MAao MMM SHAZS 2|8 simulation

Development of Simulation Model for Dairy
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Summary

I. Title

Development of simulation model for dairy cattle to improve productivity in

Korea.
O. The need and purpose of research development

The dairy farming in korea has been developed dramatically through the
improvement in genetic and management, reaching the 305-day milk production
of 7700kg and the mean herd size of over 50 cattle (2004, MAF). However the
increase in size and productivity bring other negative effects, such as the
increased incidence of metabolic disease, reproductive failure as well as the
reduced economic life of dairy cattle. To overcome this negative effects, it is
necessary to continuously develop the management skill, which can cover the
improved productivity of dairy cattle.

Compare to the other type of animal production, dairy cattle has to go through
various stages during its life, such as calving, lactating, being pregnant and
drying—-off and at the same time it has to convert the low quality of nutrients to
the high quality of nutrients. It is therefore necessary that the dairy farmer must
supply adequate nutrients to maintain stable metabolic status in dairy cattle.

However, it is too complicated for the dairy farmer to understand and control
by himself and the many number of controlling model have been developed to
help the farmers’ easy application.

The recently published Nutrient Requirement of Dairy Cattle 7" Revised
Edition(2001) by National Research Council(NRC) supplies the new knowledge
and technical information to the dairy farmer, which leads to the improved farm
management, as well as introduces the dairy cattle model(NRC 2001), which can
be applicable in farm to determine the nutritional requirement in the given
management and environment condition. This model has shown much
improvement from the last edition(NRC 1989), such as supplying new equation,

which estimates short term dry matter intake, using information supplied through



Journal of Dairy Science and other Universities (e.g. Ohio and Minnesota) during
1988 and 1998.

However, there are many different factors in determining nutrient requirement
and efficiency in feed utilization when the dairy cattle is managed under different
environment and all the figures used in the current model may not represent all
situation. Especially it may be true that the model (NRC 2001) may not be
directly applicable to the situation in Korea, where the use of concentrate is
much high and the most of the fiber supply comes from non-forage-fiber
sources.

It is therefore the objective of this study to develop 'simulation model for the
productivity improvement’, which can be applicable in Korean farm management,
to establish the data base for the nutrient information of the feeds in Korea as
well as developing simple evaluation model for the nutrient estimation, and to
develope the sub-model for the microbial fermentation in the rumen, which is
eventually used for the development of 'Evaluation program of nutrients balance

in dairy cattle in Korea'.

M. Content and the range of research development

1. Review of the current situation of nutrients balance in Korean dairy farm and

Development of simulation model for the productivity improvement

A. Review the dry matter intake and nutrients balance

B. Review the dry matter intake and nutrients balance according to the
environmental temperature

C. Review the productivity change to the change of dry matter and nutrients
intake

D. Develop simulation model for the productivity improvement in dairy cattle

2. Establish data base of the feeds for dairy cattle and develop simple model for

the nutrients evaluation of feeds

A. Establish nutrients data base of the feeds used in Korean dairy farm



B. Develop simple model for the estimation of nutrients in feeds

3. Development of rumen model for the microbial fermentation

A. Identify the fiber digestion according to the rumen pH
B. Identify the rumen capacity and flow rate according to the fiber supply in
diet

C. Model development of rumen pH fluctuation

4. Development of 'Evaluation program of nutrients balance of dairy cattle in

Korea’

IV. Result and the recommendation to use of the research findings

1. Review of the current situation of nutrients balance in Korean dairy farm and

Development of simulation model for the productivity improvement

A. The balance of dry matter and nutrients intake

Reviewing the information from 407heads of dairy cattle in 12 dairy farms
for a year revealed that the dry matter and nutrients intake showed big
variation according to the farm management. The dry matter intake came
out to be 2457+3.37kg/day for the concentrated based diet and
22.78+3.21kg/day for the forage based diet, which shows deference from the
NRC 2001 estimation by 2.51+2.80kg/day and 0.54+2.82kg/day, respectively.
The intake of Net Energy for Lactation (NEr, and Metabolizable Protein
(MP) also sowed the higher value, hence NE_ allowable milk yield and MP
allowable milk yield showed higher value than the NRC estimation.

B. Dry matter intake and nutrients balance to the environmental temperature
From the data of 24 milking cows, there was not much difference in dry
matter intake and nutrients balance between low temperature environment

(av. -3.8C) and the optimum temperature environment (av. 17.47TC).



C. Change in productivity to the manipulation of dry matter and nutrients
intake
The adjustment of ad libitum dry matter intake to the NRC 2001
estimation through manipulating nutrients density, showed no difference in
milk yield. While milk fat % was increased, milk protein %, content of urea

nitrogen, solid not fat and total solid showed some decrease.

D. Development of simulation model for the productivity improvement in
dairy cattle
From the data collected from the above 1, 2, and 3, new simulation model,
which shows close to the current production, has been developed through
adjusting the equation of dry matter intake and applying discount variables
to the intake of digestible nutrients. The model was then examined for its

suitability to the dairy farm in Korea.

2. Establish data base of the feeds for dairy cattle and develop simple model for

the nutrients evaluation of feeds

A. Establish data base of the feeds
The 25 feeds, most on use in Korea, were selected and analysed
repeatedly for the nutrients composition of NRC 2001 recommendation and

its data set were corrected with new values.

B. Development of simple model for the nutrients estimation of the feeds
Using the data set established 1, the relationship between nutrients

composition was made for fiber and protein fraction, which is difficult to

routinely measure. The model was then developed to estimate some

fraction of nutrients from the existing analysis.

3. Development of rumen model for the microbial fermentation

A. Identify the fiber digestion according to the rumen pH

After reviewing the effect and its pattern of rumen pH to the cellulose



degradation, the equation for the estimation of rumen pH was drawn from
the fermentation character and nutrients intake.
B. Identify the rumen capacity and flow rate according to the fiber supply in
diet
The relationship between the source of fiber supply and its effect on the rumen

capacity and flow rate in the rumen was identified.

C. Model development of rumen pH fluctuation
From the result of above 1 and 2, pH fluctuation model was developed to
estimate the rumen pH change according to the composition of feeds and

over the time after feeding.

4. Development of 'Evaluation program of nutrients balance of dairy cattle in

Korea’

On the basis of NRC2001 program for the nutrients evaluation, 'Evaluation
program of nutrients balance of dairy cattle in Korea’ was developed from the

model developed from the above researches.

5. the recommendation to use of the research findings

The research findings, nutrients data base of feeds and all the model
developed through this study are believed to contribute to the improvement of
dairy productivity. It is especially expected that the ’'Evaluation program of
nutrients balance of dairy cattle in Korea’ can be easily applicable to dairy
farm because of its easy content.

The result of this study will be practically utilized and its data base and
evaluation program will be further studied and continuously updated by the

participating industry.

_10_
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of AEAAF HAE FAFTA AdoAAE Fo9AlE Ul NDFEE o] i
I JdtH(Waldos 1986; Mertenss, 1994). Allens

= b B
(2000)& FAAAlE F9 FALEE non-forage fiber sources(NFFS)Z thA|stR S 7

O

¢ AEHAFS 71 Hola, FFARE NFFSZ A9 S 4 AEAHAGS
Had Aolztar FstATh A RAMFEF(2002)2 U] RAMR £ oz
Al ZAEERY FEEE NDFe d=7|Fo= Hi 1B3%EA 75%s A%
NRC2001 Rt} S Folxa oyt A 53%A i 93%=2A Wo|7p A3
Astekar skt

NRC2001> Ewnj#Ade] Z{4$5 HAPFER o433 A Ang nygoz vs
oo, Ul AL FF9-9 AlEde] 84, AAgdE 2 #4e SuA gy s
Atk wEkd FuelM AR E A e ZFol Al NRC2001S 283l 9lo] A

olglgh #A A 2 A= IFulelA AFFHEIL e AFTE WFORE o %
Als YF AYF7HEFIFAIE66%DMe| A F9, enforced concentrate feeding farm,
ECFF) 57/ #7l¢F ZAR T35 7HE AR 66%DMolst 3¢, enforced
roughage feeding farm, ERFFF) 771 §7F& A48t ASdA LY a9 o8
S olry] 9l8le] NRC20019] ¥ 8 H7F Z2aWS o] &3to] JYAa9

7Y L RS G

f

ot
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o Als 3oy
1) B e
7h

B71% Aol 1270 HETtel A ARFEI e ZAAS F A7TFE ZAINY SR
ae] 2003 12958 2004 597b4 670 Eet ZAME AT

ZAZIZE F o] A9 ¥ Wyt REE 46+76TCE -49T
ER ST 127] E7F BF AE Fol71E ol&e A ¥ AR Al Fo #
g5 AAsta e, TMR Wl@7E o] &3 dvis U5
& 27F TMR % A% TMRS ¢4 23]

faw
H
QA 2%7) WY 857 APE 2T SAE B BUwE

W) 7hEAR, A 2 AR AR
AZF, AAZFA%5(body condition score, BCS), 7§A ¥ H+¥ TMRAFH =

MA E w3AE AFEFS 9 13 A7) BES E319 ZA} AL, AbF, Bl
o)
o

Q2 A 2 (milk urea nitrogen, MUN)&= 3=+ Z=7) = ﬁéil ZALo] ¥ 13
Wasko]l 2AgE St SN E e 55 ARE o) &t

A SEEe AR 5L, A% TMR(, %), 54, =gz, M3 u
A, S55 AAYA, FE Ak, Fo aws, MR v, B a7, g
A, eAe e 5% o83t Ao, oF FF dz ATYs

Dry matter(DM), crude ash(Ash), crude protein(CP), ether extract(EE), acid
detergent fiber(ADF), acid detergent lignin(ADL)S A.O.A.C(1990)¢] #4] RS
0]-83}9 1, heat-stable a-amylase treated neutral detergent fiber(aNDF)+=

Mertenss(2002)2] ®WHol ulel £4 3} 2™, neutral detergent insoluble crude
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protein(NDICP), acid detergent insoluble crude protein(ADICP)+ Licitra’s (1996)
o] wriiol whet EA kit
Concentrate(A, B), TMR(H, )9 g8t &S F4s67]91eto] AL 5%l
A oolgstar = AR FFAE 2 TMR(H, )¢ vl E xAbstd ow, Al
TFAIE 2 TMR(A, )9 gl o]&¥ dvjrtsdse gt A=
L SRl A 2003 d el 24 ¢ ‘NRC2001 TDN Al wdllofl 4 -8317] 9
& FulelA FastA AFEEIL e WHETMEE AIRYRY U E WEYE
43} NRC dairy cattle program(version 1.0), 2001S E3}o] F43}
F7FAA o] &3 AtR flRe] 38 LS Table3-19] WER It

NRC Nutrients Requirement of Dairy Cattle Program(version 1.0), 2001 & ©]&
3tel JiA 8 AE AHFH H(dry matter intake, DMI), A 1] o4 A (net energy for
lactation, NEr), thA} &% & (metabolizable prodtein, MP)2] & #H7} 2 FA4

3 B7bE AAsaT

9 0g/dz ABAom A8a:, AT, BCS, A, WHAF, QAAS, A
% AT D fuNe FRFHATYN £ ARE o §FAT LEE 24}
A% Eetel BE £we) 46CE ASAoR AEaTh AL Ao} v FAS

Fatol AR AnE ol§3HAT, FHT A% AFH Fobd 24 A AF

o

Ank4g i % aNDF, ADF, ADL, NDICP, ADICP%= # <149 4 A85 <&
dow processing adjustment factor(PAF), w¥lz 33 (%CP), protein
digestion rate(%hr), RUP digestibility(%), Fat digestibility(%5), NDF
digestibility (%)= NRC20019] feed libraryel]l 9 S o]&33ith. NRC2001
Ats AHo) gle ARES AN 959 #@E ol &dled, Ay, dedE Als
48+ CP % NDF &g $4e9=2 ueshsla, =A% 98 NDF % CP#

Fe AR 2Este] A AR E giAlske] Alttel o] &8st

ofs
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3) EA A
FEARY T BElEIHCEEALE65%DMol A 39, enforced concentrate farm,
ECFF)¢} ZAIEF B 57HEFAIE 656%DMeol3t H9, enforced roughage
farm, ERFF)7+e] A3l SAS(Strategic Application Software) statistic package
program(2001, release. 8.02 version)®] TTEST procedureZ ©|&3o] student
t-test& HAlste] A4S HA s
EHAHAFS o]&3ko] NRC20010] AlA = At &
218 o] &3 NE. 2 MP 43 &3 NRC2001°] FA3l= & AH 7%, NELA
FH 7% 2 MP A3 &7%9 A= SASe TTEST procedureE ©] 83}
paired t-test procedureE ©]-&3to] Fo|Ad& AASNSH, A5 BEX FIS

2ol w7 $]8}e] scatter plottingS 2 A 891t

AA A=AAE 2 A4 A
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Table3-1. Chemical compositions of feedstuffs investigated in this study

Dry Matter CP Fat Ash NDF ADF Lignin NDFIP ADFIP
(%As-Fed) (%DM) (%DM) (%5DM) (%DM) (%6DM) (%DM) (%5DM) (%5DM)

Concentrate 1 89.34 21.66 3.49 4.14 26.87 11.91 3.31 2.87 0.42
Concentrate 2 90.67 16.86 14.32 3.08 20.91 6.96 1.77 1.84 0.27
TMR1-wet 61.97 15.47 5.44 8.51 45.95 30.96 4.66 3.13 0.52
TIVIR2-wet 71.49 16.20 4.11 4.56 39.32 22.70 6.01 2.96 0.76
TMR3-dry 87.48 12.69 452 9.58 54.70 38.68 6.25 1.89 0.47
By-pass fat 95.00 - 98.33 1.00 - - - - -

Cottonseed 90.37 20.95 18.45 413 44.44 34.18 13.41 1.94 1.13
Wheat bran 87.83 16.50 4.01 4.85 41.52 12.30 3.87 3.36 0.65
Beetpulp 87.87 9.89 1.23 6.03 47.77 31.19 2.68 5.80 0.74
Brewers grain, wet 20.88 22.73 6.65 3.84 33.42 15.84 711 9.59 2.75
alfalfa hay 89.83 18.54 2.13 9.43 42.49 35.33 12.65 3.04 1.36
Oat hay 90.66 7.84 2.49 6.53 57.58 39.09 8.40 1.40 0.58
Orchard grass hay 90.74 8.90 2.70 8.82 60.86 39.66 9.55 3.26 0.61
Klein grass hay 93.06 11.27 1.67 8.77 70.12 41.21 5.46 5.53 1.56
Bermuda grass hay 91.65 9.64 1.90 7.76 66.65 37.17 7.45 441 0.97
Tall fescue hay 90.50 6.28 1.03 5.87 63.03 44.07 5.46 5.53 1.56
Timothy hay 91.21 8.20 2.27 7.08 61.74 38.17 5.60 2.50 0.72
Sugarcane 84.40 10.80 2.00 7.00 69.10 41.60 5.90 7.40 1.10
Wheat straw 90.94 3.82 1.57 7.78 74.61 52.76 12.64 2.36 1.84
Rice straw 91.28 4.82 1.46 16.36 63.94 43.33 462 1.28 0.29
Corn silage 30.51 8.08 277 4.00 52.27 33.73 4.62 1.29 0.64

“Chemical compositions were estimated from the investigated feed formula and feedstuffs matrix constructed by Lab. of animal environment in Konkuk university.
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399 e FEol
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A9 e
623.24+33.94kg 0. & ZAFE AL,
2.92+1.800.2 ZALElow, W
210.53+142.100. % A5 1t}
Bt TS ECFF
2 ZAE AL
ZAE R o,
= At
Ao A Fo8 AR FIAn
o] 80.67+7.40%, ERFF $-ito]
ECFF$-©] 66.95+6.93%DM,
ECFF$-io] 16.62+0.98%DM,
ECFF$-ito] 38.13+1.78%DM,
ECFF$-0] 40.06+2.23%DM,

| &=

A

’

ERFF$-
ERFF$-
ERFF$-
ERFF$-+*

o] ok ahar
3k 1,321 A=
wt FEALRSFHYE
enforced concentrate farm, ECFF)¢} ZAIE Y F¢
H9, enfored roughage farm, ERFF)& $
2 FoE AR UL TR FH s Table3-29]

ECFF-$-©]
AhAb =

d++= ECFF%

[€]

AR 65%)DM°] 3t

jon], S 8 AAEgn

609.72+30.67kg, ERFF$-+o]
ECFF$-+¢] 2.15+1.23, ERFF$-+-9]
0] 193.22+137.91, ERFF$-+-©]

2-*o] 31.47+9.55kg/day, ERFF-$-¢] 30.70+9.38kg/day
S ECFF$-0] 4.07+0.64%, ERFF$-0] 4.16+0.64% % %
el & ECFF9-o] 3.2240.37%, ERFF-9-0] 3.40+0.38% % XA}

0] 60.90£6.26%DMO. 2 ZAFE ¢l 1L, CPE
o] 1598+0.81%DM= ZAFH 2]
o] 35.88+1.56%DMZ ZAME| 931, NDF:
| 42.47+2.35%DM = ZA}E QL3

O

o | ZAR

219 NDFE ECFF$w-°] 18.61+3.84%DM, ERFF$-+-0] 2229+345%DM=& %

AbE 91, ADF+ ECFF$-o)
ZALE ATt

NRC2001- H]-F9A &2 2-f-5
% NDF& AE27+

AlZ 9] NDFE 7

AE71F

23.67+2.35% DM, ERFF-$-a©]

o 1d
o2 HAa 25% ~ 33%, NFC= HU 36% ~ 44%= A
, #olAk= ¢ NDF 5
Zata ot Kawass (1991)2 v]-f94 105 ~ 265

25.90£1.83% DM =
frAAkRFo] 25, 35, 40, 54.4kg ¥ =

76% 7} ZALRZEE A FHo]ok

Abol ] -9l
O & 28% ~ 31%= AFEL Jort, v
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7] 2ol A HelHE AbRe NDFE 25%2 HAstelms A4t
ARl Aol Al FelEis AbRe] NDFi: ECFF$-o] 40.06+2.23%DM,
ERFF o] 4247+2.35%DM= NRC2001 #4<¢t wr} =9tom, NDF 5 ZAMR
frelel NDF ¥4 ECFF$-el o 46.46%, ERFF$-wo] ©F 5248%% NRC2001

At Boh gtk NFCx  ECFFe] 3813+1.78%DM, ERFF ol

PN

=

35.88+1.56%DMZ NRC20019] A A& FAFSHA dElyth ol ZAF &%
o] ArEFo Ao Qo] ouA H HfFAh FEHYoEAN HEHE WA 9 oS
uhap e FabEo] ARG F 9o A FoE e Als Al F30%E AFA| kAL

7] wZolgkal Azt
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Table3-2. Descriptions of investigated Holstein lactating cows in this study

Items ECFF! ERFF!
Animal descriptions
Number of cows

Body Weight(kg) 609.72 + 30.67 623.24 £ 33.94™
Parity 215+ 1.23 2.92 +1.80™
Body condition score 3.10 £ 0.32 3.12 +0.20
Days in milk(days) 193.22 £ 13791 210.53 + 142.10°
Milk yield and compositions
Yield(kg/day) 3147 £ 955 30.70 £9.38
Fat(%) 4.07 £ 0.64 4.16 + 0.64"
Protein(%) 3.22 £ 0.37 3.40 +0.38™
Urea nitrogen(mg/de) 17.01 £ 3.73 15.23 + 3.20™
Somatic cell count(10*/ml) 96.01 £ 102.80 11675 +95.59™
Diet compositions

Dry matter(%) 80.67 = 7.40 76.52 + 459"
CF ratio(%DM) 66.95 + 6.93 60.90 +6.26"
Crude protein(%DM) 16.62 + 0.98 1598  +0.817
Ether extract(%6DM) 387+ 0.35 3.92 +0.25"
Nonfibrous carbohydrate(26DM) 38.13 + 1.78 3588 156"
Neutral detergent fiber(%DM) 40.06 + 2.23 4247  +£2357
Forage neutral detergent fiber(%DM) 1861 + 3.84 2229  +£345"
Acid detergent fiber(%DM) 23.67 + 2.35 2590 +1.83"
Acid detergent lignin(%DM) 5.56 + 0.44 5.72 +0.40™
Ruminally degraded protein(%DM)? 10.18 + 0.66 941 + (052"
Ruminally undegraded protein(%DM)” 644+ 074 658  +0357

Net energy for lactation(Mcal/kgDM)? 154 = 0.03 1.56 +0.03™

. ECFF-enforced concentrate feeding farm; ERFF-enforced roughage feeding farm.

: Averagetstandard deviation.

: The values were estimated by NRC nutrients requirement of dairy cattle program(version 1.0),
2001.

“ : Means within the same row are differ significantly(P<0.05).

“ : Means within the same row are differ significantly(P<0.01).
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ZAFA Z ol 2le] NRC2001°] 43+ NEL &7+ % Bt} ECFF9 ERFF
7 33 9 @eol dFAs AL NRC20010] FAst+= AEAHF 877 Boh ¢ 22
AES AFT Blo] ¢ .
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L% Ho} 292.01+224.25¢DM/day & %ol A AT Ao xE AE UL, ERFF$-
& NRC2001°] 343 MP 7% Hut} 5448+207.19gDM/dayS %ol A3 Ao
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Table3-3. Nutrient balances of investigated Holstein lactating cows raised

Requirement of Dairy Cattle Program(2001)

in Korea estimated by NRC Nutrients

Items Intake Requirement Difference P value®

ECFF® 2457 +3.371" 22.06 £ 3.23 251 £2.80 <0.05
Dry matter(kg/day) . . .

ERFF 2278 £3.21™ 22.24 + 3.09 054 £2.82" <0.05

ECFF 37.78 £ 4.37 33.45 £ 6.63 4.33 £391 <0.05
Net energy for lactation (Mcal/day) . .

ERFF 35.47 £ 4.46™ 33.54 £6.47 1.93 £343™ <0.05

ECFF 2647.04 + 440.71 2355.03 + 462.37 292.01 +224.25 <0.05
Metabolizable protein (kg/day) . .

ERFF 2400.30 + 436.17 2345.82 + 485.59 54.48 £ 207.19” <0.05

: Averagetstandard deviation.

: Provarbility between intake versus requiremnet in each row.

. ECFF-enforced concentrate feeding farm; ERFF-enforced roughage feeding farm.

" Means within the same column in each items(dry matter, net energy for lactation and metabolizable protein) are differ significantly(P<0.05).

" : Means within the same column in each items(dry matter, net energy for lactation and metabolizable protein) are differ significantly(P<0.01).

_36_



o Observed » Deviation o Observed a  Deviation

50 - 50 - P
2 10 2o | i
: =
& 30 8 30 t
=l el
S 20 S 20
g 10 g 10 r
T o r L~
2 z 0

10 | ST

-20 -20

0 10 20 30 40 50 0 10 20 30 40 50

Predicted DMI, kg/d Predicted DML, ke/d

ECFF ERFF
Figure3-1. Scatter plotting of actual dry matter(DM) intake versus DM

requirement estimated by NRC Nutrients Requirement of Dairy Cattle
Program(2001) in Holstein lactating cows raised in Korea. The

dashed line represents y=x.
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Figure3-2. Scatter plotting of net energy for lactation(NEL) intake versus NEL
requirement estimated by NRC Nutrients Requirement of Dairy
Cattle Program(2001) in Holstein lactating cows raised in Korea.

The dashed line represents y=x.
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Figure3-3. Scatter plotting of metabolizable protein(MP) intake versus MP
requirement estimated by NRC Nutrients Requirement of Dairy Cattle
Program(2001) in Holstein lactating cows raised in Korea. The

dashed line represents y=x.

ey
ZAE 9o AA FAEF(actual milk yield) S ZAFSFow, NRC2001
FA4st= NEL 2 MP AHZFewRy 7159 fAa+ %, dAla+2 8448
TFE TAG oA H dulHgFo 2 e AL 7k fA AR (allowable milk
yvield, AMY)®] Z3}E Table3-4°] H] 23} 31, Figure 49} Figure 5ol ZAFA
ZH9o AA FAAZY  NEE MP allowable milk yield AFel9] scatter
plotting& WEMA AT

Table3-40l el wle} o] ECFFS-9 AA| A 2 31.47+9.55kg/day =
ZA E Al NEp allowable milk yield:= 37.24+8.22kg/day® e AA] A
o] NEL allowable milk yield2.t} 5.87+5.37kg/day”} StthH(P<0.05). ERFF-$-*
o] AA FAAES 30.70+9.38kg/day 2= FAFE 1L, NEL allowable milk yield&=
33.29+7.80kg/day= ER A FALEEFC] NEL allowable milk yield®.th
2.60+4.48kg/day 7} SEATHP<0.05). Figure3-4olA=  AAl  fAAEFY NEL
allowable milk yield®] scatter plottingS YEIW =6, ECFF$T2 A AL
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K}

#Fo] NE. allowable milk yield Rt} 83.11%7} , ERFF ¢ AAl FAikeo]
NE. allowable milk yield 2.t} 69.54%7} SA] LUERSE

Table3-40] Vel wle} o] ECFF$w2 A FA4k#-e  31.47+9.55kg/day
2 ZAE 3L, MP allowable milk vield® 37.73+10.32kg/day® el AA 548
At#ko]l MP allowable milk yield®.t} 6.37+5.00kg/day 7} t9ktH(P<0.05). ERFF-$-
o] AA RS 30.70£9.38kg/day & FAFE 91z, MP allowable milk yield:=
31.9749.10kg/day = YEY Al FALEFe] NEL allowable milk yield®.th
1.28+4.15kg/day 7} STHP<0.05). Figure3-5914 & AAl 482y MP
allowable milk yield9] scatter plotting& YER I +=d], ECFF$-T2 AA| A4k
o] MP allowable milk yield ¥t} 87.70%7} , ERFF -2 Al fA4k#o]
MP allowable milk yield ¥t} 59.55%7} StAl UEFS;
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Table3-4. Differences between actual milk vyield and allowable milk vyields of net energy for lactation(NEL) and

metabolizable protein(MP) estimated by NRC Nutrients Requirement of Dairy Cattle Program(2001) in Holstein

lactating cows raised in Korea

Actual milk Allowable milk Difference )
Items P value
(kg/day) (kg/day) (kg/day)
NCFF® 31.47 + 955" 3724 + 822 -5.87 +5.37 <0.05
NE. allowable milk 5 . .
NRFF 30.70 £ 9.38 3329+ 7.80" -2.60 £4.48 <0.05
NCFF 31.47 £9.55 37.73 £10.32 -6.37 +£5.00 <0.05
MP allowable milk N .
NRFF 30.70 £ 9.38 3197 + 9.107 -1.28 £4.15 <0.05

: Averagetstandard deviation

. Provarbility between actual milk versus allowable milk in each row

. ECFF-enforced concentrate feeding farm; ERFF-enforced roughage feeding farm.

: Means within the same column in each items(NE; allowable milk, MP allowable milk) are differ significantly(P<0.05)

" : Means within the same column in each items(NE; allowable milk, MP allowable milk) are differ significantly(P<0.01)

_40_



o

80
70
60
50
40
30
20
10
0
-10
-20
-30
-40

Obs. Actual MY, k;

Obs-Pred

Observed a  Deviation o Observed a  Deviation

80
70
60
50
40
30
20
10
O = —
_10 |
,20 |
L -30 -

Obs. Actual MY, k;

Obs—Pred

-40

0 10 20 30 40 50 60 70 80 0 10 20 3 40 50 60 70

Predicted NE, allowable MY, kg/d Predicted NE, allowable MY, kg/d

ECFF ERFF

Figure3-4. Scatter plotting of actual milk yield versus net energy for

Obs. Actual MY, k;

Obs-Pred
L
S

lactation(NEL) allowable milk yield estimated by NRC Nutrients
Requirement of Dairy Cattle Program(2001) in Holstein lactating

cows raised in Korea. The dashed line represents y=x.
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Figure3-5. Scatter plotting of actual milk yield versus metabolizable

protein(MP) allowable milk yield estimated by NRC Nutrients
Requirement of Dairy Cattle Program(2001) in Holstein lactating

cows raised in Korea. The dashed line represents y=x
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o 2o

Sl AAFEL Y= AReE ddeR o] sFALRAFT R §HE A
F265%DMo]d +9, enforced concentrate farm, ECFF) 571 &7Fe} AL 953
Y57 FEZFALRE 66%DMelst 9, enforced roughage farm, ERFF) 77§ s7l=
skl dEAFHFL dEre o84S dotr 7] fldtol NRC2001 F4¢4 +d

3
Bt ZeaRe olgstel #8 2 G4 B

ECFF$-#3 ERFFS-#e A% ge] walsl gas) o84 2 484 3
HA3E sk et 2

A
i
o
AN

1) ECFF$-¢] A AZAF % 2457+3.37kg/day, ERFF-$-2] A4
g2 22.78+3.21kg/day = ECFF$--9] &4 F FFo] =3hth(P<0.05).

2) ECFF%-# ERFF$-o AHAl A=&437FS NRC2001°] F43t+=
e % v 72b7; 25142.80kg/day, 0.54+2.82kg/day7F = SFEHP<0.05).

3) ECFF$-# ERFFS-+ EF A AEQFAFoZRE Asg NEL 2 MP 4
H#Hg> NRC2001°] F43t= NEL 2 MP &7 #Rt #/4 Jeygon -
NE. allowable milk yield ¥ MP allowable milk yield &4 A A4t
o =7 YR THP<0.05). ol A AEA4FH o] NRC20010] F4 3
AF s FRY E9kv] witelgta Azt

4)  ECFF$i¢  fAMEe  3147+955kg/day, ERFF$-¢
30.70+9.38kg/day = FAFsHAl tERGE O, NRC2001 AE=4d5 % 44
g 7Fow B u AEAHTH, NE, MP ¥ &3 allowable milk yield
8> ECFF$°] ERFF$-w Rt A Ve tH(P<0.01).
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2. 87w wWE A 2 AUYL FH FA}
7FoA B
2599 A=A (thermal neutral zone, TNZ zone)x= YHtz o2 5~20T 9
Wololth A webA s Aozt Utk ] L% TNZ zonedl WS Hlojud
Ao F499 1E A L garEE e dsiA "o g9el w=E 8 Fr
S5 A% AdFFo] TNZ zonedl A Rt o 55%7HA] A" 4 o, 49
UA @35S 7 ~ 25% 7F¥ F7FEUHNRC, 1981). 28]al #FA{9= dHA =S,
72 dAbE 2 AE AHFS SRR A71HQl FHo K&t sk

2 ol
(Young, 1983). olelgh #delA & wf, 7] @742 {59 ir

} -
Wb ofUel, 1 A4S FATC YAE 19 F gl fdleletn

cl

Eastridge et al.(1998)2 =%7} €4 SA4d ®HHE Hojus Hfode v
g Wsrl Yt A AAEAT Temp > 20Ceold DMI x(1-((C
-20)x0.005922))°] 12, Temp < 5TCe]™ DMI x(1-((5-7)x0.004644))°]t}, 12 2
Ef 2 7]7He] v fFAMNES Edi®E dto] DMI 424 (1-2)& ©]-&3dte] DMIE
FA 3] 9lo] Eastridge 5(1998)¢] HA Q¢S AEdl= AL FxE 1 DMI

N

FER0 Ju FHee dutbon Be g ARE AF%dor Qe o
WA ko] =] wjEo] oyx] @ uke] Wt ofmn S A o] th(NRC2001). A
AHoz F7] =Fo] & &= free-stall housing systemo] g1ejA wheF 2-{-9-7}
d2d A §AST, gl AW wdEA wevhd, 2eadd feas] 9
@ ooldA AFRe] T Aol o

3
Young(1976)& HlF5 25 3

7] £X7F 10C #4&E wiviot Hi 1.8%<]
At FEEHAG A o] e o] wropxl AstEe Astd W A
=& #A A& Aol (Kennedy et al, 1976). 23&d o] & Lx7} n

Av Q% WEel, TER F& 94 2A0A Are duA gL clnE F48
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9} & o]f = NRC2001 dairy model
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of YEfth Fo® TMRO AEFFYN FFAE HE&ES ZH7F 6245%,
69.95%DMC & e on NDF¢ ZAE f#le] NDFE= 7H7 36.75%DM,
16.77%DM °]1 i CP9 EEE Z7F 16.38%DM, 3.55%DM O = ERSLTh H oAb
%9 NEL §%=+% 151Mcal/kgDM o 2 yersth 74 ¥ Abg A FS 57467
9 3le] individual electronic feeding gates(American Calan, Inc., North-wood,
NH)E o] &3} 2 (Figure3-6), 39945+ 24 109} 25 520 AF =9 110%

E Fodtien, 4d o 9ol IFS FAS] A E ARAAFS SA

A3kl Milco-scan 'System 4300’ <

e wESHA,

A& o] 8% commercial concentrate, corn cracked, cottonseed, wheat bran,
alfalfa hay, wheat straw, rye grass silagex= NRC2001¢] &3+ Al59] 3}8HA]
& #4359 2 Table3-5°] YeRAATH

Dry matter(DM), Crude ash(Ash), Crude protein(CP), Ether extract(EE), Acid
detergent fiber(ADF), Acid detergent lignin(ADL)S A.0.A.C(1990)¢] #2] =4
S o] 83} 1L, Heat-stable n-amylase treated neutral detergent fiber(aNDF)+=
Mertens s (2002)2] ®WHol ulel £4 3} 2™, neutral detergent insoluble crude
protein(NDICP), acid detergent insoluble crude protein(ADICP)+= Licitra’s (1996)
o] wriiol whet EA kit

dd 71§ Hves, HalE HAALE dds
A% AEE ol&stdlom Table3-7¢ YeERATE Ht
-3.83+3.64 C, TNZ zone°] 1743+257 CTE& Yl en, HiL%+= LCT zone

!
HE,
o of
bodb
rlo
5=
N
N,
18
1o
N
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°] 0.99+3.33 T, TNZ zone°| 2520+3.22 CTE YEIUAN L, HAE
o] -8.37+4.70 C, TNZ zone°] 10.30+3.54 CTE Y AT FdlFE+= LCT zone
o] 55.79£13.30%, TNZ zone®] 59.74+16.76% 5 “+EbH A TH.

3) ¥ HE F FAMA HIL

NRC Nutrients Requirement of Dairy Cattle Program(version 1.0), 2001& ©]&
sto] A ¥ AE HFH F(dry matter intake, DMI), A7 oY A](net energy for
lactation, NEr), thiA} ©¥l 2 (metabolizable protein, MP)9] 3 #H7} @ {24
37+ AAlskach

%z%ﬂ%%i%%&%~@%%%ﬂﬁﬁﬂ4:”+ﬂ-%—1 shAch ZFf9-o A
< A|FH Folx A Al AFS NRC20010] A|A = AEE o] &ttt
AulkAg 2 9 gNDF, ADF, ADL, NDICP, ADICPE £ 9 24 28 E o] &3

=

% ©™ processing adjustment factor(PAF), ¥ 2 X 31 (%CP), Protein Digestion
Rate(%hr), RUP Digest(%), Fat Digest(%), NDF Digest(%)E NRC20012] feed
libraryol 5% S o]&stAt)

4) FAA

A= SAS(Strategic Application Software) statistic package program(2001,
release. 8.02 version)®] TTEST procedureE ©]-&3}9] student t-testE A A]3}¢]
frolds AAskH

AA AEHATF 2 AA A4 FE ol &3kl NRC20010] A|Alsh= Alqt &
215 o] &gk NE. ¥ MP A# =3 NRC2001°] F43t+= e AALT%, NELA
FH o7% 2 MP A% &7%9 A= SASe TTEST procedureE ©] 83}
paired t-test procedureE ©]-&3to] Fo|Ad& AASNCH, A5 BEX FIS

2ol w7 $18}e] scatter plottingS 21 A 893t
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Figure3—-6. Electronic feeding gate used for this study.
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Table 3-5. Chemical compositions of feedstuffs in this experiment

ltem Dry Matter CP Fat Ash NDF ADF ADL NDICP  ADICP

(%As-Fed) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM)
Concentrate 89.32 20.58 3.09 8.97 25.39 9.501 3.90 4.93 1.63
Corn cracked 87.46 8.99 2.77 7.05 19.99 2.99 2.30 1.82 0.19
Wheat bran 87.53 16.22 4.26 4.12 41.79 11.48 3.82 3.96 0.36
Cottonseed 90.62 18.21 15.83 3.67 58.40 41.73 10.83 1.49 0.69
Alfalfa hay 90.47 17.78 2.18 8.11 45.83 39.86 11.91 2.38 1.20
Wheat straw 91.40 4.88 1.64 5.04 79.23 52.85 12.18 0.94 0.35
Rye grass silage 19.98 8.02 1.32 8.95 67.34 43.18 9.18 2.37 1.04

_48_



Table3-6 Ingredient rations and chemical composition for experimental diets

Item TMR
Ingredient
Concentrate(%DM) 41.28
Corn cracked(%DM) 13.47
Wheat bran(%DM) 9.68
Cottonseed(%DM) 5.73
Alfalfa hay(%DM) 15.01
Wheat straw(%DM) 2.53
Rye grass silage(%DM) 12.31
Diet compositions

Dry matter(%) 62.45
C'F ratio(%DM) 69.65
Crude protein(%DM) 16.38
Ether extract(%DM) 3.55
Nonfibrous carbohydrate(%DM) 38.75
Neutral detergent fiber(%$DM) 36.75
Forage neutral detergent fiber(%6DM) 16.77
Acid detergent fiber(2%6DM) 19.49
Acid detergent lignin(%DM) 5.94
Ruminally degraded protein(%DM)" 11.41
Ruminally undegraded protein(%DM)" 497
Net energy for lactation(Mcal/kgDM)" 151

* The values were estimated by NRC nutrients requirement of dairy cattle program(version 1.0), 2001.

Table3-7 Environmental conditions of experimental period

Item LCT zone TNZ zone
Mean Temperature, C -383+ 364 1743 + 257
Lower Temperature, C =837+ 4.70 10.30 + 3.54
UpperTemperature, C 099 + 3.33 25.20 £ 3.22
Wind speed, 3.00 £ 0.71 237+ 0.86
Relative Hummuidity, % 55.79 +13.39 59.74 £ 16.76
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[e}
&

Ao H AFL LCT zone®l 656.19163.54kg/day, TNZ zone©|
637.75£89.69% LCT zone® AFo] < 19kge] =4 uyElton, HF Akal=
LCT zone°] 2.96+1.18, TNZ zone©] 2.67+1.31% AFetAl Yebyith Ao vF
]

oF
=

4+ LCT zone°] 203.42+69.56days, TNZ zone©] 170.83+79.57% LCT zone®
33days =7 yEwer, Hi JALA4E LCT zoneol 100.86+28.52days, TNZ
zone®] 107.20+25.27%2 LCT zone®] ¢F 7days Al vEFWETE

Aeg-o HTE FAMNES LCT zoneo] 29.45+5.76kg/day, TNZ zone©°]
20.67+6.96 0.2 FAFeAl WER o Fat AR LCT zoneo] 4.07+0.88%,
TNZ zone°| 3.65+0.74%= LCT zone¢] =A yYERth Ha Fodstade LCT
zone©| 3.52+0.31%, TNZ zone©] 3.35t0.28% HAstAl UElwton Ex g RS
LCT zone®] 10.81+0.49%, TNZ zone®] 8.89+0.40%Z LCT zone®] %ﬂ] e T
ZF 1 EL LCT zone®| 15.26+1.30%, TNZ zone®] 1252+0.88% = LCT zone”’}
=A debgen, $F F 248 dAhE LCT zoneel 19.75+2.34mg/dl, TNZ zone

o] 17.49+1.43mg/d¢= LCT zone°] =4 et
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Table3-8. Animal descriptions and milk compositions of experimental Holstein

lactating cows in this experiment

Items LCT zone' TNZ zone'
Animal descriptions
Number of cows 24 24
Body Weight(kg) 656.19 + 63.54° 63775+ 89.69™
Parity 296+ 1.28 267+ 1317
Body condition score 292+ 040 273+ 046
Days in milk(days) 203.42 £ 69.56 170.83 £ 7957
Days pregnant(days) 100.86 + 28.52 107.20 + 25.27
Milk yield and compositions
Yield(kg/day) 29.45 £ 576 29.67 £ 6.96
Fat(%) 4.07 £ 0.88 365+ 0.74"
Protein(%) 352+ 031 335+ 0.28"
Solid not fat(%) 10.81 = 0.49 889+ 040"
Total solid(%) 1526 + 1.30 1252+ 0.88™
Urea nitrogen(mg/d¢) 1975+ 2.34 17.49 + 1.43™
Somatic cell count(10°/ml) 194.88 + 309.37 22485 = 357.17

1. LCT zone-low critical temperature zone; TNZ zone-thermoneutral zone.

2. Averagetstandard deviation.
“ : Means within the same row are differ significantly(P<0.05).

“ : Means within the same row are differ significantly(P<0.01).

Ao AA ASAALF, AA ASAHAZFS ol &ste] NRC20010] AlAet=
ArtEA S o]&3 NE. % MPAFHAZFH NRC2001°] FH3 A2HHA a+%F
NEAHA &% 2 MPAHA L&7%9 A¥}E Table3-84 eIt Hg
Figure3-7°l= A3 AA A=AFHA =% NRC2001°] FHst= =47 a7
Zo] scatter plottinge YWEFSl oW, Figure3-8¥ Figure3-9dl&= A A AL
g5 o] &3kl NRC20010] AA8k= AL 3245 o] &3 252 NEL 2 MPA
=3 NRC2001¢] FA3sl= NEL @ MPA#H &9 scatter plottingS 2+2F 1}
R AT
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7bH AE 4% (Dry matter intake)

Table3-9o| WEH wfe} o] {99 AA HEAHHEFS LCT zoneol
26.15+4.02kg/day, TNZ zone®| 25.96+4.26kg/day® Y EFSEal, NRC2001¢] 373t
AENH 7% LCT Zoneol 23.15+3.09kg/day, TNZ zone®] 21.89i2.69kg/day
=2 Yebgtom, NRC2001°] F43 dEAdd 7= A4 d5434% LCT
zone®] 3.00+3.64kg/day, TNZ zone©| 4.07+3.30kg/day =4 WEFTHP<0.05). =
g Figure3-7¢] yWEbyl whel o] A9 Al AEAAFHAFH NRC20010] +%
3t AEAdH 87 %9 scatter plottingol A& NRC20010] FA3tE= AEAF
2 Bt} LCT zone©] 81.55%, TNZ zone®] 90.48%7} A A d= A=
=] At

LCT zone® AA| AEHFHHEFL 26.15+4.02kg/day, TNZ zoneo] AA| AEH
g2 2596+4.26kg/day Z 2= ERLUA] ok
LCT zone ¥ TNZ zone® AEAHHAZFS NRC2001¢] FAst= AEAHA
Hoh 338l A JEwen, o= AdSdA wodE AR FFARE
69.66%DMCo. 2 rom  forage NDF7} 16.77%DM2ZE NRC20012] 4
19.00%DM®] H]& Kt} Aol Hdclojgta AZhEth =3 TNZ zonef
H@ el 2el7k LCT zone®] AEAMF #F 9 Aolwtt & 212 TNZ zone®]
o A o] LCT zonedl Bt FA1W TRt 2d7] wiitolebar Azt
o},

O_|_4

-

BN o
e =

Ao T fo
He o oo o
> 2 2 o

o

o

) An o 4= (Net energy for lactation, NE)

Table3-9e uebdl  wiel o] ARAgo] HAxAl HHAZ} HdEFs ol&3td
NRC20010]  A|Alsh= Aoz F LCT zone®|
39.26+5.23McalDM/day, TNZ  zone®] 39.20+5.67McalDM/day®  YEFF L,
NRC2001¢] A3+ NEL &7 %2 LCT zone°] 33.30£5.64McalDM/day, TNZ zone
o] 31.54+4.90McalDM/day & e}t LCT zone> NRC2001¢] 43¢ NE. &7 %
B} 597+5.29McalDM/day 7} E=¢ke ™, TNZ zoned NRC2001°¢] F#3 NEL
T%  ®Htl 766+5.35McalDM/day7F =2 A2 YERGtHP<0.05). E3F
Figure3-8o weld  niefp o] A7 HA AHIF DEFS o] &3td
NRC2001¢] #lAat= A2 oz 43 NE. HA%F3 NEL &7 %9 scatter

o
=
Z,
&
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plotting®l| /] &= NRC2001¢] F7A3t= NEL
zone< 91.67%7F =4 AAT Ao ® vEbskH

2 Age] A3 NRC2001°] 43t NEL 7% Bt LCT zone? TNZ zone
o] &3 o Wol A% 3 NRC2001¢] F43t= A=AHA 87%F Bt o w2
AES AFAS Zo] dle] & & e om AzdArt w3k LCT zone¢t TNZ
zone ®F NEL AHAEFE FAFsY NEL A3 @@ ol dolA TNZ zone®] NEL
Yol o AA vEPG A& NRC2001¢] FA3t+= TNZ zone®] NEL &7#¢] LCT
zone K.t} Yt7] wjEo]H, o] TNZ zoned FAW3tzko] LCT zone ® T} w3k
7] wjstoletal Ayzhgic,

Bt} LCT zoned 85.71%, TNZ

N

t}) A @A (Metabolizable protein, MP)

Table3-90 Yepdl uiel o] g 071' AA AFHTE AEFS ol8stel NRC2001¢] AA|
3= ARk o g 4% MP AFH %2 LCT zone®] 2,522.43+413.07¢DM/day, TNZ zone
o] 2513.79+427.71gDM/day 2 ZA}E a1, NRC2001¢] F43 MP & +#2 LCT
zone©| 2,455.39+353.80gDM/day, TNZ zone°] 2,378.71+389.20gDM/day & uE}L}
LCT zone2 NRC2001¢] 43 MP &+ Bt} 67.09t294.21gDM/day’} =2
RnoeZ  Yehtoen  TNZ zonee NRC2001e] FA3 MP Q4% Ht
135.08+311.92gDM/day 7} =2 Z1 o= YERS:

Figure3-8ol] uebdl whe} o] A7t AAl HHAZ} A=ZFS
NRC2001°] #|Alal= AR o=z FA4g MP AAZFH MP 8759 scatter
plottingoll 1= NRC2001¢] FA3t= MP &7 % Hrtl LCT zones 58.93%, TNZ
zone< 62.50%7F =4 AHAT Ao w vERRH

2 2] Ay NRC20010] FA3s= MP &7 % Rt} LCT zone?} TNZ zone
7b 338 o @Wol A4F3% A& NRC2001°] F43t+= AEAHFA 7% B o] B2
AES AFAT Ze] dlel 2 F As Aoz AztdArh E3 LCT zone?t TNZ
zone 5% NEp A#HZFE fAsY MP A3 789 o)A TNZ zoned MP i
ol ¥ AA YEbFARS NRC2001¢] FA43t= TNZ zone®] MP 8 #o] LCT
zone K.t} Srok7] wiZoletar Ajzbgkot
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Table3-9. Nutrient balances of investigated Holstein lactating cows raised in Korea estimated by NRC Nutrients

Requirement of Dairy Cattle Program(2001)

Items Intake Requirement Difference P value’

LCT zone. 26.15 + 4.02° 23.15 + 3.09 3.00 + 3.64 <0.05

Dry matter(kg/day) 1 o -
TNZ zone 95.96 + 4.26 21.89 + 2.69 407 +3.30 <0.05
" o lectation(Mea/davy | LCT 7one 3026 + 5.23 33.30 + 5.64 597 +5.29 <0.05
¢ energy fof JaciomVeal eyl N7 zone 39.20 +5.67 3154 + 490" 7.66 + 535" <0.05
Metabolizable. orotein(ke/day) LCT zone 252248 + 413.07 9455.39 + 353.80 67.00 + 294.21 <0.05
ctabotizable protemiie/day TNZ zone 251379 + 42771 237871 + 339.20 135.08 + 311.92" <0.05

' LCT zone-low critical temperature zone; TNZ zone-thermoneutral zone.

o Averagetstandard deviation.

3 Provarbility between intake versus requiremnet in each row.
* ¢ Means within the same column in each items(dry matter, net energy for lactation and metabolizable protein) are differ significantly(P<0.05).

" : Means within the same column in each items(dry matter, net energy for lactation and metabolizable protein) are differ significantly(P<0.01).
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Figure3-7. Scatter plotting of actual dry matter(DM) intake versus DM
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requirement estimated by NRC Nutrients Requirement of Dairy Cattle
Program(2001) in Holstein lactating cows raised in Korea. The

dashed line represents y=x and y=0.
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Figure3—-8. Scatter plotting of net energy for lactation(NEr) intake versus

NE. requirement estimated by NRC Nutrients Requirement of
Dairy Cattle Program(2001) in Holstein lactating cows raised in

Korea. The dashed line represents y=x and y=0.
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Figure3-9. Scatter plotting of metabolizable protein(MP) intake versus MP
requirement estimated by NRC Nutrients Requirement of Dairy
Cattle Program(2001) in Holstein lactating cows raised in Korea.

The dashed line represents y=x and y=0.

Ag g9 AA FAAF(milk yield, MY)S 43932, NRC2001°] FH3h+=
NE. 2 MP HAZFe2fE 7159 FAo %, dAdar% dFai2s A
2RE A 73 f-A4E(allowable milk yield, AMY)
AF}E Table3-109] H] 23} 11, Figure3-103 Figure3-119+& A& 99 AA
AAkeE3l NEL% MP allowable milk yield AFe] 9] scatter plottingS e AT}
Table3-10°] YERA uvFe} Zro] LCT zoned AA HAAELS 2945+5 76kg/day
2 Yelyka, NEp allowable milk yield® 37.35+6.33kg/day & YEFY A A A A
Zo] NE_ allowable milk yield®t} 7.90+7.08kg/day 7} S %*t}HP<0.05). TNZ zone
o] AA FAAES 296716.80kg/dayE U EFE I, NEp allowable milk yield:
40.19+7.31kg/day = YEL} AA] FALFEFo] NEp allowable milk yieldE.th
10.52+7.31kg/day 7t SEokth(P<0.05). Figure3-109l4= A FAZFI NEL
allowable milk yield®] scatter plotting= YEIWH =4, LCT zone< AA| FA4+
@ro] NEL allowable milk yield ®.t} 85.71%7}, TNZ zone< A FAAksko] NEL

o
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allowable milk yield 2.t} 91.67%7} StA vheEbwtt

Table3-10¢] tEFA upel o] LCT zoned A FAAME-e 294545 76kg/day
2 yelyta, MP allowable milk yield:= 30.69+5.66kg/day = WEFY A A A4
@o] MP allowable milk yield® t} 1.24+559kg/day”7} SEkthH(P<0.05). TNZ zone
o AA FAMNHE 2967+6.80kg/dayZ WEFSI, MP allowable milk yield:
32.1845.72kg/day = YEY Al FALEFe] NEL allowable milk yield®th
251+6.15kg/day 7} SrktH(P<0.05). Figure3-11o14%  AAl  FAxZs MP
allowable milk yield9] scatter plottingS YWEMASI =4, LCT zoned A A4t
#o] MP allowable milk yield ¥t} 58.93%7}, TNZ zone A FAiteFo] MP
allowable milk yield ®tt 62.50%7} StA bRt

ol AFAAERFH U AHS ZAF$E LCT zone® TNZ zonedl o]
EAAFE dH2w JFS A I Ao yeyd gy B AdoM
apol7b et A] ke o= A, LCT zoned $4&=7F AAl U 372
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Table3-10. Differences between actual milk vield and allowable milk yields of net energy for lactation(NEL) and
metabolizable protein(MP) estimated by NRC Nutrients Requirement of Dairy Cattle Program(2001) in Holstein

lactating cows raised in Korea

Actual milk Allowable milk Difference 5
Items P value
(kg/day) (kg/day) (kg/day)
LCT zone' 29.45 +5.76° 37.35+6.33 =7.90 +7.08 <0.05
NEL allowable milk . ., .
TNZ zone 29.67 +6.80 40.19 +7.31° -10.52 +7.31° <0.05
LCT zone 29.45 +5.76 30.69 £ 5.66 -1.24 £5.59 <0.05
MP allowable milk ) .
TNZ zone 29.67 £ 6.80 32.18 £5.72° -2.51 £6.15 <0.05

¢ LCT zone-low critical temperature zone; TNZ zone-thermoneutral zone.

: Averagetstandard deviation

. Provarbility between actual milk versus allowable milk in each row

: Means within the same column in each items(NEL allowable milk, MP allowable milk) are differ significantly (P<0.05)

" : Means within the same column in each items(NE. allowable milk, MP allowable milk) are differ significantly (P<0.01)
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Figure3-10. Scatter plotting of actual milk yield versus net energy for
lactation(NEL) allowable milk yield estimated by NRC Nutrients
Requirement of Dairy Cattle Program(2001) in Holstein lactating

cows raised in Korea. The dashed line represents y=x and y=0.
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Figure3-11. Scatter plotting of actual milk yield versus metabolizable

protein(MP) allowable milk yield estimated by NRC Nutrients
Requirement of Dairy Cattle Program(2001) in Holstein lactating

cows raised in Korea. The dashed line represents y=x and y=0.
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© 1 neutral detergent insoluble crude protein(NDICP), acid detergent insoluble

crude protein(ADICP)%= Licitra's (1996)2] Wel wel 48} S o},

2 dea #9 % G444 B}
NRC Nutrients Requirement of Dairy Cattle Program(version 1.0), 2001 & ©]-&3}
of AAE AE AHFHF(dry matter intake, DMI), A" |4 X|(net energy for
lactation, NEr), thA} @9 2 (metabolizable prodtein, MP)e] & 7} 2 HAAHA

B7he A s

Ir

AdubAd R 2 aNDF, ADF, ADL, NDICP, ADICPE= ® ¢ 224 2A8% o] &3
A2, processing adjustment factor(PAF), ©¥]d 12 (%CP), Protein Digestion
Rate(%hr), RUP Digest(%), Fat Digest(%), NDF Digest(%)+ NRC20012] feed

libraryell 5% 7S o] &3t}

3) TA A=

AAl AE AHE 2 AA A2 AHFS ol&skel NRC2001°] AlAlgt= ALt &
218 o] &3 NE. ¥ MP A3 %3 NRC2001¢] F43t= AE AHALT%, NELAH
o= 4 MP A3 o739 ZAy= SAS(Strategic Application Software) statistic
package program(2001, release. 8.02 version)®] TTEST procedureZ ©]-&3}]
paired t-test& HAlste] oS Ao, A5 BE F8S Ldotr7] 9ls)

o] scatter plottingS A A3t
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Table3-11. Ingredient rations and chemical composition for concentrate and TMR

Item Concentrate TMR
Ingredient
Concentrate(%sDM) 25.89
Corn cracked(%6DM) 10.14
Wheat bran(%6DM) 12.18
Cottonseed(%6DM) 11.56
Alfalfa hay(%DM) 15.73
Wheat straw(26DM) 10.60
Rye grass silage(%DM) 13.90
Diet compositions

Dry matter(%) 89.32 60.25
CF ratio(%$DM) - 59.30
Crude protein(%DM) 20.58 15.05
Ether extract(2%6DM) 3.09 4.15
Nonfibrous carbohydrate(%DM) 42.37 32.07
Neutral detergent fiber(%6DM) 25.39 44.01
Forage neutral detergent fiber(2%6DM) - 24.27
Acid detergent fiber(%6DM) 9.51 25.43
Acid detergent lignin(2%6DM) 3.90 7.25
Ruminally degraded protein(%DM)" 15.19 11.80
Ruminally undegraded protein(%DM)" 5.63 3.97
Net energy for lactation(Mcal/kgDM)" 1.88 1.57

* The values were estimated by NRC nutrients requirement of dairy cattle program(version 1.0), 2001.

o Abzol Yz Y

L

I=]
2 T E77F 635.50£90.79kg/day, AlE -7t 637.67+85.96% LHEL
SEal, Bt APAbE ol 7F 2584126, AR 7F 27541372 dEbE . e Bl R

T WET7F 184.33+82.85days, A1 @77t 190.33+76.26days= WEFRL oW, AU
v E&T7F 117.83£19.76days, A1 77} 132.50+29.96= L EFyE

AE Q0] P FAAAFS ) 2T7F 27.24+6.21kg/day, A @7t 28.22+7.63kg/day
FASHA el e, #Hir fAWNEEHS xR 367+0.64%, AETUh
404+091% = AgF+7F =A YEFSTHP<0.01). H  fowddae gzt
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3.31£0.29%,

[e)
5

7}

Table3-12. Descriptions, milk yield and diet compositions of exprimental Holstein

lactating cows in this study

AE 7 3.18+0.17% 2 control©]
8.81+0.33%, A&7} 867+0.36% %2 thxT7F =A YERETHP<0.01). F
Z=17F 12.63+0.78%, A& 17F 12.85+0.78% %2 A&7 = A YERSE M (P<0.01),
T LaHdat METIE 21.46+1.88mg/dl, AET7F 19.64+2.46mg/de =R o) 2=
= A HERSEH(P<0.01).

& H. O
FA LS

-
N

o =
Yy

=]
o

-

rlo

Items Control Treat
Animal descriptions
Number of cows 12 12
Body Weight(kg) 635.50 + 90.79' 637.67 + 85.96
Parity 258+ 1.26 275+ 137
Body condition score 275+ 083 267+ 075
Days in milk(days) 184.33 + 82.85 190.33 + 76.26
Days pregnant(days) 117.83 + 19.76 13250 + 29.96™
Milk yield and compositions
Yield(kg/day) 2724+ 6.21 2822+ 763
Fat(%) 3.67+ 064 404+ 0917
Protein(%) 3.31 £ 0.29 318+ 017"
Solid not fat(%) 881 + 0.33 867+ 036"
Total solid(%) 12.63 + 0.78 1285+ 0.78"
Urea nitrogen(mg/de) 21.46 + 1.88 1964 + 246"
Somatic cell count(10°/ml) 211.38 £ 307.50 32025+ 474617

b Averagetstandard deviation

“ : Means within the same row are differ significantly(P<0.05)

“: Means within the same row are differ significantly(P<0.01)

S5, NELAEH
A3 E Table3-13¢] YER AT =3 Figure3-120] &
EAAZFY NRC2001o] FAH3 = AEAHHA S99
[e]

1, Figure3-13¥} Figure3-14°l+= 2A AEHFHAZFS o] &34

scatter
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NRC20010] A Al 8F= AAE 248 o] &3k ZF929 NE. 2 MPAZ 3} NRC20019]
FA3= NEL 2 MPAZ o759 scatter plottingS 22 Ve At

7H A& 4% (Dry matter intake)

Table3-13°] e wpel o] Ao AA AEHFATS dxzTUt
23.82+4.00kg/day, A&7} 228+3.13kg/day® tETF7F A WeERSE(P<0.01),
NRC2001°] FA% HEHF 279 dx277F 21156+272kg/day, A8
22.16£2.99%kg/day = A @77F A WEFSEEHP<0.01). NRC2001°] FA3 AEAH
e7HRY A AEAFH ] 2T 267+2.8%g/day, A& T7F 0.52+1.67kg/day
o] E YEbSTHP<0.05). =3 Figure 20 Yebd wheb o] 399 AA] &4
F = NRC2001¢] F43 HAEAAFH Q732 scatter plottingol A= NRC2001¢] F
Aale AEAF 7% Bu 2171 84.31%, AN ETF7F 65.69%7F =S AR
EF

1) Aul oYX (Net energy for lactation, NEr)

Table3-13¢] vtebdl npel o] Ao A AHFHe S o] &3t
NRC20010]  AAdE AxAez  FAHS  NE A3 =77}
36.34i5.41McalDM/day A g 7F 35.04i4.47McalDM/dayE 277F =4 o
(P<0.01), NRC2001°] F73% NE. &7 &2 tlz7} 29.79+4.72McalDM/day, A]zsg
77} 31.22+547McalDM/day & Al @ 7-7F 3= %eH(P<0.01). tZ72 NRC2001°] +4
3 NE, &7 % Ht} 655+4.20McalDM/dayE ®o] AF3 Aoz e o A
9= NRC2001°] F43 NE, &% Rt} 382+291McalDM/day S o] 433
Ao 2 YETHP<0.05).

Figure3-12¢] epdl wpe} Zo] A9t AA HAS AELFS
NRC2001¢] AAlal= Ak o=z F43 NEL AHZFH NEL &% scatter
plotting®l & NRC2001¢] #A3dtE NE. &7% WUl o275 96.08%, AldT&
89.71%7}F =4 AH 3 Aoz ey}
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t}) A A (Metabolizable protein, MP)

Table3-13¢] UEhd ule} o] A&7t A 433 AEFS o]gsle] NRC20010] A4
= Ao w A MP AFEe iR b 2256.17+400.72eDM/day,  A1E T}
2174.54+346.92gDM/day = W27} # A WERSAL(P<0.05), NRC2001¢] 783§ MP
LA g E2T7F 2174.54+346.92gDM/day, A8 77t 2140.75+402.28¢DM/day =
AveA vEbgth gl NRC20010] FAEd O MP &% WU
79.49+238.38gDM/day & © el AdF s oz vEdka, Ald= NRC2001¢]
43 MP 27% ®u 3380+192.01gDM/dayS © %o] AF3 Aoz eyt
(P<0.05).

Figure3-14°] ebdl wpe} Zo] A7t AA HHAS AEFS ol &3
NRC2001¢] AAstE Aoz F4d3 MP d3%d8 MP 8739 scatter
plottingl A& NRC2001¢] FAst= MP &% Wl x5 5833%, A3T+&
57.35%7F =4 AT Ao= yEEth

B Ad o] Ay NRC2001¢] FAHs+= MP &7 % Ht} control® treat’} &3] ¢
ol AF3 A& NRC2001°] FAHs = AEAF o7% v ¢ 22 A8 437

3 o] 91gle] B > e Aoz Az

ol
rr
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Table3-13. Nutrient balances of experimental Holstein lactating cows estimated by NRC Nutrients Requirement of Dairy

Cattle Program(2001)

Items Intake Requirement Difference P value’

Control 23.82 + 4.00" 21.15 £ 2.72 2.67 +2.89 <0.05
Dry matter (kg/day) . . ,

Treat 22.68 +3.13 22.16 +2.99 052 £1.67° <0.05

Control 36.34 £5.41 29.79 £ 4.72 6.55 + 4.20 <0.05
Net energy for lactation (Mcal/day) o o .

Treat 35.04 = 4.47 31.22 +5.47 3.82+£2917 <0.05

Control 2255.17 £ 400.72 2175.68 + 349.39 79.49 £ 238.38 <0.05
Metaholizable protein (kg/day) . .

Treat 217454 + 346.92 2140.75 + 402.28 33.80 £ 192.01 <0.05

! . Averagetstandard deviation.

2 Provarbility between intake versus requiremnet in each row.
" Means within the same column in each items(dry matter, net energy for lactation and metabolizable protein) are differ significantly(P<0.05).

™ : Means within the same column in each items(dry matter, net energy for lactation and metabolizable protein) are differ significantly(P<0.01).
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Figure3-12. Scatter plotting of actual dry matter(DM) intake versus DM
requirement estimated by NRC Nutrients Requirement of Dairy
Cattle Program(2001) in experimental Holstein lactating cows . The

dashed line represents y=x and y=0.
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Figure3-13. Scatter plotting of net energy for lactation(NEL) intake versus NEL
requirement estimated by NRC Nutrients Requirement of Dairy Cattle
Program(2001) in experimental Holstein lactating cows. The dashed

line represents y=x and y=0.
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Figure3-14. Scatter plotting of metabolizable protein(MP) intake versus MP
requirement estimated by NRC Nutrients Requirement of Dairy
Cattle Program(2001) in experimental Holstein lactating cows . The

dashed line represents y=x and y=0.
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NELZ MP allowable milk yield A}¢]¢] scatter plottingS e At
Table3-14°] teRd wpep 2ol tizx—to] AHA| FAES 27.2446.21kg/day = 1}
Elyt3, NEp. allowable milk yield= 36.1946.27kg/day= YEIY AA| FAAHFo]
NE. allowable milk yield®t} 895+556kg/day 7} SEEthHP<0.05). A& Fo] AA] &
AArEe 2822+763kg/day®  UEY I, NE_. allowable mik @ yield&
33.34+6.33kg/day® YEFY AA FAAFe] NE. allowable milk yield®th
5.12+3.87kg/day7F SUTHP<0.05). Figure3-15904 = AAl  FALFEIH  NEL
allowable milk yield®] scatter plottinge WENA =Y, 275 2AA FAAE]
NE. allowable milk yield Xt} 96.08%7}F, A&7+ AA FALtEo] NEL allowable

A

y
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milk yield ¥t} 89.71%7} StA el

Table3-140° e v o] o] AA FAAFFS 27.24+621kg/day =

Wi, MP allowable milk vield® 28.76+5.99%kg/day® b A A H-AAkgko] MP
allowable milk yield®.t} 1.52+4.82kg/day7} SERETHP<0.05). AlgT-2] AA {234t
T 28.22+7.63kg/day®E YWEE I, MP allowable milk yield:= 28.91+5.89%kg/day %
Ueh} AA fAAkEe] NEL allowable milk yield®th 0.68+4.13kg/day”} 9%k
(P<0.05). Figure3-16°14+= AA A= MP allowable milk yield®] scatter
plottings YWEHHA =, x5 AA FA8L=e] MP allowable milk yield ®.th
58.33%7F, Al AAl fAALEFo] MP allowable milk yield ¥.th 57.35%7} w7
LHERSE L
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Table3-14. Differences between actual milk vield and allowable milk yields of net energy for lactation(NEL) and
metabolizable protein(MP) estimated by NRC Nutrients Requirement of Dairy Cattle Program(2001) in Holstein

lactating cows raised in Korea

Actual milk Allowable milk Difference 5
Items P value
(kg/day) (kg/day) (kg/day)
) Control 27.24 +6.21 36.19 £ 6.27 -8.95 +5.56 <0.05
NE, allowable milk s s
Treat 28.22 £7.63 33.34 £6.33 -5.12 £ 387" <0.05
) Control 2724 £6.21 28.76 £5.99 -152 £482 <0.05
MP allowable milk
Treat 28.22 +£7.63 2891 £5.89 -0.68 +4.13 <0.05

U . Averagetstandard deviation.

2 Provarbility between intake versus requiremnet in each row.
* © Means within the same column in each items(NE_ allowable milk, MP allowable milk) are differ significantly(PP<0.05)

#% | Means within the same column in each items(NE_ allowable milk, MP allowable milk) are differ significantly(P<0.01)
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o Observed & Deviation o Observed & Deviation

Obs. Actual MY, k;
Obs. Actual MY, k;

Obs-Pred
Obs-Pred

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Predicted NE; allowable MY, kg/d Predicted NE, allowable MY, kg/d
Control Treat

Figure3-15. Scatter plotting of actual milk vyield versus net energy for
lactation(NEL) allowable milk yield estimated by NRC Nutrients
Requirement of Dairy Cattle Program(2001) in expeimental Holstein

lactating cows . The dashed line represents y=x and y=0.

o Observed & Deviation o Observed & Deviation
80 y
70 -

Obs. Actual MY, k;
Obs. Actual MY, k;

Obs-Pred
Obs-Pred

0 10 20 30 40 50 60 70 & 0O 10 20 30 40 50 60 70 80
Predicted MP allowable MY, kg/d Predicted MP allowable MY, kg/d
Control Treat

Figure3-16. Scatter plotting of actual milk yield versus metabolizable protein(MP)
allowable milk yield estimated by NRC Nutrients Requirement of
Dairy Cattle Program(2001) in experimental Holstein lactating cows.

The dashed line represents y=x and y=0.
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AR BEAR 950 Agneel o} 24%e] AFse] A L ATHAD

Abske], NRC2001©] AAlstE 94 dAF4HS Ad99 AEHFH 7o 25
ol sha (=), 1832 NRC2001°] F43sk= =43 Fel %50 NRC2001°]
ANEE d%s A4RE FAFA AT B dFro) o847 FAML 2

1) NRC20012] Aw]o YA (net energy for lactation, NE;) BF#HS 7|Fo 2 th=x
T NEL AFwF o] A NEL AT Brh A e oHP<0.01).

2) NRC2001¢] thA}e= & (metabolizable protein, MP) #A#& &S 7|Fo0 =2 hx+
o] MP MA@ ol Al MPHHATE Boh =2 e tH(P<0.05).

3) WETFI AET EF actual milk yield®} NEp. allowalbe milk yield®] =}Fo]i=
() #FE YErlon, dixzTe] AET Bok o & 59 ¢3S dE
ATHP<0.01)

4) 273 AT E5F actual milk yield®t MP allowalbe milk yield®] =}Fo]i=
(0o #8S yegon, T A Tre] S92t UL ekt

5 x4 Al FAES wlae] Slo] fFejxte UEuA Fskon tix
Tol vl AFTe AW e = vEtwew, fu e A A 74

Y H(P<0.01).
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4, 2o ARG F4ES 9 simulation model®] i

Fe FASI, el ABAA, AUAG A a7 FARL FFY

H Ao s dUa #d BE B 99A wel AR ANSD,
g UAs v FEFoRRE bd FANES FHs FouM @)
Folsha ol ARE F@ %o A Bobstel Frh

NRC2001¢] dairy model> ZAEHFAFS FAHTAN JoAA AT (metabolic
body weight, MBW), AW3X A -f3(4% fat corrected milk, FCM), ]+ < <4*(days in
milk, DIM)¢} 22 7154 290ws sy, 59 A= gL 44 d=
AAZFOEZHE NRC2001¢] FA3te= AEAHAZFS TATOLEHA AAte]l Ao =
g NRC2001& #+-99 oA a+Fs F4g e dolA FAo Fagk Arlely
A (net energy for maintance, NEm), {Alo] Qa3 AHulolqX](net energy for
pregnancy, NEp), Ao & R_3F AHu]o]dA](net energy for growth, ENg), H|-oll

Z 83 Ao A (net energy for lactation, NENZ FA3&t1 o] dilste] AAksk

oh mEgh Ff 9o dwd g 7S FAG dojAe FA Zad oAb
(metabolizable protein for maitance, MPm), <Alel |

(metabolizable protein for pregnancy, MPp), A%l
(metabolizable protein for grpwth, MPg), Hlfol B&3 thAtch# 2 (metabolizable
protein for lactation, MP)& FA4 3}l o] & §abste] Akt
Zf ol Al Folg AARRTE TSl A TEE oAUAE Axtgtel oAM= Zi
7 FAAHATE oY =S AAGE Agol ddAME FAAATE oS
AAT vl &ol webd FolAlg 25 AMtE s fAFEe] 7Aastd A T Ftotal
digestible nutrients at 1X level, TDNx)S &
Ao A AstES aEste] Ao dA AEAFH FEoAY o
3]

ARbstAl vk gl Zi9-9 AuA HF wde dA A=A EFE 5] NEI
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((0.18xTDNConc) - 10.3)x(DMI to DMIMaint - 1)

(TDNConc - Discount variable)/TDNConc

DMI = (0.0968xMBW + 0.372xFCM)*(1-Exp(-0.192x(DIM/7+3.67))) - Al4F2] 1

TDN Discount variable
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TDNConc : total digestible nutrients (%6DM) at 1X Maintenance
DMI to DMIMaint : ratio of DMI to DMI required for maintenance

EnergyAllowableMilk = MY x ((NEl_total - NEmaint - NEpreg - NEgrowth) /
NElact) - Ak 4

ProteinAllowableMilk = MY x (((MPFeed + MPbact + MPendo) - MPmaint -
MPpreg - MPgrowth) / MPlact) - A4k 5

AEHNH 27F F4 AT AAFTNAY oluA] FA A e =
A5 44E Table3- 1501] LHERU ATt
Table3-16°+= =45 3, A< a9 d
AAFoRRE 7hsdt FAMERe] ¥ 9ol NRC2001< J
AE ATE ol &3 By A¥E Yehldoh AE4H #Hel 9ol NRC2001 H7t
= A AEAHFHF] 2.84+3.12kg/day 7t =
0.00+2.99kg/day = WEFRTE oA A3 el 1ol NRC2001 H7b= Al oy
A AFgo] 505+459Mcal/day’t =gom, 2AE ouA HFH ¥ Hrte A
U x] A FH o] 0.63+455Mcal/day7t A UERgTE wulA A3 7o) 9lo
NRC2001 7= A oz A3 ko] 229.26+268.14g/day” ,Z
2 HF F3 Frbe 10648+276.81g/day 7t =A yeEbsth AAl AT o | A
AAFe2RE 7hsd FAMFe] #ol glo] NRC2001 B 7h= A FA44
o] 6.85:6.27kg/day7} A UElgron xAd® #3 Hrlol A= 0.9446.

A GERT A A gd g go 2 RE shed fAbEte] iy
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A 738 Hrbo A= 2.36+45.79%kg/day 7t WA YEFSETE
Figure3-173% Figure3-189t ZEA3 8, olux 9 vduld 78 = A4 FA
Al g HAAFCEZRE Jhedt fFAERe] e 9ol NRC2001S &3

<
q7t Ayl 24" g o83 ®B7F 239 plotingS WERH AT

Table 3-15. Corrected constant used for dry matter intake prediction equation and

TDN discount variable established by NRC2001"

Constant NRC2001 Corrected by this study

Dry matter intake

A 0.0968 -

B 0.372 -

C 0.293 -2.127

D -0.192 0.32

E 3.67 2.2
Discount variable

W 0.18 0.21

X 10.3 8.3

Y 1.0 -

7 1.0 -

' Dry matter intake = (A x MBW + B x FCM - C) x (1 —e”""o"%)
MBW : metabolic body weight
FCM : 4% fat corrected milk
WOL : week of lactation
TDN Discount variable = ((W x TDNConc) - X)x(YxDMI to DMIMaint - Z)
TDNConc : total digestible nutrients (%DM) at 1X Maintenance
DMI to DMIMaint : ratio of DMI to DMI required for maintenance
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Table3-16. Balances between current and corrected nutrients intake and milk production prediction

Nutrients intake

Milk production

1
Parameters DMI (kg/d) NE*(Mcal/d) MP*(g/d) NE. allowable (kg/d) MP allowable (kg/d)
Current
Observed 25.11 £ 3.66 38.34 £4.72 2614.61 * 433.23 31.02 = 8.63 31.02 +8.63
Predicted 2227 £3.12 33.29 £6.14 2385.45 = 422.90 37.87 £7.77 35.92 £9.55
Balance 284 £3.12 5.05+£4.59 229.26 + 268.14 -6.85 £6.27 -490 £5.71
Corrected
Observed 25.11 £ 3.66 33.91 £4.93 2511.26 * 439.46 31.02 = 8.63 31.02 £8.63
Predicted 25.11 £3.21 33.29 £6.14 2404.78 £ 426.42 31.96 £7.72 33.38 £9.40
Balance 0.00 £2.99 0.63 £ 4.55 106.48 + 276.81 -0.94 +6.07 -2.36 £5.79

! Dry matter intake, 2 Net energy, 3 Metabolizable protein, * Mean *+ SD.
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Figure3-17 Dry matter(DMI) intake, net erergy for laction(MEL), metabolizable
protein(MP) balances evaluated by NRC2001 and modified NRC2001.
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BEAeELo Adut FAE S F dry matter(DM), crude ash, crude protein(CP),
ether extract(EE), crude fiber(CF)E, A4 EZ =% heat-stable o-amylase
treated neutral detergent fiber(aNDF), acid detergent fiber(ADF), acid detergent
lignin(ADL)E, A1A13] &&=+ oWz E3F o7 neutral detergent insoluble
crude protein(NDICP), acid detergent insoluble crude protein(ADICP)¥} t} 235
AL calcium(Ca), phosphorus(P), magnesium(Mg), kalium(K), natrium(Na),

Chlorine(Cl) ¥ sulfur(S)E £33t}

Ay

(h

AWk ADF, ADL, th&dE4d°S AO0AC.(1990) ¥WHo=m AP oH,
aNDF+ David(2002)2] wWwel wg} #4 3193, NDICP, ADICP+= Z+Zf S43A|
At AAAA BEgA E2F9 crude protein(CP)E #43F= Licitras (1996)¢]

WRiel whel 48k

A

(2}) Database T-%
RHrg ARYE(35F) JYFAE database?] AFHEE ;o] st Frt=
°F 100718 AR 9% samples W3}l aNDF, NDICP, ADICP-s A=l
FAES WEFE Eol s AW 4351, NRC 2001, A= H 3]
FATA(NLRD, sEAd AT AEHARRC) 2 =Wl 7[aozs

TAAEE RS database(KKU)E T3tk E3F database®] update= Zt
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=t
e
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BA71#e] BA A4 standard deviation, 47]& AT 58 F
7t AEER 7SS Foldle] HE data® FASIaL, FrrHow B
= R

23t 813 dataZ matrixel]l 4= macro 7] 5o 9 A
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A= AR FAE FAG vles T Aol A717F 2.36mm ©] <]

A PEAZE, 1.19mm ©14, 2mm ©]8F] AL FHAL 0.85mm °)ste AHAR

1) ststH 7}

Database 7+=9] gt o|& Table 3-17.91 YEIN 3L Table 3-18.9F 3-19.0] £
AFol A T3 Y5ALEY] DBTEZ %S YeEh ek

Corn(W=4F S44)e 24 #%& DM NRCe 4td7 49 gtk =9kl
Ash, CP, EE¥= ¥¢tem, NDF¢ NDICPE= NRCe #rth =7, ADF¢ ADICP
A vgebgth Fo4b $44ENDF9 NDICPE NRCEUE E9kon tfE o
FAEO Fe e AFot

Wheat] ¥4 32 DM, CP, EE, CF&= NRCE T} ¥& 3 NDF, ADFE &
s YEh ST

s

el DMt Ash #& NRCe] ghiths A FA4Eglon Fatdy 2] #
BRUE 28 S Bow Tapiocar EE, CF#te 2t 4o 224 gwu
wokout DM, Ash, CP #& W53 Z3o]%li, NDF, ADF, Lignin, NDICP,

ADICP®] #h& vludiido] glojA vlwe 4 uom doz FPA7|EE &4
#ho] A wojop ghrhar Azttt

Cottonseed?] #4 zt2 DM, CF, NDF, ADF¢] #t2 NRC9 33 H|s=8t9 e
U Ashét CPO| @2 W& Aol oyt FAtdg4e] 4 fgEts =4 detw
o},

Soybean meal®] < DM2 w2 43S Ash, CP, EE, Lignin, NDICP= NRC
oF Ak 2] ghEek E7 ey, CF, NDF, ADF, ADICPE= A YebS

Cottonseed meal> DM, NDF, ADF, Lignin, ADICP¢] %te] NRCET} =& 7
Folnom, Ashel g2 NRCe FAakdg4KHt e 3hs, CPE NRCHU+ @
& e HYoy FAATARTE =S e BHAT EEY & 1996 NRCS

flo

HI 29k 43S UErilil ey 2001 NRCSF A 7429 ghol =7k el
CF= NRCeF FAatd4 25 wWole] %ol z1ou NDICP= NRCEHU w2 #
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< 2t

Corn germ meal®] Ash#t> SAEAT 4] gtut v YEy oy CP, EE, CF
© A Uetwoen 53] EE ¢ A AR of3u) A% =4
Lupin seed® DM} coconut meal®] CF& A F4mTE e
98 YRS vl BEFS JEh Y coconut meal®] EE %
TAaRT vk g Bt

Rapeseed meal®] Ash¢} CF+= At 4HT =& s
o palm meald DM, Ash, CP, EE, CF &% &2d 4Rt}
Reow 53] EE g2 FAMA 4wt 64 o] 3
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Alfalfa hay®] DMgt& NRC9 FAtdfart 22 A Fo|lon CP, EE, CF
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TARTHE WA e
Sheep grasst DM, CF, NDF, ADF9] o] F4taA+4artt =4, Ash, CP, EE
e A YERSE
Rice straw®] #& DM HARAG ARt =4 vegtoy & dFdEs =
T A vEste CFo g w5k daFol it
Rye straw®] #% DM¥} CPe= FAHAF49 AFxHu =74 Yeiwon, o2
e B zol® vHA yetwt 297 i S5
A= A7l wet JREgE] Be ztolE YERY
i

71, AFAA 7], A7rE e SRk F sol wEh dd

ZALRE A FAA7| wE GFAg R Wolrt By wiEe] AR AlzAY A
S A3 gots & davt Aok A A 2 Ao AHEd 2AEE DMS
ok RN thE AP FFRT A H R vk Aot
Rice bran solvented®] DM #t2 NRCS 474 Hth A, Ashet CP9 #
& NRCEUT Eokovt ka4 vlgh A4S Hom, EES g2 NRC9
A FA BT zol7k AA vErytth CF, ADF, ADICP9] %2 NRCHU 9
vElst e NDF, Lignin, NDICPi= NRCHt} =& 38 Bt

Soybean hull> DM, CF, NDF, ADF, NDICP¢| zto] tf& d71#e guo
=A YElS s, Asht NRCEUH= E9kon) 4t t4e] g e ghs B
A3l ADICPS] %2 NRCE itk vA vepyt

Rice bran-polish®] DM #<& NRCH U= WA #H7bEdoy = e
e W) 5z3klal Ashe NRC, FARAFawT We ks CPE NRCS =
TaRY ¥E e Ha, EEx NRCHEUE A HA7bEJoy ka1 49
#Ethe WA FrbE At CFe FAatd art we 48 29la, NDFe}
Lignin® #< NRCETW =4 37tH o™ ADF, NDICP, 3 ADICP+= NRCE.T}
e s B2

Wheat bran®] 2 tAIZ o] o2 AF7IdHEY vHA HrbE Qo
DM, CP, CF& F2td47 w528 3-8 29om Lignine g2 NRCH.U} =7

g 7hE AT

2
2
oY
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Brewer's grain®] DM #-2 NRCRUE =2 #s, SAATL2RUE 42 #4s
B3, Ash, CP, CF& v& d37|aut ve gS EE:E =% S Uedd
o, NDF$ NDICPE NRCHUF =2 kS Lignin¥ ADICPE Yo S X3
=3

3 :

A DM3 NDF¢] 32 =& #S B CPE 4d 743 Hl=3k kS veh
Ao, CF g2 NRCeF H5=8 3h& el

Sugar beet pulp®] DM #2 o2 AF7]1#3} v 4 &S Ash, CP, EE #<
e Aol oy CP g NRCeF H=stlal, 1 9] A9 g v& a7
TR =A YERst

Cottonseed hull®] DM gt th2 d+7|#3 v 28 43S, Ash, CP, ADICP
T E2 S YA, 1 9o AR

Animal fat®] DM #-& BF 57133 H =8 o Ashe FAMAT ARG
Al 3 7h= AT,

444t Fish meal DM, Ash, CF& %2 #s, CPe 92 #S 23ov, EE
= NRCET WA FAAF 2wt A4 37ty
ATAET =4, Ashet CP= BHAl H 7= St

2) =94 Bt

Table 3-19.¢ oA Al&, plant protein, by-product, animal protein ¥ &AI&
o A= FAE AAE YERAT

Seas el St 2F o digake] vl&o] 100%%1e.7, wheat= o HAb

94.9%, s #HA 51%% tapiocat W#AF 93.7%, T HAF 5.7%, &~HAF 0.6%E e

Soybean meal, corn gluten meal, coconut meal, rapeseed meal, palm meal:
g 2Fe] vl &o] 0-0.2%, T HAY Hl&2 10.7-20%, dHHAS] ¥]&2 80-89.3%
o cotton seed mealS WHA 25.7%, WA 39.3%, 2HA BBE 2+ AA
o] wWjgo] M3, lupin seedE WHEA 90.3%, T HA 0.3%, 2HA 94%=

HARe] v &o] A UEbsk

By-product ZL&°l A rice bran< A g H]&o] 93.7%, 98.7% = = A YEFYE



1, soybean hull® = HAF 39.7% A HA 59.9%= ,wheat brane S HAF 30.1%,
28R 67.4%E YEFN O] rice bran®th T # A Bl &o] E=A e

Corn gluten feed & W® A} 125%, T HA 56%, 2HAF 315%= S HAS] v]&
o] 714 E=gko}, sugar beet pulp®t cottonseed®= ™ HAF 100%ZS YR ST}
AlE YA EE B9 BAlEEd B TS WA= 8o Sy §
Ho] HYygrtel AMEEI e AEAIRE UEoRE AHKAHOR FAGY F
, TUAT Tl wEd AT dATA Y] oARE EAste] & et

H
CRaniin

o

=

H

£ WA Q7] we Ame J%a

Gl we Aok tehgrh B Aol ols) BAR AnAE dANoR g

Qo] gepel e AT ghuch B Agolgon, 58 2Am FelA hay
=

AT7IHET @ #3s Uehde APl silagel= Aol
w2l zFo]l 7t AAl YEFSETE Database 752 NRC 2001, gH=rAl= 3 3](KFIA), 4
A7 2(NLRD, SEALATMEHARRC) 2 9] 7[#HozRY #A(EE gGH
3lo] database(KKU)ZS T332 database? update:= F7H4 o & ¥4 = %
ALS 53] 8 H3 datas matrixol Y 3HH macro 7150 g3 AE OS2 update
7F Hes AAsdn A& ow duatne et EE Ry Yoy

7t A ZALR O] W3k database’t U FaletAl EE ek A ZHgh

_89_



Table 3-17. An example of nutrient composition matrix for alfalfa hay

Et?ﬁy D, KFIA  NLRI ARRC  KKU
Feed Name Alfalfa hay
Category Grass/L.F.
I.LF.N. 1-20-648
Energy equation class Forage
Forage Description Dry
DM(%) 90.85 87.80 89.01 92.03 90.05 89.93
aNDF(%DM) 43.17 39.60 41.39
NDF(%DM) 49.87 40.50 45.19
ADF(%DM) 36.21 31.20 40.06 31.68 34.57
Lignin(%DM) 7.0 7.00
CP(%DM) 18.66 20.20 16.75 17.94 19.16 18.55
CF(%DM) 28.95 35.29 28.93 27.29 30.52
NDICP(%DM) 2.60 2.40 2.50
ADICP(%DM) 1.60 1.60 1.60
EE(%DM) 1.74 2.10 1.67 3.01 1.89 2.01
Ash(%DM) 8.87 10.0 9.74 8.70 9.61 9.36
Ca(%DM) 1.07 1.52 1.60 1.89 1.06 1.39
P(%DM) 0.29 0.26 0.27 0.30 0.28
Mg(%DM) 0.34 0.30 0.29 0.27 0.40 0.32
Cl(%DM) 0.56 0.74 0.57 0.63
K(%DM) 1.28 2.53 1.58 2.75 1.49 1.84
Na(%DM) 0.24 0.01 0.06 0.30 0.15
S(%DM) 0.19 0.25 0.24 0.22
In situ DMD(%) 1h 23.15 23.15
2h 25.17 25.17
o 36.17 36.17
24h 47.88 47.88
56.22 56.22
In situ CPD(%)  1h 59.49 59.49
%h 60.60 60.60
8h 66.77 66.77
16h 73.61 73.61
24h 78.89 78.89
In situ NDFD(%) 1h 5.96 5.96
°h 8.03 8.03
8h 19.41 19.41
16h 31.70 31.70
44h 40.71 40.71
Arginine 5.14 5.14
Histidine 1.95 1.95
Leucine 7.35 7.35
Lysine 5.08 5.08
Methionine 1.56 1.56
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Table 3-18. Chemical compositions of crude, fiber fractions and insoluble crude protein in investigated feedstuffs’

Crude component

Fiber and insoluble crude protein

Classification Feed name DM Ash Cp EE CF NDF ADF ADL NDICP  ADICP
% %DM %DM %DM %DM %DM %DM %DM %DM %DM
Corn 87.00 1.64 8.73 4.14 2.50 16.95 2.66 1.36 1.32 0.10
Energy Molgsses 77.59 11.10 552 0.20 0.45 - - - - -
Tapioca 88.79 5.40 2.33 0.72 10.18 34.04 18.21 492 1.32 0.30
Wheat 88.49 1.82 14.10 1.74 2.19 20.54 4.79 1.34 1.65 0.02
Fats Tallow 99.44 0.06 1.60 99.08 - - - - - -
Animal protein Fish meal 92.02 19.50 62.11 11.45 1.68 25.59 13.84 1.15 3.70 1.39
Coconut meal 88.97 7.58 23.36 2.96 9.25 69.68 34.92 11.80 13.63 0.93
Cormn germ meal 89.50 351 25.36 4.47 10.43 63.96 14.46 342 7.26 0.82
Corn gluten meal 91.42 3.42 66.38 2.04 3.31 21.32 17.21 2.86 0.98 0.63
Cottonseed 90.37 413 20.95 18.45 271.73 53.17 38.89 11.98 1.60 0.79
Plant protein  Cottonseed meal 89.15 6.66 39.84 1.49 19.79 40.00 28.06 10.45 2.12 0.86
Lupin seed 89.83 3.43 33.27 5.77 16.39 25.89 19.79 1.81 1.43 0.68
Palm meal 90.95 5.10 16.21 8.69 12.28 74.53 43.81 17.17 3.09 1.48
Rapeseed meal 90.27 8.69 40.78 1.04 9.89 40.22 24.30 9.49 7.66 1.67
Soybean meal 88.45 7.17 50.09 2.13 5.73 19.24 10.82 1.87 2.16 0.13
Beetpulp 87.87 6.03 9.89 1.23 23.25 55.63 29.78 2.75 6.72 0.54
Corn gluten feed 89.09 5.16 18.41 3.57 10.30 48.20 10.45 1.37 2.95 0.06
Cottonseed hull 90.25 4.46 6.17 2.34 44.61 81.32 60.71 18.65 2.53 1.69
By-product Rice bran, polish 87.83 11.15 13.07 13.50 12.03 26.73 9.07 8.63 2.79 0.19
Rice bran, solvented 88.73 13.59 17.73 414 11.97 35.04 11.38 6.47 478 0.30
Soybean hull 90.30 512 13.76 277 32.00 66.84 44.40 2.34 0.93 4.11
Wheat bran 87.83 4.85 16.50 4.01 9.80 39.57 11.24 3.49 3.32 0.24
Roughage Alfalfa hay 89.83 9.43 18.54 2.13 29.48 43.03 36.33 8.64 2.52 1.51
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-Continued

Crude component

Fiber and insoluble crude protein

Classification Feed name DM Ash Cp EE CF NDF ADF ADL NDICP ADICP
% %DM %DM %DM %DM %DM %DM %DM %DM %DM

Bermuda grass hay 91.65 7.76 9.64 1.90 24.25 70.69 33.28 6.93 5.20 1.10

Klein grass hay 93.06 .77 11.27 1.67 30.27 68.70 36.09 5.46 5.53 1.56

Oat hay 90.66 6.53 7.84 2.49 29.17 61.73 39.76 8.22 1.10 0.47

Sheep grass hay 89.71 5.85 6.70 1.44 33.33 74.42 44.96 9.28 2.51 0.54

Thimothy hay 91.21 7.08 8.20 2.27 29.90 63.52 39.44 5.06 1.95 0.76

Roughage Orchard grass straw 91.29 6.43 4.30 1.46 35.80 74.16 47.22 7.76 1.21 0.55

Rice straw 91.28 16.36 4.82 1.46 32.65 71.79 48.21 4,62 1.28 0.29

Rye straw 91.77 5.19 4.95 1.16 38.05 73.38 44.84 10.46 1.22 0.29

Tall fescue straw 91.78 6.71 5.68 1.17 36.43 70.77 44.28 8.38 1.30 0.49

Corn silage 30.51 4451 8.08 2.77 27.72 50.98 31.64 291 1.47 0.04

Sudan grass silage 39.36 10.07 9.15 2.01 27.61 62.94 44.23 5.65 1.61 0.95

e DM:Dry matter ; CP:Crude protein ; EE:Ether extract ; CF:Crude fiber ; NDF:Neutral detergent fiber

NDICP:Neutral detergent insoluble crude protein ;
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Table 3-19. Chemical compositions of macro mineral in investigated feedstuffs

Classification Feed name Ca, %DM P, %DM Mg, %DM  Cl, %DM K, %DM Na, %DM S, %DM
Corn 0.05 0.29 0.10 0.16 0.42 0.07 0.08
Energy Molgsses 0.63 0.07 0.36 2.37 4.79 0.92 0.54
Tapioca 0.54 0.05 0.10 0.48 0.07 0.09 -
Wheat 0.06 0.40 0.14 0.17 0.31 0.10 0.13
Fats Tallow - - - - - - -
Animal protein Fish meal 5.14 3.30 0.22 0.61 1.40 0.87 0.68
Coconut meal 0.15 0.64 0.27 1.40 0.20 0.58 0.14
Corn germ meal 0.21 0.47 0.14 0.08 0.08 0.08 0.33
Corn gluten meal 0.10 0.38 0.08 0.06 0.20 0.07 0.80
Cottonseed 0.22 0.77 0.33 0.79 0.62 0.10 0.21
Plant protein Cottonseed meal 0.37 1.05 0.57 0.50 1.13 0.07 0.34
Lupin seed 0.33 0.35 0.13 0.50 0.33 0.12 0.16
Palm meal 0.49 0.68 0.26 0.59 0.01 0.10 0.13
Rapeseed meal 0.89 1.08 0.35 0.66 0.05 0.28 -
Soybean meal 0.38 0.72 0.30 0.64 1.37 0.06 0.39
Beetpulp 0.63 0.16 0.25 0.17 0.47 0.20 0.20
Corn gluten feed 0.12 0.69 0.38 0.38 0.97 0.19 0.40
Cottonseed hull 0.28 0.25 0.18 0.47 0.62 0.06 0.07
By-product  Rice bran, polish 0.09 1.75 0.78 0.62 0.81 0.10 0.19
Rice bran, solvented 0.11 1.68 0.91 1.51 0.06 0.24 -
Soybean hull 0.77 0.21 0.23 0.92 0.49 0.08 0.12
Wheat bran 0.11 1.08 0.48 0.37 0.96 0.11 0.19
Alfalfa hay 1.40 0.27 0.35 1.06 0.99 0.42 0.25
Roughage Bermuda grass hay 0.39 0.22 0.18 0.76 0.68 0.31 0.27
Klein grass hay 0.38 0.22 0.35 1.29 0.10 1.32 0.13
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-Continued

Classification Feed name Ca, %DM P, %DM Mg, %DM  Cl, %DM K, %DM Na, %DM S, %DM
Oat hay 0.19 0.19 0.14 0.69 0.65 0.64 0.10
Sheep grass hay 0.23 0.13 0.16 0.43 0.18 0.23 -
Thimothy hay 0.38 0.22 0.13 0.93 0.41 0.32 0.09
Orchard grass straw 0.26 0.18 0.09 1.16 0.03 0.19 0.06

Roughage Rice straw 1.27 0.11 0.05 0.55 0.03 0.10 0.06
Rye straw 0.19 0.05 0.10 0.56 0.12 0.30 -
Tall fescue straw 0.31 0.14 0.15 0.99 0.23 0.66 0.09
Corn silage 0.15 0.45 0.20 0.44 1.01 0.05 0.12
Sudan grass silage 0.73 0.24 0.27 1.46 0.03 0.19 0.08

_94_



Table 3-20. Particle size of feedstuff

o] 12} < 34 b 1] 5(%)
Items Sieve No. 6 8 10 12 16 20 25 - —

mm >335 236 A 9 17 119 M oss o B E AEA SRA AR
Corn, USA 1000 1000 0 0O O 100 0 0
Corn, China 1000 1000 0 0O O 100 0 0
Wheat 331 618 949 43 6 2 51 0 0 0O 0 949 5.1 0
Tapioca 847 90 937 43 11 3 57 3 3 6 0 937 5.7 0.6
Soybean meal, domestic 0 0 0 1 13 186 200: 235 157 392 408 0 20 80
Cotton seed meal 163 94 257 111 101 181 393 85 45 130 220; 25.7 39.3 35
Corn gluten meal 0 0 0 0 3 104 107 156 134 290 603 0 10.7 89.3
Corn germ meal
Lupin seed 898 5 903 1 0 2 3 3 0 3 91 90.3 0.3 9.4
Coconut meal 0 1 1 4 19 91 114, 113 110 223 662 0.1 114 885
Rapeseed meal 0 1 1 4 18 114 136 120 99 219 644 0.1 13.6 86.3
Palm meal 0 2 2 11 30 115 156 123 102 225 617 0.2 156 84.2
Rice bran solvented 0 1 1 4 9 49 62 82 76 158 779 0.1 6.2 93.7
Rice bran polish 0 0 0 2 5 6 13 82 108 190 797 0 1.3 98.7
Soybean hull 2 2 4 15 65 317 397 225 91 316 283 0.4 39.7 59.9
Wheat bran 0 25 25 26 51 224 301 156 81 237 437 25 30.1 674
Corn gluten feed 15 110 125 170 150 240 560 135 60 195 1200 12.5 56 31.5
Sugar beet pulp, dried 1000 1000 0 0O O 100 0 0
Cottonseed, whole with lint 1000 1000 0 0 0 100 0 0
Fish meal, foreign 2 5 7 3 7 20 30 33 37 70 893 0.7 3 96.3
Fish meal, domestic 0 2 2 7 12 56 75 104 101 205 718 0.2 7.5 92.3

_95_



e

2. AEALS] JYaTY ol Bt m A
7 A

ALR ] FEA TR Hrke e FAURYE F2 o] &st=H], 2001
7+l NRC9| nutrient requirements of daily cattle, 7th revised edition (NRC2001)-=
ArR T Y TS H7HE W nutrient requirements of beef cattle(NRC1996)
oA B FHEo] AJFA /N =AUt = neutral detergent fiber(NDF)2] F2jo] A=
EAH o g FHLo IA Ko R Fo W heat-stable a-amylase treated neutral
detergent fiber(aNDF) #4199 -& #74sta 9lom (David, 2002), AF=¢] oA &
2S5 Aalg wjol % neutral detergent insoluble crude protein(NDICP), acid

Ho

detergent insoluble crude protein(ADICP), acid detergent lignin(ADL) % crude
ash® AEES MEA ol &stal vk o5 MFA =dd AEES wF9uiolA
AR 9] o] &4 I HalERE By Fes] JtE ¢ e FEow VEY ARHVt
M-S 2A FEAZ FEESolvh. AA7A ol A= aNDFR. t+= NDFE 4 &3}

il B3k NDICP, ADICP®] 7id2 A &8k« @il gl dAolvh. e ¢k
2 Sgugtel A= NRC2001°] M&Al AAIgH Ab=e] 48t 7P s =Ysto]
APEH IS FFAI Ak & Aoletar AJzbstth. 18y aNDF, NDICP, ADICP
stehi Aol wjg- ZhvkEar A Qe Heo] dAAelA HA AF&Et7] of
Aol glem, NRC 2001014 &= Ao JFAdEs F48tax NRCo dda o

ol g5tnA Fohw EEAAS BARSE A6 wolok @k A4 st ¥

oT\E, 5, o ok
Me g Mo rle 10

o,

AtR ol FYAEES H7HE uf, et S WS AREEr] 9% e ol AT
Hie 2494 46 3 A (olEd 5, 200)7F S wolw, 9= A=
F2 WEFY Yol A238&S Hrtgo N ARVIAE H7EEE in vitro, in
saco, in vivo 5% ATE(Weiss &, 1992; Yu et al, 20043} FAtg e E2 %9 &
HogiE A3ted JUYHES d=Mir 5, 1995)8t1}F st ATE Bo] A%

Helo} @gelA o5 Agoli H1uA g k.
0
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obugta ol & wgoE ARAA] FELTF olB 7t modelE L] 915

=
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B Ao AEE AR BAAEE AEAUY FF2TF DBFES 9
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1
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o
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o
_0|L
e
&

3 Aot Hrhe AR

GEgE7ol FRBATYE = AE7E FRABAE EES] H4A BATE F
NE S ARoZHE #4517 ofE e I E TH9 dS7tsAS dolry]

3) BA A
2 AT FAIS AlE] A A= Statistical analysis system(SAS, ver
8.02)& o] &3l AE 7+o] Pearson’'s A& #AA Y 3A2AE =34}

A FAAAREZIE] Pearson’s F#AAT Z=E9 o E Table 3-21.91 YEMA

o 53] ARl 9lojA NRC20012 3p) AR ol F3p ARG /5 A
=
=]

A S gtk = 4 mARe JRNRS el PARm, ¥ AR

- ==

o

of\
il
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NRC1996¢] #tgef et dAde] 2A85E ZAE 23 ZALEES A2
Zholl kAo Wol7t =X it (Cherney %, 1993), T3 dul 232
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Ji A At 2F w72 EFeA @3, 2ARS 2R Jdo T3 3
2 EFerYa, ol& ©Al NDFe o= low NDF(<55%

NDF), medium NDF(55-60% NDF), high NDF(<60% NDF)Z #F3tal Sl
(NRC 2001).

2 Al el M @el ARgskal 9l 2ALR TER(T 2 Alfalfa hay,
3} & 3} bermudar grass hay, klein grass hay, oat hay, orchard grass straw, tall
fescue straw, timothy hay)& AA3ste] 3724S =&l ol& ¢l o &3t
sHE I 2ALR 679 aNDFe] 3h#Fe] NRC20019] high NDFel &g ==
THE WA fa B doto] GEAETY AuuAE =Eelen ol&
ThA 7F 232 dgiette] 3924S =&

[©)

@ ZAFZol| A NDF, ADF9} crude fibers %S 4#aA7E 9o, A

2 02 dfads g7t ds EdAtse A= AlEvY dR4e] ko] A
2 gz27] g olE5e AdAAE ot oo Yetd sy AR S CF
A

= 0459(P<0.05)2, CFgt ADFE 0.968(P<0.001)¢] aA<F
£ vella aNDF9F ADFE= 0.459(P<0.05)2] #A= el gtk Alfalfa2)
CF¢} aNDF, ADFe] A#7A5+= 2+2zF 0.907(P<0.05), 0.971(P<0.001)9] %<& A3
A+ZE Yebl o, aNDF9F ADFE 0.926(P<0.05)¢] A#A+Z el ik
AFE 4487k Pearson’'s AT 7E Fo A UA WERE 2] A
3 3] 7 4 (linear regression) % 357}A Z(linear correlation; RS oS Figure
3-19.91 Yehpolel. 3Ry AR 9] CFSF aNDFe A83 A4S y = 04678x +
54.012 (x=CF, y=aNDF, P<0.05)& YWetfilen 372 Agws: A3 23
Foigdel 1A=t Alfalfael AP AAL vy = 1.0427x + 12984 (x=CF,
y=aNDF, P<0.05)E 4Yetiglen 374 Adr=s 4% A3 Fofido] I3
gt 3EI 2A RS} alfalfael CFF ADF] A8 32 242 vy = 1.0764x +
54546 (x=CF, y=ADF, P<0.00D)¥ y = 14013x - 43569 (x=CF, y=ADF,
P<0.00D)E YeEtNS o A3e FAAE =& fodo] A=A
olZ t©r] 7z %FWE CF9 aNDF, CF9+ ADFeo A& 394 (linear
regression) @ A4 (linear correlation; RY)E Figure 3-20.9} 3-219] YEM
th Alfalfa hay®l CF¢ aNDFeo| A& 374 FaA+E 08225 CF9 ADF&
094192 =4 veElskom klein grass®™ CF¢} aNDFeo| @4 5=7F 093312 =7
e o v CFeF ADFS] A 4= A YERd 8FA) oat hayw= CF€ ADF9
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AR F= 085912 =dovt CFF aNDFe] A3#x| 4= A YElY . Orchard
grass straw® A8 3929 FBA 4= CF aNDF, CFe} ADF+= SHA yErs:
31, tall fescue strawe= CF$} aNDF, CF¢} ADFe| AaA4++= ZHz} 0.9606, 0.985
2 =9roer timothy hay CF¢} aNDF, CFe} ADF9 A#A47F 27k 0.9955,

0.8994 E5F vl s=A upEbsk

2) @i ARz A
33 ZALE 9} Alfalfa hay9d AUAE FolA dild FAAAELE Pearson's

A#AAFE Table 3-22.91 YeERAAT}. 3tE 3 AR 2] CP<t NDICP, ADICPE]
AaATE 242 07179 06925 WERH R 3L(P<0.001), alfalafe] 3#A4+= ZH2t

0.9873 0982% %<& dadAE HEPHATHP<0.01). E3 NDICP<} ADICPe]

PASFE ZH27F 0.801 (P<0.001), 0.989&(P<0.01) %2 A#AAAE e AT
G gt TEe] Pearson’s #AG7E skt AR 9L Alfalfacl Al = A

el ols AE z7tol A3 37 A (linear regression)S XE3 (I ol g

Figure 3-22.9 YelWolch 33 AR S CP9 NDICPY Ad83|A4e y =
05161x - 1.3101 (x=CP, y=NDICP, P<0.001)Z =& HIJEE A3 Az}

=2 F9dol AAHAY. alfaflad] AFs|A2S v = 0425x - 53371 (x=CP,
y=NDICP, P<0.0DZ =¥ AFEsS BAT A3 Fodo dAHA. CP
o} ADICPY A¥3|AALS 32} ZAFAA y = 01207x - 01494 (x=CP,
y=ADICP, P<0.001)& F3 ZAlE+= y = 0279%x - 36157 (x=CP, y=ADICP,
P<00DE YERHAGL AP % FA A E =2 Foido] A=At

ol& thAl 7zt =FH=E CP9 NDICP, CPe} ADICPO| A& 344 9 ZaA+E
Figure 3-23% 3-24°] Yeliglcth Alfalfa haye] CP2} NDICP, CP2} ADICP]
W= A= =A deisew wox A A BuAsE 77
09751, 09649 %7 rebskth shE3 2FoA CPsh NDICPS] 4#A% oat
hay7} 0.9031, orchard grass straw”} 0.9081, tall fescue straw”} 0.9885=% U}E}SE
om CP¢ ADICPY A#A|4= oat hay’} 0954, timothy hay”} 0.8341% =4

Auidow Amel G FFe AR Ao EFHE, S L AN,
ANF2, A2 § old A 2ol o8 P& WiThs 2L (Cherney,
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Table 3-21. Pearson’s correlation coefficients bhetween fiber fraction of

investigated roughages

Category Observation Item' CF aNDF ADF ADL
CF
Logume - aNDF  0.907 *
ADF 0971 ™ 0.926
ADL  0.609 0.335 0.636
CF
aNDF  0.459 *
Grasses 29

ADF  0.968 ™ 0.459 °
ADL  0.306 0.233 0.323

! CF; crude fiber, aNDF; heat-stable amylase treated neutral detergent fiber, ADF; acid detergent
fiber, ADL; acid detergent lignin.
* P<0.05;  P<0.01; ™ P<0.001

Table 3-22. Pearson’s correlation coefficients between protein fraction of

investigated roughages

Category Observation Item' CP NDICP ADICP
CP
Legume 5 NDICP 0.987
ADICP 0.982 0.989 ™
CP
Grasses 29 NDICP 0.717 ™
ADICP 0.692 ™ 0.801 ™

! CP; crude protein, NDICP; neutral detergent insoluble crude protein, ADICP; acid detergent insoluble
crude protein.
* P<0.05; " P<0.01; T P<0.001
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S 60 | o8 y=1.0427x + 12.984
2 50 - R*=0.8225
X *
> (P<0.05)
&9 40 +
% 'Y
< 30 |

20 -~ Grasses

o L y=0.4678x + 54.012

R’ =0.2525
0 (P<0.05)
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CF(%DM)

90 r

80

70 —— Legume
60 | y=1.4013x - 43569
Z 50 o R? =0.9419
S0 b (P<0.01)
A
< 30 L

20 Grasses

o | y=1.0764x + 5.4546

0 R’ =0.9363

(P<0.001)

0 100 20 30 40 50
CF(%DM)

Figure 3-19. Plot of Crude fiber(CF) versus Heat stable O -amylase treated
neutral detergent fiber(aNDF) or Acid detergent fiber(ADF) of

investigated roughage.
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o y = 1.0427x + 12.984
Alfalfa R® = 0.8225
80
B y = 1.1791x + 40.68
™o ermuda R? = 0.7163
70 f
< Klein y = 1.0821x + 37.358
2
8 65 R? = 0.9331
P
_ = 0.8167x + 35.989
g 60 Oat vy = 0.8167x
Z R? = 0.0624
55
X —— Orchard y = 0.3928x + 58.905
R? = 0.282
50
——TFescue y = 1.372x + 21.051
8T R? = 0.9606
40 15 26 25 30 35 46 ;5 — Timothy v = 1.2547x + 24.167
R? = 0.9955
CF,%DM

Figure 3-20. Linear regressions and R® values between crude fiber(CF)
concentration and heat-stable amylase treated neutral detergent

fiber(aNDF) concentration of investigated roughages.

55
y = 1.4013x - 4.3569
Alfalfa R% = 0.9419
50
Bermuda v = 1.087x + 5.612
45 f R% = 0.6292
. y = 0.4409x + 23.322
s 10 | Klein R® = 0.4911
9
:‘ — Oat y = 1.9091x - 20.412
935 | R? = 0.8591
= 1.1933x + 0.8895
30 | ——Orchard R2 = 0.4409
[ ]
= 1.0654x + 5.6731
25 | —TFescue R? = 0.985
20 . . . . . ) . y = 1.3046x — 1.471
— Timoth
15 20 25 30 35 40 45 Hmothy R? = 0.8994
CF,%DM

Figure 3-21. Linear regressions and R? values between crude fiber(CF)
concentration and acid detergent fiber(ADF) concentration of

investigated roughages.
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Figure 3-22. Plot of Crude protein(CP) versus Neutral tetergent insoluble crude
protein(NDICP) or Acid detergent insoluble crude protein(ADICP)

of investigated roughage.
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Figure 3-23. Linear regressions and R” values between crude protein(CP)
concentration and neutral detergent insoluble crude
preotein(NDICP) concentration of investigated roughages.
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Figure 3-24. Linear regressions and R® values between crude protein(CP)

concentration and acid detergent insoluble crude protein(ADICP)

concentration of investigated roughages.
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A g AR SRR A

HH5=9] simulation 2@ Baldwin & (1970)9] #x W] w59 2ds Ay

o® o] By FAA AL vk RHEe] AHHow AT i Heole
, R g 2de 19879 Baldwin ol 9ste] AFo= JpEEAE
t, o5 AT EL e o] A o]8EES A58 fste] =Hekaith
CNCPS (Cornell net carbohydrate and protein system)< 4ol QoA o8& 7153k
FEE T A7 o9 dEo AR A ¥R dES HASst=dH #fo st
A ol &=l 9tk Russell & (1992)2 Sniffen &
TotAde=d, o] Rdol= WS AR T HX9F FalE, A=A gdd #e
equationE°] E3t¥ o] 9tk O'Connor 5 (1993)9] sub-modelol = o}r] =4t flowE
oS3t equation®] 71&Ho] Sth g3 Pitt 5 (1996)2 HEF9 pHel VFA A
A oSl #e RS AEst oY, VFA molar proportiond 5ol tfgh A5 §l
N3l starch &3l o Fete] EA = A A = AT

W9l pH 7F AR FRel oste] @S wa bR nAE R JEks

= T83% 8o R ¢IAdte] ol&F 433k model Wl i W& A5
Pz Qo) (Tamminga, 1988; Allen, 1997; Pitt ¢} Pell, 1997; Mertens, 1997,
Fox &, 2000 ; Klover ¢ de Veth, 2002), stk 24 AbF &S WH9] pHE
mAEEgd oist JFS AFeA & Jrk (INRA, 1989; NRC, 1989; AFRC,
1993). a0l Al Fold AFRRFE W39 pHE od5ste A2 W39l &3t 3

] T %
FUdAr FFES FHZ 3L, acidosis 9F laminitise} & WS Ao o Hke] Q)
(

1

RO
o

i

(o]

st wlolw, wheba wh3
. Mould & (1983)3 Russell
Heol A3 28] o]3te] Wk
9l HE g Wt dofd AS AT 1 ¢ AR 9] buffering capacity,

| W59 pHe #HES nAE wgo] Jgk

o
oft
i‘t]
4t
rie
-

S 7IAE ezt & F odvh aela, w59 pHe VFA AR, 594 OM
Pal&3 HHATE F£AE NDF 2 A8 QA= (particle length index)9} Ar#o] <l
o] By vl gt} (Allen, 1997; Mertens, 1997).
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1. pH 24

ZAtE NDF, 28l #Ho&= eNDF (effective NDF) <+ peNDF (physically
effective NDF)7} AR 9 HFALRE Holdh 2149 w39 pHE o 338l=d A
453 Joh(Pitt 5, 1996; Allen, 1997; Mertens, 1997). AR YA == HEF280 o
@ 71A=dH(Welch, 1982), AR E sty w59 pH7F #Hasts 43S Bt
(Grant 5, 1990a, b).

A& W] Physically effective fiber(peFiber) fraction #]Z}&-5(Chewing)g A=

3t} &, Chewings % ¥W](saliva secretion)E Z&73lal, & o 2+ bicarbonate
9} phophoate buffert= WHES F7]15(0M) ZEe] 93e] AAH A (aciddES <

stA vk whebA] wEE=9] el A W&ol ofsto] A E A buffer R 9FS] T E S
9] pHE ZAsts obF T adk adlelty R3¢ pH7F AstHdls e dE4d
A=, A2 23 2 microbial yieldE #HAaA17]H o] &= Q&) fFAAF FAaet ALEH]
& S7Fe] Eol9s hH A Hnh

AtEE A (HF) Slees vEee EF
Sutton &, 1988), AFE 35 349 AU A
o] Slth.

N

oAbl 3 717 (Sutton 5, 1986
2 ApsEe Joia gast

rir
Ho

A a8 wEg roo] ARE Holstein 4495 o843 A9 % AdTE
A9 B GET(E 45 12)9) WR9 BEALT JFLiH AAE o) fajo] W

F 3o
Sigma plot (ver 8.0)% ©]&3te] ZF Q9o wE w9 pH =S 3 <+ W

Wo g  polynominal(lineal, quadratic, cubic, inversel, inverse2, inverse3),

of

¢ pHE o= 4 A+ equations =&

exponential (decay, rise to max 2p, rise to max 3p)¥ 3D plang °]&3}5 ).
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W59] pH o5 =g

1) Tamminga(1988)

pH = 7.18-0.014 X VEA (MM)..iiiiriiiieieieieee e [1]
2) Allen(1997)

pH=6.56+0.0049 X VEA (MM) .ooiiiiriiireieieeeeetees et (2]
3) Pitt ¢k Pell(1997)

pH = pHss+(ACacid)/(d(BCL)/AMH)) ..o [3]

Ds=-177.2+0.016383(DMI)+4.706(€NDI).......oimiriieeiieeeeieeeeeee e [3-1]

CSTDS/VRUK L.ttt [3-2]

d(BC1)/d(pH)=-Cs((381.8+10(pH-6.4)/(1+10(PH-6.4))2)....coovevererrererererernne. [3-3]

ACVFA = ((VFA-VFASS)/62VRU)*1000........ccomrerrrereiriinrinrinrinriereeeeeeeeeens [3-4]

ACL = ((L-LsS)/90VRU)*1000.........ccooereeeereeeeeeeeeeeeereeeseeeseeseseseses s senans [3-5]

ACacid = ACVFAQ-fVFA,W+ACL LU oo [3-6]

FLU=T(1HTI0DHT3.86)) et [3-7]
4) Mertens(1997)

PH=6.67-0.143 X (1/DENDEF ..ottt (4]
5) Fox 5 (2000)

pH=5.425+0.04229XeNDF (26 DIM) ...coiviiiiiiriiieriieiiie e (5]
6) Klover ¢} de Veth(2002)

pH=7.18-0.0081X VEFA (INM)..c.cocsrirriirrieirieieieieieiesieiese st (6]

pH=6.75-0.0022x microbial N (GN/)....cccccciviiioiieeieieeeeeeeeeee e [7]

pH=5.84+0.0075% NDF (26 DM).....ccceocsiirriiirieiiieinieierieie s sens (8]

S7te] AaAA B4 A3E Table3-23¢] YEFW AT Pearson's
Correlation 7g##A &4 A2 FE {39 pHE dEYol g% 2 F 3444 A
WAl F% propionic acid, butyric acid FE< F(-)9 A#IAEZ YeloH,

acetic acid % A(+)9] FHAAE YER ST
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Table3-23. Pearson Correlation between rumen pH and fermentation parameters

Parameters

pH Mean NH;-N  Acetate Propionate Isobutyrate Butyrate Isovalerate Valerate Total VEAs

pH Mean
NH3z-N(mg/dl)
Acetate
Propionate
Isobutyrate
Butyrate
Isovalerate
Valerate

Total VFAs, mM

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

1.00

-0.72
0.49
0.09
0.94

-0.19
0.88
0.96
0.19

-0.15
0.90
0.27
0.83
1.00
0.06

-0.01
0.99

-0.72
0.49
1.00

0.63
0.57
0.82
0.39
-0.89
0.30
-0.58
0.61
0.48
0.68
-0.78
0.43
0.71
0.50

0.09
0.94
0.63
0.57
1.00

0.96
0.18
-0.21
0.87
-.998(x)
0.04
0.98
0.11
0.00
1.00
1.00
0.07

-0.19
0.88
0.82
0.39
0.96
0.18
1.00

-0.47
0.69
-0.94
0.21
0.90
0.29
-0.27
0.83
0.99
0.11

0.96
0.19
-0.89
0.30
-0.21
0.87
-0.47
0.69
1.00

0.15
0.91
-0.03
0.98
0.98
0.13
-0.31
0.80

-0.15
0.90
-0.58
0.61
-.998(x)
0.04
-0.94
0.21
0.15
0.91
1.00

-0.99
0.08
-0.06
0.96
-0.99
0.10

0.27
0.33
0.48
0.68
0.98
0.11
0.90
0.29
-0.03
0.98
-0.99
0.08
1.00

0.18
0.89
0.96
0.18

1.00
0.06
-0.78
0.43
0.00
1.00
-0.27
0.83
0.98
0.13
-0.06
0.96
0.18
0.89
1.00

-0.10
0.94

-0.01
0.99
0.71
0.50
1.00
0.07
0.99
0.11

-0.31
0.80

-0.99
0.10
0.96
0.18

-0.10
0.94
1.00
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W39] simulation modele &#3l7]o] UdA AlsE Fold T oduAdez sHF
8% Al cellulose®] &afoll glo] pH7F Eviy B2 F&FS vAH, olH T

Hol Wtz Qlato] op7|Holx &= Alfa &l Fbel Wstel g sttt

83 MEAE ZAR(FALTF)G FFARE 649 H &R Folg
Fahol AAE holstein AA FAEFE AR oW, MEF7AEE cellulose:
(sigmacell; S6790 Sigma)& AH&-3HSAth 3 €]+ (initial pH, 58, 63 = 6.8) x 3
HEE o 2 39ToA 22t 0, 2, 4, 8 12, 24 H 48 A ZFhe] v %AZHS o] pH,
VFA, DM ¥ gas productions =4 391t}

N8 F3)& Tilley® Terry (1963), Pell#} Schofield(1993)e] W o= 05¢9]
714 & 125mL serum bottleo] ¥ 1, 40mL9] in vitro solution(pH 5.2, 5.8, 6.8)3}
10mL®] strained ruminal fluidE FH7Fetaich. W39 A2 o} Atmgo] Hol A
Ak, AAA 45839 cheese clothoﬂ Az T Ao F74HE §2 59
87 9] cheese cloth® o7}t ¥ 39C incubatoroll Al Wl & a9 aL, A 7p22-AY
F2 v AT E serum bottle] 2] head spaceeo] =Aw 7bzo] o] A=
AdES SAHsAY. wigo] Et bottle 50mL centrifuge tubed] %7 pHE =4
gk ¥, VFA S4& 98t dAaig & As5d F dFAmDE GCHP6IR0) =
Attt DM e &2 B} & 342 v FAE M Whatman #541°]

M AE F, Az 7o FAE A4 5 udd 712 FASe Aol Alts )

pH, DM Z12]31 VFA 2Ad=Fe] v ol 8 A2 4-3+ Wsli= SAS program
S o] &3t 99% AlFFANA FldS AASFAT. 7h EAEFLS exponential
o

model equation® % Marquardte] #H o2 SAS program< ©]83}] nonlinear
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regrassions #3lo] equation? parameterdS &AL, gas A H EA Al A}

/% exponential model equatione th&3¥ 7t}
Exponential Model

Vt = Vmax(1-e" ™)
t o t(AZbel] whE Zps Ay
Vmax : 2= 5 A= Aol 7k FHmL)
K : gas production rate constant(hour ')
T : time(hour)

L : lag time(hour)

. Azt

WEx7] wE9 pH el og w9 pHOl Wt dE Ahsts ARE
Table3-249F Table3-25¢ Wt SATE 27| pH FF°] &5 Lart zlagd net
=4 pHE FA% 235 B om(P<0.001), A=E43ES 2

eatAl = THP<0.001).

W29 pH 42393 gas YA H 23S B, Table 40 YEb nlo} Zo] 234
A7 dhd o] & A 23S 1 1(P<0.0001)°]+= Table 59 yEbdnle} 7o)
W39 pH7b =& 49 Vmax7Zt 9 98HAl =2 A3 B3 ofye} lag timeo] tHE
Aol &) Fobxl Ao 71ttt o= W9 pH7F =2 A ¢ W54 v
A=) ARt o] maA Xge Aol
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Table3-24. Changes in pH

. low pH medium pH high pH
Timeth) g™ S AvE  Sh AVE  sp  oEM P

0 5.80? 0.03 6.16° 0.02 6.78° 0.08 0.028 <0.0001
2 5.83% 0.01 6.16" 0.02 6.72° 0.01 0.001 <0.0001
4 5.83% 0.01 6.16" 0.01 6.75° 0.01 0.006 <0.0001
8 5.7 0.01 6.11° 0.01 6.71¢ 0.02 0.006 <0.0001
12 573" 0.03 6.05" 0.03 6.70° 0.03 0.017 <0.0001
24 5.70° 0.01 5.83" 0.01 6.66° 0.01 0.004 <0.0001
48 5.64% 0.01 558" 0.01 6.54¢ 0.01 0.006 <0.0001

* AVE - average; SD - standard deviation; SEM - standard error of means.

Table3-25. Dry matter digestibility

. low pH medium pH high pH
Time(h) 3 E™""SpAVE  SD AVE ~ sp  SEM P

0 4.47° 042  5.00° 075 4937 056  0.340 =05311
2 478° 072  4.44° 1.03 363 110 0557 =0.3845
4 2.96 059  4.01° 062  3.33° 050 0331 =0.1545
8 3.68° 037  6.14" 127 7.30° 050 0470 =0.0042
12 453° 071 768 049 838" 011 0289 =0.0002
24 7.63° 025 16.80° 0.72  18.64¢ 076 0.359 <0.0001
48 9.70° 024 2811° 0.07 39.22¢ 048  0.180 <0.0001

* AVE - average; SD - standard deviation; SEM - standard error of means.

Table3-26. Gas production

. low pH medium pH high pH

Timeth) g™ S AvE  SD AVE  sp  oEM P
0 -0.03% 0.00 -0.03" 0.00 -0.03" 0.00 X X
2 -0.02? 0.02 0.05% 0.21 0.47° 0.06 0.073 =0.0065
4 1.25% 0.03 1.31° 0.17 1.82° 0.12 0.071 =0.0023
8 1.96 0.08 2.38" 0.07 2.88° 0.04 0.039 <0.0001
12 247 0.13 3.63° 0.03 4.02° 0.08 0.052 <0.0001
24 3.00° 0.07 6.87 0.12 7.64° 0.21 0.268 <0.0001
48 3.72% 0.12 9,70 015 14.14° 0.12 0.078 <0.0001

* AVE - average; SD - standard deviation; SEM - standard error of means
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Table3-27. Exponetial curve fitting on gas production

low pH medium pH high pH
estimate SDE estimate SDE estimate SDE
Vmax 3.6286 0.1540 12.5653 0.6305 42.4446 5.3312
K 0.0959 0.0116 0.0321 0.0030 0.0084 0.0013
L 0.6002 0.3187 0.9237 0.2570 0.0000 0.0000

* Vmax - maximum volume of gas production(ml); K - gas production rate constant(hour );

L - lag time(hour); estimate - estimated value by regrassion; SDE - standard error.

3 AFAE T 84 2 flow rate T

pS|

=
D08 ARAY N2 994 BHAHE Do) 2ARYORA WY, 2B
25 o]&3le] NDF 3g=Fo] 30, 35, 40% <+

=
Hes wd, 42y Ed 2T 2 beet pulp FES t2A wiFgste A9
23519

42+El 359 Holstein dairy cowZ ©]8€39 2™, 3x3 latin

w0
Q0
o
=
D
o,
(@)
2.
w®
)
o
fr
i1t
ud)
4
i
=
R
O
o,
8
ui

2
o tate] Fw3] AgateE vk A JHA 16Y Al ¥vE9 &4 2 flow
rate 7Zl4H(dye back ftting equation)= 93t Cr-EDTA £9-& 500mls W9
FHE FE gl F

= 1A% HA o=

o
Astgick. APFR A 24

1

&
Z
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Table3-28. Chemical composition of experimental diets % of DM
Item Treatments SEM
E33 SE E43 SE E53 SE
Concentrate 64.33 0.91 63.10 0.65 63.35 1.56 1.04
Forage 35.67 091 36.90 0.65 36.65 1.56 1.04
Dry Matter 78.18 0.17 78.63 0.18 78.52 0.42 0.26
NDF 47.19 0.44 47.60 0.29 47.49 0.72 0.48
Effective NDF 56.08 0.94 61.77 0.63 65.69 1.34 0.97
Crude Protein 15.49 0.09 15.35 0.07 15.31 0.14 0.10
Solubility 24.15 0.23 24.54 0.23 24.73 0.21 0.22
ADF Insoluble P 7.70 0.06 .77 0.06 7.83 0.04 0.05
Fat 5.20 0.10 5.33 0.09 5.42 0.07 0.09
Ash 6.98 0.03 6.97 0.02 6.93 0.02 0.02
Starch 58.75 0.77 57.58 0.60 57.79 1.41 0.93
Lignin 8.82 0.03 8.83 0.02 8.83 0.05 0.03
NPN 76.30 0.72 75.43 0.68 74.79 0.70 0.70
NDF Insoluble P 22.40 0.12 22.44 0.05 22.46 0.17 0.11
!: Standard error of means.
Table3-29. Results of nutrient intake kg/day
ftem Treatments SEM!
E33 SE E43 SE E53 SE
As-Fed 26.92 0.71 28.08 033  27.00 0.58 0.54
Dry Matter 21.05 060  22.08 025  21.20 0.44 0.43
Organic matter 19538.79  555.09 2049850 225.52 19687.60 403.22 394.61
Fat 1093.17 3989 117493  20.22 114639 30.73  30.28
Ash 146558  44.15 153532  20.35 1465.14 31.30 31.93
NDF 709241 259.46 750650 110.75 7193.45 21744 195.88
ADF 2101.30  82.81 222439  37.02 2130.71 7466 64.83
NSC 6000.93 111.08 6209.46  65.13 5979.27 120.86 99.03
NDF, % of BW 1.53 0.06 1.62 0.02 1.55 0.05 0.04
ForageNDF, % of BW 0.79 0.05 0.86 0.02 0.82 0.05 0.04

I. o
: Standard error of means.
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Table3-30. Results of rumen liquid volume and passage rate

Item Treatments SEM
E33 SE E43 SE E53 SE
Forage in ration 3567 091 3690 065 3665 156 1.04
Liquid passage rate, % of hr 6.71 017 574 007 777 012 0.12
Liquid volume, L 7194 204 7814 278 6811 296 2.59
! Standard error of means.
Table3-31. Results of milk yield and composition(AM)
It Treatments 1
e B53  SE E43 SE  E s OPM
Milk yield, kg/day 956 049 1290 058 1427 0.30 0.46
Fat, % 336 033 315 017 33 014 0.21
Protein, % 379 010 257 012 295 007 0.09
Lactose, % 645 006 439 006 480 006 0.06
SNF, % 7180 010 766 015 856  0.12 0.12
SCC, X 1000 105.03 20.83 201.10 60.10 159.00 28.81  36.58
MUN, mg/dl 762 0435 1169 092 1507 0.65 0.67
Fat yield, kg/day 051 0.048 045 0.03 048 002 0.03
Protein yeld, kg/day 057 002 037 002 042 002 0.02
Lactose yield, kg/day 0.97 0.03 0.63 0.03 0.69 0.02 0.02
SNF, kg/day 1.29  0.04 1.10  0.05 1.22 0.03 0.04

1.
: Standard error of means.
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Table3-32. Results of milk yield and composition(PM)

Treatments 1

ftem B53  SE  E43  SE B33 sE oM
Milk yield, kg/day 1550 076 1589 098 1370 043 0.72
Fat, % 3.64 0.24 3.48 0.20 3.46 0.16 0.20
Protein, % 2.84 0.10 2.78 0.08 2.93 0.07 0.08
Lactose, % 4.68 0.06 4.86 0.06 4.79 0.07 0.06
SNF, % 8.25 0.11 8.42 0.11 851 0.11 0.11
SCC, X 1000 19533 2655 21600 5857 17064 2301 36.04
MUN, mg/dl 1459 056 1342 102 1475  0.76 0.78
Fat yield, kg/day 0.56 0.04 0.55 0.05 0.47 0.02 0.04
Protein yeld, kg/day 0.44 0.02 0.44 0.03 0.40 0.02 0.02
Lactose yield, kg/day 0.73 0.04 0.77 0.05 0.66 0.03 0.04
SNF, kg/day 1.28 0.06 1.34 0.08 1.17 0.05 0.06
! Standard error of means
Table3-33. Results of milk yield and composition(Daily)

Treatments 1

ftem B3 SE B3 sE Bn s OPM
Milk yield, kg/day 3067 045 3022 058 2791 026 0.43
Fat, % 365 0.20 3.49 0.13 3.46 0.10 0.14
Protein, % 2.84 0.07 2.82 0.07 2.82 0.04 0.06
Lactose, % 4.69 004 487 004 480 0.04 0.04
SNF, % 8.26 0.07 847 0.09 8.56 0.08 0.08
SCC, X 1000 18050 16.79 219.72 40.72 165776 17.25 24.92
MUN, mg/dl 1449 035 1321 067 1519 048 0.50
Fat yield, kg/day 056  0.03 0.53 0.03 0.48 0.02 0.03
Protein yeld, kg/day 086  0.01 0.85 0.02 0.83 0.01 0.01
Lactose yield, kg/day 0.72 0.02 0.74 0.03 0.67 0.01 0.02
SNF, kg/day 2.53 0.04 2.56 0.05 2.39 0.03 0.04

1.
© Standard error of means
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Table3-34. Results of total volatile fatty acid production(mM) in the rumen

Treatments 1
ftem E33 E43 E53 SEM
Time, hr

1 111.72 101.70 88.03 18.33

2 129.67 12451 108.11 19.05

3 117.63 111.56 96.39 14.07

4 130.91 102.20 93.65 14.45

5 131.54 92.36 107.69 22.57

6 133.47 89.90 127.24 19.04

7 114.22 130.25 97.04 16.31

8 105.90 119.30 114.35 11.20

9 147.29 109.94 94.43 20.80
10 132.35 120.04 112.15 21.01
11 152.32 105.01 89.78 21.79
12 131.19 89.84 93.02 13.79
13 134.20 101.51 125.87 16.63
14 126.36 105.14 94.67 12.46
15 122.43 120.32 103.56 22.08
16 129.32 127.45 136.17 30.64
17 127.67 114.17 136.53 23.22
18 121.59 123.75 148.83 23.33
19 99.78 106.24 127.04 18.92
20 110.16 103.27 114.13 17.07
21 112.17 107.08 130.39 17.45
22 67.79 116.85 109.61 14.51
23 11558 117.04 91.72 16.28
24 132.56 75.04 71.67 31.36
mean 122.41 108.94 108.84 19.02
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Figure 3-25. Effect of eNDF level on ruinal pH.
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Rumen pHE = YO+a*EXPUmHDE)FCE oot eeeeeee et e teeseeeesese e eneeees [2]
a: pH dropping rate(fast, 0.3649)
b: pH dropping rate(slow, 2)
c: pH recovery rate(0.0316)

>
=

Table3-35% w39 polynomial, exponential decay &2 o] €3 pH 433k
[e)

2o JPYRstel FEeAE erhArhrh Polynomial ¥4% o188 4%

A

3 3, A
BT o] gl o] U aIvkE HGaofsty] Wikl AdHAAT Fom, bdF
298 &83 4+ 9+ exponential decay 3 parameter &2]S &3l Ao] B Y
3l ). Polynominal cubic 3rd &4]& o|&3te A5 @A A= 0982424 w59
garstEe] sstgy vie A HAE YERHA 2™, exponential decay ¥21S
o] &ate= Agole A AEdES YEAT Table3-362 ttEodds o] &g

o
exponential decay &22 °]&3l= A WEH WA £ == available fiber(B2),
Non-Starch(A+B1)E 2<9lo2 ZAAse= A9 7H =2 AddS Jerddlen,
NDF$ Non-Starch(A+B1)E& 8<10% st= A5 7 e QS Hehddth
718 adlomeE AEAAE, AtrawAdE B AN T 2l AR AAAA
@Al yvrol ALQH AL Y YOE AASE 290 ZAAY AP AEF
eNDF3aFo]l 7bg A 4FS A= 3oz #dEo] Y0=5425+0.04229 x
eNDF(% DM)Z ZA3t3th.  Pearson’s correlation coefficients2 %5 1WA
Table3-37¢] ElAHle} 7Fo] eNDF, NDF, dry matter intake, forage in ration,
carbohydrate intake, grain passage rate ¥ forage passage rate 52 W-+9 pHe}
A A#E Yehgd o, available fiber(B2), concentrate intake, sugar(A),
starch, non-structural CHO(A+B1) % unavailable CHO(C)9] A R(-)o A#z
AE detdio]l w59 P pHell mAl= ddasl Aot fAbs 43S

t}. Figure3-262 ¥ Adox AL Alggo] & Hb39] pHol sk W3 Axte}
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Table3-35. Best fit equation for prediction of rumen pH fluctuation based on

parameters
CHO  Available . Non
Item » . NDF NPN Protein eNDF
solubility  Fiber Starch
Polynomial
Linear 0.9610 0.7854 0.7841 0.7668 0.6847 0.7809  0.2210
Quadratic 0.9630 0.7839 0.8863 0.8234 0.7283 0.7573  0.7694
Cubic 0.9835 0.9456 0.9596 0.9872 0.6166 0.8523 0.9162
Inverse 1st 0.9617 0.7833 0.7876 0.7092 0.7008 0.7712  0.2406
Inverse 2nd 0.9627 0.7846  0.8833 0.8162 0.7273 0.7616  0.8009
Inverse 3rd 0.9824 0.9467 0.9607 0.9807 0.6180 0.8569  0.9036
Exponential decay
2 parameters - - - - - 0.7741 -
3 parameters 0.9363 0.6387 0.6488 0.6134 - -

Table3-36. Best fit equation for prediction of rumen pH fluctuation based on

parameters
Exponential decay (modified) R sar. v0 a b
NDF, Non-Starch.(A+B1) 0.8220 4.5233 0.0153 0.1592
CHO solubility, NDF 0.9687 5.8156 0.2558 0.0463
Available Fiber(B2), Non-Str.(A+B1) 0.8508 7.1176 0.0435 0.0921
Available Fiber(B2), eNDF 0.8324 7.2731 0.1391 0.0168
Non-5Str.(A+B1), eNDF 0.8221 6.1038 0.1435 0.0012
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Table3-37. Pearson's correlation coefficients between rumen pH and intakes or

diet characteristics

Parameters pH model correlations
eNDF 0.602
NDF 0.884
Concentrate intake -0.623
Dry matter intake 0.726
Forage in ration 0.623
Carbohydrate intake 0.601
Grain passage rate 0.751
Forage passage rate 0.751
Sugar (A) -0.267
Starch -0.267
Non-Structural CHO (A+B1) -0.906
Available Fiber (B2) 0.885
Unavailable (C) -0.487
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Figure3-26. Observed and predicted pH fluctuation for pH dropping and recovery
rate (a = pH dropping rate(fast), b = pH dropping rate(slow), and c=

pH recovery rate).
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Table 3-38. Best fit

equation for prediction of rumen pH based

on parameters

Polynomial Solubility Avail.Fiber(B2) NDF NPN True(B2)  Non-Str.(A+B1) eNDF
R sqr. 0.96 0.79 0.78 0.77 0.68 0.78 0.22

Linear v0 0.95 1.65 -1.36 -0.87 330.99 12.30 4.43
a 0.21 0.10 0.17 0.09 6.10 -0.15 0.03

R sar. 0.96 0.78 0.89 0.82 0.73 0.76 0.77

Quadratic v0 -21.45 6.78 -235.06 -367.43 699.80 -81.22 -47.38
a 2.06 -0.14 10.74 9.58 -25.31 4.18 1.79

b -0.04 0.00 -0.12 -0.06 0.23 -0.05 -0.02

R sqr. 0.98 0.95 0.96 0.99 0.62 0.85 0.92

v0 6571.05 8923.03 22602.43 34799.76 -44828.05 -12870.10 -1163.33

Cubic a -814.02 -638.06 -1538.83 -1350.91 2490.99 893.58 58.78
b 33.63 15.21 34.92 17.48 -46.13 -20.66 -0.98

¢ -0.46 -0.12 -0.26 0.08 0.28 0.16 0.01

R sqr. 0.96 0.78 0.79 0.71 0.70 0.77 0.24

Inverse 1st v0 10.97 10.24 13.36 12.80 -8.12 0.34 7.59
a -121.03 -180.23 -325.84 -528.85 762.83 272.66 -93.81

R sar. 0.96 0.78 0.88 0.82 0.73 0.76 0.80

Inverse 2nd v0 -5.21 25.60 -210.21 -348.83 655.05 -102.54 -43.63
a 661.08 -1470.01 19435.38 55357.29 -71233.41 9107.61 5931.67

b -9444.78 27062.16 -436585.02 -2158607.79 1953942.01 -190883.03 -176769.25

R sar. 0.98 0.95 0.96 0.99 0.62 0.86 9063.00

v0 -6205.09 -8975.91 -23176.42 -34596.88 49593.37 13162.81 875.23

Inverse 3rd a 451428.82 1130792.83 3066047.74 8023418.54 -8040511.65 -1707785.97 -156290.55
b -10936361.78 -47435387.65 -135138059.12  -620034358.70 434520450.76 73867740.18 9357448.89

¢ 88282837.21 663017238.91 1984973293.63 15969107955.09 -7826197194.92 -1064671437.41 -186544700.09
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-Continued

Exponential Solubility  Avail.Fiber(B2) NDF NPN True(B2) Non-Str.(A+B1) eNDF
R sar. 0.00 0.00 0.00 0.00 0.00 0.77 0.00
exp.decay.
a -167727.74 -1038.64 5.95 -4375316.59 6.11 17.18 5.95
2 parameters 4, 3.03 2.64 0.00 94.24 161 0.02 0.00
R sar. 0.94 0.64 0.65 0.61 0.00 0.00
exp.decay. v0 8.29 797 891 8.97 5.95 5.97
3 parameters a -20.04 -16.92 -36.49 -29.26 -1.00 0.83
b 0.09 0.05 0.06 0.03 4.82 0.35
exp.rise to R sqr. 0.95 0.96 0.00 0.66 0.00 0.00 0.00
max a 20.08 611.11 5.95 30.61 5.95 5.95 29452.44
2 parameters b 0.0146 0.0002 0.9955 0.0028 1.6149 0.8276 0.0000
3D plane R sqar. v0 a b
NDF, Non-Str.(A+B1), pH 0.822 13.5233 -0.0153 -0.1592
Solubility, NDF, pH 1.8156 1.8156 0.2558 -0.0463
Available Fiber(B2),
0.8508 8.1176 0.0435 -0.0921
Non-Str.(A+B1), pH
Available Fiber(B2), eNDF, pH 0.8324 1.0731 0.1391 -0.0168
Non-Str.(A+B1), eNDF, pH 0.8221 12.1038 -0.1435 0.0012
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Med sfielotst 7[=dEE

1. 24 AAA #9E simulation model

A4 AL #¥ simulation model> ¥ FRF7F ohgstA R Eo gk
Vadiveloo®} Holmes(1979)9] =ES Aoz dA4 Lewis (1981), Milligan &
(1981), Dulphy(1989) =223 Oldham%(1998)2] ZEEo] ) eyt A A7
Koz HA 7B RHEAoFE IEH L YE  modele National Research
Council(NRC)9] H model(2001)5ﬂr Cornell Net Carbohydrate and Protein
System(CNCPS, 2000)%< #<& = Atk

£33 H wzrd NRC«] Nutrient Requirement of Dairy Cattle 7" Revised
Edition(2001)2 -5 F7FollA ALY g flstel F836H7 ol &3t e A=
= AAH sl tig ARE st 7Y YL 8Tl S A= AL
el 2 #3442 e AA HE dFeA AL 7Fse dairy cattle
model(NRC2001)& A7)8tax A THINRC, 2001).

NRC2001 o] 7§43l NRC1989E T @2 Fito] RAHAT. oE =¥, F

il

o

9o ABAA 27FE FAL 0 oA AFBIAEL AFe) oA 27 P n
@ Ag Rl mek 70 A¥ HA 8TF FHE oW & dou, e

S
= olglwol e ol& Resty] fjske] NRC20012 Holstein #-9-5

F4 el 55
Aoz 1988 %EHFH 1998 =74 W =583 A (Journal of Dairy Science)oll 2

X

¥E A=9F Ohio st el Minesota tetue] zA5E <183t ©@r|7te] A&
H e7%Fs FAS] A% A= A 7% FETAS AAG Utk
3 NRC20012 Z-o A& AF 3 94 a7 AT Ao €A =
£ AE  HAAIZ=(metabolic  body weight, MBW), 21 A 22 2] 4= (hody
condition score, BCS), 4% X B A #(4% fat corrected milk, 4%FCM), W]
(days in milk, DIM), 4A1d 4, AHF S} 22 754 QAws agsta o g
g A&l e AR ddE dF FrE T do] N 4G = s A
(NRC, 2001)e]2tar Ay z}gkeh,
st A 49 NDFA# = reticulo-rumen(RR)2] &% ol o3 A|3H7] uj
HAZ HE F4T oAM= Folrtm | NDF o] Hare] o 334

r[]I.
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Z 9] Z:/\}E% on- forage fiber sources(NFFS)Z tAst9 < A A

=
SFARE NFFS2 tiAlsd S 49 deddde d44ad Aeletn

A Z At (thermal neutral zone, TNZ zone)= dWrx oz 5~
of welr= o)z Qul. 7] 2%=7 TNZ zone WSS
$-o AE HAFHF 2 grrEHE e AsA "o gYe =39 =

[e)
o
AF =]l TNZ zoneol A B} Hu 55%7HA " & don, 49
S

(Young, 1983). °]&3F #=
Wk opyel, 1 AL S FA sl ,\101"15 e 4ol 2l
Eastridge et al.(1998)2 2%=7} 944 FAU HHAE Hoys Agde a3 2
Wl wAdtkE 3s AASEATh Temp > 20CeolW DMI x(1-((C
-20)x0.005922))¢] 3L, Temp < 5Col™ DMI x(1-((5-1C)x0.004644))o]t}. 121} i1
< ZE#E 77He] wre fFAMNES EW® stel DMI 445 o83t DMIE
9lo] FEastridge et al.(1998)9] XA QA& 2 &
date 29E ¥ F vk FEA JdE FHeE dutdow we 9
AFAToZ st I o] 7] wito] U] Q] ®sh= ofn
o] TH(NRC2001). A d o=z F7] %ol Z 5= free-stall housing
systemell QoA wheF {97 Az FEHE FAS L, vbghel AH
=0, FE84d Sty AF AR A el SIS
A S Z O] tH(NRC2001). Young(1976)2 W5 &S ©] =
20Ce)stel = A 7] %7k 10C 4T winpch Fd 1.8%9 1

E
ol A olep zro] vropxl AskE 2 Atk Wl Ab

flo

o
o2
=
2

-
=
0

©
>
i

ki
2
o
M

AR =
b Aol olge A8

a7t Jedta e e
529 T7MY SHEHE=EY #AAVE S Aot (Kennedy et al, 1976). As}&o
of g eEst WAL 9 wWEel, FEr & K 2AdA Atrel duiA @
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Fe FASL, A9 ABMA, AUAGS 9Nd 27 TR FTIYoEY
o Ao Ffee 9¥s 7Y BAE B 9GA wel AR AN,
g ouAsh Bud FHFoLNE A5 FANES F4stel Fowd @A)
Foleha gl ARE 5@ 7hE9 A4S Wrhkstel Fth 1gm NRC2001S 7
BAATS F4F

9lo] A= (metabolic body weight, MBW), X HH A4 &2
(4% fat corrected milk, FCM), 8] <=(days in milk, DIM)$¢} 2Z& 7}52 Q9w
S sk, AF5o AdeAdd @ A4 dEAFHFe = H NRC2001°] 74
st dEAdAEs AT EA ALto]l dnh

gk NRC20012 ZHir-¢-o] olyuA a2FS FAd e dolA Ao dad An
o 1y A (net energy for maintance, NEm), 44l & 23k Au]o]qX](net energy for
pregnancy, NEp), A %o & 23k AHulo]dA|(net energy for growth, ENg), H|-oll
Z 83 Ao A (net energy for lactation, NENZ FA43&t1 o] ilste] AAksk
oY Ao dwld oS FAT o= fAlel Zad dabdEA
(metabolizable protein for maitance, MPm), Al
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(metabolizable protein for grpwth, MPg), W]+l Z 23 thA e & (metabolizable
protein for lactation, MPDE FA3lal o]& FAketo] ALbsto) Z{-9-o A Fo s
AtRREH ZFSdd A daE dUAE A oA e ZARert FAAFATE ol
dol AEs AAs e AFdd Ao FAAATE oS AFAT v &l kA
HAAIE ZRE AxEE fA5E9 71439 EF%(total digestible nutrients
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2. 2128 A4S DB 2 o] B 7} model

20010 27FEl NRCO nutrient requirements of daily cattle, 7th revised
edition(NRC2001)& Alg =9 oA ks Hrlste WHO R nutrient
requirements of beef cattle(NRC1996)o14 2 FES /A3 —f‘ neutral

detergent fiber(NDF)9] #4lo] M2 EAHIHoR HLd IAZXo=z FolF
heat-stable a—amylase treated neutral detergent fiber(aNDF) &418}HS A=}

gt o (David, 2002), At& 2] AU XA S A4k wo = neutral detergent

insoluble crude protein(NDICP), acid detergent insoluble crude

protein(ADICP), acid detergent lignin(ADL) % crude ash® AEES AMEFA o]

§3h3 Atk o ABA EYH HRES WRAUANA AR ol gYT RS
O

g urt 393 AR 5 U FROR 1T AR AYS A FIAT I
2Eolu},

AR FEPES AT W, dustn A U A AT @ W AT
B 2H9H B #E AT()EY F, 20007 9 Wolm, 9T ey
F2 wEe) velde] ishee WARomM AmE B i

2]
saco, in vivo 52 ATEWeiss 5, 1992; Yu et al., 2004)3} FAlg S
SAomRY 2sEd YIS dA5Mir 5, 1995)8tA} &k
LA Aol A o]59] AbE o FlH A Al At

NRC20012 &23 ZzAlg e} T3 AR BFE AEA sz o 5 7
AtRe] YA ES 3t AR, £ A=, NRC19969] A=eb sty
o] AzE XA A3 ZAIRE 02 TE5 ol ddAgie] ®olvt

i

<

% H
§o x BN

rlo
>
i

i (Cherney ‘&, 1993), B3t Uyt A} =&t U= HlolEEo] F7]o o
gk 2717F AEetA] @i FErEo] e A9t e AS AEe iE SVER
FobAl L, ARE ERF Aol T3, st 9 Eaxdow EFeGlaL, o
=

2 t}A] NDFY &&oz low NDF(<55% NDF), medium NDF(55-60% NDF),
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WESAW pHqusshE dZaE 71E9 AT dwn

1. Tamminga®] model(1988)
pH = 7.18-0.014 x VFA (mM)

2. Allen® model(1997)
pH=6.56+0.0049 x VFA (mM)

3. Pitt} Pell®] model(1997)
pH = pHss+(4Cacid)/(d(BC1)/d(pH))
Ds=-177.2+0.01638(DMI)+4.706(eNDF)
Cs=Ds/VRUK1
d(BC1)/d(pH)=-Cs((381.8+10(pH-6.4)/(1+10(pH-6.4))2)
ACVFA = ((VFA-VFAss)/62VRU)*1000
ACL = ((L-Lss)/90VRU)*1000
ACacid = ACVFA(1-fVFA,u)+ACL(1-fLU)
fLU=1(1+10(pH-3.86))

4. Mertens®] model(1997)
pH=6.67-0.143 x (1/peNDF)

5. Fox &2 model(2000)
pH=5.425+0.04229xeNDF (%6 DM)

6. Klover ¢ de Vethe] model(2002)
pH=7.18-0.0081x VFA (mM)
pH=6.75-0.0022x microbial N (gN/d)
pH=5.84+0.0075x NDF (% DM)
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Table 6-1. Nutrient evaluation and feed formulation program for dairy cattle

System
Program Name Requirements Program Type
. . . Windows Evaluation
Dairy Ration System for Windows 3.1/95/98 Least—cost
. . DOS Evaluation
Dairy Ration System II 2.1 or higher Least-cost
. It DOS Evaluation
ormulate . Multiple
6.0 or higher objectllgfes
. Windows Evaluation
CPM Dairy 95/98/NT Least-cost
. e Windows Evaluation
The Consulting Nutritionist 95/98/00/N'T Least—cost
Brill Formulation Multi—-Species Ration Windows Evaluation
Balancer 95/98/00/NT Least-cost
. . DOS Evaluation
Spartan Dairy Ration Evaluator/Balancer 2.1 or higher Least—cost
RationPro Windows Evaluation
3.1/95/98/00 Least—cost
. . ) DOS Evaluation
Ohio Dairy Ration Program 2.1 or higher Least—cost
DairvMax DOS Evaluation
y 2.1 or higher Least—cost
. DOS Evaluation
PCDairy-2 3.3 or higher Least—cost
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