35| 27| 12| 01| 00| 07| 25 36
(%)| 877 | 74[358 013|057 | 608 | 127 | 141
4 250 1000
(Kg)l 35| 30| 14| 00| 00| 02 05 06
(%)| 9.4 (8603 162 | 25 |022 | 7.92
15 171 257
() (Kg)l 14| 13|02/ 00| 00 01 00 00
(%) | 86.1 (9057 | 96 002 | 03 |267 | 302|102
1 194 194
(Kg)l 09| 09| 01| 00| 00| 00| 00| 01
(%) | 9.0 | 745 [ 160 | 017 | 1.04 | 803 | 138 | 413
3 145 435
(Kg)l 27| 22| 05/ 00| 00| 02 04 12
100 405 | 288 [101 | 05 | 05 |232 |231 |405 5129
(%) 17.3
52. TMF ()
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TDN |TCP| Ca | P () ()
CF | ADF | NDF
(%) (Kg) | (Kg) | (9) | (9) | (9) Kg /100Kg
(%) | 279 [1984 | 81 | 031|058 | 38 |204 | 372
77 20 1540
() (Kg)| 215 | 153 | 62 | 02| 04 | 293 | 157 | 286
(%) | 80| 457 | 80| 04]014| 40| 420
8 202 1616
(Kg)| 70| 37| 06| 00| 00| 32| 32| 00
(%) | 640 [4966 | 216 | 25022 | 131 | 462 | 647
55 0 495
(Kg)| 35| 27| 12| 01| 00| 07| 25| 36
(%) | 877 74358013057 | 608|127 |141
4 250 1000
(Kg)| 35| 30| 14| 00| 00| 02| 05| 06
(%) | 954 8603 162 | 25022 | 7.92
15 171 257
() (Kg)| 14| 13| 02| 00| 00| 01| 00| 00
(%) | 8.1 (9057 | 96 002 | 03267 302|102
1 194 194
(Kg)] 09| 09| 01| 00| 00| 00| 00| 01
(%) | 900 | 745 160 | 017 | 1.04 | 803 | 138 | 413
3 145 435
(Kg)| 27| 22| 05| 00| 00| 02| 04| 12
100 405 | 291|103 | 05 | 05 |338 | 224 |341 5537
(%) 17.3
53. TMF ()
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TON|TCP| Ca| P | | | ()
(%) Kg) | Ko) | @ @ | @ /Kg | /1100Kg
L 9] 8O 17] 13 002[0® | 56 o 7250
() (Kg)| 173 | 128 | 10| 00| 00| 42| 0O 00
0| (0] 80| 426 51[038 015 318 4886 7955 | 510
(Kg)| 88| 43| 05| 00| 00| 32| 49| 80
, (%) 640 4966 | 216 | 25 022 131 | 462 647 o 0
(Kg)| 26| 20| 09| 01| 00| 05| 18| 26
, | 0] 87] 740 38 (013|057 608 [1266 1414 | 1000
(Kg)) 35| 30| 14| 00| 00| 02| 05| 06
, | (0] 548603 | 162 25022 |79 - o
() (Kg)l 19| 17| 03] 01| 00| 02| 0O 00
L (6] 819057 6 002 03267 302|102 o
(Kg)) 09| 09| 01| 00| 00| 00| 00| 01
, | ()] 00| 745] 160 (017|104 803 [1378 4133 | a0
(Kg)| 36| 30| 06| 00| 00| 03| 06| 17
100 35| 276 | 48 02| 01| 87| 78| 129 6236
(%) 29
54, TMF ()

- 127 -




TON Tepica) P | ol () ()
(%) (Kg) | (Kg) | (9) | (9) | (9) IKg /100Kg
o |9 20[ 17] 1310021002 56 o 50
() (Kg)| 173 | 128 | 10| 00| 00| 42 | 00 | 00
o | )| 80[ 457 80 047014 D 4 - 2020
) (Kg)| 88| 46| 08| 00| 00| 40| 40 | 00
, | (0] 6404966 | 216 | 25 /022|131 | 462 | 647 % 0
(Kg)) 26| 20| 09| 01| 00| 05| 18 | 26
, (0] &7/740 | 38 013 057 608 127 11| 1000
(Kg)) 35| 30| 14| 00| 00| 02| 05| 06
, | (%) %4803 | 162 25 02 7% - o
() (Kg)) 19| 17| 03| 01| 00| 02| 00| 00
L | (%)) 86170057 | 961002 03267 302 102 o
(Kg)l 09| 09| 01, 00| 00| 00| 00| 01
, (0] 907451160 017 104 883 138 413 | 0
(Kg)l 36| 30| 06, 00| 00| 03| 06| 17
100 385|279 | 51| 02| 01| 95| 69 | 49 6746
(%) 29
( )
TMF  1Kg 68 76 , 65 73 ,
51 55 62 68
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TMF

5. TMF
TDN | TCP | Ca | P

CF | ADF | NDF

(Kg) | (Kg) | (@ | @ | (@

« )

NRC 500kg, 1056 | 20832 | 842 | 548
(%) | 339 | 2301 | 720 022 | 008 | 4805 | 1045 | 1666
46 | (Kg) | 1562 | 1058 | 33105 | 993 | 37.9 | 2211 | 481 | 766
(%) | 339 | 2347 | 763| 022] 008| 493 | 912 | 1472
TMF 45 | (Kg) | 1528 | 1056 | 34336 | 985 | 364 | 222 | 410 | 662
(%) | 4054 | 2881 | 1008 | 045 | 053 | 332 | 2308 | 4047
37 | (Kg) | 1500 | 1066 | 37310 | 1682 | 1965 | 123 | 854 | 1498
TMF (%) | 4054 | 2906 | 1032 | 046 | 053 | 38| 224 | 341
37 | (Kg) | 1500 | 1075 | 38166 | 1688 | 1965 | 1251 | 828 | 1262
(%) | 3387 | 2394 | 493 | 025| 013 | 1052 | 2452 | 4288
45 | (Kg) | 1524 | 1077 | 221990 |11439 |59.00 | 474 | 1104 | 19.30
TMF (%) | 3387 | 2441 | 537 | 026 | 013 | 1175 | 2319 | 3095
44 | (Kg) | 1490 | 1074 | 241497 | 1574 |5832 | 517 | 1021 | 1362
(%) | 3849 | 2756 | 484 | 022] 011 | 865 | 782 | 1286
44| (Kg) | 1693 | 1213 | 21299 | 9469 |4866 | 381 | 344 | 566
TMF (%) | 3849 | 2787 | 513 | 022] 011 | 947 | 694 | 491
41| (Kg) | 1578 | 1143 | 21031 | 8905 |4494 | 388 | 284 | 201

4 TMF

Starter

silage starter

Lactobacillus plantarum

silage starter
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1. cellulase
Clostridium thermocell
um cel A gene pasteur Dr. Beguin(1985)

2. E. coli- Lactobacilli shuttle vector
E. coli  Lactobacilli
pNZ123(de Vos 1992; de Vos 1986b) pNZ3004(de Vos 1986a,c)

3. silage starter Lactobacillus plantarum
KCT C(Korean Culture Type Collectio

n) Lactobacillus plantarum KCTC 3104, 1048
4. Cellulase L actobacilli
Clostridium thermocellum 3.2 kb Hind Il cel A gene p
CT 104 plasmid electroelution 3.2 kb Hind Il cel A
gene Hind 111 linear pNZ123 vector ligation
plasmid pSD1 0.1ng pCT104 template sal
| site primer PCR 1.4 kb sal | cel A gene
Sal | linear pNZ3004 vector ligation
plasmid pSD2
5. cellulase
1) E. coli
12 E. coli Iml LB broth 100ml 37
OD600 0.4 10
4 5500 rpm 5 60ml 0.1 M CaCl2
. 20 Iml 01
M CaCl2 resuspension 0.1 ml
plasmid DNA 60 42 60 900
po LB broth 37 90
LB 12- 16 colony

2) Lactobacillus plantarum
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Lactobacilli plantarum plasmid DNA Bates (1

989) Chassy  (1988) electroporation
L actobacilli sp. MRS broth 50ml (6 OD¢C=1.
0) 10,000% g 1x PEB buff
er(ImM MgCl2 7mM pottasium phosphate, 272 sucrose, pH 7.4) 2
2.5% PEB buffer 2.5ml  suspension . plasmid DNA (1p
a) 0.8ml . 0.2c
m electroporator cuvette electroporator(Bio- Rad Labratories) electri

c field strength(6.25kv/cm), capacitance(25p F), time constant (3.5- 4.0ms)

Electroporation MRS broth 10 37 3

MRS 37 48
colony
6. E. coli, Lactobacillus plantarum cellulase
E.coli  Lactobacilli plantarum 4 7
000rpm 20 extracellular fraction

0,1M pottasium phosphate(pH 6.5)

0.01 sonification 10,000rp
m,30 whole cell extracts solution ,
Bradford (Ausubel , 1987)
Endoglucanase Iml enzyme 50mM potassium phosphate buffer (pH 6.
5)  suspension 1% carboxymethylcellulose Iml 40 30
DNA 5 OD£0 CMC
reducing sugar g mol/hr
7. Lactobacillus plantarum

Lactobacillus plantarum

(CSL: corn steep liquor) . 5% C
SL glucose(0.5, 1, 1.5%) yeast extra
cts(0.1, 0.5, 1.0, 2.0 %), 0.1% KHZPOs 0.2% KzHPOA4

1% 12
Lactobacillus MRS
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Lactobacillus- E. coli

Cellulase Lactobacillus plantarum starter
Lactobacillus- E. coli . promoter
host high copy number pNZ123(2.8 kb, CmF)
) pro
moter Lactobacillus NI1ZO(Netherland f
or Dairy Research) De Vos Lactococcus latis Lac A promoter
erythromycin marker pNZ3004(4.9 kb)
. Cellulase
Lactobacillus pNZ123 cellulase Cl
ostridium thermocellum cel A gene promoter
signal sequence (3.2 kb Hind Il fragment)
Lactobacillus pNZ3004 cellulase 3.2 kb cel
A gene Hind Il template PCR cellulase
gene (1.4 kb Sal | fragment) PCR primer
Denaturation ’ 4 60 sec
Annealing 55 60 sec
Extension 72 80 sec
Last extension 72 300 sec
Total cycle 30

Primer 1(N-terminal; 37mer)
5-AAAAGAATTCGT CGACAGCAGGTGTGCCTTTTAACAC-3
Sal |

Primer 2(C-termnal; 38mer)
5-AAAATCTAGAGTCGACACCCATTACACTAATAAGGTAG-3
Sal |

. Lactobacillus plantarum

- 132 -



Starter Lactobacillus plantarum KCT C 1048, Lactobacillus plant
arum KCTC 3104

Cellulase
Lactobacillus- E. coli pNZ123 Hind Il site 3.2 kb cel A gene Hi
nd Il fragment plasmid pSD1(6.0kb) (Figure 1),
pNZ3004 Sal | site 1.4 kb cel A gene Sal | fragment pl
asmid pSD2 (Figure 2)
(5) plasmid
Cellulase plasmid pSD1 pSD2 E. coli MC 1
061 cellulase (Figu
re 3, 4). Bio- Rad electroporator plasmid pSD1
pSD2 Lactobacillus plantarum KCT C 1048, Lactobacillus plantarum KCT C 3104
plasmid pSD1 cellulase
Lactobacillus plantarum KCTC 1048
(Figure 5), plasmid DNA p g 2.4x 102 CFU

plasmid pSD2 Lactobacillus plantarum

(6) Cellulase

plasmid pSD1 E. coli MC 1061, Lactobacillus plantar
um KCTC 1048 specific activity 1.20, 6.36U
/mg , Lactobacillus plantarum

91.7%
2)
(1) Lactobacillus sp.
Lactobacillus sp. MRS
rich media
(corn

steep liquor) ()
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56.

Item Content(W/V_ %)
M oisture 48%
Total solid 52%
Reducing sugar 10%
Lactic acid 15%
Sulfonic acid 150 ppm
Amino- N 0.5 %
Total-N 3%
Ash 10%
57.
Item Content(W/V %)
Aspartate 0.475
T hreonine 0.335
Serine 0.410
Glutamate 0.607
Glycine 0.227
Alanine 1.155
Cysteine 0.178
M ethionine 0.353
Isoleucine 0.336
Leucine 1417
Tyrosine 0.392
Phenylalanine 0.921
Lysine 0.496
Histidine 0.224
Arginine 0.807
Proline 1.082
Valine 0.618
, glucose yeast ext
racts KHZPOZ, KZHPO!
5% CSL glucose (0, 0.5, 1.0, 1.5%) , yeast extracts

(0.1, 05, 1.0, 2.0
us plantarum

MRS
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(2) Lactobacillus plantarum

silage starter Lactobacillus plantarum KCT C 1048
MRS glucose 12
glucose 5% CSL
MRS , 0.5% glucose
(Figure 6). 5% CSL, 0.5% glucose
yeast extracts
yeast extracts (Figure 7), 0.1% ye
ast extracts MRS .
Lactobacillus plantarum (5% CSL, 0.5% glucose,
2%yeast extracts, pH 6.5) MRS 12 Lactobacillus p
lantarum OD ¢ 19 18
MRS

Figure 1. Construction of recombinant plasmid pSD1
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Figure 2. Construction of recombinant plasmid pSD2
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Figure 3. Congo red test of E. coli MC 1061 with pSD1
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Figure 4. Congo red test of E. coli MC 1061 with pSD2
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Figure 5. Congo red test of Lactobacillus plantarum KCTC 1048 with pSD1
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Figure 6. Growth curve of Lactobacillus plantarum KCTC 1048 in MRS and 5% CS
L
media with different glucose level
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Figure 7. Growth curve of Lactobacillus plantarum KCTC 1048 in MRS and 5% CS
L
media with 0.5% glucose and different yeast extracts level
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1, 40% , 19 20%
, TDN 78 82%, ADF 12% , NDF  40% , Ca 0.65 0.93%,
P 023 032%, K 2.7% Mg 0.3% , 2
) 30 )
2.
- 20
- NH3-N MHA
- pH MHA 27 3.
4 . MHA 25
- 10
15
3. MHA
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, MHA 15

4. , MHA

, 0.1% 0.2%
5 8 TMF , TMF
1Kg 68 76 , 65 73 , 51 55

, 62 68

Ausubel, F. M., R. Marquardt, P. E. Underson and M. J. Gasson. (1987). Current pr

otocols on molecular biology. Greene publishing associates. Unit 16.6.

Bates, E. E. M., H. J., Gilbert, G. P. Hazlewood, J. Huckle and J. I. Laurie et al.
(1989). Expression of a Clostridium thermocellum endoglucanase gene in Lactobacill

us plantarum. Appl. Environ. Microbiol. 55: 2095- 2097.

Beguin, P., P. Cornet and J. P. Albert. (1985). Sequence of a cellulase gene of the
thermophilic bacterium Clostridium thermocellum. Appl. Environ. Microbiol. 162:10
2- 105.

Chassy, B. M., A. Mercenier and J. Flickinger. (1988). Transformation of bacteria b
y electroporation. TIBTECH 6. 303- 309.

de Vos, W.M., R. J. Siezen and O. P. Kuipers. (1992). Lantibiotics similar to nisin
A. PCT. Patent Application WO 92/18633

de Vos, W.M. (1986a). Genetic improvement of starter streptococci by the cloning a

nd expression of the gene coding for a non- bitter proteinase. In: Biomolecular Engi



neering in the European Community: Achievements of the Research Programme(198
2- 1986):Find Report (E.Magnien. ed) Martinus Nijhoff Publisher. Dordrecht. pp. 465
- 472.

de Vos, W.M. (1986b). Gene cloning in lactic streptococci. Neth. Milk Dairy J. 40: 1
41- 154.

de Vos, W. M. (1986c). Sequence organization and use in molecular cloning of the
cryptic lactococcal plasmid pSH71.Second Streptococcal Genetics Conference. Miami

Beach. American Society for Microbiology P223.

de Blanc, D. J. and L. N. Lee. (1991). Replication fuction of pVA380-1. In: Genetics
and Molecular biology of Streptococci,Lactococi and Enterococci. eds. Dunny. G.

M., Cleary, P. P. and Mckay, L. L., American society for Microbiology, pp.235- 240.

. 1980. : 22(6):439- 446.
. 1981. . . 23:(2):97- 102.
. 1977. silage : 19(5):370- 374.
. 1992. UR o1 ,
P 1-12.
. 1987. . . P 3509- 3809,
. 1991. . 1991 . 1991. 4

pp. 188-203. 4

. 1990.
11(1):21- 31.

. 1991. TMR . 1991 . 1991. 4
pp. 291- 298.

- 145 -



. 1990. . . 14(3):84- 89.

. 1990. I- 111 © 14(3)84- 89, 1991.
:15(4):182- 185, 186- 189.

, 1994

. 1988.

- 146 -



4  TMF

1
TMF
TMF
TMF
TMF
2 TMF
TDN 85%
(Prtected- amino acid) 45%

27%
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TMR TMR

(individual supplementation strategy)

TMF

58.
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35.0 145% 8.5%
15.0 , 44%
20.0 0% 2%
100 B, 13% 2% 2.5%
19.0
1.0 :
(%)
TDN Ca P
88.0 720 275 33 123 56 05 03

- 135 -




59.

(%)

50.0

8.0% ,

45

44%

10.0

40%

' 2%

145

13%

, 12%
2.5%

15.0

12%

1.0

37%

, 18%

0.5

68%

, 40%

15

1.0

36%

15

100

(%)

TDN

Ca

88.0

85.0

135

5.5

4.0

5.5 0.6

0.3
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21 29 50

30 100
( ., BCS)

101 200

(. BCS)
201

(., BCS)
BCS
BCS
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ARC
2)
2)
(D)

1.

[ ]

13 ( : 872

NRC
1)
(C= A-B)
97 11 12
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BCS( 3.0

(B)
4)

90177,

. 98

35 )
NRC
1)
(A)
3)
190 10
1 20 ,



69 © 31.3Kg, : 40.56K g, : 650K g

(kg) DM(kg) TDN(kg) TCP(g)

650( ) 451 42800

20% 0.90 85.60

5% 0.23 21.40

313 1056 1306 3650.40

(A) 1870 418540

4.00 356 194 39680

20.00 5.60 310 54000

(B) 24,00 9.16 504 93680

(A-B<C) 1366 324860

1203 1074 9.74  1707.83

5.44 4.89 392 154077

(A) (D) 1747 1563 1366 324860
(D-C) 0 0

4.00 3.56 194 39680

20.00 470 236 600.00

(B) 24,00 8.50 430  996.80

(A-B<C) 1440 318860

1402 1252 1135 199031

4.3 381 305 119829

(B) (D) 1825 1632 1440 318860
(D-C) 0 0

4.00 356 194 39680

20.00 5.22 330 40000

(B) 24,00 8.78 524 796.80

(A-B=C) 1346 328860

10.79 9.63 874 153182

6.56 5.90 492 185678

(©) (D) 1735 1553 1346 338860
(D-C) 0 0
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%

(kg) DM(kg) TDN(kg) TCP(g)

650( ) 451 42800
20% 0.90 85.60
5% 023 21.40
313 1055 1306  3650.40
(A) 1870  4185.40
4.00 356 194  396.80
20.00 5.60 310  540.00
(B) 24.00 9.16 504 93680
1366  3248.60
(A-B=C)
1988 1749 1367 39995
(A) (D-C) 0.01 7509
4.00 356 194  396.80
20.00 470 236  600.00
(B) 24.00 850 430 996.80
1440 318860
(A-B=C)
2095 1844 1440 35825
(B) (D-C) 0 3939
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400 356 194 39680
2000 522 330 400.00
(B) 2400 878 524 796.80
(A-B=Q) 1346  3288.60
1959 1724 1347 33499
©) (D-C) 001 613
TDN
(kg) DM (kg) TCP(9)
(kg)
650( ) 451 42800
20% 090 85.60
506 023 2140
313 1056 13.06 3650.40
(A) 18.70 4185.40
4.00 356 194 396.80
20.00 560 3.0 540.00
(B) 24.00 916 504 936.80
13.66 3248.60
(A-B=C)
( ) = D1 1988 1749 1367 3,999.5
(D1- C) 001 750.9
& ) =D2 1747 1563 13.66 3248.60
(A)
(D2-C)
(D1-D2) 2.41 186 001 7509
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400 356 194 39.80
2000 470 236 600.00
(B) 2400 850 430 996.80
1440  3188.60
(A-B=C)
( ) = D1 2095 1844 1440 35825
(D1-C) 0 3939
( & ) = D2 1825 1632 1440 318860
(B) (D2-C) 0 0
(D1-D2) 2.70 113 0 3939
400 356 194 396.80
2000 522 330 400,00
(B) 2400 878 524 796.80
(A-B<0) 1346 3288.60
( ) = D1 1950 1724 1347 33499
(D1-C) 0.01 613
© ( & ) = D2 1735 1553 1346  3388.60
¢
(D2-C) 0 0
(D1-D2) 2.24 171 001 307
10%
3. TMF
0
- : 400
- : 400, 10 1 2
] : 8,000Kg
- : 60%
- TMF ) + )
0 ( : )
60 . “ o




21
29

30
100

101
180

181
280

281

600

700

550 | 650

550 | 650

550

650

550 | 650

550 | 650

30

25

20

15

28

35

28

22

15

TCN ()
TCP ()
UP (9

Ca (9

120
5.62
1074
316
39

24

140
6.31
1,165
316
46

28

194
143
3,166
1,203
122

78.3

208
143
3149
1,197
123

789

204
152
3414
1,297
131

83.7

218
149
3344
1,170
130

83.2

184
133

2,874

1,012

112

719

110

710

16.8
113
2,334
817
92.7

60

179
111
2,282
753
921

598

149
9.54
1834
605
749

49.0

159
9.34
1,778
533
742

48.7
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61.

21 30 101 181 281

29 100 180 280
TMF 55 55 55 |40-10|10-40| 55 55 55 55 55 55 55
TMF 55 55 55 |40-10|10-40| 55 55 55 55 55 55 55
TMF 55 55 55 |40-10|10-40| 55 55 55 55 55 55 55
TMF 60 60 60 |40-10|10-40| 60 60 60 60 60 60 60
TMF 50 50 50 |40-10|10-40| 50 50 50 50 50 50 50
TII:VI TMF 45 | 45 45 140-10|10-40, 45 45 45 45 | 45 | 45 | 45

( )
2 | 1 20

0-3 05 50| 40 | 30 25| 15|15 10 10
0-5/ 06 75| 75| 65 65|55 50 35 30
DM () |120/131]203| 203 | 212 | 208 | 190 | 186 168 163 146 14.2
TON () | 79|84 144|144 154 150|136 132 118|114 100 96
TCP () | 1337|1415 3281| 3229 | 3576 | 3439 | 2993 | 2855 | 2409| 2323|1930 | 1844
UPP () | 468|472 |1,294| 1,407 | 1,407 | 1,347 | 1,155| 1,095 903 | 867 | 700 | 665
Ca @) 53 |515| 124 | 131 | 131 | 132 | 113 | 110 | 940|950 75.0| 710
P ©) 56 |57.1| 106 | 120 | 120 | 114 | 550 | 103 | 92.0|90.0 | 77.0| 70.0
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( A ) (TCP 17.1%,
TDN 71.1%) ( B )
( , ) 1994 1 1 12 31
62 (A, B 31 )

62.
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(%)

, 6.0M, 8% 50.0 455
KSN 10.0 15.0 9.0
B , 13% 145 10.0
1 MP, 17.0 15.0
12% 15.0
14.5% , 320 30
44% , 45 15.0 6.0
3% 1.0
60% 40
80% 6.0
50
68% , 40% 20
45
98% 05
30
salt,calcarbonate 15 3.23
Yeast- xp, Cattle- 2, 1.0 1.07
1.0
47
100 100 100
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63.

A
88.0 88.0 88.0
(TDN) 81.0 72.0 68.74
14.2 28.3 17.1
(%) 55 3.3 3.1
4.0 12.3 5.76
55 5.6 6.2
0.6 0.5 0.93
04 04 0.6
10
( (04:30 ), (18 :30 )
10 ,
1 MILKO SCAN Model 300( )
2.
1993 ( 250
1994 1 62
Holstein
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(A ) 333
7,995 Kg 23.99K g
(B ) 21.58K g
2.41Kg A 11%
, 305
5%
8%
64. ( : Meant
SD)
() (Kg) (%) 1805 ME  (Kg)
(Kg)
A 31 |2.67+ 1.40| 333.3+ 2358 | 7,995+ 10335 | 23.99+ 3.10 | 3.34+ 0.36| 8,244+ 1,008.3
B 31 |1.70+ 0.47| 322.6+ 37.64 | 6,963+ 15404 | 21.58+ 4.77 | 3.62+ 0.40| 7,863+ 1,400.4
(A-B)| 62 097 10.7 1,032 241 -0.28 381.0
1305 ME . 305
4 . TMF
TMF IMF
6
TMF
1)
2) 3) 4)
, 50%
1914 ( 5130 )
( , '97),
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TMF
, TMF
TMF
TMF ,
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65.

« ) TDN(%) ( Kg/1Kg)

5,265 375 1.92
238 411 172
260 50.8 1.43
131 42.7 171
63 61.0 1.19
98 66.9 1.09
50 45.0 1.62
6,105

(Total Mixed Ration

: TMR)
(TMF) ,
TMF

- TMR

( TMR ) - - ( : )

( ) TMR ( ) - 316

- TMR

( TMR ) - - ( ,
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( ) TMR R R
5
1. 85%
27.5% :
2.3
11%
3. 1) (A)
2) (B) 3)
(C= A-B) 4)
(D)
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. TMF
. TMF
. TMF

. TMF

. TMF

3. TMF

4. TMF

TMF

TMF
40%
2% 3%
TMR
TMF
8 TMF
(MHA)
Starter
starter
TMF
TMF
TMF
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1996. . PB9618.
Holstein
1997. . D9721.
22
1997.12. ( )
(TMF) 1997.12.
. TMF
TMF ( 1 1,000
: 2 ('98 )
TMF
- TMF
TMF
. TMF © 4
TMF
1 y 2 H
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