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EAFLERD D DREERE
David A. Christensen, Peigiang Yu and Marlene Fehr
VAU F 20 VREFRE - FEFFR

FC®IC

M LIV OEAERERER L, TNEMRFTI L1, MR LT 300 EELRERTH
b, RLEERAIFORRERBEZRRTHZLTHHA, MG EHB X OFEEOME &
ZOMROMHEE L BELRERTHD, FE~DOERLRT 7R, RBEE, wBIiFE L HRRERIRE,
FBOMEIIE, By ay 74— b, KELA~OHMAT 7 EALEECHD, ELEICH
T 5 BEEHIETERE IR E 50 FERITHEM L. RFEDELREL RoTWD, REOKREIZFSE
AR B NCERHE SIEIZ BB LA b To b Ui, HEE O S EIXILAOREE & Z O&PFEN: % iR
THEDIHBO TEELRER THS, HEEOREIZOWTIEZ ORERH DD, AT
Z O—EBOME IOV TIRARB,

PN < AWV BV TW LA OfFRIFEIEREL R4 Y O Weende AFFERT CTRAZE Shuiz, ZTAUZRFE
&L Hizek B &, Henry and Morrison (1917) 12X - T Wolf-Lehman fAl#{E%#E L | TREINT

(#E1 .

FAE Morrison (1958) 12X VEGT &, FAELAYIC US-NRC f#IEHEIZ 2 o7, IO Z A1 .
K. Loosli Z AR L LT 1945 FFICRR Iz, TORUWETRRS NRC (2L - T 1956, 1978,
1989 5 X O 2001 EZFE R iz, 1993 4 (Z{X, Comell Net Carbohydrate and Protein System

(CNCPS) BavFa—ZETF/NE L THEHAESNS XS I/ ol, 2006 Fizix, HERER®
Cornell-Penn-Miner (CPM-Dairy) E7/ARFIE STz, ZiLit CNCPS EFLOHEBRE~— AT
LT 5, 1917 55 1989 SEDRIICHERHE R ERICO T REE N H o 255, 2001 NRC B X
O'CPM ETF NV TIIKRIRZIEMN - 7=, "IE{LHE BE % Wolf-Lehman 35 X 1Y 1945 NRC #F#(Z
BUAHEAZICEREL, &5 CPM ET/MIBIT AREEAEICERT 3121, WL 2005
HAVETH D, NRC 1956 TIIHERF TDN BB L, ZO®EM Lz, ATy ABEBIONY
VR EFEMER LTV, HEREICST HHREREIT 1989 FLIERD L, 4%IE15H 1
kg %4729 @ TDN X 1978 {ELIRIZFIE—ETH o1z, TFRAX—EHEIT 5 BEIZ NRC 1989 DZHE
KUTESNT, ALV T LAEBIOY EIT 1956 FELIREM L TNz, X 1 ITEERESICET
HEMEE EDELOTHD, NRC 1989 (ZE-3< Spartan JLFT0 7 Z ARHFFEHETIEEE
S HWBRNTWA R, %< OFREERORFFHZIT CPM-Dairy 7’1 7' F A% -3 fiftattic
XD FDEEMEZRMA LT %, NRC 2001 (ZEERENES & LTHOWLRTWA A, T
BIEE - BLBRRE 7R /T AL LTRERFERTIIEL AV BRTHWRY, ZOEFMIIE LR



IOHHAPE (FEILE : 60 kg/ A) 2BV TIE, RO EBRIIL =R /¥ — (NEL) E2ME < FF4ff
Sh, ZOZHBREMIZIZEXENRVEOR WV EYERE L L THEESNS (Robinson, 2007) .
NRC Dairy 2001 #HWTEBIO= RV —EEHEETH7-OIZIE, #, HEBE (CP) | WM
FTHE—Vx v M#E (ADF) | BB4T ¥ —2 = > MfHEHIER'E (ADFCP) , HHETFH# —V =
Mg (NDF) |\ T & — = > ME#EHEBQE (NDFCP) , =—7 Vi), Kok Lt
T = OO RITVINTFAEEZER  (processing adjustment factor) (PAF) THIIEZ1TH LERH D,
ThbbaHEESRE (TDN) KD, ERZFIAF—BIUNRBET R —ICEHRT S,
HI# TDN fEiTHERF = R L —4E i (TDN,,) THY ., ikt TDN id A% 60 %L EOHE ik
BREOWINIFEsTIOEET A AN VY 85, 3 [EOHERRIZBIT 5T « A0 72 MK
12%THdD, TAAATY FOXIZLUTFOLEBY THD,

5 ¢ AF %7 b = (TDNyy) - [((0.18 x TDN ) — 10.3) x EHE&]/TDN,,

BRI EOMEE LTRENSD, &I Robinson (2007) BZDF 4 AB 7Y b AT A
DFYHITOVWTEEM L7-#5 8. NEL fFEHREDOTRICALEHRTH S Z XL oz, =
DERITEEDOHER XD 92 FEOFAEHIES bDOTHD, THEINSD LV ERER
L OFEEIL B ERBIL= XA —Z2 AN DT 5 2, FARNERWIL =R /L ¥ — 8% EREICHEE T
&5,

# 1. A F o dtE

HERF HERH TDN AN A )7
650 kg % g/d kg/d g/d g/d
Wolf-Lehman1917 476 54 - -
US-NRC, 1945 504 5.00 14 14
US-NRC, 1956 694 433 11.2 11.2
US-NRC, 1978 515 453 22 18
US-NRC, 1989 428 451 26 19
US-NRC, 2001 130 (4.51) 21 27
CPM-Dairy, 2006 1.34 (4.73) (60) (41)
PEFLAL

1 kg, 4% 08015 g/kg glkg g/kg o/kg
Wolf-Lehman 1917 39 0.157
US-NRC, 1945 45 0.32 1.0 0.70
US-NRC, 1956 32 0.145 1.0 0.70
US-NRC, 1978 87 0.326 2.70 1.80
US-NRC, 1989 90 0322 3.21 1.98
US-NRC, 2001 66 (0.324) 1.72 1.58
CPM-Dairy, 2006 68 (0.324) (2.48) (2.06)



HEFEEDOET LT
HERFB L OWHIC KN BER B ERBEZHAT 27200 Ea—FETARREHFET D
(F2BLT3)

7%2. 48 MMHAMRD 650 kg KLV A X A 4 (#EFF, BCS 3.0, 20°C, JEUEHR) D4 fin i iE(E

DM DE ME NEL TDN
US-NRC Dairy, 1988 8.0 222 18.9 114 5.0
Spartan 13.0 - - 13.0
CPM Dairy 13.0 - 18.7 -
US-NRC Dairy, 2001 12.8 - 17.3 10.3 -
Cowbytes 13.1 269 - - 6.1
US-NRC Beef, 1996 13.3 - - 14.2

23, 58 2 EEWRLIV 650 kg RIVAZ A 4 (40 kg HELE © 3.6% M5B X T3.2% CP BCS 3.0,20°C) @
7 il AR B E R

DM DE ME NEL TDN CP MP Ca P Vit A
US-NRC Dairy,1988 234 75.6 65.9 39.2 172 3831 - 150 95 494
Spartan Dairy 24.8 - - 382 - 3800 - 162 102 97.0
CPM Dairy 23.5 - 62 - - 2763 161 100 79.0

US-NRC Dairy, 2001 26.0 : . 38.3 & . 2649  70(A) 62(A) 715
(A), FIFTREZR LT LB RN >

NRC Dairy 1989 Tidk, BoEDMMDET V& i U THRAIREZ (K< FRIL TW5, WELEIC
DUV T NRC Dairy 2001 3 bV EEMEEZ S 2, ZHUI AL TF 2 U o REFLABHICBIT 268
EIRELSH LTS, A 40 kg (3.6%NENFL) DOHER: +IAFLO IERIH =R X —8]i,
NRC Dairy 1989 3 X T* 2001, Spartan 72 & TNZ CPM Dairy TRIFEE THD (382~392 Mcal) .
CPM Dairy & NRC Dairy 2001 TiX, ZOAEEL IOV TIERISEDRBEAERLEELTW
B, Thb 2 207 ML, FHLEEDOHKEREZFET H2DDE OFHARIEREED
ZLENTEDN, TOEDITITHREHNREEHFRELELT5, MET/VE b, BEOHEEDHT
IZHESWTEIEFRERZ BOFAEHAKRT —# X—AB AL TW5, f@fHs5IcBET2EE R
MED 120k, EYHERBEOL_LVEREKBIZTSZ L THD, NRC Dairy 2001 3 LT CPM
Dairy E7/VTClL, I 3xTAFIHBEOHEEMEAEZ RV TWS (3 4) , BEETRER: 2 X 7 V1368
BT LT LRV, I XTIV OREIEZI R T L OMETR & 2 0FHiEIC L -
TRELE®HT S,



#4. I3 T)VHIATRE

FIH ATREHR %
H NS T N o 30
FN T I T I fie gt 60
TN A IR E 70
AN TN ik 95
BN A Dical Phos 94
g FEL 64
v T I fi gt 70
U Dical Phos 80
v IR A B 16
v TR A Magox 70
ol Rr N BCEL 90
il ML 4
#f A A 5
e @ g 4 L= 0.75
o ¢ ik 12
LA L 15
GHE S il A 4 20
ol g L 100

NRC Dairy, 2001

EYiEIE
WIFPEOEYERE L XN —EREEZEL 2 L3, R ELREELHERT 571201
RAIKTH D, FEHEREIZRIETEEIZ OV TIX Allen (2000) 3L T8 Allen 3 X U Bradford
(2006) 23keFERE LTV 5,

HEEHZ DWW TIEE L DR TIEL TR O TV A0, AR TIE—HOMEIZ OV TORR
~7% (Mertens, 1997; Hall, 1999; Yu 5, 2003; Robinson, 2006; 5 X TF Zinn 33 X TX Ware, 2007) .

Varga (1998) 1% NDF % fafHEREIZ 3 HHIRER CTH S & LT, Mertens 734 FIFER L7-&
EOD 12%% B R FAEHERER & 95 L7z, Varga ORFHIZE 5 L, TMR oML NDF &)
HED 1%EB2DZEITENTHS EHE LTS, Allen (2000) 1E, 25%LL ED NDF #&ie
fAEHZIs T, NDF 2MEEHEIE Z IR 25 AR E W Eibem LT\ 5, RO imrY 22 Ul
EN 1 em LT OSAICEEREREN NS 2 Z LB 60278 o 7=, BE NDF JE{L3R2 1 B
FRT 3 LB RENS 1 B 017 kg INT 5 Z & LM o7, BEENEW CHEEKITO
KIS AENSLEITEZ 5, < AFMEF D NDF 134 REMIE X 0 FEHEREIZ 5 5 HIRS
Mt EZbhD, HAMETIE, FA L—V0EREIIFER S LR L5 ek v
otz AT A L—YHPIZEENAT VE=TBLUVEBIZLZbDOTHS,

HLEEE} NDF LISMZ H 2% < BRI EYHETEIZEE L T\ 5, mIENSEH IR ERE Z KT
S5, Zhit, PEROFEHZ K o TR X —ZREPWUI-S DD &5 WIIIEN B EY



REELT DO THDEEZBND, Allen (2000) b, JEIRa LY R kF =2 (CCK) HH
ZRE L CHEEREZ 726 L, BOEBEZET SED L~ TW 5, SEHRREIC N D IRl
HASIROL B SV T —EDORERIFIF/ S TRV (Choi 5, 2000) .

R OBEAEES &Y 18% (H#E) £ TIIEEHEREREML, Zhll Lo L Tl
BRRODPELIBOERICSH D Z ERLERERH D, —F, EEFOT IV BOT N5
AERREZED S5, FBFE CIIERICHK T 5 AEWEESTF RO EEE AT S8 5
EEZLNTWER, TOBREWIITHATH D, H5EOMMELS DIV L FEhsIR M AR
THIERFMBATWD, £le, T I UAFEZIIMMD IR T NVOEBRUC L > TE—HIKDRE
JED ES LT HMIERAE b TEFREHEIREZ BT 5,

F—HN pH B X O@ME/EMT & F—T R IIERHEREOBANCBE L TW5, | B pH A3

5.7 LAFIZ72 % L BHERBE BT 5, F—FHAN pH OETIZEWE—FNRERE L~z X
HrEZOND, REBMUSNTIE., M7 a—2AOHEMAHKIERICEE LT\, KEEY
T, FB—HIC X570 vF UV ROEA - BIROEIMNATHERE L OFEEHEREOHDV 2 67256
3. Allen 3 X OF Bradford (2006) 1%, %—H NREEEEHIERGRAENT 5 & GRS 13 %
DLEEOIZ LD LIz EEZRLEMEIZOWTERH L TS, Allen 3 X OV Bradford
(2006) 1%, FFIEANTO T o &4 BROERLI T & F /1 CoA DER{LE LT ATP @EEAIZ X - Tl
JE&ZE 7o b3 LWV ) ITELER A EE Lz, B—80 o/ B~k 7 ML, e
A UBEAE B S THEEHEREZEMEES, LirL, SaTRICIZT R e &7 U EADR
m, 1EgRA 2 O, NEREREA R VBT, BBV iRt X OWENEREE (LT
2 HbNZHET AT NVALAEN EE (NEFA) OEBEPEZ D, ZORWT TR, e 4 BETIRR
{HBHFED 7 N a—ARIEAEN NEFA OFrE, IEMSMBOMEIR X U EHEREOHMEZ H 7= 5
THExET 5, ZOHEBIISBROWFRICLIBEMITINNETHS, FEHEREIZHT2H
b ORI - KO ELIMNC S, FEHERERICEET 2 ERI B FET 5.

RESFE & BRI RLEEIR

BARITZEEE IR ~ORCR S ERTH LN TE S, BIFHEIAEEAEIEOENTH S,
CEAFPEI T A BHERGEE (gmin) & LCHIESN S, SR, EEEORENS 5581 L ofd
Ea e Vo Z ETH D,

BRA, MR, AhTEd KX OMRRICINZ Tl E ORI RS EF I L ONRIRMEIC BT 5,
IRTAREZ I, FRECEY. AEERKEY. AR o= EobrEORER
b BRI IR A 5 2 5, B EIFIXEREZ D X E 503, U R X UHEE RS
ARGEL TLY R ELRFEEBELRRICL, BREZENSE 3,

Mayland (2002) 1%, BERHIM OB S/T AT 707 7 REEN B OHEBHIAN Y BRo7=H D &Y
ZRIBRMEINDZZLERELTND (RS , ZHITFERIINY B TZREEDIZ S B3, L



ADF B LU NDF 8D RNWZ LIZE DD TH-72, Mayland 13V 7= L OGEEERA 2258
FEHERBRIZ~ A T ADOEEEE 2 5 Z L LM Lz, TR bORBRITKE DAL 40 FEHREL
FACEBINT. AFTF « v=bYNOdk& 51 ETEE L ZFROBRNGIZ, TAL7 707
7 -FE—REE X O E, fEHERE R X O RIZ T 5 CINREZ O EITRO b
nixhrolz,

S FRETAICMNO ST IVT 7V T 7 @D

PM AM %
HELSHE. % 24 223 0.75
NDF, % 39.6 41.1 0.09
ADF, % 304 320 0.18
V=, % 640 67.0 0.08
IVDMD. % 782 763 0.02
bR A AN, glkg 073 081 0.01
HifE, gkg 143 108 0.01
NSC. g/kg 532 419 0.01

Mayland, 2002

RLEICEE 100 FSELL EOMERMALEY GBWEBEOMN 2 %) BREENLTWHAH I Lambh Ty
Do FkHE, HRER LOEPRIIRERNICE A ALEMOELEZRET D, 2L X, FiX 6-AF -
5-~TT U2 F ANGEIREE R T, 3T AT e A UERITE D . FRERIREREIET S
DI RAF 2TV REFFHTHERTH2HET 0 ha—ABRE I, 7-& 21T, Kroeker

(2004) 1XAEFITBENV e~ D VEFICHITSEREEZRE WIS EHA LI Lz, WAL
FEHh e WEB 2R L 72D O RVMHA A H 5, THORNICER U 2FEHEIZ T AL BT,

WELAE TMR B 2 R IRAICIB T AN 2R 7T, 26 < OA4RITHATRE L 0 BRIE TR 2 4F
Tedd, AN F 2 U KREFFETITH 20% 3 HEEHIBIRMEZ R, TMR [ZKZMEX TRy %
50% iz U CTHETERRL 79 A X EEEICEET 5 Z L I1T L > THIZ X 2B 0 &Rk o5 & il
TH LR TCED,

FEEH KRED LUFEEHE SR DRE

FITRBICRT AEERERTH Y, MEHERE, ELEL LUWAEICEELYE 25, XA
X1 BOBHLBHOEXThD, HBEIIL—AY (SUronbolA) I2ES3 bDTH
V. N7 RIRELEONIREDIBIETH S, 1| L7 RE | —A M (IZHYT 5, FE&EDT Y —
A b= /VEIRITIX 200 V7 AORBABMLETH Y, FEILEITIIRIE 500 V7 ABVLETHD, B
Wi 5107 2THY, EEBIURESFIZ 10 V7 ZATHITHZ ENTE S, KEHIX 35000~
100,000 /v 7 A Td b, HEENIIARRS & ORI L 5 2 2 s, GIEHERURS LU
FLERICIIEEEY 525, W - BEH 12 R & Lol UCRA 18 BRERE - BEH 6 BEREIE, EERLEZE 1
H 2 kg N S SfEEHEREZ 23%#MX % (Dahl &, 2000) , KOFEINRRELZN LIZHO



ThHY, £ AY AFERERF 1 (IGF-1) OmiEFRED LR %445, Dahl BHELIZTTO
AERIE 39 ERLUAL TEME X7z, Auchtung B (2004) 1%, EXEEM (B 8 Wef - M5 16 Ky
1) 12 2 2o H RS L= 3R eEM (B 16 BRR - B5HA 8 BERN) OBA &l L THIRE 16
EEOFEHERESZEL | EARLZVVHWNEH D L 2@E L, Zhid 10% DR L~ T
Holz, 4~8 WEOELROHEM (0 4 kg) TEBETHolz, HMRICHT BT o7z,
WL D DFEEEIZ X B REFUSDUENRHRE STV D,

HAOEEHE S-EENZ W TIEA S BFEAMThiL T 5, Mantysaari (2006) 13 3C#KZ FRRE L T,
1 H 2~6 EDFEHEGIZ L ZRENR—ETRWI L 2R Uiz, —#ORER Clifikha 5 E¥1 %
WM CRIBHERENZ < 2o TWedd, RREIEHEREIX 1 B 1 EfRSIc Lo TERSND Z L
NG B NS e o Tz, BB FEHG 513K BRM 20 S8, REEHERE LD S8 5,
Kennedy (2004) iX~= h M (b 49.8° - IR 100°) T, RBEAFZ A fEHE 5RBRIC
BT, EAEETIIAZD 1 B 1EHRESHHO 1 B 1 ERS & ik L TEE 10%, fkhx
9%KEIES (EELEBEECIISES R ZEEHALMILE,

fAkHA S A & BRI OBz SW T, BT 4 - w= FNKEO Nikkhah (2007) & 23FEAAIZHS
MLTWD, WAL (RVAZA FE) ORBRIZIBVT, Nikkhah (2007) 1% 9 B L iz LT 21
eod 1 B 1 EIfFEHE G- FIEHERE R L O 4%FCM SR ZMMS 5 2 L 260 L, RE
1%20° CIHERE L. JEEIIIXAAM 18.75 e - M 5.25 Beffi T o 7c, B — 7 SEHEREITA 5%
3 RffEI Th o7z, HEHE, ADF, NDF B X U DO LRITKRRESTHREF TS 21 KFOf
BHEBIZ L > T ER LTz, #5542 B 7 v a—Ri3 21 BHIRE LTEBAE0IE 5 MED -
7= (¥£6) .

F6. OMFE 21 K5 1 H 1 [AIFTRHE GO PEFIRBIN D (Nikkhah, 2007)

HH FEPE RAFPE

9 k¥ 21 I§ 9 [Ff 21
LI E 20.4b 20.6b 18.5a 20.4b
PEFL AL 4%F 32.1b 34.8a 26.3d 28.8¢
&R, kg/d 1.05b 1.22a 0.89¢ 1.00b
EHHE kg/d i) 0.97 0.93 0.98
DM dig % 60.8b 62.8a 60.2b 62 .8a
NDF dig % 45.2b 49 9a 44 5b 49 6a

M7 A a— 239 BZEE LI=Bah 3.2%md - 7= (75 mg/dL %f 72.7mg/d)

KEBLIUERRE

KIZHFIZ L > TR LEELEREED 1| o THD, @EOKB+HSIcBIRENRWE, i
EEESHIR S NWILENSEY T 5, KEIZIMEKRB LU "o E LToReIic b EEs
'5'2‘;’_60



HiBR EDOKDOREIZHE KR TH D0, EHAKIL 2.5%ITBE T 97.5% K TH D, HER EDOEKD
i (2.5%) OB, 299%BHTFK, 03%H38AKMI LOIIDAK, 0.9%H 15, i JO%
AEEIZEENDKGTHY ., 689%D KR IOTEFIFET D, HRAOKEFRED KT H
RADERTH D, AAROBEKEIERTELKERRE @30 km’) YT 5, BUK&RIE 90 km' T
HY, FDHIH 64%BERER, 19%PFEM. 17%NTEMATHS, KEITREIZE=¥—L,
P TND BRITEREEEEZ L TWD, bR, HBEBLIUT v ENL 2 ICEELZBBL T
WBHZ EHB®H 5D, NRC Dairy 2001 TIEFHDKEN A FTA4 U EZRLTWS (RTBIUY) . &
EEDHRRERA O 3000 mg/L LLTF DI, F0RHKE LTHITE A CRBIZIZ B0,

#17. FKEROKEHA K51

HEH HELE LR (ppm)
FEAF hF 45,1987 NRC, 2001
H T A 1,000
TR A AN + HiffgA 4N 100 44
AR A AN 10 10
itk A A 1,000 500
HEBBIUOMET A

TNAI=Uh 5.0 0.5
b3 0.5 0.05
Y YL 0.1 =
HHE 5.0 5
HEITL 0.02 0.005
A=A 1.0 0.1
=AY 1.0 1.0
il 5.0 1
7 w1t 2.0 2.0
i 0.1 0.015
Tk ER 0.003 0.01
FYTF 0.5 -
=i 1.0 025
Ly 0.05 0.05
P 0.2 3
NFT L 0.1 0.1
Gil) 50.0 5.0

KEHA BT A e E, 1987
[ESZHF9ERERE (NRC) |, 2001



# 8. Kin - KEMEHUK O Ofe#t
K DRSS R TRk

(mg/L)
1 000 BAF IO OKIIEEARLBIELS . HHWIFEE - FBICHEKRANE X2
! -
1,000 - 2,999 R BDKIZIREZE LTS, ZAbIEh TWO A WEIZ —iEt: TR

EOTHZBIZEZTZLENDS,

I EDOKTEN TV RWEIZER SND Z L 0—BIED THRIZS E T
3,000 - 4,999 TIERHD, KOERBIABKRITGELRWZD, FF - FEDMGD Rl
UFemaZ inbs,

5.000 - 6.999 T D DK EIEIREW X 7= 1 S FLEC B 2 TR 57V, femm O
’ ’ BPERSNRWERIC, HOIBREEEIIEZ DI LNTED,

7,000 - 10,000 IREDKREFICTEZTII RG22, RERESEEEETAEL 2,

[ESTHFZEEERE (NRC) |, 2001

R EREIIEICEYERE L WHEIC L > TREESNS, fAPOEARLBEOEEBLIO
HORE HERRIZEELY 5 25, NRC Dairy 2001 TiX, SFEREZHEET S0V ODOAKE R

LTWa,

WIEAIE 1 BIZ 100 L LA EDOKRZHEET 528, HHAFEEALFOKSEREIZ 40 LUTTHS,
BT RICHEALERICKEZSLELT 5, T ICHKTE RN L AEHER S L. WAL &L IR
R

HETE K S &
1 B 1EEYY DL
L=1599 + (Q.I5xH4fEHE, kg/day)
+0.90 x PEFLE, kg/day
+0.05 x FhUUAEEE, gday
+1.20 x AREER, C
NRC Dairy, 2001

TEAKIX 60 mg/L LAEDOHINY O BELFANTY T A+~ TR0 L EEHT 5, BATREE
HARIOMREET LD, IRTAVEREEZHM-TIIIFHTH S, KPOFFEI X T MVEIH
AP OBERME L LTHBETH LT TR EfE~DFEML > T Mok o REDZR
ML WD FDEERMRICEY 5 X 5,



EIEHRICHFTIES LA, FAENSES LUEEE

TR OAF AR DG L VIBUTOERB L ETRRZZGEDBEN, VFADFa2T K
ZAFEOFRHI AW STV 553 L1, NRC Dairy 1989 33 X 182001, CPM Dairy &7 /L72
BONZH FFEHOFRESHETHO SN TV HiER Eofkx iR Y —RichkT5 (R9)
ERETODHNTE ZBHE1L. FOREIZL > TEHEHER Z RO T WD, Sl EHER T —
BR—ZALEELSFIATES, Hae7 LIy 7 ZARHRENTEY , FEFORDOFRE L~
IS THERATES, YAIF2 TV VRETHE, H30%TAAIVMLEER MY v (B
B) FRIMEICE SO TAAR T LI v 7 AT L (F10) . ZOTVLI v 7 A, £<
DR TV A P ED=A 70 IRTIADLNUREL A THD, TOEHAIL, F—HAK
Mt B8 UL TOEMERA A2 75 L7= Bamet 3 X T Reid (1961) 35 X U Martinez 35 L U
Church (1970) DOFEIZESNTNS,

9. WIF DO TMR EHA RS A >
HANF 2T KE (40 kg HALE : 3.7% JBIH)

IHH 2P o it HH it (DmM)
{24, kg 24-26 BN A, % DM 0.9-1.1
BEL, %DM 49-53 I 0.46-0.5
HEBH, % 175185 S/ SVAr NN 03-04
RUP, %CP 30-35 HY 7L 0.9-1.4
MP, %DM 10.5-11 FThUTA 0.3-0.45
RDP, %DM 9.7-9.8 i 03-04
NEL, Mcal/kg DM 1.57-1.63 it 35 0.22-0.25
ADF, %DM 19-21 @231 b, mglkg 0.3-0.35
NDF, %DM 30-35 i 12-20
NFC, %DM 33-39 v 60
k5, %DM 23-27 ik 80
¥E, %DM 5-9 ERVE 0.9-1.4
T —7 /)VilitH¥, % DM 3-5 Ly 0.3
Vit A, 10001U/day 100-200
VitD 25-35
H2EL % (late dry) 35 X OMAFLEH VitE 1000
(early fresh) 4o EAF 1 =2
B ATy




#£10. 32 IIN-E¥I TV I v AHK

Y ANF 27T KRG RET
#5 % A BHBEDH BHEDMDFESD
FNT T % 16
V% 8.0 JV A i, 22 mglkg DM
WA % 10.4 FA4 T, 6-8 g/day
TR TA% 7.6 [REEAZET t U 7 L, 200 g/day
HITAE% 1.8 a5
hiisE % 1.0 BIMEX IVE
v TR % 45 =8 %
& ppm 535 ey
HEH ppm 2100
~ 4 ppm 1500
#k ppm max 1050
L ppm 16
3 17 3% ppm 45
=31~ ppm 16
B4 I 2 A'000iu. 330
E# 22D '000iu. 60
E# I Eiu. 2500

LR D 3% 2 EA

£ 11 RTEEHE, V2T F 2T VKSR TOE L OffEHE 5B BT DRk L LT
LTebDThHD, TV 7 N7 7HEBIUOKRENS L—V0FIRE, #HBLIOCEAEOERICG
CTilRE+ 5, TROFARICIIAESHE DB E LTERSREZ 480, hUyEFra T HHE—
DEMELTHEHENS, KEZLVERONEBLIVT RS LEETHEMPTER Y LRAZEOLERE
MERELND Z LB LNITRoTWA, CPM Dairy 7 VEHAWEZL OEFEAERRIZE T, %
J—=F 3N, RKEI—N, bUEBaIVINT Uy I—NVBIWhEPAT 4 F—X - TV
(wheat distillers grain) (WDG) DOEAD, @VVEEMEZXZ 5 Z EBHALNIR T, BITEEO AV
VULE, ¥x /- THBLUI A M—F0E (5 SRR P—FIT Lo TEE, ik
Liebo, %) LR AIE=3 1 F—ERE2MET 52205135, v FHFBETOEN
BAHT (heat unit) HUKO—TIX hUER LA L—UREERRETH DI, TAT 7V 7 7kl
YA L—VERRREFA L—VDBIELSERAENTWS, KFE A L—U13 NDF SRR EREY
HIRRT2EAAH Y, MEHERRZ BRI T DT LT 7 A7 7 2BE L TERT 2 Z 8%,



11 EEER R A R e et

S AHNF a0 KE
25 PE TMR - 50:50 HLETE - SE R
40 kg HFLIED TMR &5 (Gz4m) 12 kg AR
%
K& 57.00
6 kg KEHA L—T N 3.40
ek 5.00
6 kg FTNT 7 NVT 7 HEE Ep ) =TI 10.50
KegI—n 9.60
12 kg FLA4=FH e AR /1\Z DDG 430
7.8 kg #4kL rED Y GM 2.40
42kgH TV A b Mini-Vit 7L I v 7 A 3.00
S 2.10
Co-11g 0.70
¥y /—T 0.50
Golden Flake 0.80
Z Dl 0.70
#/3vw 7 7—_ Dynamate, A4 7> FE

X¥ /) —FI—NABIOKEI—1LORbYICZy FOTRESRE Q0% Z#EHL T,
*TAREAEE & 4 LV 43 kg H L EQG.5%ARIGIAEESLE) DEFEM 2 HEFF L C& /= (% 12) , NRC Dairy
2001 EF VT Y FYEEHEBHZ DWW TOFEEILENMES FHMi S Tuwizizd, 2k
BRThHoTz, TOBHBELLT, F—HAMEYERENRNTRIVZNh oI ENEZLNE,
T FUERAEEIERICETOTVWA, EEEAEONEEITIZE A LERZED TV
VY (32 13) . Hedqvist 3 X TF Uden (2006) %, A= RO GEREOSREEN LA D
100%1Z%F LT 1 REI4 720 39%THh V., fEtERKE I —VERE TIE 1YY 46%THD
ZEEHBLEMNT L,

F12. MM RS SOEILRICHT 508

LA
- BS L ATLVERY Wt R

PEFLE, Kg/d

FEfiE 40.8 41.1 408

3.5% FCM 431 433 418
Bk, % 93.9 92.6 90.2
FERK, %

il 3.86 3.84 3.68
EAH 3.13 3.14 3.13

HL A U, kg/d 275 272 28.1

Jackman, M.Sc.5®3C, A B F 2 T I



# 13 EWEVE W &SR

CPM B— MR #1ER (% of CP)
J75hav B (%) KE ITUFT Fv/)—F KM
A% D NPN 35 L O° :

A Ptisimin R 1 7 11 11
FEMHoEAERB L

Bl AT 200~300 16 68 21 9

B2 Rt ORENEY 5~15 75 23 57 77

B3 Aate O B 0.1~1.5 3 0 4 1

c HAREE, EEUAR FTRE 0 3 i 5 g

RY F=%EN
*CPM FLAEEF s b s

FEE IV 20 E 2L HAFRAAEHCETMEN 5, BITREZ < BRSSLy MElZHE R
TARNF—EWO SHDZEDITMA D, £/, =RAVF—RE LT, AEHBEREELESED
T2, HHNVITRERCEIANZWET Z1-DICBLEEZ X %, b b X UFIZH F 7o ey
HERRIGEE L LTIX, A VA V., CLA, A A X3 BB b5, B, ¥/ —7, REB
L OEDOMMOEMIOZRNR L FES TS (Petit, 2002) , A A H-3 [EEE &AL ENEE
D7D, RMEFIZEZD2NINZICEEMZLONATWS, ¥ /—7, R, KEBXOT
NT 7T 7 he_—RL Licm s R MV—ZABEBLE A3 2 0 F 2 U 2 KB X O e Ofdklhe
HTHR SNz, 135°C TOT I A bA—FII A R ABAER L UL SR Z s+,
MR KB & 65, BERESEIX 32%, =— 7 /VHIEEH D 22% TH 5, 31~200
A ofakHe 53 BRIZB T, dTBEE &l U CESLE (38 kg/day) 13HERF S 208800 L,
FUMERITHERF S LT (3R 14) o FUISWARBREARIZA L1 V8. CLA 35 XU A 43 f5ihEs D1
M X>THE LWELERLEE (E1S5) .

#F14. =7 X P— BB (DairyPro) % FV 7 EEFLARERRE R

xf A DairyPro
PERLE, kg/d 37.7b 38.6b
3.5% FCM 37.6a 39 4a
FLAENA, % 3.54 361
HERAI &L, kg/d 1.31 1.40
LEAE % 3.30a 327a
FLAE B kg/d 1.25 1.26
#HEZL, g/d 142 229
TR, kg 26.7 26.0

1.5 kg @ DairyPro % & H 5- 7=,
DairyPro DHLRRIZ 65% KT, 10%MEREET, 0%y FUE, 5%% %) —FWFBLU0%T LT 7L
77 TChD,



#15. =7 A bA—FERRLE (DairyPro) OILAENAEEHERRIZ X 5 %

IET pogit] DairyPro
fi ket fi ket
C10:0 7 1 g 2.15 221
Cl2:0 57 Y VR 433 3.55
Cl14:0 2 U RF il 142 12.5
C16:0 73V 3 F L8 36.8 31.4
C16:1 7%/ b LA VR 1.76 1.56
C18:0 A5 7 U fi 10.8 13.5
C18:1 A LA B 194 254
C182 Y J— /i 2.09 2.62
C18:2 CLA 0.51 0.99
Ci83a-V / L i 0.49 0.75
EPA + DPA + DHA 0.13 0.26

EPA, = aH~_2FZ B (20n-3)
DPA, Ka#~=1 & (22:5n-3)
DHA, K=o ~FHF (22:6n-3)
P AN F 2T KE RFEERT—F

#1L W EEE

FADEFRIAH AT AHERYLFHEIC Lo TWa, iBE 30 FEI TN OITHEM b EA, H
FRCIIFE—HBLOHEILEZHWD L5175 TW3, Zh bR bFEEE O M aESE
FHEEL, BAE, (tFEDEB I UCRAMHOYMIEOBGCHEMERZELTLE Y, Yo nm
Fa o HEFEEANWD Z LI Lo TEHSOYHROBFRB L UOHEEREZBEONNITHZ LN TE
% (Yu,2003) . ZAviX, RN IS X OSFEMT (77— Y =&Hie L) ZFRIA L7-EHm7eF
ETHD,

T

RAEFRIE S L O - EHTIEIELEN A REFEOICHR SN OEREEZR - T
~LE 100 FHTKRE <A L, FEIEEOHEMIIEE TH D2, FEFRERF OFEZRTITE)
EEHE L THORERLA VI 74— bl T Z L b TEETH D,
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The Canadian Dairy Industry: |
2005 Statistics
+ Population of Canada, 33 million.
« Number of dairy farms, 16,224,
+ Cows, 1.07 million, 0.50 million heifers.
+ Average herd, 66 cows: western Canada,110 cows
+ Holstein milk yield, Canada 9,624kg, 3.71% fat
= 10,014 kg,3.58% fat, 3.17% protein in western
Canada.

= $ 4.8 billion in Canadian farm revenue.

+ $11.5 billion in Canadian retail dairy sales.

» Number of Holstein bulls proven per year, 750.

+ Value of dairy cattle exports in 2002, $130 million.
» Value of semen and embryo exports, $66 million.
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PROCUCTION MOYENNE (TOUTES LES RACES) - RELEVES PUBLIABLES
1 Y

- 2004
1
m
209 =
£
m 2
. s s
= s B
5 3
3
2 o
000 2
é
=00 mo g
el Li0]
1650 1955 1970 15 1D 13 1#0 195 e
i { Lan ==F3i[ Gazs _ Proten ! Proiens
B e Lo ey e ——— mans
i Gag by ok Sy Temon AART | Saoa nial b 0or 3 T4 e soie Wi AL

Potential For Milk Production

COW PROFILE
LACTATIONS 2 |\:{:|_1| _‘;!_s 1
] |
Pr— — — ~ 4l
s - il
s = 15
45 —  Herd milk yield targef: 14
a 1960, 20 kg/day i
35 1980, 25 kg/day “‘1
1
Ko 30 = 2000, 35 ka/day = o
25 = 2007, 40 kglday 7 8
20 :
1% — =5
10 = A * - 4

. - #* *

5 » x I £ :
R T TSP SRS SO S S Y L PP S PP RS SR p— =1
= 3 2 g 8 & 2 g = 2

8 BB % 8 B % 8

Milk Processing and Utilization in Canada

» There are 460 processing plants in Canada.

» Saputo, Parmalat and Agropur own 15% of
Plants but process 70% of milk.

« Agropur is the only large producer owned
Coops.

* Fluid milk and cream are 38% of processed

milk.

Fluid milk consumption is 80 Litre per

person. Cheese 12 kg and butter 9 kg.




Key Feeding and Management Con_c_ep_’ta-

* Nutrient requirements and nutrient
models.
* Feed dry matter intake
= Feed, animal and environment factors
= Palatability and preference
= Light management
= Cow comfort.
» Water requirements and quality.
 Practical rations and feed selection
= Milk yield and composition
= New methods of feed evaluation.

Development of Nutrient Requirements
of Lactating Dairy Cows

Maintenance Crude TDN Calcium Phos
650 kg cows Protein g/d kg/d g/d gld
Wolf-Lehman 1917 476 54 - -
US-NRC, 1945 504 5.00 14 14
US-NRC, 1956 694 433 11.2 11.2
US-NRC, 1978 515 453 22 18
US-NRC, 1989 428 451 26 19
US-NRC, 2001 1.30 (4.43) 22 39
CPM-Dairy, 2006 1.34 (4.73) 23 15

Development of Nutrient Requirements
of Lactating Dairy Cows

Milk requirement Crude TDN Calcium Phos
One kg, 4% Fat Protein g/lkg kglkg gl/kg agkg
Wolf-Lehman 1917 39 0.157 == -
US-NRC, 1945 45 032 1.0 0.70
US-NRC, 1956 32 0.145 1.0 0.70
US-NRC, 1978 87 0.326 2.70 1.80
US-NRC, 1989 90 0.322 3.21 1.98
US-NRC, 2001 66 (0.324) 2.69 1.34
CPM-Dairy, 2006 68 (0.324) 2.98 1.88
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US-NRC 2001 and Other
Nutrient Requirement Estimates

* In Canada US-NRC 2001 is not widely
used by the feed industry.

+ Spartan (Michigan State) is often
used by the feed industry field staff.

* The CPM model is used by many
senior feed industry nutritionists.

» The Major feed companies have
developed their own adaptations of
CPM and Spartan.

Dry Matter Intake; Lactating Cows

* Inputs; Body weight
Fat corrected milk
Week of lactation

» Higher than 1989 estimate

* No adjustment for Environment
Parity
Diet

Feed Analyses to Estimate
Energy Values, US-NRC 2001

Dry matter ADF (acid potorgent Fiber)
Crude protein ADFICP

Ether extract NDF (neutrat detergent Fiber)
Ash NDFICP

Lig nin PAF {Processing Adjustment)




NRC, 2001 Feed Energy Scheme

Feed Comp| ————— TDN

[ o [«—[Ditssust| owi
See; Robinson, I
l CIAS 87:57-70, 2007
| me |
1 T
1989 Method
[ NEL |

Implications of the NRC 2001
Energy Discount System

* The 1978 and 1989 NRC systems discounted
intakes by about 4% for each level of
maintenance.

* Many cows produce over 60 kg of milk in early
lactation. This is about 5x maintenance.

« Estimates of feed intakes can be over 5% of
body weight.

* Robinson, CJAS 2007, questions the need to
discount diet energy intakes above 3X
maintenance.

* Most of the discount research was done with
restricted feed intakes rather than free choice.

Effect of the NRC Dairy Energy Discount System
680 kg cow producing 3.70% and 3.2% protein milk
Maintenance requirement, 10.7 Mcal NEL
NEL per kg milk is 0.70 Mcal per kg.
TDN at 1x = 78% in DM (1.79 NEL Mcallkg)

NEL  NEL, Mcal NRC 1978 NRC Milk Feed
Intake per and1989 2001  kg/day Required

Xmaint  Day Discount Discount kglday
1 07 179 [170] 0 6.3
2 214 1712 1.70 15.3 12,6
3 324 1.65 1.55 30.6 20.7
4 428 1.58 1.46 45.8 293
5 53.5 151 | 1.38 61.1 38.8 |

Based on Rabinsan, 2007 ' '




Nutrient Requirements of a 650 kg Holstein cow
in 2nd Jactation producing 40 kg of milk
containing 3.6% fat and 3.2% CP,

BCS of 3.0, 160 days in milk, 20" C

DM |DE ME NEL TDN
US-NRC Dairy, 1988 | 23.4 |75.6 65.9 39.2 17.2

Spartan 48| - - 382

CPM Dairy 235 - 62 - -

US-NRC Dairy,2001 | 260 | - - 383 -
I

Dry Matter Intake, General Influences

= Silage as compared to hay.

* Increasing dietary protein up to 18% of dry
matter, no effect if higher.

= Nutrient intake in relation to requirement.
= Excess body condition.

« Days before calving, Days in milk.

» Increased estrogen release.

= Acute stress.

Physical Regulation of Dry Matter Intalﬁe_]

* Neutral Detergent Fiber
reduced dry matter intake if NDF exceeds
25% of ration dry matter.

* Forage particle size and density. Reduced
intake if forage particles longer than 1 cm.

» Faster NDF fermentation of dense
particles increases intake.

* Dense or fragile forage particles have a
faster rate of passage and increase
intake.




Rumen Effects on Dry Matter Intake

« Low rumen pH reduces intake
rate and amount of rumen fermented starch.
« High fat intake, more than 5% of dry matter
= Release of CCK (Cholecystokinin)

= Physical effects on feed and microbes
= Type of fat.

 Bioactive peptides of plant or animal origin.

* Increased rumen fluid osmolality may
reduce intake.

Environmental Effects on
Dry Matter Intake

« Light regime (Photoperiod)
= Long day length (light) for high DMI in
lactating cows.
= Shorter day length for dry cows and
heifers increases DMI and milk yield in
the following lactation.

« Time and frequency of feeding
» Specific information later.

Insulin And Dry Matter Intake at Calving

== HENP
~o=HELP
——| £
—O-LELP

nsulin, ngiml

Waek fram parturition Wieak from pariunition

*Rations are High Energy-High Protein, High Protein-Low Protein
Low Energy-High Protein, Low Energy-Low Protein
Doepel et al, 2002




Rumen Propionate Production
Prior to Calving, and the Hepatic
Oxidation Theory of Allen (2006).

* Reduced plasma insulin and insulin
adipose tissue sensitivity before
calving, leading to increased lipolysis,
and increased NEFA and ketones due to
limited acetyl CoA synthetase.

* Rumen fermentation of starch increases
propionate reaching the liver, leading to
satiety and reduced feed intake.

Enzyme Feed Carbohydrate Analysis

© MATTER TEEY
ENZYMATIC ANALYSIS
18k, &1
Based on: Jourmal of Anims! Sclenor 48(6): 14831490, 1979

Fsit arganic mattar

| Alphn srmylise | Ghicoomplasal and |

......

Cows Can Selectively Eat
Feed Ingredients




Feed Choice and Feed Intake
» Appetite, hunger, desire to eat

« Palatability, vigor with which feed is eaten
rate of feed intake, g/minute

* Preference, feed selection when a choice is
offered

Palatability and Preference Factors

« Taste » Soluble
* Smell carbohydrates
» Touch » Volatile compounds
« Sight * Protein or nitrogen
= Past experience . :ﬂc;rg:;.;nds
* Metabolic effects ., carotene

* Vitamins

* Organic acids

« Tannins

« Silica

BEAUMONT (1933); FACTORS AFFECTING

PASTURE PALATABILITY

Plant Species

Use of fertilizer

Soil Type

Stem and Leaf Toughness (Inconsistent)
Stage of growth

Chemical composition
Positive; N, Ca, P, K, Na, Cl, ASH
Negative; fiber




ALFALFA HAYS CUT AT SUNUP AND
SUNDOWN

Intake, g Intake, g Time eating

Rate/min Min
PM, Mean 987 108 9.0
AM, Mean - 785 117 7.3

Cattle Offered 2 kg of forage for 30 minutes

Mayland, 2002

FACTORS INFLUENCING DRY MATTER
INTAKE OF AM AND PM CUT FESCUE
HAY BY CATTLE

+ Increase preference for PM hay was
associated with

-Total non structural carbohydrate
-In vitro dry matter disappearance
-Lower, NDF

ADF

Cellulose

Lignin

Mayland, 1999

MANITOBA PM - AM STUDY

- Alfalfa; no difference in PM- AM
composition including non-structural
carbohydrate (NSC)

« Timothy; no difference in composition,
except for lower AM NSC.

- No differences in intake by Gelbvieh steers
or gain or feed conversion

93 % Alfalfa, 7 % Timothy, Cut Sept 11, 1999




INSECT DAMAGE AND FORAC(
PREFERENCE

+ Crushing or insect damage may release volatile
aldehydes and alcohols that inhibit further insect
damage.

+ Some of these compounds also reduce
palatability of forages (3 — Hexenyl propionate
and acetate)

« Some of this work has been done with forages,
more with fruits, tomato leaves and tobacco

J. Chem. Ecology 19:1875, 1993

WHY DO SOME FORAGES CONTAIN

PALATABLE CHEMICALS

+ Fresh forages emit up to 50 volatile compounds

= Hay emits over 100 volatile compounds

+ These compounds are to all forages, but the
amounts vary with species.

+ Cattle like 6-Methyl-5-Hepten-2-one, but not 3-Hexenyl
propionate

* Should forages be selected for palatable volatiles
+ Do palatable volatiles vary with time of day

J. Agric. Food Chem, 45: 204, 1997

Fungi on Alfalfa
Mold cells and spores reduce intake




This Cow Liked Concentrate

Cow #353 ores . *

This Cow Liked Forage
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Feed Palatability and Preference Summary

» High production dairy cows are very
selective in feed choices.

= There are differences in preference for
forage species

+ Forages cut in the pm may be preferred to
those cut in the am. Several reasons. Are
there regional differences?

» Forages may contain unpalatable or toxic
constituents

« Cows can select forage or concentrate in a
TMR, based on particle size, palatability
and moisture content.

Photoperiod, Feed Intake
and Milk Production

* Photoperiod is defined as the length of
light and dark periods each day (long
or short days).

* Long photoperiod is typically 16 hours
light and 8 hours dark (16h L: 8h D)
(simulates summer). Lactating cows.

= Short photoperiod is typically 8h light

and 16h dark (winter). Dry cows and
heifers.

Light intensity

* Lumen is a measure of the light
output from a lamp.

* Lux is a measure of light intensity
falling on a surface. One Lux is equal
to one lumen per square meter.

* Foot candle (fc) is a measure of the
number of lumens per square foot
(used mainly in the USA).

* One foot candle = 10.76 Lux.




Recommended light intensities in Lux
(Lx) at 1 meter above the floor
« Freestall feeding, resting, areas 200

« Milking parlour:  general 200
pit 500
» Milk room: general 200
wash up 1000
bulk tank 1000
« Utility 200
« Office 500
« Perceived as dark by cows 10

Enough light to read ear tags
» Sunlight is 35,000 to 100,000 lux

Impact of Photoperiod on Milk
Composition and Performance

* No change in composition or SCC.

« Cows increase feed intake to support
higher milk production.

* Cows and heifers consistently
respond at all production levels in
about 4 weeks.

* The effect is through the pineal
gland.

* Works with 2 times or 3 times per
day milking.

Short photoperiod management in
dry cows and close-up heifers

Why? Increases milk production 3.2 kg/d for the
first 120 d or extended for whole lactation.

Use short day photoperiod 8h L:16 h D during the
dry period in cows or during close-up in heifers
The minimum period suggested prior to calving
is unknown but likely 2-3 weeks.

At calving switch to long day photoperiod

16 h Light and 8 hours dark.

Facilities for dry cows and close-up heifers
must be separate from main herd for dark
photoperiod control — building alteration cost
(summer black out problem)




The Effect of Feeding Frequency and
Time of Feeding on Feed Intake and Milk Production |

* Most experiments have shown no
consistent effect of feeding frequency
on dry matter intake.

* Frequent feeding may reduce lying
time.
* Frequent feeding may reduce sorting.

* One trial found increase digestibility,
growth rate and feed efficiency in
growing animals fed once daily in the
evening.

Effect of Time of Once Daily Feeding on Feed Intake
and Milk Production (Nikkhah PhD thesis, 2007)

* Heifers and cows fed at 0900 or 2100
hours for 42 day periods.

* The Total Mixed Ration was 50% forage
(25% alfalfa and 25% barley silages).

« Concentrate based on barley grain,
canola meal, soybean meal, dry distillers
grain, fish meal.

* TMR contained 17.2% protein, 19.4%ADF,
= 33.8% NDF, 35.9% NFC, and 5.3% lipid.

The Effect of Once daily Feeding at 0900 or
2100 hours on Performance ( Nikkhah, 2007)

Item Multiparous Primiparous
900h 2100h 900 h 2100 h
DM Intake 20.4b 20.6b 18.5a 20.4b
Milk, 4%F 32.1b 34.8a 26.3d 28.8c
Fat, kgld 1.05b 1.22a 0.89c 1.00b
Protein kg/d  1.11 0.97 0.93 0.98
DM dig % 60.8b 62.8a 60.2b 62.8a
NDF dig % 452b 49.9a 44.5b 49.6a

Blood glucose was 3.2 % higher over 5 time periods when fed at
0900 h (75 mgldL vs 72.7)




Dairy Cattle Water Quality and Requirements

Japan total annual renewable water supply
averages 430 cubic km.

Japan total annual water withdrawal averages

90 cubic km.

64 % of water withdrawal is for agriculture, 19%
for domestic use and 17% for industry.

The Ministry of the Environment, The Ministry of
Health and Welfare and the Japan Water Research
Center monitor water quality at over 5,000 sites.
Less than 7% of samples do not meet national
standards.

Arsenic, nitrate and fluorine are occasionally in
excess of guidelines.

The Importance of Water Quality

« Milking cows require an abundant
supply of readily available water.

« If water consumption is not adequate
feed intake will be reduced which will
limit milk production and cause loss
of body condition.

« Some water sources may contain high
levels of minerals and toxic chemicals
that may impair cow performance or
milk composition.

Factors Affecting Water Quality

» Total Dissolved Solids (TDS)
+ Total Suspended Solids (TSS)
« Alkalinity

* Mineral Concentrations

» Biological Toxins

« Pesticide Residues and other man made

toxins




Total Soluble Salts
Content of Waters
‘mﬂl&eﬂ

Comment

Less than 1,000

These waters have a relatively low level of salinity and should

_present no serious burden to any class of livestock.

1,000 - 2,998

3,000 - 4,999

5,000 — 6,998

7,000 - 10,000

production will result.

These waters should be satisfactory. They may cause temporary
and mild diarrhea in animals not accustomed to them.

These waters may be refused at first by animals not accustomed to
them. Animal performance may be less than optimum because
water intake is not maximized. .

Avold these waters for or May be
offered with reasonable safety to animals where maximum
performance is not required.,

These waters should not be fed to cattle. Health problems and poor

National Research Council, 2001.

Water Quality Guidelines fol

Recommended Maximum (ppm)

Item

Major jons Canada, 1987 NRC, 2001
Calcium 1,000 &
Nitrate-N + Nitrite-N 100 44
Nitrite-N 10 10
Sulfate 1,000 =500
Heavy metals and trace lons

Aluminum 50 0.5
Arsenic 0.5 0.05
Beryllium 0.1 -
Boron 5.0 5
Cadmium 0.02 0.005
Chromium 1.0 0.1
Cobalt 1.0 1.0

Canadian Task Force on Water Quality Guidelines, 1987
National Research Council, 2001

Guidelines for Liv

Water Quality

f ded Maximum (ppm)

Itemn Canada, 1987 NRC, 2001
Heavy metals and trace jons

Copper 5.0 1
Fluoride 20 2.0
Lead 0.1 0.015
Mercury 0.003 0.01
Molybdenum 0.5 =
Nickel 1.0 0.25
Selenium 0.05 0.05
Uranium 0.2 -
Vanadium 0.1 01
Zinc 50.0 5.0

Task Force on Water Quality Guidelines, 1987
Mational Research Council, 2001
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Water Requirements

Factors Affecting Requirement
Many variables; provide ad libitum good quality water

+ Feed dry matter intake
2 to 4 Likg of feed dry matter for livestock
Species and individual animal
Quality of water, availability of water
Protein intake
Salt and mineral intake
Water content of feces
Environmental temperature
Temperature of drinking water
Milk production

= 8 » 8 = = 8 @

Estimated Water Consumption
Liters per cow per day (NRC Dairy, 2001)

Liters daily = 15.99 + (2.15 x DMI, kg/day)
+ 0.90 x milk, kg
+ 0.05 x sodium intake, g/day
+ 1.2 x minimum daily
temperature,” C

l\;lu:r;t-:y et al. 1983, J. Dairy Sci. 66:35-38
Water intake ranges from 38L/day for dry cows
to 110L/day at high milk production.

Water Hardness: Calcium Plus Magnesium.
Expressed as Calcium Carbonate Equivalent

Hardness Range Description
(mglliter)
0-60 Soft
61-120 Moderately hard
121 -180 Hard
> 180 Very hard

Hardness per se is not a problem in livestock
drinking water.

Hardness measures the tendency of water to
precipitate soap.




Drinking Water as a Mineral Sourc

+ Individual animal variation in water intake;
up to four fold

» Hard waters may supply significant
amounts of calcium, magnesium and
sulfur

« Water minerals contribute to mineral
availability interactions

= Some areas may contain toxic levels of
sulfur
Fluoride (5-40 mg/l in deep wells)

Underwood and Suttle, 1989,

Impact of Water Quality on
Mineral Intake of Dairy Cattle

Ave Water Range in Water Estimated

Content' ppm_Content, ppm _Daily Intake? 22 "Y Re%:
Calcium 167 0.5-507 17g 132g
Chloride 121 0-692 13g 57g
Copper 0.07 0-0.45 Tmg 227Tmg
Iron 0.23 0.01-0.91 24mg 1135mg
Magnesium 55 0.9-250 9mg 45g
Manganese 0.09 0.003-0.29 9mg 900mg
Molybdenum 0.08 0.01-0.18 8mg -
Phosphorus 0.7 0.03-21 0.07g 84g
Potassium 3 0.7-9 0.3g 204g
Sodium 138 7.6-811 14g 42g
Sulfate 556 1.2-1020 58g 4595
Zine 0.2 0.01-0.77 2img 900mg

Socha et al. 2001,

Water Summary

Maximizing milk production requires an abundant supply of good
quality water.

Ground water contains variable ts of major and minor
minerals and may be contaminated by agriculture and industry.

Water intake is at least 2 to 4 times dry matter intake, but individual
animal intake is variable.

Maximum dietary mineral levels are much higher than amounts
consumed in most waters.

Processing water to remove minerals and organic matter has an
inconsistent effect on performance.

Availability of minerals in water has received little attention.
Availability may be equal to that in feeds and mineral supplements.
Interactions are important.

Some waters may provide significant amounts of calcium
magnesium, sodium, chloride and sulfur.
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University of Saskatchewan Dairy Nutrition

Research, and Western Canadian Feeding Practices

* 55 milking cows.

= 36 to 40 kg daily standard milk yield (4% fat

and second lactation).

» Research and teaching for Agriculture
and Veterinary students.

Ll

1972.

1 :

Closed herd since 1956 (artificial insemination).
Two freestall milking groups, TMR since

Lactating Herd TMR Nutrient Guidelines
University of Saskatchewan; 40 kg of 3.7% fat milk

Dry Matter kg 24-26

Forage, % of DM 49-53
Crude Protein, % 17.518.5
RUP, % of CP 30-35
MP, % of DM 10.5-11
ROP, % of DM 9.79.8
NEL, Mcal'kg DM 1.57-1.63
ADF, % of DM 19-21
NDF, % of DM 30-35
NFC, % of DM 33-39
Starch, % of DM 23-27
Sugar, % of DM 5-9
Ether extract, %DM 35

Biotin, Choline, and niacin, for late
dry and Early fresh cows

Calcium, %DM 0.91.1

Phosphorus 0.46-0.5
Magnesium 0.3-0.4
Potassium 0.9-1.4
Sodium 0.3-0.45
Chlorine 0.3-0.4
Sulfur 0.22-0.25
Cobalt ma/kg 0.3-0.35
Copper 12-20
Manganese 60

Zinc 80
lodine 0.9-1.4
Selenium 0.3

Vit A,1000 IU/day 100-200
VitD 25-35
VItE 1000

Composition of University of Saskatchewan

Mineral-Vitamin Pre-Mix

Nutrient %
Calecium % 16
Phosphorus % 8.0
Chiloride % 10.4
Sodium % 7
Potassium % 1
Sulfur % 1
Magnesium % 4.
Copper ppm 5.
Zinc ppm
Manganese ppm 1
Iron ppm max 1
Selenium ppm 1
lodine ppm
Cobalt ppm 1
Vitamin A ‘000 j.u. 330
Vitamin D ‘000 i.u. 60
Vitamin E i.u. 2500

3% of concentrate

Other Nutrients that may be added

Rumensin 22 mglkg DM

Miacin 6 to 8 g/day

Sodium bicarbonate, 200 giday
Yeast

Additional Vitamin E

Choline

Biotin




Typical Dairy Control Research Ration
University of Saskatchewan '

High Production TMR - 50:50 Forage and Concentrate

TMR Ingredients (Dry Matter) 12 kg concentrate contains
for 40 kg milkiday o

Barley 57.0

6kg Barley silage Wheat 34

Qats 5.0

§kg: AlGHzhay Canola meal 10.5

12kg Dairy concentrate Soybean meal 96

7.8 kg grains Wheat DDG 4.3

4.2 kg supplements. Com GM 24

Formulated using NRC 2001 Mini-Vit Premix 3.0

orm using

and GPM, 2006. Molasses 21

Co-l salt 07

Canola oil 0.5

Golden Flake 0.8

Other * 0.7

* Buller, Dynamate, Niacin, Flavor

Concentrate Ingredients: Grain
*Barley. Can be used as the only cereal grain. Rate of starch
fermentation is faster than corn. May contribute to rumen
acidosis. A coarse roll that breaks all kernels is preferred.

*Corn. Can be used as the only cereal grain. Slow starch
fermentation. Protein has low solubility and good bypass value.
Use a medium roll or steam roll. Steam rolling speeds starch
fermentation. Protein% is low and amino acid content is poor.

*Oat grain. The energy value is usually too low for use as the only
cereal grain. Up to 50% of cereal grain may be satisfactory. Roll
or very coarse grind.

*Wheat. Equal to corn in energy. Some varieties cause rumen
fermentation upsets and reduced feed intake. Limit to 50% of
cereal grain. Use a coarse roll.

Protein Sources

« Canola meal, Soybean meal, distillers dried grains, corn
gluten meal, sunflower meal, cottonseed meal, and
safflower meal are all suitable protein supplements. Not
more than half of the protein supplement is usually from
one source. Cottonseed or cottonseed meal should not be
fed to bulls.

+ Pea grain can be used as a protein and energy source.
They should be coarsely processed. They can be fed at 10
to 15% of the total ration dry matter.

+ Dehydrated alfalfa can be used up to 10% of ration dry
matter but may reduce milk fat percentage.

+ Canola press cake from bio -diesel production may be
used as a protein and energy source up to 8 to 10 % of
ration dry matter.

+ MHA (methionine hydroxy analogue and rumen protected

amino acids do not usually provide an economic increase
in milk or protein yield




Special Nutrients And Ration Additives
For The Dry Cow

= Niacin, helps metabolize ketones and prevent
ketosis. Feed 6 to 12 g/day in close up ration.

+ Propylene glycol for a few days before calving.

+ Yeast cultures, may improve feed intake and reduce
rumen acidosis

» Meet all mineral and vitamin requirements

+ The protein requirement for 28 da{: before calving
is 14% of DM and 25-35% should be soluble

« Choline (or rumen ,:\ro!ected choline) may reduce
léeEt'?‘s\is. 5 to 60 g / day reduce blood ketones and

+ Rumensin may reduce ketosis
L aiolﬂn, 20 mg/day, improves hoof health and milk
e

Pea Canola Rations

Jackman, MSc, U of Saskatchewan

Production Trial:
= 50:50 forage:concentrate in DM
= Barley silage
= 17% CP ration

= 20% of concentrate as peas. Raw ormicronized for
one minute at 125°C

= Latin square design
= 30 day feeding periods
= Concentrate based on barley grain, SBM and canola

Effects of Feeding Micronized
Field Peas on Milk Production

Treatment
Control Raw Micronized
- Peas Peas
Milk Yield, kg/d
Actual 40.8 41.1 40.8
3.5% FCM 431 43.3 41.8
Persistency, % 93.9 92.6 90.2
Composition, %
Fat 3.86 3.84 3.68
Protein 3.13 314 313
Dry Matter Intake, kg/d 27.5 27.2 28.1

Jackman, M.Sc. Thesis, University of Saskatchewan.




Protein Fractions and Degradation F A

Composition (% of CP)
Rumen
cPM Degradation Rate
Fractions Description (*%/h) Barley Peas Canola SBM
Soluble NPN and
A Peptid I 1 T 11 11
Soluble proteins
B1 and cell contents 200 - 300 16 68 21 9
Insoluble
B2 cell contents 5-15 75 23 57 T
Insoluble cell wall
B3 0.1-15 3 ] 4 |
Cell wall,
c unavailable N 0 3 1 [ 2
bound to lignin
* Adapted from ihe GPM Dairy Mode!

In Vitro Degradation Rate and
Effective Degradability of Soluble Proteins

Degradation EDCP

Ylhour %
Casein 100 85
Red Clover, fresh 33 67
Pea grain 39 7
SBM, solvent 46 73
Rape seed meal 19 54
Linseed meal 18 46
Wheat DDG + solubles 62 79

EDCP = Effective degradability of crude protein
Hedqvist, 2006

Extruded Soy, Pea, Canola, Flax and Alfalfa Dairy Feed.
20% lipid, 33% Crude Protein
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Extruded Product (DairyPro)
Production Trial Results

Control
Milk yield, kaid 37.7b
3.5 % FCM 37.6a
Milk fat, % 3.54
Fat yield, kg/d 1.31
Milk protein, % 3.30a
Milk protein, ka/d 1.25
Weight change, a/d 142
Dry Matter Intake kg 26.7

1.5 kg of DaityPro fed per cow daily.
DairyPro contains 65% whole soybeans, 10% flax seed,
10% pea grain, 5% canola seed and 10% alfalfa.

Health Promoting Fatty Acids
* Oleic acid, canola
* CLA, milk and meat

*« Omega-3
= a-linolenic, flax
= EPA, fish oil, cattle cell membranes
= DPA, A
= DHA i

Effect of Extruded Product on
Milk Fatty Acid Composition

Fatty Acid Control Extruded
Ration Product Fed
C10:0 Decanoic 2.15 221
C12:0 Lauric 4.33 3.55
C14:0 Myristic 14.2 12.5
C€16:0 Palmitic 36.8 31.4
C16:1 Palmitoleic 1.76 1.56
C18:0 Stearic 10.8 13.5
C18:1 Oleic 19.4 25.4
C18:2 Linoleic 2.09 2.62
C18:2 CLA 0.51 0.99
C18;3 a-Linolenic 0.49 0.75
EPA+DPA+DHA 0.13 0.26

EPA, Ecosapentaencic acid (20:n-3)
DPA, Docosapentaenoicacid (22:5m3)
DHA, Docosahexaenoicacid {22:6n-3)
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Use of the Canadian Light Source .
For Feed Evaluation s

Mid infra-red
Beam line

W o !
Use of Synchrotron Light To Characterize Feeds

= A synchrotron is a giant electron accelerator that
manipulates electrons to give off full spectrum

high intensity light.
This light can be subdivided into specific spectra

such as near, mid and far infra-red and x-rays.
= X-rays can be used to identify oxidation states of

minerals, and starch granule structure. Mid infra-
red can be used to identify different protein types,
lipids, lignin and carbohydrates.

+ Type and distribution of protein or other
constituents may be related to fermentation rates

in the rumen.

Points scanned on barley grain Fournier iransformation map

TR FT

Seed cont ~%

[
(Color map of carbohydrate

1 | 3

= [ =
e Q.“
i 50 100 150
Total CHO (1180-1000 m‘h;l

ition (microreters) Yu et al., 2003




Summary

Nutritional requirements for dairy cattle have
been studied intensively for over 100 years.

Knowledge of nutrient requirements and feed
characteristics are well developed.

Factors affecting feed intake and energy
utilization at high levels of production require
further clarification.

Management of the feeding system, palatability
of feeds, lighting systems, water quality and
knowledge of specific feeds are important in
maintaining high milk yields.

What is Forage Quality ?
* Nutrient content of the forage
« Availability (digestibility) of nutrients
* The amount that cows (can, or will) eat

« The presence of toxic constituents




Which Ration Does a Cow Eat 2
* The ration that was formulated
* The ration that was mixed

« The ration in the feed bunk at a given

time, and what the cow eats
—Sorting (panning)
—Sequence of feed selection

REGULATION OF FEED INTAKE

Metabolic
= Related to the need for energy
- Lactating cows need more energy
- How the animal feels, toxic?
- Some minerals and nutrients, zinc and salt

= Physical Fill of rumen and digestive tract
=  Stretch receptors set a limit

-  Often related to feed NDF content
(1.3% of body weight)

What happens in the Rumen
May Affect Forage intake

Light particles that float
stay in the rumen
longer than do heavy
particles that sink.




Effective Fiber

= Must be retained in the rumen long enough to

be fermented

- produces VFA's (70% of absorbed energy)

- sustained energy for microbial growth

+ Chewing and rumination

- 4 hrs eating/day. Long forage and less

preferred forages are eaten slower or later

- 6 to 8 hrs rumination

- chewing stimulates saliva production, which
buffers the rumen and keeps pH above 5.8

Example Feed Composition

Compasition of Available Feeds (Dry Matter Basis)

Fiad TON NEL CF Ca% P ADF RUP (%BPF) RDF K
% Meal % % b % ™ %
L]
Siaga (barey) B 145 115 040 D22 W 27 & = &
Grasslagume hay 57 128 148 080 023 35 44 3 g 22
Allaitn hay 60 135 18 w0 = o 45 ] 45 25
Bariay gras B2 1.8 128 0066 03 T 34 ol 18 044
32% CP Supp B9 15 356 3§ 20 9 135 8 15 22
16% CP Cone W LT 30 088 0% N B e 20 e
Catgmin 76 174 122 007 D030 15 21 17 32 044
Com grain B8 208 W0 002 03X 3 51 5 8 03
Whaat grain # 21 1B 0 o3 F as 22 9 Q42
Cistillers grams 78 OLT A 093 05T 2 189 (2] &2 100
Dty altalta B 15 188 158 02 ;™ 1 ] 47 2T
Canola maal T2O1B 410 072 11 0 1E 2% @ 13
Soybean meal &7 201 533 028 072 § 187 B B 23
Limastena 0 o 0 3 00 0 0 - - o
Minami o 0 0 20 000 o 0.6 - ]
Liairy pramix 28 05 1y 1M 820 T a8 % g 444
Sall 0 0 1] 000 000 o 0.0 = - omo




Example Feed Composition Cont.

Continued. Composition of Avallabia Faeds (Dry Mattar Basis)

Feed § M Cu In Mn kdme Co Sa  VAA VeD VEE
% % mokg mokg molg Moy mag  mokg IID_Iig Elrgw Wy
i

Siage (bariey) 018 018 6 ® 24 015 018 008 14 - 15
Grassdoqumehay 020 018 5 M 45 07 oo it 23 17
Afndn hay p22 023 4 20 3 on oot on 0 10 15
Bartay grain 020 020 4 M 2} 006 0N 02 1 00 28
32% CP Suwpp 050 075 100 S00 400 40 14 200 B W B0
16% CP Conc 022 02 28 10 5 111 D2 03 7 2 22
Ouat grain 02 013 7 30 42 o1 006 0HW 00 - 14
Com grain 013 013 4 (B b - 006 D8 1 - 28
Whaal grain 018 008 7 50 42 010 013 02 - - 7
Distilars grains 042 007 13 0 2 Dk 020 044 - B 3
Dahy altalia {17 S 1 8 2 3 020 033 05 T3 - m
Cancia meal M 0% 1N T e o ¢ m o1 . .
Saybean meal 044 033 2 Bl 40 0M 006 0N - - 33
Limestone oo3 7 . | - 00 4 % £ -
Mirsaral 14 082 9 M 28 . 1.04 B . - ¥

Dadry premic 222 333 1 22 1687 M 2 n 333 B3 1667
Salt ] ] i 0 40 2% 2 26 g .0 0

FESCUE HAYS CUT AT SUNUP
AND SUNDOWN

Mayland, 1999

PM AM PM AM
DM Intake, g/Meal DM Intake, g/Min

Preference Palatability
Cut1 987 544 98 74
Cut2 788 427 124 173

Cut3 1460 1310 115 104

Methods of Measuring Readily
Available Carbohydrates

Non Fiber Carbohydrate (NFC)
= 100 — [CP+EE+Ash+(NDF -NFNICP)]

Non Structural Carbohydrate (NSC)

= NFC minus organic acids and pectin
It includes starch, fructan, sucrose,
fructose and some other non structural
carbohydrates.




Information on Light for Dairy Cattle
University of Illinois DairyNet: -
: hnEEIrwww:g:lIljﬂiﬂg::dughmomﬁﬂod

Ontairio Ministry of Agriculture
http:flwww.omafra.qov.on.calenglish/livestock/dai

* G. Dahl. Photoperiod management of dairy cattle.
* J. Rodenburg. Responding to the practical implications of dry
cow photoperiod research

Manitoba Hydro Power Smart Profiles. July 2004.
Agricultural Buildings. Dairy producers switching to Power
Smart lighting.

MWPS-MidWest Plan Service. 2000. Da{r?r Housing and
Equipment Systems, Lighting, Chapter 10 pp 141146, lowa
State University

Calculating the NEL of a TMR

Robinson, CJAS, march, 2007
Daily energy (NEL) output is made up of:
« Maintenance, Mcal/day = 0.08 x BW?75

« Milk energy, Mcal/kg = (0.0929 x Milk Fat %)
+ (0.0457 x milk CP %) + (0.0395 x Lactose)

» Weight change, 5.02 x daily weight change in kg

NEL/kg TMR DM = Daily NEL output/kg feed DM

Actual and Predicted Performance of Four Cows
U of S May, 2007, NRC 2001 and measured performance

Cow 512 Cow 519 Cow 552 Cow 555 Composite

DMI actual 279 29.2 27.2 301 | 294
DMI predicted 2841 30.3 3.2 296 298
NEL for Wt Change

Actual 6.98 5.02 11.35 10.49 | 8.46

Predicted 2557 -3.01 -4,02 1.00 | 0.50 |
Milk yield J—

Actual 53.5 56.5 56.4 55.6 55.5

NEL predicted 58.3 51.8 49.7 57.4 56.1

MP predicted 46.9 38.8 4.5 48.4 ;_45&3
NEL, Mcallkg DM
Robinson prediction 1.64 1.7 2.09 177 1.80
NRC 2001 predicti 1.53 1.52 1.55 1.51 1.52

Based on a 23 day feeding period, daily milk yields,
initial and final cow weights, 4 individual milk analyses, 5 feed samples.




Dairy Herd Improvement Program
Monthly Average Herd Production

Herd Monitor | CANWEST
PAGE TEST DATE Jm

10f 1 29 Sep 2004 1-800-549-4373
SERVICE
P10
Standard milk is herd | STANDARD MILK 3“l"8 401"1!

milk yield adjusted to

4% fat and second #-5ep-0

lactation based on the | 20-Aug-04
maonthly test yield and
composition

13-Jul-04

01 -Jun-04

Mineral Availability, NRC Dairy 2001
Availability %

Calcium Forages 30
Calcium Concentrates 60
Calcium Limestone 70
Calcium Chloride 95
Calcium Dical Phos 94
Phosphorus  Forages 64
Phosphorus  Concentrates 70
Phosphorus  Dical Phos 80
Magnesium  Forages 16
Magnesium  Magox 70
Potassium Forages a0
Copper Forages 4
Copper Sulfate 5
Manganese Forages 0.75
Manganese  Chloride 1:2
Zinc Forages 15
Zinc Sulfate 20
Selenium Forages 100
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