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Analyzing and assessing of nutrient value of food

processing by-products, and database development
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SUMMARY
I. Title

Analyzing and assessing of nutrient value of food processing by-products, and
database development
II. Objective and importance of the study

There are many by-products that are used as feed sources in livestock rations.
By-products result from the processing of many commercial crops plants grown
for food and feeds. In Korea, more than 6.3 million tons of by-products are
produced annually of which about half are collected and utilized for animal feeds.
If we calculate the utilizable by-products as TDN, it will be 1.2 million tons that
are equivalent to 1.7 million tons of commercial concentrate feeds. Inspite of huge
amount of by-products are produced in this country, most of feedstuffs are
imported from abroad. We should utilize this kind of resources as feed as much as
we can deal with. By utilizing these by-products we can save foreign currency by
decreasing the amount of imports of feed material from abroad. And we can solve
the environment contamination by utilizing these by-products as feeds rather than
wastes. Some of these by-products are excellent feed ingredients, whereas others
have only limited nutritional value.

At present, there are many problems to solve when the farmers utilize the
by-products as feeds for their livestock. Their nutritional values are not analyzed
and assessed precisely and accurately, moreover their nutritive values are variable
according to the material itself, origin, processing method, storage method,
transportation and etc. Therefore, even if the farmers want to utilize the
by-products as feeds, they have difficulty to apply it properly for their ration
formulation.

In this study we selected twenty kinds of by-products which are produced in
the food processing plants. We analyzed chemical composition, digestibility and
degradability of the by-products. And we surveyed the food manufacturers which

produce the by-products, and summarized the amount produced, and how the



material processed, transported and sold to the consumer, the farmer or TMR
handler. All of the data such as nutritive value, the procedure from processing of
raw material to the end consumer and even the contemporary prices are connected
to the database. And the farmers not only easily contact the exact nutritive value
of the by-products, but also get to know where and how they can get what they

need.

M. Contents and Scope

< Part 1> The evaluation of nutritive value

1. Analyzing the chemical composition, and NDF, ADF, mineral and amino acid
contents, and assessing TDN and NE of the test material.

2. Analyzing toxins and anti—nutritional factors probably existing in the test feeds.

3. Fermentation pattern and digestibility measurement by in vitro method.

4. In situ trial on DM, Protein, NDF and ADF digestibility.

<Part 2> The development of database

1. Surveying on the food processing plants.

2. Surveying on the methods of collection process, and storage and marketing
condition of the by-products.

3. Classifying and systematizing of the by-products by their characteristics and
nutritional value.

4. Database design and development for the farmers to get information on
purchasing of ingredients and formulation of ration.

5. Testing and judging of developed database.

S

Supply the information for the farmers to contact with the by-products

producers and enable to purchase the products by internet immediately.



IV. Results and Application
<Part 1> The evaluation of nutritive value

Concentration of NaCl for fermented soybean paste residues(FSPR) and
soybean extraction meal by chlorine were 12811ppm, 12,579ppm, respectively.
Concentration of aflatoxin and Pb for FSPR were 41.18ppm and 11.57ppm,
respectively. Concentration of NFE for orange pulp, orange peel, starch by
products sweet potato, grape peel, apple pomace, carrot by-products,
ginseng by-products, red ginseng by-products were 65.98%, 70.149%,
64.64%, 36.04%, 42.66%, 60.45%, 68.32%, 58.34% and TDN were 70.00%,
71.54%, 66.72%, 62.20%, 90.19%, 68.90%, 70.51%, 67.12%, respectively,
implying that these ingredients may have potential as a energy source for
TMR. Concentration of crude protein for brewer grains and distillers with
Lycium Chinese Miller were 25.61%, 33.16% and TDN were 83.37%,
89.33%, respectively, implying that these ingredients may have potential as
a protein and energy sources for TMR. Concentration of crude fiber for
red bean south and small green pea hull were 51.56% and 70.18%,
respectively. concentration of NDF were 87.73% and 90.02%, respectively,
implying that these ingredients may have potential as a fiber sources for
TMR. Concentration of crude protein for soybean milk by-products, taffy
residues, sesame oil meal, barely malted sprout and corn germ meal were
34.73%, 39.77%, 47.67%, 32.28%, 33.15% and TDN were 91.19%, 90.98%,
82.449%, 63.61%, 70.73%, respectively, implying that these ingredients may
have potential as a protein and energy source for ruminant feed.
Concentration of crude protein and crude fiber for soybean hull were
19.94%, 34.05%, respectively, implying that these ingredients may have
potential as a protein and fiber source for ruminant feed. Concentration of
NFE for barely scalping meal and distillers with germ rice refined wine
were 60.79%, 72.69% and TDN were 74.68%, 83.58%, respectively, implying

that these ingredients may have potential as a energy source for ruminant



feed. Level of heavy metal(Cd, Hg, Pb, Cr) and concentration of HCN were
below safety level. Level of urease activity, tannin, nitrate and trypsin
inhibitor was low enough to be used as a ruminant feed. Concentration of
aflatoxin for red bean south, soybean milk by-products and fermented
soybean paste residues were 3.84ppm, 1.68ppm, 41.18ppm, respectively.
However, aflatoxin was not detected in the other types of feed resources.

In vitro DM disappearance of barley malted sprout and orange pulp were
higher in the first stage of fermentation. Grape seed was the lowest DM
disappearance among the test material. NDF disappearance at 24hour incubation
was highest in soymilk by-products and lowest in orange pulp. Grape seed
showed highest ammoniacal nitrogen during 24hours incubation. Soluble nitrogen of
barley malted sprout was increased from 53.41mg/vessel at 0 hour to 138.85mg
/vessel at 24hours incubation. Microbial protein yields of all test materials were
decreased as incubation time proceeded. At 24 hour incubation, total VFA
concentration of barley malted sprout, sweet potato meal, soymilk by-products,
orange pulp, red bean hull, taffey residues and grape seed were 208.43, 133.79,
187.16, 266.95, 139.4, 166.27 and 23.26mM, respectively. And acetate proportions of
all test material tended to decrease, whereas propionate tended to increase as
incubation time proceeded.

In situ effective degradability of dry matter at the passage rate(k) of 0.05 was
highest in apple pomace, and the other by-products have nearly same
degradability ranging from 52-59%. Barley malted sprout showed highest in situ
effective degradability of crude protein(EPD) at the passage rate(k) of 0.05. And
EPD of apple pomace, soybean milk by-products and strach by-product of sweet
potato were 48.46, 31.22 and 30.85%, respectively.

<Part 2> The development of database

1. Collected thirty-five samples of the by-products to be tested.

2. Collected data on the addresses, main products and annual production of totally

,10,



14.625 food processing plants over the country.

Investigated on the database situation which are being developed and used
currently by other organization.

Studied how the farmers or TMR handler get information about the food
processing plants.

. The recordings on the by-products plant were transferred electronically to the
database

. Studied on the problems which the by-products producer may have confronted.
For example, if they sell their by-products after producing main products,
whether it can be legal or not. And if the by-products were treated as wastes,
whether there is possibilities to utilize this material as animal feed source.

. Surveyed on the waste treatment operations which deal with wastes from the
by-products producer.

. Designed and developed the database on the food processing producer for the
farmers to get easily and updated information. Information includes; the
by-products producer(location, scale, kinds of products, marketing condition)
and the nutritive value of the by-products.

. The operation environments of the database are as follows:

- Location : http://www. nlri.go.kr/byproduct/
- Operating system : Windows NT 4.0

- DBMS : MS SQL 7.0

- Program tool : ASP, CGI, Power builder

,11,



CONTENTS

Chapter 1 Outline Of the research project
1. Ob_]eCt or range Of research project
2- Research goals and COI’]tthS

Chapter 2. Current status of technical development at home and abroad

Chapter 3. Research topics and results == «w- e eeeeeeeresoesen senseneee oo oo
9 Materials and method =+« «++ «+e creere ere srs enves en sen ven ven ven ven van ea
3 ReSUItS ANd diSCUSSION - «++ ++ #os sos wee en srs taeaee en vrn e aes aas aen oen

Chapter 4. Goal achievement and impacts on related fields«:« =« ec e eereee
1' Yearly researCh aChlevement

2. EXDGCted effeCtS on the related fleld eee see tee see ses sae ses see see see s

Chapter 5. Application scheme of research projects

1_ The needS Of further reSGarCh

2’ Application to Other research “ee see sae see see see ses see ses sas see see see ses

3. The plan Of industry e tes cee ses see ses ses see see ses see ses see see see ses sen

Chapter 6 References eee cee see see ses ses ses see see see see see ses see ses ses ses sae see

,12,

14

14

15

18

20

20

22

29

82

82

82

83

83

383

83

84



It
>

Z‘ﬂ 1 Xo]— OL:]_?_7HHE]—3]_;Q‘IQ/] 7H9_ e eee ses ses ses ses ses ses ses ses sae ses sse see see s

Zﬂ lxé (3_:‘(_?—7]1\??1_—‘0/] __E]E]jﬂr Hﬁ]_ﬂ..........................................

A 248 TAE AT EIE T U Roeeecee e e e e e e

}ﬂ 2 Xo]— %Lﬂﬂ 7]%7]1%— :‘§o]—................................................

zﬂ 3 7(()]— 03?7]11?:_]—3’:{53 LH_%_ \:'k] Z_gjl/}_

A4 EFGAE D FEIEOEO] F]O]IE ceeer e

A5 AT Aol &8A

A 1A ZTFQAITEO] T Q A ve e eee nn e e ee it e e e e e

;(ﬂ 27% E]_?j:rLoﬂg] %%_

BT I LS B B ) P

,13,



A 17, AL 2AT WY

et Aol g Faw BAE A9 509014 AH s ALRH A
wolth, Selueb} #9stm i FEF) A% % Y dLow ge Ao 5
T, B, 0EY ARELA, ARFOR FYHE FF GUIARI 106WE R 2002
2, 71e} @uALE 7L 174RbFE 0 8 29097 vtk e]o] &ekth(1998). 1B R FA
ARN AR At BE % 44408 9P o
IMF$17]0] % AbEne] F4502 F9& A

gaA sl FAHA AN FoiAo} &
% Ba 44 s HolquA ;e

O

il
T
£
=
o
)
>,
%
ki
o
N
& Lo
>
N e o N
ST o
£ 2 i
= o
oy Mo rlr
24

<

Nzl
BN
>,
i
X
i
=

)
o
frt
-z

b
Ho
o
ME

o
-
o H
BN
>
il
lo
=
-z
M
rlo

AE & AAAA ez
o, seveteld 71w

X
(o,
2
=2
o
>
>,
ki
ot
eor
-
N
)
£
i3
o
™
o
A wo
Kl
¥o,
rlr
N
Ho

HoAEH W

D Fuel AHgEE AuiRe] grEe £qd dFen Qi Agew By
Fol ME ARFEAAY EFOR ARTY B =7t glo] oF WAL
F Qe PrEARAAY Aol 8T

2) RENRAAS AdH . ARH o 2T sl AAE T EWE S5
ol 44 A Ao 1 ol go] F3 ATH | Qo

) A AREE PAEE PAE AP, AAA, BRI S BF FEA
o B AA FhE o] AA Wol Fke MA o ge] B fEHol gonw
o1& A7 A% D/BS Zeg Aol L7

4 Sl A AAEE BEARALY] FRE GYSD gout A4 ol§8 & A



FAE S S53] dFH low Ee dF AS FEHe TRe AdEH dn
UgEe HEFFE AL Aske] Abgel we o= Aol glom

5) B& FRO REAAS ARAA, 3 oS, FAYE Fhel BE ol §
AT 5 71%A Jusk AR} BrrlA ol go] we fzAFo] Jomw
BEARAUS) AR AN A3 Posord Bayel U

6) A FFRAR A 28 Fol woh WA Selt wu Ly Ao §
o] epom FalMite] Figel @ %ol valw AEso] gow

D HEAQ FEAEAAD WAL oAUASE gAY Fe] ¥ ®uk ohe &
B85 o} ALREAS] Qo] Wolxy] MR o]F AAT F Y ol §71%7)
wo] 24

D =i Abs A vt S7hFAle] lou ARdRe] FeloERe He o
AshE AL 9le.
2) Sl A 4l
AbE7ke] Abs
3) @A s hEEAtES
= ZhEAREAr

=
o =~
= A" 5

30 e
o |o

9

o |

RS A/1E Ado] obd AAABE ZWNA o] g3ty s
3 o] FobA Aol FEAEAL ol §AHS FHske] 95 ot
o

(o)

ot

Ul A AT AEAZIAE 20052 Asd AuAE BAsan o2
AN 5 9l D/BE AWFORA PAE ANAS Faxzt Abelu AA B4

slol] 7]of 2} ot

,15,



olo

es

oF
TR

K

oo

Gl

B

A

-

o
pad

_(H

=
=

=

=3

ol 3}

2

NE) 4t

=i
=
2199

CERE!

3T

% o

J

A
jul

=]
T

> #E24(Ca, P, K, Mg, Na, Cu) #4]
71¥& D/B

> =4 &4 (Cr, Hg, Pb, Cd) ¥4

> NDF %2 ADF #4
> obreat

> ol Y %] 7H(TDN

e

@]

ol

=

B

A &Aoo 7 A

(2071
2o A (FZ= 7)ol A

O

B/
it

~
H_O

]
3

X

=

—

o
o}

o

X

o

L

A2t ol g7

!
o

W
%!
BK

Ho

o

O

X

r

o

Ho
—_

<

i
e

el
)AO
4
o)
mfy

<)
Ho

N
Hin
<

es

7}

o

]

hyz

AL 7HA
drRAEE D/B 7N

iz

(2000)

Al Al 3}

,16,




N

o —_ —
~L < X "o
% b 5o X "
< W _ F < o=
oF |mn Mo ~F oy W Mro Mo
s e ~ W No Ho T
W g S | Ne o
B o % T o 2" h BT oy M
A ) rvai
do | ofy z I 2 | ux W muu . nMn
T —IA !
T | o P w B B|® yBE TE w2
B | il G == 5|2 il IO
= |2 T |2 R JA:SHI og B F | F T vﬁmﬂ Y
— = i - o . S|k < <M W g o) B W\l ] Pl _EM
| o T R T E 299 g@2a%she?
5 N Mo Tgo p|® o g |FF I TN AT
s W e @ MMWﬁW% w o n_.uumw
. T ® 7
= A A A 3AAA ! o -
o %< (@) I 2 e} L
el el
\Nﬂ st \Nﬂ junt
oo g N o g N
o= N —_~ ~ N —~
SOl < A Sl <1 &
B ~ (2) ~
A T T 3 o " T+ 3
gl e a X T ao
=N N N o NN ™ o
B B — e B —
—_— — X — —_ — X
il e < SUNIES <
3 = E
2 to " 1 o
X ® X ®
T e N
LR g
I ) X 9
[a\] (9p]

,1’77




Zuye gAVEe AFFH EAF

A 14

==
T

AR TE A A2

o]

CF)

oA REAbEA

p=2
[e)

SN

B

B
‘.@O

o

K

X
g
_&.O

=R
o
!

o] thFos Aiks

B9

ki3

=
[}

2= 0 7

o

do

A2 2}

L
R

e}, ol

B
=

Sl

| T2 AAA ZAAZE WA E o

A5

lom she)

9

0
—_—
~

=
=

ejel, o voprk 7k A4 o

J|

wEanAael geles, o

p
o

9] = ol A

P Albel ol g\ T gleh ey @A ol

H

k)
RS

¥stel vl

¢+

o A

Fol7b gl71 i

Z

=
-

olyg

Al 747 o]

=
=

SRR

3|

3050 AT WeE FA

CR

3]
3

/\}g

1500 =0z o] o] A

o]

4,000 "=, FEALEAY o] & 2,600

o3

Argoltt.

33:67(19971) ol A 60:40(200411) 0.2 =0} A

)l

AeHoR A% ol gstzd Fu

o] ©
Seh=y

st

]

A ha ©

AR SE o] && % AT 30%lA 60%°] o2 Fofok

&

< 360

A
ZS|

B

)

S A AAES SlaA

3

gt

RE

H
e

e
2]t

s

!

1o

o

al

o= 1,240

o] Wzt of 6300 M= AL Aty

=)
s

)1\_]_—

}ol ALE S o] 84 o= 7143 SE(TDN) 7]

3|

=
]

~

3
hud

7t

°]

fu
R

_(')_
 oF 50%E 7

’

3
hud

3l

Z

=
L

oFolth, zEup St

o] ==
DA

=
T

[oi3
=

il

=5 Wz

3l

Z

s 1,700

3]
H

Hj

1
.

ol sfgstez o
2} ol A

RA

A2l &

e
&4 3} (lignification) 7} <A@ A ejo]7] wf&Eo] $jol A

o el

A A AL

of &3

L
L

17} vk ey A

pul

3+ A

1
L

el

71 Ao =2

g7 %

R
o

SET e RE

,18,



Aeow Hrhsar vy webA & dAFdAeM = =

8
A OAREE AEAERAE 0F, 5 W, F4u 8555
I3 ]

5 o, g, Qlakey Adaewn
A HabE (el E7)), AN, OiFe), W Eeuke FEAo R ATEAY

A 24 go=zo AY

AnAlRe] 744 4%, 7wkl BAel u@ FA Asel FYARE o F AT
A9 WE FA Fol gA AAA ABAAY G5 R EAY] SelPoR o
A A el AFen Aw - ALE REALAL] U A @ st
W Bed Ao g

T3 AFE o 2004 W=

FEvete] & Al FSE 3,050 AT Hel® A s
a ojuje] AR £8% 7100 ME AFs AFAN ol &3vE HxE AT 9
th olF 37%cl slFsh= 2600 A= FEARAL R SRIGE AlFol ol&
A= HAS 283 T B A JheRAtE e ALRSE o]&ek Awe 30%0l
M 60%0ld o2 wolaat Fuh AR ol A Fo] A gle] o]Fofd £ UkFH

=
7] glalAe BEARAde] D/Bs 29, AR A8d @7k 9 o]87]&]
Mol mrh X33 o] FojAof & Ao Ay
dul, B oAve] 2w AuE REARAL UF DB Zeads 4, ARt
Aol Wrh @ e ol&7]E WHS UG Fre] oAt EAE 1AL Ao,
o)ztol 714 sEatel 93 YSolw vod Ao AgH

,19,



H 3 &

A

A

A 14

BRASAE PR

e
H

A

-

oL
o

7
ki3

b ol &

S

AEADOE A

o~
T

B

S

=
g 4

4

s

e

ol Al

=
=

A gtAL E(TMR) A AF=E

24 AU B4 44 AAAT 7}

3t o
o=

ur
=

do

B R
U

1

Apg )

& A

/g—

JakH] o] 50% 0]

oNA 7Hg FLT AL 4

%

}‘\_]:

=
o] tH(2003, FAt= A R AR a1). -2 uebrt

g}

2]

=

K

Eas

APEZE 1,066RHE S 2 20012 #, Y]E S AR T} 174

ol A A H] %

}

2R 2

(1998, == AAE). 1Y

1 IMF$]7]0] % A& H] 2]

= =]
= °
Els

14 thol A of

1o

A7 =A< A

=3}

of gk A

2]

uiebel e PER

AE 3
2 el

| o3 A=s)

A gl

AAA o=

Y g ke, Seveeld b we FAA ARA

]

2o

oAbz A

oltk. wekA 71

2]

A 5 g A% rEa

FH 2o 3

t=dl mo]

o oM 7+ 2 A=

o -
ks g

e L
bol AFAES] wot

& ose
g 93

Al o

stk o2
14 AL Anw

al

3

=
T

s

I

o}

AET Al

el

o gLrtA el whe} EAR

=
=

il

¥stei ol

&

#e o

%
geow Abgol

’

3]

719

0,

’

=
Ju

i

sheh(h

s

O o] Ba, @ 224 A77F 1

}\}\]

1995-1999,

,20,



wA Ao @ Wi ko]l wa @ ALt v gon, ©® VEAde] 4
stthe 54S 7HAH, 947t g3 ARRFEE TFAIRS AR FEHE
bt 28 F8 FAES Astas 7HAE AEst Holth, AR AMES AlS
st F8 Ao RE FEATel o wE Fuet Furt A gukete=d ofH &
o i, A G - AEE A A ALl gk A gk Aurp FFete] H| Ao
2 o] &at=d ool Atk A dF= FAEIIA AR R o] &Y Hd,
A Tl #7148 BlERE o]fstn oy tRES FAViE AgdAtel o5 #H 7]
AR vk FARES #H7] HES AgH|&o] Lexw FHFH dle] 7
T gty ey 247 BAkE SRS A& gotste] €8sty REUE AR U o R
Al Frgst 2ol d Aottt 53], FAES SHEFAE(TMR & A2 AMR)
2 o)gd A ngdaRY 53 S 2ANEA A 289 F S Aol A
Z gl ot
3. AFNTHAE T REAIEAYE o83 248 TMRY A+ Review
EEARE 19 2~33] AR el st 2ARE FAS godste B
of MY FFAIE Hrigo® Qg v 54¢ pHASE ZHE Asty] ot
A FEo] EolAal Ao it dvtY TPo] EHAFINA FHEE JdFS wA A
THEE, 1992). o)t 22 XiF ZEFoe @S rnastr] flete] TMR w7 o
FH A=Y, McCullough(1991)+= TMRo|& Ao A Fo93d= RE AL £33

stz W= Holgtal shglem TMRe FHE o8 A7y 49 3l 2y g
Al g At 9] o] & 9lom(Howard et al, 1968), oA T
Hold BE ARdEs ARVER £ F HolsHd HER ARAFT] SUHEL
TG EELEE) kel FdEm Aol S7hdvar shith(Donald &, 1985;

Holter 5, 1977; McCullough, 1991; Rakes, 1969).
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T Ao A Bl 2 - FRY do] HHE TFARE

T AR o35 E ST ORA BEAY Wt & A stal AlRASES
S7IAZIH el whe AEAFA gl SUheta Askes P & tHGibson,
1984; Yang} Varga, 1989; & &, 1983). ol¢] AFA=(] &, 1994, ©], 1995, 7]
S, 200Dl ¢t TMReol& &of AA7F o o] de] AlsE F8w 34 &= Ab
T = EFsta gl TMRS ZAME B5S 1387 93 Faoz o
&3t 7t Bol dvka stk vw 5 AdEmeA ol &kl e TMRE
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TMR Fejolth oA A4k o] &5 = TMRS &3 2}

Az &7 91—5—tﬂ, A2 G TMRY F2TMRelth, A TMRS i 20%°]

ate] TMR=Z 98tz e] e ddS WAty flate] dd 9

ol 73S =Y ol 7+ 98AlRe EIANS WA Fejoluh

TMRE 3ol 20~50% Helol & AFEZA silagedt 9 Futa) 2o 4
FENAES o] 88 TMRS ﬂulﬂr:}. o] 3t AFAT}oA B

2 gt Absd A3 Aae] A
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e
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2o U@ Aus D/B3eol iﬂﬂﬂ J% 7kl TMR 340l Alg3ows Fike
o FAAAY AT AAAREL BF DA WA 7T 5 AL Ao A
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A 24 Az L W

AR A N EZNFRAE] AR F 7}

1. At2 7k B A
A R R [ 22
ALRE7E e R TR olA At E = AETERAE 208S dE A 199
Al sy

AxE Ao} Ane FAe Wi

4 B7HAE I 1AdE)

SRR
D) AugR 2

AARALES] AR B4 S S0 WHE ol &dto] 4 HAOAC, 1990).
2) NDF % ADF #4

NDF(Neutral detergent fiber) % ADF(Acid detergent fiber)= Van Soest &
(1991) el sl &4k

3) AHA7F A=

TDN¥ NE= v 22 Aoz 2&E3).

7} TDN(Wardeh, 1981 or NRC ®H) :

Pz Bxe Ad AR

,22,



TDN(% of DM) = -17.2649+1.2120(CP%)+0.8532(NFE%)+2.4673(EE%)+0.4475(CF %)

P 2z W mopr m: HoAdEA weA @3 gt AR

TDN(% of DM) = -21.7656+1.4284(CP%)+1.0277(NFE%)+1.2321(EE%)+0.4867(CF %)
RBEE

TDN(% of DM) = -21.7656+1.0538(CP%)+0.9736(NFE%)+3.0016(EE%)+0.4593(CF%)
IR

TDN(% of DM) = 40.2625+0.1969(CP%)+0.4228(NFE%)+1.1905(EE%)-0.1379(CF %)
b g AR

TDN(% of DM) = 40.3227+0.5398(CP%)+0.4448(NFE%)+1.1905(EE%)-0.1379(CF %)

P ouad As
TDN(% of DM) = 163.3-1.077(CP%)-0.963(NFE%)-1.567(CF%)
1}) NEm(Net Energy/Maintanance) = 0.029 x TDN - 0.29

NEg(Net Energy/Gain) = 0.029 x TDN - 1.01
NEI(Net Energy/Lactation) = 0.037 x TDN - 0.77
4) FEd D FFgFd A4

HEAY Y =42 AOACI990) Wl ofste] A%t FEHAZE
calcium(Ca), phosphorous(P), potassium(K), magnesium(Mg), sodium(Na) %
copper(Cu) 5& ®A43stx, 54522 chromium(Cr), mercury(Hg), lead(Pb) %
cadmium(Cd)S FAJgtty. 39 dA] EZAZ = aflatoxin, urease activity, trypsin

inhibitor, hydrogen cyanide(HCN) % tannin ¥ Z4t4 5& &4 3kt

2. AN ZAHAIE O: 224 %)

7} AT ARER

A& 9 invitro 23S T3 HaAdY

= o o

o

2 AT

o

v, Ay
1) In vitro 2
7h) 919 A
In vitro WS 918 Al 1999 AH L FAsEZE fistula7t F2E 28 o] &3
o &, fistulag F3te] AHAST AAS B2 wol HFHRE wste] 449

cheese clothE o] &3] AFEYAE A A3 YAS AL&3H).



L) A

o1-F rumen &7]% 300ml A=}~ F(three—neck round bottom flask)ES AF-&3}
o f7)Fd A& AFE Y vy COE oF 6087 £7]A171 McDougall(1948)
AFTEFA I A 199H4S 7k EFu S 200mlE 7H7He] w8 7le 2ol CO.E
E715kH A 39T 2 AAE air incubatorell A shaking3t® A 0, 1.5, 3, 6, 12, 24417+

ce
L oawe Eaad god &0 6 AME Fol, BAAZ A 2

2% /143 2923 NDF @ ADF %8 24ald 7247 wjraFel 4
2RE 2482 AFdt W FARE olgete] BuARe Adse AR

w2 g owd & (Y 5, 1998 Yang 5, 2000)S AFEghoh

okl o] VFAE Ab7|o A do]r A3 259 phosphoric acidE 4:1 H & &
EFete] R FAEET F o dleAA AT T ATAE ol&ste] gas
chromatography 2 #4133 = UYoldl A4 += Chaney®t Marbach(1962)2] H-H ol
weba, 2] rAEA] @A purineS markerZ hi= Zinn¥ Owens(1986)9] W
ol wet A4 gko

A

3. 2%t 2 Bae H2E A% insitu AFNE I : 3A4IE)
AT ARE
2O A B

. 5 = 1.0 o o = 5
in situ 48 3 43ts 2 &S AFES

A 1999 fistulag &2 ASFS AL S



2) Nylon bag techniques
AdE Alge] WY AdE& 9 BIEE A5 218k pore size’l 45umdls
NYTAL 25T(Swiss screen Co. Ltd)H 22 %E nylon bage 9x15cm 7| & 49|
247 olFAGste] AlE3tth Nylon bagS 105Ce] 7oA 12A17F AxeS 2zt
bagoll A& 4~5gS& Y& Z nylon bage linnen %ol ¥o] 39~40C oA 20
w3 JAAAG 2t T6cm 2ol yolE #2= linnen W& F& F fistula
Aol aAgAA R Edel] FAV|=E v 2§ vEEguiol
9, 12, 24, 48 B 72A17h) W gE 5ol AW FA d5Eo] IAT F
__?;

goldu i AAFE 550 AFEH AR A BAL AZT

x
B>
o,
>
)
S
W
o

P=a+ble® ED-=a+ bc/lct k)
P : Degradability of nutrients at time "t”
a . Rapidly degradable fraction

c ' Constant for b fraction

t : Rumen suspension time

k : Rumen passage rate per time

ED : Effective degradability
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ek WA
AR (F5)

Moisture(%) 87.02 89.22 7998 76.10 7578 79.11 40.03 5054 11.16 8841 5739 29.64
************************** As-fed basis(%) ——————————————————————————
Crude protein 142 0.89 2.39 1.52 094 726 1825 1461 1771 128 757 658
Ether extract 023 025 003 021 024 314 372 1146 48 075 080 771
Crude fiber 228 187 1032 1677 495 232 500 650 3025 265 273 3857

Crude ash 048 039 038 038 244 08 780 684 409 273 054 147
NFE' 85 739 690 502 1566 733 2520 10.05 3193 418 3098 16.04
NDF® 3.79 337 1756 2152 914 665 1219 17.04 5722 568 717 5841
ADF® 340 277 1428 1923 859 354 816 1472 3881 483 398 5171
TDN* 9.09 767 1006 998 1616 19.02 4898 4504 6119 721 3562 40.27

NEm(Mcal/kg)’ 023 019 023 022 040 049 125 116 152 018 091 096
NEg(Mcal/kg)® 013  0.11 009 005 022 034 08 081 08 009 060 046
NEl(Mcal/kg)” 024 020 022 019 041 054 135 129 158 018 099 095

a3

— o=
oful  FAM

:[L

M
2
i)
T
>
>
)
1
T
N
)
19
5
W
rd
19
=

ol L
° - -1

Moisture(%) 4378 8053 216 9054 565 7694 935 854 1166 71.87 86.16
————————————————————————— As-fed basis(%) ———————-————————————————

Crude protein ~ 22.36 1.33 4663 099 3045 591 1156 1383 2929 933 2.17

Ether extract 418 064 1352 029 181 253 063 1.19 2.61 2.57 0.23

Crude fiber 146  38.86 8.41 1.86 11.99 403 1301 1592 8.81 2.22 2.85
Crude ash 113 047 1266 059 570 098 351 491 2.08 0.53 0.52
NFE' 2710 1316 1662 572 4439 962 6193 5560 4555 1348 8.07
NDF® 22.12 857 2944 305 5737 1673 6843 5356 5690 13.77 8.90
ADF? 6.81 591 1201 298 1477 521 2266 20.75 1271 5.11 5.98
TDN' 5156 1390 8067 651 60.01 1923 6392 6830 6248 2513 9.29

NEm(Mcal/kg)” 1.33 0.35 2.06 0.16 147 049 1.59 1.71 1.56 0.65 0.23

NEg(Mcal/kg)®  0.93 0.21 1.35 009 079 032 0.94 1.06 0.92 0.44 0.13

NEI(Mcal/kg)’ 1.47 0.36 223 0.17 149 053 1.67 1.82 1.63 0.71 0.24
Nitrogen free extract, “Neutral detergent fiber, “Acid detergent fiber, “Total

digestible nutrients, Net energy for maintenance, Net energy for gain, "Net

energy for lactation.
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E 2 A% FREY onnit 24
Dry matter basis(%)

Asp Thr Ser Glu Gly Ala Val Ile Leu Tyr Phe Lys His Arg Cys Met Total
ZH 087 035 034 0.80 0.40 050 0.45 0.32 0.49 0.25 0.30 0.69 0.24 0.29 0.11 0.10 6.50
0.78 0.39 0.38 0.89 0.44 0.47 0.48 0.36 0.60 0.28 0.36 0.63 0.23 0.38 0.10 0.12 6.89
0.96 0.48 0.50 1.13 0.70 0.51 0.54 0.45 0.68 0.23 0.45 0.72 0.36 0.51 0.15 0.13 850
0.51 0.25 0.24 058 0.28 0.29 0.32 0.25 0.42 0.14 0.25 0.41 0.13 0.27 0.11 0.07 452
wlZ B8 0.29 0.15 0.14 0.31 0.15 0.16 0.17 0.11 0.18 0.06 0.11 0.15 0.07 0.11 0.04 0.04 2.24
() 342 144 168 515 1.46 1.53 0.73 1.50 2.75 1.04 1.68 2.18 0.93 2.16 0.46 0.57 28.68
Ll 229 1.16 1.25 347 1.31 1.70 1.60 1.41 254 1.09 1.46 1.12 057 1.24 0.46 0.32 22.99
&1 060 050 0.76 519 054 0.68 1.11 1.33 2.04 0.92 1.58 0.44 0.43 0.88 0.44 0.39 17.83
1.77 0.71 0.91 2.56 1.12 0.83 0.88 0.76 1.26 0.62 0.77 1.31 0.50 1.13 0.28 0.24 15.65
0.82 0.41 0.43 1.14 0.60 0.56 0.52 0.40 0.64 0.26 0.41 0.55 0.30 0.41 0.17 0.13 7.75
1.45 0.77 0.79 1.85 0.75 1.00 0.98 0.79 1.22 0.54 0.71 1.07 0.38 0.74 0.25 0.36 13.65
064 0.26 0.35 1.72 0.71 0.34 0.41 0.29 0.50 0.17 0.31 0.33 0.22 0.53 0.16 0.10 7.04
2.07 1.30 1.82 7.79 1.20 3.10 1.88 1.44 5.73 1.72 2.09 0.65 1.10 1.36 0.80 0.87 34.92
0.53 0.19 0.21 0.69 0.24 0.25 0.25 0.18 0.30 0.10 0.18 0.27 0.10 0.20 0.07 0.06 3.82
1.39 0.82 0.94 4.21 0.86 1.00 1.18 0.87 1.69 0.62 1.20 0.88 0.46 1.06 0.50 0.55 1823
2.80 1.00 0.97 3.01 1.15 2.07 1.36 0.95 1.64 0.54 0.86 1.43 0.48 1.22 0.56 0.59 20.63
0.97 038 0.35 1.18 0.50 0.90 0.52 0.34 0.60 0.24 0.35 0.56 0.20 0.47 0.24 0.31 811
0.84 0.34 0.32 1.22 0.35 0.73 0.44 0.31 0.49 0.20 0.28 0.51 0.19 0.28 0.14 0.16 6.80
1.41 0.77 0.85 2.86 1.10 1.32 1.23 0.68 1.51 0.52 0.82 1.11 0.65 1.25 0.30 0.40 16.78
224 1.07 1.27 469 1.29 1.69 1.67 1.28 2.27 1.09 1.34 0.72 0.55 1.65 0.69 0.68 24.19
2.06 0.70 0.90 3.68 0.91 1.01 0.85 0.75 1.50 0.42 0.68 0.71 0.88 0.86 0.16 0.08 16.15
1.45 0.69 0.51 1.34 0.56 0.71 0.73 0.61 1.17 0.47 0.81 0.48 0.31 0.48 0.29 0.30 10.91
274 1.05 093 802 2.10 211 2.05 1.46 2.76 1.43 1.90 0.61 094 2.95 0.11 1.09 32.25

(Asp: Asparagine, Thr: Threonine, Ser: Serine, Glu: Glutamine, Gly: Glycine, Ala:
Alanine, Val: Valine, Ile: Isoleucine, Leu: Leucine, Tyr: Tyrosine, Phe:
Phenylalanine, Lys: Lysine, His: Histidine, Arg: Arginine, Cys: Cystine, Met:
Methionine)
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FEAYN FIYAH EELES AOAC(1995) WHol oste] Ay, F&+
2+ calcium(Ca), phosphorus(P), potassium(K), magnesium(Mg), sodium
(Na) ¥ copper(Cu), mercury(Hg), lead(Pb) ¥ cadmium(Cd) 5& #4133
ow  &g9ddAyd EHAZ = aflatoxin, urease activity, tannin, hydrogen
cyanide(HCN), trypsin inhibitor %<& 243} < ).
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detla glol 53 wEEEe Am g4 Aty 9L v A=

el Abndt
E3 2% 2A8Y 383 9 23S B
Dry matter basis(ppm)
Ingredients
Ca P K Mg Na Cu Cd Hg Pb Cr

s 1106 350 2941 514 74 031 - - - 1.71
e 2] v 1331 222 2614 1394 80 042 - - 226 231
29 74 311 834 - 145 473 - - 243  1.89
=559 341 267 426 - 9% - - - - 1.62
awbdEEr 8292 1564 338 821 1400 0.08 - - 481 2.06
H] A (577) 927 1534 2901 - 471 366 - - 4.08 2.08
-t 1068 666 1158 - 12811 580 - - 1157 12.02
A AHE 3 2t 666 149 8% - 12579 970 - - - 9.68
o 5] 1232 666 3765 938 31 135 - - - 2.27
YL 428 575 12304 285 79 161 - - - 1.86
At 289 571 262 794 83 070 - - - 2.72
XL 966 76 872 1329 62 109 - - - 2.64
SARF 638 1601 219 1388 41 046 - - - 1279
Af 3 315 419 2313 1261 53 038 - - - 2.82
&) et 5895 4246 2413 2353 63 1035 - - - 3.21
el 1071 790 5546 1439 644 035 - - - 6.61
<t 236 2439 4562 1367 183 347 - - - 753
o 2=k 963 2340 101 1309 44 236 - - - 6.11
1 4kat 1751 453 1032 1086 104 1614 - - - 2.44
R 276 906 2050 1047 87 039 - - - 2.43
Sl op et 227 1637 703 845 317 112 - - - 250
T 71 A7 Bt 341 863 732 818 3% 279 - - - 2.20
Akt 2239 146 136 937 64 597 - - - 217

-, Not detected.
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¥ 4. ¥ F 429 &d(Tannin) $F

Ingredients Tannic acid(ppm) Ingredients Tannic acid(ppm)
29l 9] 8,525 & oA 6 3,775

& 9 16 o = 5,138

= % 5 23 U 63

X T o 4,975 T-71 A7 Bt 7,488
A 3,200 T A 800

Ab 3} Bf 1,475

Astel, 2305 2 Hde A

Hydrogen cyanide(HCN)2 2] & Ao X% cyanogenetic glucosides®] B =

ol o 5o Avh(Liener, 1930).

A Al E

==

el
o

94

Abshzbgoll #HosteE maAe AEES AASHY] widel] AAtiTel Ay HARg
(Morrison, 1959). ¥RrEH o= HCNS XAMHAFS AT kg 05~35mg L= H
a3 9&=d(Liener, 1980), & AT FAE F ZAEely, novpdidr 9 ¥ &y
ol A HCNe|] 53] wzF HEHAoY TS v+ ofd Ao®E ARHATHE 5H).
o]9] Yz BAEZFo| HCN i3S HAE 7lsAlol dutste] BAah# ekgk
¥ 5 Z4F FAE9 HCN 33

Ingredients HCN(ppm)

79 9 2.7

o R 27

=i 5.0

AR dalde]l HA AL Fels= WO R yrease acivityE 413851,

BE FAEST dFEe FAEdA dAEHA] ko dEd FAE F(AAHEse)d,
73], F71AF A A= tFa oA 7HE =4 UEREHHGE 6)
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Urease activity Index

X 6. ZE F4HE 9 Urease activity

Ingredients

1.67
2.09
0.10

o

"o

i

sl

L

L

0~30ppb, AF= ol A

L

L

73l

9]

SE
=

Al
S

o
2%

A7 483 aflatoxing

5~100pph A== A3}

=
=

N

&

z

oh(E
Aoz AtrH

o] 7§ = aflatoxin©]

[e) A~ =
EZ FToR

£l

N

e

Z--akol A aflatoxin®]

]
=~

=
3

]

o A

=
=]

Aflatoxin(ppm)

SRR
o) Abw o] gAlol

3
=

Ingredients

g Al o
9] Aflatoxin 3%

= ARdd. gEa

L

R

5hH,

A 7]

1y

P o7 895,
Aflatoxin(ppm)

pul

ko)

Al
o

FEA A
obet A%, fEAS Fo7t B8

Ingredients

=

il aflatoxin
A=d]

o

o

el

~

Nz
.Xﬂl

A

A 3t

or

e

3.84

M

(=t

—~

N

=
(=}

1.68
41.18

~~

<H

o7

o

1o

il

BH

o}t

T71 2}

o
fvzel

X

N

or

ugel

N

,41,
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nitrate= 4} &AW Oﬂ ol

TSdol vEE & 3 A
st WrEsEd A Had T5S °‘°7l | ¥ed 2 ¢ A A=, nitrate
ggo] Ad =2 Wto] HAfdx 1 o]l 0.017%° EHE F&Eol st
AL gle Aoz AddATG(E 9)

¥ 9. 4% HAE9 Nitrate &

Ingredients Nitrate(ppm)
=575 74
o 2 59
NE 114
s 143
ot 172
T 71 A5 vt 167
-4kt 156

In vitro WAl Al 7re] W& 7z} Al5¢ pHe W3ls 3 109 e
EE A3 A 2412 WA pH7F #ZAastg on, Wopte] A9 243k 6.15
2 5(1996a)] 6.107 vl ze AnEs HAT. oy T4 A= VFA
°of F48 FT7tE Ae o AmHolAH 6A7H6.38) FUtstE AFS
wolthrt 1241 (627) % B A dte]l 2440l = 5979 pHE e L tH(P<0.01).
Davis 5(1983)2] A&l 9w ofFurs v Ee o2 gy Alg e} v as)
o] pH7} Eokthal H s $ith.

AFubAd R F 9 0A el = 7.250] o 244 bl = 6.022 23S
© 1 (P<0.001), FAulA+= 734914 568(P<0.01)2 A3 Arh FH1 A<

T AV FRUE Bd AN AN ASHow FrITE U

,42,



I 5(1994)2 in vitro 23 ZA39l A3
E e Aol 6.8691 A1 2441 3kell 541704 f o E Al A A
(P<0.001). 3 A (1986)¢] z=nut Abd A A2 3 243 s g 6.35~
6.75, 6417+ Wl YA 6.15~6.659 B3R, B AFAELE pHASE B
3t tH(Loggins %, 1968; Pascual®} Carmona, 1980; Pinzon¥ Wing, 1976;

Schaibly ¢} Wing, 1974).

2= 0AZE vl A 715004 24413 Al 5.75(P<0.001) = o] & Al
Adastdon, e A4S 0AZHT.200FH 24X ZH(B5T)7F A ZHZE o] Al ZF o
el s A A ek A oHP<0.001).

XM E 731004 624(P<00D= A, FrAFANS Mg A
o] ZAxgte]l wel 0417+ 7.0691 4 24A1%kel A= 5652 <] 38A(P<0.001)

E 10. %A 7to] W& pH W3’
Time ALt Ty 7] 2}
w =0 oy T sz

0 718+0.14° 7.25+0.10° 7.34+0.19" 6.86+0.02° 7.15+0.06"° 7.20+0.04° 7.31+0.18" 7.06%0.11°
2 615:0.03" 657:0.01° 657£0.00° 6.36£0.10" 6.61+0.03" 652+0.05" 645:0.11° 6.53+0.02"
6 6.38:0.02° 642:0.06™ 6.45x0.05" 5.85+0.04° 656+0.03" 6.21£0.01° 631:0.11° 6.30£0.03°
12 627+0.01° 620+0.14° 597+0.01° 550+0.08° 6.34+0.07° 5.91+0.10° 6.25+0.06° 5.89+0.03

24 597+0.04° 6.02+0.11¢ 568+0.07° 5.41+0.13" 575+0.157 557+0.09° 6.24+0.09° 5.65+0.03°

P sk skoksk kk skokosk skoksk koskok skosksk skokosk

' Each value represents mean=SE.
% . P<0.01, **x : P<0.001.
% Means in the same column with different superscripts differ significantly.

ki
e

ENE|

. &
ol e nEE sdge] Wi ¥ 16 YHgt 2E Aw
ol WlkAzrel kgl we n@E® A& felsA Frhehdn
(P<0.05).

0A17b3h 24417 WFA S DEAAES WEART, Mol 1566%0) A

40.43% (P<0.05), aL-mkd 49 8.01%c°l A4 30.76% (P<0.01), - Hl A 3.66%

H

==
0%
>
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A 33.41%(P<0.01), =9 1581%°A 36.22%(P<0.05), &3 0.37%°A
24.35%(P<0.01) ¥ A% 22.31%°l A 32.66%(P<0.05)% < 7}3t A
TR FAve wFAe]l BB W felaA Frhat AT, 047

2A ZFoll A Z+ZF 30.95% W 32.12% R ES AAES Uy, 244 7 A =

rlo

4776% 2] A2 &S HEFH A (P<0.001).

NFE& &l %2 7#2549(6598%)% AW(49.18%)2 7 Alzkdiel i3
= adso] =4 Uewen, #Welte] F9 NDF &4 5(60.36%)°] =of 1L
FE 2Ag0] 22 Aow AlmnEt nIE 2A o] g e By A
¢ NFE3 % (34.47%)3 NDF 42 £(32.94%)0] 7] wjZolgtm Atzeoh, |f
Fl 51994 AFATo A FHue] wjdx7] 1P E AHEo] EUdTE B

¥ 11 MIAR BE nPE 209 A3 (%)

Time It Fas _ T 7] A
il L=e] 33 + EEAR

m TP e TR g, ®1 S | Fay

0 15.66 8.01 3.66 15.81 037 2231 348 3045

+12.14°  +2.31° 4252 £297°  +0.00° +1.97° +142° +052¢

5 20.31 9.91 7.83 21.46 2.39 1976 541 3212

+3.35"  +0.62°  +3.17°  +1.48™  +0.00° +2.13" +048 +1.91¢

5 19.24 13.49 1280 2825 352 19.14 862 3785

+801™ 4523  +610°  +0.79"  +1.23°  +0.92° +0.23™ +0.15°

12 3134 277 2611 34.35 1177 2125 1264 4387

+510" 4503  +0.80* +027*  +1.13"  +1.64" 215" +1.10°

04 4043 3076 3341 36.22 2435 3266 16.09 4776

+5.827 4894 0097  +3.69° £1.99%  +050° +243* +0.84°

' Each value represents mean=SE.
* 1 P<0.0b, ** : P<0.01, ==** : P<0.001.

¢ Means in the same column with different superscripts differ significantly.

t}. NDF &4 &

vl F Al gkoll w& NDF &4 &9 Wat= % 120 vewllth. Wop e NDF

fu
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PN

ol 0AFF 21.47%¢ A 244 3b
(P<0.001). az

w F Al 60.36% % FolatA F7he
FrhA ke g A bl we Aol b glelvt

o o] A wjekalgbe] Z7bdlo] wal NDF 24 8ol o2 A g

il Buldnh olel @ Ave HA §

(1994)¢] T4 in vitro
Ard gz 43t

ofk
ftlo
T

o] mothE Ao dASAY. 244 7F v
A& o] 85.43% % A YEFYETH(P<0.001)
zZ-Zukol A9 0A kol =

1.30% 1 A 24A] 7k
o 2 A =
2 = A (P<0.05).
7, ADF §&F ®=¢ 71.33% % %7

R7.73% = =32
= o o A4

W ol o] NDF i@%ﬂ =o A

2 (15.66%)©|

AL AbE .
22 NDF 3
I

=2 ADF &
=

e B
) F A o =

17.75% 2 9] &} Al
= 32.94%

EEE

==

S
ol o}

otom 2443

o1 5 &

P FAue 0,2 9 6/\1

7bA = NDF &4 &9 wsrh gll e, 12
A7) 56.06% R 24A17Fe] 63.87% % 641 7hA k= 2dE] folatAl T
H(P<0.001).

E 12. B FA o @ E NDF &4
Time

&9 W3(%)
o 31t}
(h)

. 713}
2zl -
0 21.47+0.39°

740
17.42+0.00  23.30+0.25

1.30+1.20¢ -
26.67+1.26°

15.46+1.94 21.67+2.62°

46.31+£3.26°
2

5.08+1.27° -
29.50+0.13°

17.21+4.12  33.34%0.81°

46.05+3.47°
6

12.20£0.39°  4.10+0.00°
12 42.31£053"

48.73+3.85°
22.02+2.18  61.12+2.36" 17.29+1.01° 15.29+0.76° 56.06+1.04"
24 60.36:0.21"°  3327+5.00 85.43+0.23" 17.75+0.48" 32.94+2.00" 63.87+2.42"
P ok NS

skosksk

skoksk

3k
Each value represents mean+SE
. P<0.05

kksk ]
b

: P<0.001, NS :

skskosk

not significant.

Means in the same column with different superscripts differ significantly
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2. NH;-N 5% #3}

B FAIZEel wE NH3-No ¥% Wshs 3% 13d dvetuiddet. op)
T A = 2A1 PR 244 A el sk Al S 7EsE A tH(P<0.001).

a2 Fure 24 kel 8.17mg/vesselol A4 6A4] 7Foll 3.95mg/vesselZ A3
= 24A1 Zbel 1553mg/vessel® f 2t F7Fet A oH(P<0.01). & dFolA e
2o wgx7IFH 35 NHy-N §&= $7H8 Rauglevd B J4d3
= 9A3A FdH(Loggins 5, 1968; Pascual®} Carmona, 1980; Pinzon}
Wing, 1976; Schaibly® Wing, 1974).

U\]

mrek AR A 2,6 % 12 FEA LI NHe-N7E g2 A ekt
om o]t zuuwlA dtaFo] 388% % Wty wWEe Ao Anyt wy:

Wl FAI P F = ZFol7b LA T

AR OANZHEFE 12A 37 A = RAadte A ]M~‘4 H &F  24A] 7kl
13.67mg/vessel= o stA w243 F7Fask A vH(P<0.0

EEXNE 6A17H9.61%)7HA] v FA ke wp & i}o]—E SR 244 1ol
36.53% % fFostA 5 7Fsk o (P<0.01).

T FAEE w Akl B we Foe A F7eA
(P<0.001). OA]ZF3} 2A] Tkl A 7F wEokom | 244 2koll A 744 22 58.80% &
e AL

CP 3t&Fo] ¥ Wol2(32.28%), 7 Hl #(34.73%) 2 AW (39.77%)°] 7
G Wop I F{H A 8] NHa-N A F2 gekoy, She NHs-N A4 &
| Absel Hlaf At ol A= Gwtel I HAHE T Ay
A7 wEol et AtRH I (W 5, 1993).

In vitro /g—oﬂ]\ﬂ H]—iu]/lg%jﬂ _%]ZJ /\-]X]—VO__ _?46]- XJXJ 01—]}'_]/]0]. TEE HH
gl 100mE 7]+ 2o & Satter®} Slyter(1974)= 5~8mg, Slyter 5(1979)2 2
Smg, Stern 5 (1978) 9~135mg= A Artty thao] Aol 7k AJAARE, A
A Ayee v 2345 Uedi Ao

rlo

[*]

Russell?} Sniffen(1984)2 CF& 4£318 + e R HAES @9 A9
A AFS g dRYolrt W=EA e HEgn gtk AlRy gwde
HEFE ol A Mg Ee] ERlste dd Ealadd o] fEro] =9 o =
2 HE H(Chen -5,

wom BalEol MARANN HEFHoE grielz A
= ]

1987). Wk mAZL o3 Ay



s grmuolt wEW AR Fad A4 FFPe s (Willard, 1984)0]
& &

aude g4 4ge 9

F oo RE AR

dEUYolE WE= Al 8 F 3 tH(Russell? Sniffen, 1984).
Helmer®} Bartley(1971)0] 23t T2 dE Yol F % ui
o7t RSkl widol] wigAl SR Yoty wol dAHE Alse H

A7 o 2AA FoAE o & Aow Atrd.

i

(e}
s

Ho e

¥ 13 B EA D B2 drYoty ZA =% 93 (mg/vessel)

Time FIRA e 7] %
mopz 2T mgug P I O R
(h) A A5} F 4

0 12593557 455£1.80 5.11+243% 6.26£1.68™ 6.30£1.35 5.09+1.72" 519+052° 12.31+1.23

2 1577+1.30° - 7.43+2.14%  817+2.09" 6.79+1.08 455+1.69° 4.83+0.40° 16.15+1.34¢
6  27.15+5.66° - 15.1046.01° 3.95+0.98° 456+1.42 1.78+0.31" 9.61+0.47° 26.45+10.07°
12  57.14+1.86" - 22.66+2.62° 3.87+0.15° 357+1.03 1.92+0.43° 19.31+1.93" 4250+4.94"

24 97.65+4.94" 0.87+0.36 57.49+2.27" 1553+3.27" 4.68+2.36 13.67=0.62" 36.53+4.40" 58.80+6.25"

P Hokok NS Hokok ok NS *ok sokok sokok

' Each value represents mean=SE.
=% 1 P<0.01, *x*x : P<0.001, NS : not significant.
4 Means in the same column with different superscripts differ significantly.

s}
SAdAA Fx WsE A 159 YEUdY. 844
< 0Alzkel 53.41mg/vesselol A 244 kel 138.85mg/vessel =
7kt A 2w (P<0.001), 2A1%F9] 41.27mg/vessel& & 5(1996a)°] A2 3% H
o e AgSs e, agubd & 0A kel 20.28mg/vesselol A 24
Al kel 13.02mg/vessel®  ZFASATH(P<0.01). FFH A= 0AZFel  19.78mg

/vesseloll A 24A] Zkoll 54.57mg/vessel®Z F 7F3F 4 ©H(P<0.001).
ZFFZREUE 24 7ko 41.27mg/vesselo] A 64 7ol 27.76mg/vesselZ2 A

,4’77



A TH7E 24413kl 39.48mg/vessel = T 7F8 I tH(P<0.01). 9= 64 74(22.33
mg/vesseD)7FA  zkeol7b gllev 244 7H(14.05mg/vesseD ol AT

(P<0.001). A2 2A kel 16.17mg/vesseldl A 641 3ol 10.96mg/vesselZ  THAa
3oy 244 7kl 22.47mg/vessel®2 F7FFA TH(P<0.01). =X 9 A g =
6AIZFHE o et Al ek oH(P<0.001). 1A A EES 0A] ZFol Al 84.09mg
/vesselZ 7h v AEFE U R, 24l A= 117.97ng/vessel2 71

S8 Aat wFgy vARe MARA wNAe FASEY Bad
Az ARORA, NHyN, ofvjxit 8 flgol=% 3@t 127 ool
rol A AWE A NHoNel 5% Wae 2o 48 yed Ao
SEE

E 15 #FA 7] B2 2282 L 5= W3 (ng/vessel)

Time Tlu pag=2 7] %
N T E T T
(h) e ut 5 =2}

5341 20.28 19.78 44.14 21.33 17.85 25.90 84.09

0 +1431Y  +546 +4 66° +1.93° +246° 173" 4040 +12.48
9 7455 19.72 34.30 41.27 22.63 16.17 23.80 111.97
+1303°  +3.24° +6.68" +2.12° +2.3]° +1.87° +0.70¢ +4.48
5 81.34+ 14.21 38.85 27.76 22.33 10.96 2793 105.11
1057 +152% 570" +201° +2.95° +0.49° +0.59° +2.95

19 97.93 13.81 35.81 30.28 15.10 10.96 37.92 99.35
+7.41° 054" £330 +273° +1.76° +0.67° +1.24° +1.89
94 138.85 13.02 5457 39.48 14.05 22.47 52.03 102.01
+9 45° +145° +1280°  +3.35° +215° +1 547 +1.70° +758

P skskok ok skoskok Kk skskok sk skskok NS

Fach value represents mean=SE.
wx 1 P<0.01, =+ : P<0.001, NS : not significant
4 Means in the same column with different superscripts differ significantly.

v}, Microbial protein A = A 3}
Hj F Al 7hell & MPY A% W= F 169 JUetyAd. Woelo] MP
A e M3t eE 041 7H(1018.44mg/vesseD) -8 64] 7H(795.90mg/vessel) 7F Al 7+ 4 3}
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ATk OAlZFE T 241 7F wlFA] oF Hwk 5l 678.79mg/vessel® A=
o, ol pHe H#4% Astet dRYoltsrtz AF HAde Qg Aoe=m Alm
& o] ] il (Helmer®} Bartley, 1971), 6A1 7F o] $-o = Z}o] 7F gl A tH(P<0.001).

A eb A B 04 7H(520.68mg/vesseD) 7 Bl ul gk o 6A] ZF(634.34mg/vessel)
of Z7kskdar, o1 F 2441 kell 504.89mg/vessel® 339 tH(P<0.001). F
A= 0AlZFol 657.20mg/vesselol A 2A] ZFell 567.66mg/vesselZ A3 F o7t 6
Al 7kl 698.66mg/vessel® F7FsF oL 244 7ol 607.93mg/vessel® THA] A
A oH(P<0.001).

A AEue 04 7ol 414.44mg/vesselol Al 641 7ol 678.53mg/vessel 7k A
S7vskdar 244 gkell 560.67mg/vesselZ  FHAE A THP<0.01). B3I 647
(442.82mg/vesseD 7k A &= A A WIS Heolx oprt 124 kel 572.14mg
/vessel® oA SR o, 24A1 kel 505.01mg/vessel®  FAEF 3L

o

(P<0.001). odwre 0A) 7k 514.55mg/vesselol] A 64] 7Ho] 675.00mg/vessel &
oAl F7retRar 2 o] F ol Aol 1 uH(P<0.01).

® 16, FAe] BE AEA GBI WA (ng/vessel)
Time Il +at g

M ol L=Re] b2y u} A s

I =u
1018.44 520.68  657.20 414.44  428.01 51455  485.21 525.36

Ly
)l
T

0 +50.13*  +31.29" +11.40™ +752° +2153° +30.88" +73.04* +96.37°
5 67879 543.06 567.66 53470 43801  610.38 51061  654.37
+930° 42519 +20.88% +28093™ +2055° 44272 +£4934° +4575™
5 79590 63434 69866 67853 44282 67500 45278  848.60
+2798° +51.15%  +22.19°  +6847° +31.00° +64.61° +56.92° +28.30°
19 70554 55040 89254  667.66 57214 69219 29672  851.65
+21.49°  +59.63° +12.697 +5521% +5244° +61.91° +33.92° +44.46°
04 66833 504.89  607.93  560.67 50501 70066 15631  677.26
+38.07° +3553° +38.34° +64.65" +28.12° +102.81* +24.60° +17.51°

Each value represents mean+SE.
=% 1 P<0.01, *=** : P<0.001.
¢ Means in the same column with different superscripts differ significantly.
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]_

ol

EERNE 6AEA A4 wsE YeEtdA gdov 6ATEEH i
o] 2441 7bol &= 156.31mg= o &t A 7238 oH(P<0.01).

TN AF AL 0417 525.36mgoll A4 1241%F 851.65mg7t Al = 2 & Al
S/t o, 12A13F 851.65mgel A 2441 3F 677.26mg7t A = 98k Al A
% TH(P<0.001).

Ab. VFA % W3}
Hj Al bl & VFAS ¥ % Wste= #1790 Yl Atk 04119
1.

= 2 o}
#2450, 29 9 dke] F VFAS sx&

o, mTE AR, FauA, gERE
Z+ 7y 64.58, 61.68, 63.17, 57.30, 56.09 % 55.19mMo] & S, 244 el = 24+ 7

208.43, 141.28, 187.16, 266.95, 141.33 % 166.27TmM=Z E £ Al 5 A {93}
S7hstd k. & 5(1996a)e] APl st ol Fo s 3AFF o] F 9] VFA
FE7F 80.0TmME # A v AFe deRlen VFA =4 = ¥
& A3%E YEd AT
dEAFY F VFA v=% 29 AdgAo #d A9 24364~
56mM) ¥ 6A1 7H(E0~62mM)E T =2 AF}E HIJom (g A, 1986), th&
ATl A= v Azl FIEgkel wel & VFA sX=7F S7stlvhal Bl
2t (Loggins %, 1968; Pascual®} Carmona, 1980; Pinzon¥ Wing, 1976;
Schaibly ¢} Wing, 1974).

X =R += v UdATEo] Z7Fsto] uwhEl acetic acidi A3l al propionic acid
v T7tstd e, AAsdd AWE H7FE A S propionic acid7t F7Fske A&
nAE ZAgowg AHo] I Ho F3H glycerole] propionic acid® 735
7] wiEolet Ragk Ax(dr &R 1998)9F vl szt A FS e LT

Acetate/Propionate(A/P)2] H] & o}, Tubd e, FRu A, g
ZA5ur, 29, oy, 2= 8 P AFAg Rk A ZbzE 04 REel 4.04, 3.76,
3.70, 441, 4.14, 4.04, 6.69 2 3830 A 24A] gkl Z+7F 198, 2.61, 1.98, 2.10,
3.25, 1.89, 595 ¥ 2212 BT F3A HAieHAT. ol EE Al A

O

Y

propionate’t FolatAl F7te 7] wEol™ olF CPeo FEol w2 Mol
(32.28%), FH4H] A (34.73%) 2 AW(39.77%)2] 7 propionate2] A4 H] & o]
ol wFARSY 5EAS HAL o] AsFE v ES giA AHS (9,

1998)407 & glol FelsES A@ 47 o waw Aow Anwn

AN
tjo



E 17 W FA ] mE VFA 5= W3
Time Total Proportion (%)
ftem “(h)" (mM) : : AP
C2 C3 1iso-C4 C(C4 1iso-C5 Cb
0 6458+1.72%  67.48+052" 17.60£0.59° - 12.780.12% 1.16+0.02° 1.08+0.04° 4.04+0.05"
2 7487494 6589+0.99° 20.11+1.36" - 1250£0.08" 1.12+0.02° 1.01£0.01° 3.76+0.04"
) o) ot 6 114.9545.46° 58.34=0.70" 30.05+0.36" - 9.32+0.80° 0.97+0.01° 1.00£0.05° 2.02+0.04°
e 12 144.69+2.25" 5759+0.32" 2846+0.28" 0.82+0.16" 942+021° 1.22+0.18" 1.99+018" 1.91+0.04°
24 208.43+9.09° 57.73+0.24° 27.81+0.16" 092+0.13* 9.22+0.47° 1.61x0.09° 2.77+0.31° 1.98+0.04°
0 61.68£1.02%  67.65£050° 17.94x053 0.17+0.17° 11.81x0.29" 1.23+0.04° 1.20£0.10° 3.79+0.14"
2 7029+261Y  6697+0.41" 19.16+046° 0.15+0.15" 11.45+0.34" 1.13+0.02° 1.14+0.08" 351+0.10
et 6 8325348 65150617 22.16+0.75° 0.13+0.13" 1055x0.30° 0.99+0.04° 1.01+0.06° 296+0.12°
&) 12 110.20£3.87° 62.87+1.05° 23.91+1.28" 0.70+0.01* 10.33+040 1.21£0.05° 0.98+0.06° 2.67+0.18"
24 141.28+855" 62.36£1.10° 24.31+1.39" 0.74+0.02" 10.09+0.42° 1.44:0.07° 1.07£0.07 2.61+0.19°
0 63.17+1.08"  67.07x047" 18.24+0.62° - 1218+0.34" 1.28+0.05" 1.24+0.13° 3.700.15"
2 64.84+4.73'  66.13+0.93" 19.89+0.96° - 11.7620.41" 1.25+0.06" 1.31£0.16° 3.36+0.21°
= 6 99.971.10°  59.82+0.43° 26.77+0.95° 0.79+0.01" 10.38+0.04" 1.19£0.12" 1.45+021™ 2.25+0.10"
H] A 12 150.80+3.24° 57.50+0.60° 29.63+057° 057+0.02° 9.60+0.10° 097+0.04° 1.72+0.03" 1.95+0.06"
24 187.1646.45" 56.95£042° 2875£0.34™ 0.71:0.01° 9.85+0.11° 1.480.02" 226+0.01* 1.98+0.04”
0 57.30+2.39°  70.23+1.28" 15.96=0.29° - 1201£0.29° 1.63+0.18" 1.19+0.01* 4.410.16"
2 72724278 69.19+1.62" 18.63+0.59° - 10.86£0.27° 1.49+0.01* 1.15+0.00° 3.74+0.21"
Fdasy 6 124.8742.29™ 64.82+053° 24.93+0.05° 0550.01° 874+0.09° 054£001° 0.97+0.08" 2.60+0.03°
e 12 14954+1.96° 60.80+0.49° 2862+0.86" 0.46+0.01° 9.02+0.02 0.53+0.01" 1.08+0.08° 2.13+0.08°
24 2669545495 59.80+1.09° 28.78+1.33" 0.44+0.01° 9.31x0.06° 0.63+003" 1.17+0.08" 2.10£0.13°
0 5609319 69.20£0.75" 16.73+0.21° 0.170.17° 12.20£0.34* 0.99+0.42 0.71+0.29  4.140.06"
2 50.28+5520  6851+0.67" 16.94+0.14° 0.16+0.16" 12.36x0.39" 1.27+0.36 0.76:0.31 4.05+0.03"
Sl 6 7317379 6304£0.67" 1758+0.05° 0.15+0.15" 12.04+048" 148+0.19 0.72+0.30 387+0.04"
23
= 12 100.88+1.55" 67.29+0.28" 20.02+0.16” 0.13+0.13" 10.17+0.12° 1.28+0.13 1.11#0.06 336+0.04°
24 141.33+2.53%  67.1240.32° 20.68+0.31* 0.56+0.14° 893+0.10° 1.50£0.16 1.22+0.08 3.25+0.06°
0 5519+0.49°  67.97+1.30° 16.82+0.06° - 14.22£0.90° 1.97+0.00° - 4,040.08"
2 7055+2.28'  64.95+1.25" 19.40+0.31° - 14.33£056" 1.36+017° 1.24+0.00° 3.35+0.12
of ur 6 102.85+1.55° 58.77+0.63° 27.31:0.48° - 1197+0.46" 1.01:0.03° 095+0.02" 2.16+0.06°
A 12 127.49+0.81° 56.96+0.11 29.74+0.33" - 11.130.12° 1.09+0.09° 1.08+0.04° 1.92+0.03°
24 166.27+2.42" 5562£0.09" 29.46+0.30" 0.70+0.05 11.35+0.11° 1.33+0.08" 154+0.05" 1.89+0.02°
0 13.86+0.94° 81.01£051° 12.16+0.34 0.24+0.02° 553+012° 045002 061:0.04° 6.69£0.23
2 1507+0.98"  80.98+0.35" 12054027 0.23+0.01° 570+0.07° 0430.02° 0.62+0.03" 6.74+0.18
T A 6 17.12£0.97°  81.00£056" 11.76+0.33 0.24+0.02° 592015 045x0.04” 0.63:0.05" 6.92+0.24
. I
- 12 20.86+1.35"  80.06+040™ 1233028 0.30+0.02° 617+0.18" 0.49+0.01" 065+0.01° 652+0.19
24 2326+1.03" 7881+0.62° 1336046 031+0.03* 612+0.13* 0.64£0.04" 0.77+0.03" 5.95+0.26
P sk * NS * * Seskok * NS
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) Proportion (%)
Time Total A/P

Item
(h)  (mM) o 3 iso-C4 C4 iso-C5 C5

0 71.11+546° 67.151.06" 1754+0.35° 097+0.09 11.65+044 145+0.17 124015 3.83+0.13"

2 80.77£14.07" 6451+095" 20.14:0.14" 0.93x0.07 1161:048 1.48+0.16 1.32+017 3.20£0.06"

7712} 6 113.17+19.03° 59.00+1.00° 25.96+1.93" 1.02+0.11  1074+0.74 1.62+015 166+0.19 2.30+0.20°
== vl .
T 12 143.82+9.74° 5883+0.98" 2659+2.25" 0.98+0.08 1037+1.12 158+0.19 165+0.18 2.25+0.21°
24 163.63+1056% 5817+0.85" 26.65+2.12" 1.02+0.09 1043+1.01 190+015 1.83+0.16 2.21+0.19°

P EEES EEE EETS NS NS NS NS stk

" Each value represents mean=SE for three determinations.
#% 1 P<0.01, == : P<0.001.

4 Means in the same row with different superscripts differ significantly.

3. 4%E 9 Edle =S 919 in situ A F

AE9 FEEAS (k=005 ArFuF 66.17% = 7FF =9k, Mol 59.43%, H|A|
57.30%, vl EHEr 55229%, AW 52.13% % E=3] 52.00% ©]At}
X 18. Wl FAIZe E AE EA&(%)Y #s3)
Incubation times 0 3 6 12 24 48
W ol - 33.36 41.12 44.43 43.47 73.30 82.03

aLekd ek 11.12 17.19 22.00 49.57 83.20 95.14

H| ] 10.30 14.92 19.91 43.73 67.51 90.49
ARt 30.82 35.23 38.35 43.96 57.19 79.87
Xxy 21.12 23.90 25.28 29.09 54.31 63.25
Ap 3} 37.31 40.22 42.71 60.97 86.16 93.11
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¥ 19, 99U AEY &3 S FEEE
Parameters
AgAlE 1 , , EDMD*
a b c

WMol 32.836 57.507 0.043 59.43
AT s 5.251 104.281 0.046 B55.22
H] A 6.369 106.281 0.046 57.30
At 31.280 229.392 0.005 52.13
Iy 18.553 69.794 0.046 52.00
A} x}ak 32.575 71.761 0.044 66.17

1Rapidly soluble fraction,
“Potentially degradable fraction.

%Constant for b fraction.

‘Effective degradability of dry matter at the passage rate(k) of 0.05.

i
e
o

O
=
e

12
i)
i
gl=

& 9 FEENES 474 1 20 ¢ 219 ok

ZHl2 ®B3%= fraction a, AA3] 3 HAX = fraction b BH7F ALE el wheEkA

Fgol vEW I WelFk A vEuu did 3 FallE(k=0.05)<
A

]
Ny
—
R
S
it
N
L
O
Hir
32

59 F9F, 2EVE, F9%
B b A =

Aol vhgtd @ Aol

rr

,53,

o
T

31, Abahal 48.46%, Ul A| 31.22% 2 aFwbdEdr 30.85% ] %l
Atg e e] Fals 2 Rl FdEo]| wel Zolrh yar, Abgoel] wel ruminal
passage rate’} “FolstAl UYElUYERE A 7S5 A AlRE 5o "
, 7kl Sl wel @A A "ok HlS 49
0.05h(Collucci %, 1982; Hartnell®} Satter, 1979)& 2 &3}o] A&

Folshs At

o] uk A

i) O]-l:_L

ol



£ 20, FAZO] HE T B

Incubation times 0 3 6 12 24 48
ol 42.61 58.19 65.35 7712 89.86 94.66
B R 3.11 19.75 15.56 27.74 60.52 82.09
H] =] 8.99 15.17 18.80 32.86 49.31 86.60
A} 2}k 25.49 36.98 35.84 41.11 76.77 94.18
E 2L 939 23 549 RS
Parameters 4
Feedstuffs I 9 3 EPD
a b C
Wol+ 43.643 51.473 0.093 7712
A R 4.196 115.497 0.024 30.85
H] A] 9.267 314.664 0.006 31.22
A}k 25.184 111.948 0.021 48.46
'Rapidly soluble fraction.
'ZPotentiaHy degradable fraction.
%Constant for b fraction.
"Effective degradability of crude protein at the passage rate(k) of 0.05.
t}. NDF #3&f&
In situ A A48 AEF7MFEAES vjgFAto] H st et dE Ed &0l

Ui =97] wio NDF =3

o)
=
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QAE D/BE o7 9lal AAZRaRL ol gtel AATY, T, AHAE, T

= 5o W dHe AAsATHIE 4).

<E 1> Ao A2l AEAZEAA A
T 21 E AzQA S 21—
ANEEEA 1,558
FAEsg A 493
oA A 562
A g A 3,185
FTFYGA 250
o g A A 327 AAE AF, A
A7 = 2,711 A, FALE s}
4 = 707 HE So o3k #
THAEE 581 247 92 D/B3E
EAIGT 844 At A5YH
A s 531
Agd = 696
AAE T 772
ANG = 1,282
A F = 126
A 14,625

,59,



- 60 -

=
ol = —
it || D
=p o \A‘.ﬁ ,LIL o N O —
N hif) e e U e S R B B
g <A v ) & m o e Nk o NF|Er| < —_ N~ Nk ~
~ KE [N N m|7e =r|®e | 8|3 0| < [N |=r |7 RO NE
< U8 Il s S @wum%wn%ﬁnﬂu%mag el e =R %o
- —_— — — —_—
HTE.E TP Lm N m ﬂLﬂL/@_Z?%m oiLoL:._o]O.LHDVMMOAﬂoWT S = e =0
o < ! o | o | S o I | 5270 7| | o | e o
‘;O HT —_ _io o ﬂ h (N V e EO —~—|w O o = io ™
NI 0 0 N[ X —_— 0 I
T | 5 Ot et B B g
oo ﬁoL il 2| | = s | T
iy a4 v ™ 2 U IEY ~ %O il
~ A EA R R R 2 |l F| A | T ——
O | X || FF = | M| |M T |E|W ||| - . ®
Ew_ Wﬁ &o R = = = = .ﬁo <PO< El ) 15 mh W_W =y JL ol ot ,mm_v ToH
o T | o ﬂ|n_rm4oLquze drﬁ,*}i,_ﬂmmﬁj.nm/
Y e S Al es e ﬂmuﬂwﬂ@mﬂwﬁ
) E ) ~ ~
ﬂﬂom_/ B | T N IR I el e ia o#@ ﬁM_,TzToLio
) o sl g |5 %] 8 |58 = -
H ® = o — B W|B|HB| B | BB
-~ T A T o N ) >R |B|F|F
5 e Gl Bl Bl Bl Bl o ST
Mo D | T ol S e
ST X < B ol Bl Bler T | e B R S| o | | ® <
5 4 N O (Y T | 2| Kl i R S o ol I
o A i Ak (M(T_sﬁ@a;w r g e e e e s BT S| E = T | % |
- ) ) i T i e e e PlElE T | R |
1_ < — = IR o= — e _
MT ~ rwu mhy < Hu e fa wﬂ. o[ ool |53 A op | =T < zﬂ WA o
A il el ool I m = - " N =0 et
- = <A< <R s ) B
~, TR <A o |- —_— =1 [ >
<0 B e o =) 1) N~ I
2E o | mo |7 W - < | M| N
WV o R I ) el _ < o |F
o ﬂgﬁmﬂm@q sl w | 2 bl = L
. I = | e = (= i [ZTE o
. N B8z = X© o
i IS I A il el e N i A Rl A e . 7
o ol X[ a ol | W | = | F o
~E R A RAT — T~ X T ol
H.t ﬂ o TI 7L
= = o HiRl* el | A e e
x o] H oE —_ 1rW et
@ el I N B X0 < Sl
] ] REY pui RS © ~
— = 0 o
— o




Az
m

Az

,61,



A7 EFEHA AEF7FEREAES A ES SAEARAER BREy 2
AAZe <F 3> 2ok 19923 o] F wjd FUrelthr) 1996d Tl & Fo 2 4
stRoy 1 oo]F oA FrbstE FAE Holal
<HE 3> FAEAZAES WA WEFo) (9] - HE/A)

d = 1992 | 1993 1994 | 1995 | 1996 1997 | 1998 | 1999 | 2000

569 991 648 855 504 704 659 895 791

=7) S 12000 A= oH7lE 2 B A A

EAZAES] 20000 =0 =l
16.1%, &5 12.3%, 49 104%=2 olE 4/M=7) Az
=] ke

glovl, AEEWA L 6 B WY

<E 4> FAEATAEZY] A9 B (2000 =) (&9 - A=)
A9 LA (=) T3 1 (%) A9 HAZFED) | T3HN(%)
A 3,029 0.4 74 82,271 104
5k 14,746 19 Fu 97,126 12.3
o 7 5,694 0.7 F 40,442 51
R 29,273 3.7 A% 75,847 96
B 985 01 A 26,499 33
ER 1,132 01 35 31,974 41
42t 1,934 0.2 e 225278 285
A7 127,641 16.1 A 5 27521 35
B 791,393 100.0

slovl, HAE g, 27 dFEslel 6 A
wE BARAAT] FRAR PRH A4sn A4 ek
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<HE 5> FAEAZAES A2 dsH20004 =

A2 g A A8 27t o & FF71
A (=) 791,393 560,421 67,343 149,723 13,906
T34 (%) 100.0 70.8 8.5 189 1.8

. AE7RE Azl sl AR E=A o

AR AEkE gl W ol gel ABEe] BashA ohishl 1 4
214

He geel 495 A9

HENFRARE MEHE AR} 222 ARG VR 5 ARSE

gall H7IEel 1) @

N
=
2l; i , 3
/‘P?Q%WW EE = dP)dde AFEEEA 2 A
I
=

L s [ e e i B I el e R e P R

AA, A7 8 - 2w B sk HAgol fAF Lol HadtH
AZIEHE A Exdd AT THAVIEY] £ - &
TAAR 7IE ® AW, o wel AgsteioR gt
=4, A &g -7 - EAA R FEste] A - eRbstofof it
A, g7 A e Al Aol A A2l sto]of Ft

Azo)29] Aol Slste] A/ BABEATE & A7k A gl et A
AW, §9, ARs - Hulsh pPoR Adse 4
ALA, SEAM, A HAAA T Y

& AE20 A AR R nke] A A HeEss 4
— = AlgE WEooA] As AlEsl - Husl - 28 A|de R 19 A7
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oo H7IE A @& As45(2000)

A= A% AdQA Ao U@ ArFdeed 2 Qi 1), 2y
Yol A ADQA A4 AVE % AAAES F2 Ads: A
A, AENERAEE Aas QAL ofF 242 ko AFATRNELY
AGE AE 98 47 Ade] HS WaF Aol Az
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% 6> 72t A -2 HYE AYPAT ABAFAFESDA 23 A8
Al A F A=A e A= A
TR a7 o uk A4 gt A A ot A A
7 & 7 & o7& o7& 7 & H7 &
A 1,990 1,760 230 1,158 173 602 57
A& 39 38 1 26 1 12
Fak 127 114 13 48 10 66 3
o) 87 81 6 75 4 6 2
o1 165 144 21 44 16 100 5
B35 29 27 2 23 1 4 1
ol A 29 22 7 12 5 10 2
At 90 65 25 37 18 28 7
77 341 272 69 209 55 63 14
& 43 40 3 22 2 18 1
5 149 141 8 91 6 50 2
e 147 140 7 84 5 56 2
A5 87 79 8 25 6 54 2
A 121 116 5 72 4 44 1
5 248 223 25 201 16 22 9
A 278 249 29 186 23 63 6
A F 10 9 1 3 1 6
X 7> A= HYE YA AAAFA(EIHEDA) &
Al ANAYAE ZHA Z1EF A A A
T8 A gt A A ot A3 gt A A
AN &5 A7 & w72 H7E AN &5 A7 &
7 1,647 1,429 218 937 165 492 53
A& 28 27 1 17 1 10
52k 105 93 12 39 9 54 3
oy 72 66 6 61 4 5 2
o1 138 118 20 36 15 82 5
&5 24 22 2 19 1 3 1
o7 25 18 7 10 5 8 2
Ak 76 53 23 30 17 23 6
727 286 221 65 170 52 51 13
Al 36 33 3 18 2 15 1
=5 123 115 8 74 6 41 2
= 122 115 7 69 5 46 2
A5 72 64 8 20 6 44 2
A 99 94 5 58 4 36 1
A5 204 181 23 163 15 18 8
A 229 202 27 151 22 51 5
A 7 8 7 1 2 1 5
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< 9> " Fabwe] dnbdE R oger =24
PR T |29 | 2AY | 2R | 28| Ca P cal |NDF | ADF
e (%) | (%) | (%) | (%) | (%) | (%) | (%) |(cal/g)| (%) | (%)
Mga %
I 7§H = 8711 | 0.81 025 | 268 | 039 | 004 | 0.07 632
et 49731 16.28 | 202 | 460 | 1038 | 024 | 0.16 | 2,280
Faf vt 4829 | 1514 | 1333 | 363 | 593 | 008 | 0.11 | 3,551
1l A 79.15| 0.62 1.04 | 229 | 092 | 010 | 0.14 | 1,163
A 337 | 558 [ 3514 | 214 | 262 | 0.15 | 0.15 | 6,024
A2 3} 2} 170 | 284 | 4446 | 043 | 0.72 | 008 | 0.10 | 6617
A A 16.60 | 4.53 1.06 | 032 | 0.80 1.00 | 096 | 3,641
2~ F(1) | 197 | 570 | 2554 | 049 | 086 | 016 | 0.37 | 5966
2HF(2) | 742 | 725 | 058 | 082 | 074 | 0.05 | 021 | 4,051
) 3491 | 952 173 | 032 154 | 002 | 0.09 | 3,021
G 99| 9595 | 1.21 0.17 | 050 | 0.88 | 0.05 | 0.03 167
25 9 160.80| 339 | 041 3.11 094 | 0.07 | 0.07 | 1,520 |24.55|10.78
Hulyy | 8715 092 | 036 | 054 1.00 | 0.02 | 0.02 615 | 3.63 | 2.24
Eaglivi 1419 1349 | 3.03 | 846 | 406 | 008 | 082 | 3967 [43.18| 9.61
T 12641 1450 | 382 | 655 | 3.80 | 0.07 | 0.76 | 4,036 |36.58| 7.96
giz 12776 | 1516 | 435 | 438 | 292 | 0.07 | 0.62 | 4,023 |24.36| 6.55
= T
EE=
L= 7217 478 | 246 | 171 197 | 013 | 012 | 1,441 |21.33|12.84
= B
A}
L= 75.27 | 3.18 163 | 884 | 214 | 020 | 016 | 1,203 |18.42|12.94
H\H d
Ak
S - 9443 113 | 012 | 0.84 1.06 | 0.09 | 0.04 212 | 2.04 | 145
w71 4
O]l =
HOA}i_',; 12775 | 2218 | 22.07 | 1283 | 475 | 065 | 0.72 | 5017 [30.47|22.74
TU=E
[SAyi
HO Jt, 7143 | 5.45 143 | 433 | 323 | 045 | 0.17 | 1,260 |11.07|10.48
N
M |k
:L}?j 8896 | 080 | 048 | 241 064 | 013 | 0.07 479 | 5.88 | 4.49
T
7 At 9225 1.78 | 0.78 1.89 1.10 | 0.04 | 0.04 341 | 3773 | 2.63
=)
j;; 9657 083 | 015 | 052 1.01 0.01 0.02 132 151 | 0.83
T
ERITE
H oAy 8851 | 197 | 041 112 | 571 0.02 | 0.07 454 | 3.20 | 2.38
TAE
o] Ak
A 7011 | 547 | 057 | 567 | 329 | 028 | 0.20 | 1,055 |15.12]| 8.61
A=
o 1
A 887 | 939 | 024 | 040 | 338 | 0.02 | 015 | 1518
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bz | T [EEH | EAY 2R 23R Ca p cal |NDF | ADF
e 96) | ©6) | %) | %) | ) | %) | (%) |(cal/g)| (%) | (%)
TV (1443 724 | 098 | 025 | 166 | 020 | 0.06 | 3,169 | - -
7k 2 [ 711 | 772 | 251 [ 024 | 079 | 005 | 012 | 3339 | - -
=
;;Lat, 1184 530 | 052 | 023 | 247 | 006 | 005 | 3297 | - -
T =
g3 | 506 | 3.86 | 3.89 | 040 | 1.16 | 0.06 | 0.09 | 4334 | - -
=%29 (5983 345 [ 383 [ 1266 | 074 | 028 | 0.04 | 1,848 [30.5120.33
=% 3 [5767] 19 | 019 | 716 | 140 | 052 | 0.05 | 1,233 [2166] 811
bzl [ 703 ] 205 | 1.95 | 070 | 1.99 | 005 | 007 | 3607 | - -
uk
1943 051 | 033 ] 007 | 025 | 003 | 002 | 2974 | - -
T-7] A=} )
WL o
JUT 0 13273 1338 | 062 | 035 | 047 | 015 | 007 | 2699 | - -
A 2t
W A
Qo 7 | 3295|019 | 044 | 011 | 037 | 036 0 | 2265 | - -
=
Gy | 956 | 032 | 1654 | 1413 | 2.89 | 044 | 0.12 | 4,384 |4874|23.14
=21x] 1930 | 1156 | 266 | 2421 | 1164 | 050 | 0.15 | 3462 |42.51]27.80
aENEF 11160 1662 | 1275 | 3272 | 458 | 010 | 042 | 5212 [57.42]39.61
9 T3 74441445 | 667 | 014 | 103 | 026 | 018 | 1679 | - -
v A [ 7957 482 | 079 | 393 | 070 | 011 | 004 | 1141 | - -
AL o 1071 ] 920 | 020 | 200 | 018 | 012 | 2168 | - -
) . . . . . . . ,
S 7buur [ 7053 | 457 | 222 | 828 | 261 | 122 | 001 | 1456 |20.26]16.71
& 3
Gorqur | 7796 | 283 | 067 | 558 | 158 | 016 | 003 | 996 |1363| 927
EE 3
- fj@ 8921 | 1.14 | 096 | 343 | 081 | 0.03 | 002 | 450 - -
PR
T 16812 263 | 199 | 651 | 034 | 005 | 001 | 1,660 | - -
Ry
AA5 670 | 791 [1295] 049 | 1.02 | 0.04 | 006 | 4230
By
o 262 | 527 | 2424 ] 073 | 153 | 020 | 0.14 | 5127
|
o2}
i 168 | 396 | 4259 | 0 1.08 | 046 | 013 | 5898
z33Y
SR
o 19399] 035 | 019 | 161 | 115 | 026 | 0.01 | 157
T}x\_]_'g
2 47A [8346| 266 | 005 | 476 | 041 | 009 | 003 | 627
AWE [ 392 [ 738 | 188 | 030 | 057 | 0.04 | 0.02 | 4,141
g3 | 730 | 924 [ 1820 ] 030 | 203 | 003 | 0.04 | 4,909
ARE]
Soo 913|786 | 249 | 179 | 098 | 0.03 | 004 | 3968
A5
mted= | 290 | 17.01 [ 23.92 | 4006 | 3.06 | 050 | 042 | 5763
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wopmy | T (BRI EAY AR 23T Ca | P cal |NDF | ADF
e 96) | ©6) | %) | %) | ) | %) | (%) |(cal/g)| (%) | (%)
: }\ﬁ, 1357 1.46 | 79.71 0 1.22 0.26 0 7,337
TN
7+ =t 74.02 | 251 1.29 6.88 1.34 0.39 0.01 1,259
o} 31 6.20 | 1840 | 1.55 951 461 0.13 0.43 4289 148.47|11.44
= 9 83.10 | 1.37 0.33 3.08 0.54 0.08 0.02 799 743 | 3.93
FE219 | 7220 | 6.46 0.57 5.01 1.00 0.13 0.05 828 1881 | 7.77
S upak 392 | 4656 | 10.77 | 804 | 1049 | 1.38 1.18 | 4,853 |43.38|22.73
¥ 11.10 | 13.29 | 1.71 | 1236 | 5.18 0.11 0.33 3,960 [51.96|20.04
] A1 df 6.22 | 1360 | 1.86 | 16.43 | 5.01 0.09 0.40 | 4,198 |58.58|21.22
=k 7818 | 5.29 1.46 3.62 0.83 0.09 0.13 1,150 |19.87| 6.69

<E 10> A F7FEFAEES o] &3 TMR ®IgHH] 24 o

AF 650kg, AHr@F 3Pbkeg, FAE %Y W AE
T AFH S 221kgo & AL
7 o] §4] T4 ol §A
EER 22.0% 17.0%
WAl Az 9.0% 9.0%
d@s Az 13.0% 13.0%
A 8.0% 8.0%
o 22.0% -
0] A - 18.8%
MERS 7.0% 16.1%
23] 4.0% 4.0%
oj -t 7.5% 75%
3 | 3.0% 2.2%
o -7 4.5% 4.4%
FE(%) 28.0% 27.4%
TDN 763 774
CP(%) 17.1% 17.5%
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