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1. &

HRIECEERPO7 I VN v 2 EFEL
T, CPERAELSBET S ik, REFW
MR 2MERL Y 2 & W (Roffler b 1986 ; A 5
1997 5 Suzukib 1998) . WEICHEIK I &L USEH
FEETRER B L) v ERAENKLS Uik B3
ENThD, —#EALL TS, L TEIL—2
VEREET 3/ (RPAA) BAIE T, fIRHCP
BRETAZ L&D, fx vy BARREK
TE¢dZ i, ERIMEEZEKTELZ LN
MEXRTHWS (Dinnb 1998 ; 326 2003), %
MEcik, WESY 4L — Y REAEICB VT,
RPAARF I KO BB OWRMNC K b fL & V3o B4
PENREBZLER L, Ihbid, ROPHIADE
WE 4 L — D BROEIFIZ 0T, RUPHO 2
FAZYBEXOY YV ERNEOEG &G, L—
AVADEF - RTF NIy 2L, T3 BER
RAEZBELU RG22 ik, FAEAK
TEEFICERIR AR TES I ERB LT
W3,

Z 2T, KETIEHEI A L —VEERGEEIC B
T, fiRh CPARMEA 13, 15, 17% D3KRUEFH T,
13% ¥ K U 15%CPIR i3 foks % At 2% (izih
W) WU, FLAERE o KONl T 3 0 BRI
DL SRR OMIRNR & MET L 72,

Jif

2. HEBAE ‘

PERRA I FLR I GRERDRARRE D1 43 etk H K
157H) DAL LD HNL % 2 4 Y HEFLAE (T
{kT675kg) % FV. 1MIISHMDIX3F 7 ¥ ks
WCEFR M AGRER & G U 7, BRI I3 S fike} v
DCPERTI3%CPX, 15%CPIX % & 0117%CPX
DIRAE TR 7=,

WGOATRHE, BRE BBEY A L - VEROEA
FR (TMR) & U HRE & 47, TMRIC 314
R L& S, FEY —FRKEY A L —-Y .
BIERAES AT L, KEMb X ORBEHW,

WM % 13%CPIXC55 39 : 4 1 2, 15%CPIX T
55:34.6:84:2, 17CP%XT55:30:15:0& L
7oo FARHRAHC Mz Tk, 7I /BN v 2 %%
% (O'Connor 1993) L T13%CPX ¥ & U'15%CPIX.
ik, e amRhic2% () WL,
TDNERIZEX EE76% & Lz, HRDOI 250
WIANS 1 H 2470 200g/8H 2RI L 7=, fikHiE 1
H1MmE (9:30) #85-U. BRI 1 H 218 (9:30% &
019:30) fiote,

SHNIRRAERIL, FER A HEREE 23R X Azl
HZ b =T, P4 E B, RE4HME L,
ARINIEIIR & TR L 72, B4 L —D
OTDNE L, # v 3 o OB & bR 7=,
HLERBRIE # v 2 40 & FS, P14 E . ARH4
HOAFAREGE TIT - 72 MBERA L S5 8 AZ L,
fafr s K OSKEHID R T OCPIMILERIZ, H AR
HEGPIREAL A3 2% (MoK PE & RMOR BE AR 2505
1995) kbHBIFHL %,

FLEL, GPRHAS R K OTRMEEL (B4) A4
e HErR L, FLsam i3 ds B A L7, SEERIR &
FLERIR Y & DRI & OFL RIS . ARBIRAE H IS
70, FREUEZNS ARG Sl b K g 5-#%3. 6k &
VOIEfH & U 7ee E Ao, MTEEHET X/ B O BIHEHIR
QWD 2D, KBRS & OFLEIRILOER 1L
% AW H ORRHG 5-30EM% GO AEFLLN
MERIT) 12175 7%,

ML I3 A& S itk . IR KEHR (SUN), I
Wl #s & ONERE a3 B DL 2 A DTS (TBA-20R,
PEAT 4 A, WE), MEHEEET I BRI S
Witk <+ 27 73 (JLC-300, HA®WF, )
IR OB EAT - 7o —RRFLHS b K OFLAIRFEE
# (MUN) &, RIERAEFATEE (ST F v
YFT120. Foss Electricth, ¥ ~v—2)., fifto—
MM H Y (FFA 1971) . NDFb &K UADFIE 7
2=V x v bk (RMOREE A EPERBRIB 1981)
WCROGM Uize Bk, SREHLEIZ T 7 v 8D
MiriZSAS GLM¥E: (SAS 1990) iZ&k 01T -7z,
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Table 14. Chemical composition and nutritive values of feedstuffs and TMR!

Grass Steam— Soybean Fish TMR'

silage rolling corn meal meal 13%CP  15%CP 17%CP
DM, % 24.5 82.5 86. 1 92.0 36.1 36. 2 36. 2

-------------------------------- (% of DM) --eemmmmmmmem e
CP 11.2 9.1 51.5 66.5 13.2 15.1 16.7
Crude fat 3.5 3.9 1.3 9.1 3.7 3.6 3.3
NDF 69. 4 14.5 14.7 0 44.1 44,1 44 . 4
ADF 44,1 4.5 9.9 0 26.2 26.5 26.9
TDN 63.5 92.3 86. 8 82.9 76.1 75.8 75. 7

'TMR(total mixed ration) consisted of 55% grass silage, 39% steam-rolling corn, 4% soybean
meal, 2% fish meal in 13%CP, 55% grass silage, 34.6% steam-rolling corn, 8.4% soybean
meal, 2% fish meal in 15%CP, and 55% grass silage, 30% steam-rolling corn, 15% soybean

meal in 17%CP(DM basis).

3. #HE

TMRH D ERCPEHRIZI3%CPIX 2813.2%, 15%
CPR #%15.1%., 17%CPIX416.7% & IZIEFRAE D T
0. 5X L ETDNEEIL76%,. NDFERI344%
Thotz (F14), WEPEREIZI13%CPE R
20.6kg/H. 15%CPX #20.9kg/H . 17%CPX %}
21.5kg/H & . 17%CP%IXMRR L2 o 1= BETESE
WFhhro7t (15),

CPIEEUEIZ13%CPIX 232.72kg/ H . 15%CPK 8
3.14kg/H. 17%CPX #%3.58kg/ H (#HAUERIZP<
0.01) T& -7z, TDN#EHUR ¥ K ONDFIEHUR 12
22 M A » o7z, TDN/CPIIZ13%CPX 435.8,
15%CPX %%5.1, 17%CPX 4.6 (HAUHREIZP<
0.01) THo7=,

HI AR IEE  (BbkoK R 2 R MR PRSI 23 5
J& 1999) DA TREIZN T 3RS T EE TR,
CPHEHIZ13%CPX #90% . 15%CPIX 41102% .
17%CPX %% 115% (SAELMIZP<0.01) &13%CP
KAFRIE L 722, TDNRELRIEX L S
100% %A Tz,

FLi 13 13%CPIX #129.5kg/ H . 15%CPIX %330.3kg/
H, 17%CPIX 4330.5kg/ H & 13%CPX A1 {4 >
TeWERBAZER L o7, 4%MIEFE (FCMA) .
FURR A it & USFLR A i U R 38 3 e dn o 72,
UMW 3o & O MLV BIE R I 0D R I8 T AR TR IS 56 48 2
ot

FHRIF13%CPIX 2352.7kg/ H . 15%CPIX %354.6kg/
H. 17%CPIX %°55.2kg/ H £ 13% CPR 2 R < |
JREZK 4105, 115, 13.2kg/H &, 13%CPR &
15%CPX A317%CPX. (& $12P<0.07) 12L&y
{HADAS NIz ($£16),

WRFERIZIZBCPE H161g/H . 15%CPX A
174g/H. 17%CPR 4171g/ H & 13%CPX 23R (%
Mo e NERE LB L o, REFHRITI3%CP
X 469g/H., 15%CPX #98g/H. 17%CPX 2
125g/H ., WEFE LIREFHROAFHRITH 4230,
272, 295g/H &, 13%CPX <15%CPX <17%CPIX.
DONEE < SUBBSH R A ZEL A LN, 13%
CPX % L P15%CPIX DR &R RIE, 17%CPXIizlb
NREL55% % K UT8% Lk, fkpCPERDE
TeLBItELWRDBAL N, SHRERER
13%CPIX & 15%CPIX 3 17%CPIXIZ b e < B
BIERB DN, BREREITTT S MIRERED
#1413, 13%CPX #353.1%. 15%CPIX #154.0%.
17%CPIX %51.6% & WUBRRIZ & 2 A o 72,

MUN% K O'SUNDBE 1Z, AR & 5258
A e <  MUNBIE O35 5313%CPX #37.3mg/dl.
15%CPIX %310.6mg/dl. 17%CPX »314.3mg/dl.
SUNJRE 232 28,7, 12.0. 15.5mg/dlk, WFhd
FPR OCPER AL 55 &, MUNB LUSUNS
FRICEL Aol (BUEEIZP<0.01) (%17),
%7, MUNURE & SUNJRE & DB E< (r=



WO WA T
0.97. P<0.001). MUNJ&E (y) OSUNERE (x)
Y B AL y=1.1074x+0.66T & - 7= ([X16)
& 512, SUNJREIXTDN/CPlbd K O TRERR & &
WD B 572 (%% r=0.61, 0.57, £BIP
0.01) (7. 8)

SHOHEFLAR 3 I Jo 4T B FHBY IR L oD 1L 7753 e
FA = VIREIE, 13%CPIX #2.44 4 mol/dl. 15%
CPIX #32.24 . mol/dl, 17%CPIX %1.99 . mol/dlC,

3/ BBREEEIC & B SRR B

W4 BT 23

13%CPX & 15%CPX 2317%CPX & 0 2@ < . @)
fifIR2E (FHBYIRIM—FLEFIRIO) & % 4 1.49. 1.36.
117 pmol/dl & Btk DR S A SNz, YV VB &K
VAL A= ViZ oW TR AROER A A LN, &
7= BEAEOMET IV BOBIEHIRE. 13%
CPIX >15%CPIX >17%CPRDIETH -7z, L2 L,
WFh AR ABEA N7 (K18),

Table 15. Body weight(BW), feed intake, nutrient sufficiency rate, milk
production, milk composition and serum composition

13%CP 15%CP 17%CP
BW, kg 6721 43 674+ 49 679+ 51
Feed intake
DM, kg/d 20.6% 1.0 20.9+ 1.2 21.56+1.4
CP, kg/d 2.72%+0.2° 3.14%£0.2% ° 3.58=+0.3%
TDN, kg/d 15.7+0.7 15.920.9 16.3k£1.1
NDF, kg/d 9.1£0.5 9.3+0.7 9.6+ 0.6
TDN/CP 5.8+0.3% 5.1+ 0.38 4.6%x0.2°
Nutrient sufficiency ratex
CP, % 90.3+7.5° 102.0+x4.6% 115.0*+6.7%
TDN, % 104.0%£5.6 102.8%+ 1.8 104.3£7.4
Milk production
Milk, kg/d 29.5+ 3.1 30.3+ 2.2 30.5%+2.5
FCM, kg/d 30.1+3.3 30.8+ 1.5 31.24+2.6
Fat, kg/d 1.22=£0.15 1.251k0.09 1.27+0. 12
Protein, kg/d 0.94%+£0.08 0.98%x0.06 0.96%0.07
Milk composition
Fat, % 4.14%0.26 4.13%0.41 4.17+0.31
Protein, % 3.19+£0.12 3.26+0.09 3.16%+£0.10
Serum composition
Glucose, mg/dl 61.9%£4.7 60.8%£6.5 60.6+5.9
NEFA, wu Eq/L 116=% 85 97+ 36 781 20

*
ABC

letters differ (p<<0.01).

: Nutrient sufficiency rate=intake/requirementx100.
: Means in the same line with different superscript
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Table 16. Amounts of feces and urine, and nitrogen balance

13%CP 15%CP 17%CP

Feces, kg/d 52.7+5.3 bd4. 6+ 5.8 55.2+3.8
Urine, kg/d 10.5+x 4.4 11.5%23.3 13.24+3.9
N balance, g/d

Intake 435+ 33° 503+ 36° 5734+ 504
Feces 161x 15 174 14 171x£ 15
Urine 694 15°%¢ 98 4 24 125+ 25*°
Milk 150+ 13 157 9 154+ 11
Retention 544 24%° T4 14 1244270
Feces+Urine 230£ 6" 272+ 30% 295+ 384

N rate to N intake, %
Feces 37.24+5.04 34.6+1.4* 29. 8+ 2. 38
Urine 15.9+£3.1 19.5%+ 4.3 21.8424.0
Milk 34.6+2.1" 31.3+£2.0°" 26.9+1.6°
Retention 12.34+4.8°" 14.7£2.6*" 21.4+6.9*
Feces+Urine 53.1X3.6 54.0xX£ 3.4

51.6x£5.7

Means in the same line with different superscript
letters differ(*®¢:P<0.01, *°°:P<0.05).

Table 17. Concentrations of urea-N in milk serum and in serum of jugular artery
after feeding

After feeding Meanz= SD

0 3hr 6hr 9hr

mg/dl
Urea-N in 13%CP 6.3 6.9° 7.7° 8.7° 7.3£0.7°
milk serum 15%CP 9.6% 10.9® 10.8% 11.1%* 10.6x%£1.9°%
17%CP  13.5% 15.0% 14.3% 14.4% 14.3%£1.24
Urea-N in 13%CP 7.3° 9.6° 9.2¢ 8.9° 8.7 1.2°
serum of 15%CP  10.9% 11.8% 12.4°% 12.8% 12.0%£2.1°%
jugular artery 17%CP 15.2* 15.9% 15.7* 15.2% 15.5%1.4%

AP Means in the same row with different superscript

letters differ(P<0.01).
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Table 18. Concentrations of essential amino acids in serum of jugular

artery and milk vein 3 hrs after morning milking

Jugular arterial

Milk venous

Artery-Vein

serum serum Difference
umol,/dl

Met 13%CP 2.44%+ 0.59 0.96%x 0.36 1.49% 0. 35
15%CP 2.247% 0.45 0.88%x 0.31 1.360. 36

17%CP 1.99=% 0.22 0.83%+ 0.14 1.17k£0.17

Lys 13%CP 8.18%+ 1.25 3.68%= 0.99 4.510.66
15%CP 8.05=x 1.54 3.84% 0.83 4,21+ 1.26

17%CP 7.08=% 0.85 3.61% 0.82 3,47+ 0. 44

His 13%CP 4,20+ 1.40 2.61% 1.05 1.59+0.74
15%CP 4,55+ 1.23 3.32% 1.14 1.23%+0.33

17%CP 4.361+ 1,04 3.44+ 1.01 0.92+0.07

Phe 13%CP 4.63% 0.70 2.60+ 0.24 2.03%E0.47
15%CP 4.89+ 0.61 2.83+ 2.97 2.06%£0.38

17%CP 4,65+ 0.46 2.97x 0.58 1.682+0.20

Thr 13%CP  10.36% 1.90 7.22% 2.22 3.14*1.66
15%CP  10.27+% 1.35 8.06+ 1.16 2.22+0.67

17%CP 9.38%+ 1.03 7.63%£ 1.19 1.75%0.55

Arg 13%CP  15.15=* 1.57 11.44%+ 2.03 3.71+1.39
15%CP  14.87=% 2.77 11.70*x 2.55 3.17%£1.30

17%CP  14.88% 1.88 12.19+ 1.62 2.69£0.66

Trp 13%CP 3.40% 0.55 2.74x 0.47 0.66x0.48
15%CP 3.92%= 0.89 3.61% 0.81 0.31k£0.34

17%CP 3.30 0.43 3.01%x 0.55 0.290.20

Val 13%CP  21.09=%= 3.45 15.59% 2.42 5.50%£1.92
15%CP 21.86% 3.81 17.51% 3.86 4.35%+1.96

17%CP  22.24EF 4.18 18.46=+ 4.26 3.78£0.42

Leu 13%CP  13.93% 2.31 8.52=+ 1.25 5.41%1.37
15%CP 15.02+ 2.23 9.41%x 2.09 5.61=%=1.27

17%CP  14.22*% 2.44 9.89%x 2.62 4,33%£0.51

Ile 13%CP  12.49% 1.27 8.85+ 0.92 3.64+1.07
15%CP  12.30% 1.35 8.79%x 1.60 3.50£1.19

17%CP  12.49% 1.74 9.46% 1.87 3.04£0.31

Total 13%CP 95.86=%= 12.32 64.19+ 7.61 31.67+8.37
EAA 15%CP 97.93x13.19 69.93£12.13 28.01£8.57
17%CP  94.59% 10. 44 71.48£11.57 23.11+£ 2,40
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WILANOE S EIR P CPE R, 14% L Fick
5ERMTOCPHLENIET L, 2 EHE, 7L
B KO 8 BAEPERMET I 2 REMES &
% (Oldham 1984, Roffler 5 1986), Aff4% Cidfilk:
FCRE®RIE, 13%CPIX413.2%. 15%CPX A
15.1%. 17%CPIX2%16.7% T db - 1=, W EEGR
BROFEREIZEN AL N o T BESA L —
VIZRDPOHEIADE < (BEMAREE SRR R 2
BT 1999) . 13%CPXDSUN & *F-198.7mg/dl1 &
FNFEL B o/l &0 b, WEY A4 L —VFER
(5T TIRI3%CPXTHRDPIEAE L T h -
AR DR (2= 3T (WA

—F . W TEAFF =V B L) YV BALA
BROBR7 I VBRICEDRTEVDNRS
(National Research Council 2001) . AHf2E TiZ 3T
DRILOD M AEEEEE X F 4 =V B LU O VRER,
13%CPIX & 15%CPIX 317%CPKIZ bW & &
<, OBz &D, 254V DUy
g hilpEL oA, /2, AARITHEL
BEEA L 0 | IMEHENE T 3 2 BRI OBIEIRE 1L,
HARDZ-OMDAEND 7 I/ BREARMT S L
Wbhd (Yangd 1986), AWFZE TIEHEFLH30ER
ZINSDEEWE LS, WThFEER L,
o7z, TNHED 5 KRIFZECHEEHHCPE i 2K <
R L7 XIC B W T B IERRIZZED AP o 72 DI,
ROPEDOAE N AL, i DRUPEHIAHME
FAZVBIOIYVERLEVABOKEICZK
D, HR7 I VBEINBAFI=VBLOY OV
PRI I e e E X b hi,

T LA (1998) &, WILA OG5 ERHIH
5% D k& Fv . AR & R L o o s RPRiE R
% 1 BITEEHIRCE B T L &RB LTS, A%
TRIREHFRIT, SRPCPEROEKT L & & ITH
S U, 13%CPR ¥ & U'15%CPX 1£17% CPIX 12t
H%55% & T8%IART L7z, MMRFKAIZ13%CPX
BRRLE D o7, FREEITIAONEN 572, [F

PROBAIEERIR T i 2 h, BEBRELZTE
EERTLAVOR, Fpicihiltxh3ERiid, i
BHOME R L MU SRR E Ehd 2 & &
N3 (HHEH 1997), FREREN13%CPX L15%
CPRTAH % h o 1 HENGI B 2 Chladr o 7z,

AW TR SRR B K USUNBREOE T L & &
20 RE S AT AR A S iz, RO,
Dinn5 (1998) k&5 (2001) eWMELTHD,
CPEEHUIE B 2\ E SUNIRE IR A D, ZOURE
ETT 20 fRkE A, ZORRE UTRE
WA 55, CPIERUERD WA ZOM L X
%,

KBS (2001) FRSEFHRHCEOHEE LT,
MUNBESETH B Z LR, KFETER
BORERHE B Nz, KFZE TMUNIRE & SUNR
ORI AR TE A o 72D, A8-5-HE 3R A6
Beh., — X VNRBEDEALS D278
LEILONT,

INENE ., BOEY A L — VEEREFRICEOTH
WAEBEWT, R0z Vo8, TxLE—k &
VCT7 I B0V AEFETHI LTk, G
HCPERAZKSBEI LT, IAEEEKT T
2, REXRRE»BDERTES VAN
57 WEY 4 L — DIXRDPHEIAAE L . MY A
V=Y BT TIEMCPAKRIC R E S EBRFESARE
FTHEIENDRVEELENS, — ., HEHF 1L
— DIFRUPHIAMBENZ E2 5, A0 ERUPH
FHEZDRIICHG T 2 2 LIt K D FAELAET & ¢
T, SRR ORIA T EE L 6N b, F7-,
ARPTEEIE o 2 RFEE, MEEN LT PR
FORPALPME NS 220, MUNEE b & O
SUNUREE IZPRER RO R GBI M U, FREHR
FISMOAH AR 55, FHo, MUNRE A
RO 1 2L LTRETEHHTEEZ 25,
BN OBHKAF RO E & ¥ 782 BAGPR O fisk
DREEEE UTHBEA SN EBELOND,
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1. W Fo@ERYRE T K OPREICRIE
TER

FLAR MR 2 SR, FR & oo H B &
VRFE, WL E0IEs s EmER (NPN)
Th B, it s v o Bz — 4 v eI &
DRTFF, 7TIVBRBEIOTVE=TIZABEN
B4 v 2328 (RDP : Rumen degradable
o= X VINTH R E s IR R 2
2% (RUP : Rumen undegradable protein) (2
A6, NPNIZ#ER 7 VB TIAMREN S,
L= X VREME I WS DRTFF, 7V
BIUO7TyEZTELBIT, AHLHE. ik KO
Fuv Ty s & OFEREER Am%éMmLT&LWﬁ
% (MCP : Microbial crude protein) % &
4%, MCPERUPD % < idL— 4 v DIk 02>zuﬂ:"ﬁr
THbEh, 73 /e UOUNMNETIRIE NS, B

protein) &
VIAY.

VIAYA

Wahiz7 3 7 id, FLAOHER, RE, i??fﬁl‘.éiiidi
VCWFICHH S5, MCPARR & E® 512

RDP & FEREVE BRI OBERE, v — x/m %®ﬁ
REOMM, 4 &7 &) v OWIERS I & ORAED
BT OSSP EEE S h b (BWAREAEGNE
IR 1999) .
RDPRNPNABPFICHEM E N B L, L—2 A
TT7vEZTHRRE DL — 2 VD SR &
N, R CIRFICER I NS, ISR L2 RHE
IR I FOFLHICERIEE 1B Y, EIRE OIRFRE
RIZHBE OMHER BRI A KT, D
Tia< . REANOBERATH #%mg&a(&wm
PEBHN 2T 1999) . . RDP°NPNZAH
T AHAITE, Lb— x/m7/% T YR MK T
L. MCPERHE B & OHEHETH LR OIKTIC & 0 #Z
WHEHGR S WA T 5,

BT, FIRAOEIYRMEIC BAE 3 HPRHY
%ﬁ#%vw93W?ﬁ%

7z WA FLA- 2598H 0D 25 3% AW ERER ORE A A L 7z,
WK AT CPIELE @§<&éa%<aéﬁﬁ%

AL, BRROMEFEIEHFHE S (1997) d#E LT3,
L7z -0, MEREOMEIRIZIT, CPAUED I

51055

B F =

e MM@&WWLaa#Ew Abhbd, Ly
L., WEREOI5LL L iﬁwﬁ“ﬁkf‘i’h EBRPED,
ma/n BOHEOMEBIRFENZ L2, HER
DIEFHIRIZE < 2L FFHES 1997). BV
TOE %ﬁ%@&ﬁfﬁwu4wcpaﬁ®ﬁaw:é@
b6, WERRICEZALNT, JLEELET
il %%ﬁ%ﬁmﬁﬁua ML EEZ S
n3,

JREEEELES 11 3 TIETDN/CPLL & B0 Z K
MR A S, NI TETDN/CPOIL T IZPE
WHEHI U 72, CPIEER O R & 2 \ i3 CPHRIEUR 12
st UTDNEEUR 2R 2§ 5 554 1213 TDN/CPG I
KD, =X VNTT7VEZTIBREL S,
TYEZTIRERCLE > TR THEHTH 57280
AR B8 A3 IEHE € & AU R MITIRFBISER E N,
R 2 0idFLp it e g, 2ok p
TDN/CPHAME A I IIRERKE AN T 5,

W”i“HﬁTiR@$ L& 1RO R HRAR IR B AR

Ab, IREFZEROKTE L BITHAL, BVE
THREBOEmM B A SN, T h 5Lk
TDN/CPHOM LIS & 0. JREZRE, D Tl %
<, REBETTEILERLTNS, KHIZHH
BIRF RN S PRI 5 72010, kB #HPL
TR 2 & FERRIIZ IR 2 Pel§ 5 #8845 U (Dinn
5 1998). Z OEFIZIZHAIR AL E v HBET 5
(KBS 2001) £FEAZBND, UL, REFER
RIS F DU Y Ak KU ) FEER ASE T
LB N aEmsdH 5 (Murphy 5 1983 ; 5&
Ko 2003), & HISHRAREISZYRAGE, FLE,

YUY ABEE R K URBERE B R
(Murphy 5 1983 ; Bannink & 1999). FRuIZiZ8 %

5723, LiehoT, IREEDELTHITIBRER
xwﬁmtff&<\¢m@Wﬁx%b6ﬁk®%
H &R 2088 d 5, REDEKIIZX D, IR
W ER DN A 5 ) — & UL B A IR
%w R i & 5 HENLALIAE S IR X L B

CEBIVECRIPIRREFR (SUN) B KU,
*ﬁ%%%(Mm@mﬁﬁi\wMWmM@Mb
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BEOIREFHREEOHB RS 5 Z &R L2,
=2 VINTRE L &> 727 VB 7 HREITEHR
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&b, RHT, MUNYREEBIOE, FLKS & 28§
BHIRAEE TR E Lo/ 2 eh b, F
ﬁ&ﬁ&&?*ﬂ“%zﬁ—ﬁé”aﬁﬁéét
. SRR LTHRTS %,
INEND, fkhh & v oS o B AL L RERE IR KL
MEEDZINE—{iGREDNT Vv 22D,
TDN/CPIbAWIEIC S 5 Z ik b, IREFERIE L
DT IREBIEIL . BEAMRIZEK S5,
Z DK, SUNJRE I & O'MUNUE 13, TDN/CPLb
BLUIRERTROBEH AL K5,

2. L— XA VIRHET I ks X OEBOR

iz k534 //\&’giréﬂiﬁ)J%

INZRATT 2R 2 S B EED 512,
MCPRIE 2D Tl & <, RUP.&S%@.%T‘&% %,
MCPA R % E % 2121, RDPH &K UFEBEMER K
L OERE LT EN6DNNT vV ZRKYITH
%, RUPRIZEPRI O — 2 VR Rz L o Bk 0 |

HIZRUPHID 7 X/ AR IZ SR O FRSHIC & 0 4%
%5 (O‘Connor1993)0 ZD7=%, RUPHHGE DY
MaE#EZ LA, G EE» D TREL,
MW$®7:/%M&%é%m¢%M%#%5O%
METIERAARICHB T BHRT I /e Ehd x5
AZVEBELIOCYVVE, L—XVRHT I B
(RPAA) Bl & LCIML Zziklki & . RUPH D X 7
For B & Y raRPEOVEB OGS T K
JEL 7z,

NRCHHE (National Research Council 2001) Tl
INBHZRAT T A & S B DX F A= v B &

) O SRR 5 &, APRHEEGR, P,
FLE VSR KO & oo AR **ii':b-\i‘;a“k“é'
LIS D B A, ZOMRELT L E—ETIRED
& LT3, KIS TIERPAARFI K & ORI DR
&b, FEEER LN -7, g v oEHR
FOTRORERIZ BT E I ITHRB L Z0
A4V FE< %D, NRC (National Research

WL 7 3 BRAFERAEIC & B SRR SIS 9 B g

Council 2001) DREEZBHTFBRRE B2, &
7=, RPAASHA I & UM R O Wz RS ALK HE &
BfRdd 5L dhbd (Atwalk Erfle 1992 ; Santos b
1%@ AT DO RPAAT s & O U D BRIIERER T

. WELENH OS2 & $1237~38kg/ H & 1
Mm%#akh@\ﬂﬂ/hﬁﬁmﬁkﬂ%ﬁée
h=dneELILND,

% 7o, RPAARA T & UMF O WRIN 28 Wz Mt R
ADHETIE, RPAABAGRINC X DML =&
%445 (Casper® 1987 ; Illgb 1987 ; Schingoethe
5 1988) . FHEEHIC K DIKT Lz T 2WE
(Windschitl 1991 ; Atwal& Erfle 1992) 2% %, L
2L, HEY A L=V BRIES T TRPAAKAIR M
W& BRI U 22 ARWPZE T, e R A DRI A
Bk hotz. ZHISRPAABIK S 2 ik fls 4 IR
AfiE (TMR) & LTRRELEZ L, 001

‘E@%@*Mmtk N VISESANO) 7 3/ A/
Sl LR EN
bhb#b\W$%4V*V$%@%Kﬁmf\

RPAABIHI & B v id 2 mNT 3 Z &ick v, il
m7:/%aéhéx%ﬁ:>%£ﬁuvyﬁ%%
IS &, WEMEE R AR T 5 2 &kl

&azn BEZEEBZEXWEN LK 5T,
ZOZ L FHRHRCPERE I HIZESRETSZ

cizk b, FAEEET & s RmYRilR
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e HC

3. 73 BIREDIEE

72 BIRE OB
Iy 2 A = R, 28 T FE-1O RPAA YA
ZDLAF A = & UTLHS0gURM L 725 Bk Tid3.1
pmol/dl&ik A, F15g& WML =3B TE2.5
pmol/dlL L&D X D2.3 4 mol/dILLFiZ
HREL, WINRICIE CTEL o, HllFE20
FORHG 5 AR Tl FRIX2.43 mol/dl, R HRIX
2.15 pmol/dlE BB AR Koz TOXKSIS
RPAAD # F A = v | & B M3 FROWMIC & D |
LTS EE0E # F 4 = VRS E - =D, T
BTXF A= HhBINTRIN X . IR I
MLz DEHBELIENS,

L& U T D ILyE
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Bot, THUIRIHES B CIE X F4 = v L Flkk
12, FTEMLAG DY O v IR ORI A K LT
ILFIRIE A3 < % - 7= 4%, RPAAD Y ¥ v BUHIR I
Tl BHIBN— X Y NTHRE N, TRINE S
T TR o TR B B, T B IR 7
RIS A, RPAASAIO M BE X HRUPHTRE D i
BRMBICHEHTHEZ L ERL TS,

ML 7EERE 7 3 7 BRI FLIRAI G TR Iz L D JA &
., AARICFH END ., AARBHELLRBRISE
0., MMM L T 5 L ILARIZET
T30 ZHUTHFOFUIRMIIEAND 7 3 /R0 A5 5
LEALT B 70, MVEERET I BRURE 3L AR
MBS OREEZT 5 LELION5, HHIE208H
FHE 53 ER Tk, SR I 0 I 70k 2 7 A = Vi
JE . WHRIXIZ o THFLR IR I3k L US
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VIS BREOEIEE T AEAIE. EALBRORER

I EER T RESB DB I L ERL TN D, &7,

ML7EEEE 7 X 7 R O FLENIR— FLEpIRZE 1. FLIR
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HMEEP D TIEEL, 7IJBRULRLTO L VI3
BRI A HER L -EF L (Russell 1992 ; Sniffen
1992 ; O'Connor 1993) #MHWT, EDOFREIRH»
5 DEE PR £ (KW T % 2 »#ET L 7z,
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EIOEIZT B 720, +ARDPEMMG L. D4R
MaHEe T I eh{fRPCPEREK<THIL
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—Fi . WIENOB AR hCPERIE, 14% T
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FEB UL VS HERERMET T2 & vwvbh
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T. ERUPHIEID 1 2 Th 5 fOEEI2&D . 3
ARICB T BHIR 7 I 7 BRI HiG < h, 1
EREANOHEN D BN 12D EHEL bR,
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FHGRBR T — 2 &£ FRNT, WEY 1 v — VKRG
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SERPRIE TR, SRR LN EN a5
M. RERRIZ17%CPR A3125g/ H ., 15%CPX A3
98g/H. 13%CPX»69g/H &, ikl CPERDIK
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Improvement of amino acid nutrition to reduce
nitrogen excretion in lactating dairy cows

Tsutomu OHGI

Hokkaido Animal Research Center

ABSTRACT

1. Advances in milk production and the
expansion of dairy herds in recent years
have increased the environmental pollution.
In chapter I, relationship among feces,
urine,nifrogen excretion and feed intake
investigated from the viewpoint of decreas-
ing nitrogen excretion. Then, in chapter II-
1 and 2, experiments was carried out to
investigate the effects of ruminally protected
amino acids and fish meal supplementation
on milk yield, milk composition, and blood
components of early lactating dairy cows fed
the diet based on grass silage.
chapter IV, an experiment was carried out to
determine whether the addition of fish meal
to grass silage-based diets could allow reduc-
tion of nitrogen excretion without reducing

Further, in

milk production.

2. Manure production and nitrogen excretion
in lactating cows fed grass silage-based diets
(Chapter II) .

To obtain the amount of feces, urine and
nitrogen excretion, the results of the nitro-
gen balance trials with primiparous cows (n=
128) and multiparous cows (n=131) fed grass
silage-based diets were used. Further,
relationship among feces, urine, nitrogen
excretion and feed intake in multiparous
cows was investigated. The mean milk yield
of primiparous cows and multiparous cows
was 23.1, 31.5kg/day, and mean body weight
was 545kg, 660kg, respectively. The feces
volume of primiparous cows andmultiparous
cows was 35.8 and 51.4kg/day, urine volume

was 13.8 and 13.0kg/day, and the volume of
feces plus urine was 49.6 and 64.3kg/day,
respectively. The feces nitrogen of primi-
parous cows and multiparous cows was 146,
179g/day, urine nitrogen was 78, 110g/day,
and nitrogen excretion(feces plus urine) was
225, 289¢g/day, respectively. The ratio of

“nitrogen excretion to nitrogen intake was

55.0' 55.9%. The corelation coefficients
between feces volume and NDF intake, feces
nitrogen and CP intake, urine volume and
TDN/CP ratio, urine nitrogen and TDN/CP
ratio, and urine volume and urine nitrogen,
were 0.58, 0.77, -0.58, -0.65 and 0.78, respec-
tively(P<0.001). These results indicate that
TDN/CP ratio of diets influences not only

urine nitrogen but also urine volume.

3. Investigation to reduce nitrogen excretion
from the viewpoint of milk protein produc-
tion in grass silage-based diets.

Effects of ruminally protected amino acids

(Chapter II-1) .

Twoexperiments were conducted to
examine the effects of ruminally protected
methionine(RPM) and lysine(RPL) on milk
yield, milk composition and blood compo-
nents for early lactating dairy cows fed the
diet based on grass silage. In experiment 1,
sixteen multiparous cows were fed a total
mixed ration with or without RPM (30g/d of
DL-methionine) for sixteen weeks after par-
turition. In experiment 2, fourteen multi-
parous cows were fed a total mixed ration
with or without RPM (15g/d of DL-methione)
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and RPL (20g/d of L-lysine) for twelve weeks
DM intake and milk
yields were not affected by treatment in

after parturition,

experiment 1 and 2. However, amino acid
supplementations increased milk protein
contents by 0.20%unit (2.87% vs. 3.07%; P<
0.02) from 3 to8 weeks after parturition in
experiment 1, and by 0.20% unit(2.80% vs.
3.00%:;P<0.21) from 3 to 12 weeks after
parturition in experiment 2. Addition of
RPM increased serum concentration of
methioninein experiment 1 and 2(P<0.01).
But, addition of RPL did not affect serum
concentrations of lysine, in experiment 2.
These results indicated that RPM supplied
the amino acid limiting milk protein
synthesis, and increased milk protein
contents when cows were fed grass silage-
based diets.

Effects of supplemental fish meal

(Chapter -2) .

An experiment was carried out to inves-
tigate the effects of fish meal supplementa-
tion on milk yield, milk composition, and
blood components of early lactating dairy
cows fed the diet based on grass silage .
Twenty six multiparous cows were randomly
fed one of the two diets as total mixed
rations(TMR) from 6th day to twelve weeks
The TMR consisted of
grass silage, flaked corn, soybean meal and
fish meal at a ratio of 50:38:12:0, or 50:39:6:5
on a DM basis, respectively. TMRs were
isonitrogenous (16%CP) and isocaloric(77%
TDN). DM intake and milk yields were not
affected by the treatment (20.1 vs. 20.7 kg/d ,
and 37.6 vs. 38.6 kg/d, respectively).
However, fish meal supplementation
increased milk protein yield and contents
(1.07 vs. 1.17 kg/d, and 2.86 vs. 3.04 ; P<0.07
and P<0.05, respectively).
of fish meal increased serum concentrations
of Met and Lysine (2.15 vs. 2.43 pmol/dl,
7.66 vs. 8.90 nmol/dl, P<0.05 and P<0.01,

after parturition,

Supplementation

respectively). These results indicate that
fish meal supplied amino acid limiting for
milk protein synthesis, and increased milk
protein contents when cows were fed grass
silage-based diets.

4. Supply of protein and improvement of
amino acid nutrition to reduce nitrogen
excretion in lactating cows (Chapter IV) .
To determine whether the addition of fish
meal to grass silage-based diets could allow
reduction of nitrogen excretion without
reducing milk production, an experiment
including 3CP treatments was carried out.
Six multiparous cows in middle lactation
were randomly assigned to treatment
sequences in a replicated 3x3 Latin square
design. The total mixed rations consisted of
grass silage, steam-rolling corn, soybean
meal and fish meal at a ratio of 55:39:4:2, 55
:34.6:8.4:2 and 55:30:15:0, respectively, on a
DM basis. Rations differed in the percent-
ages of CP(13.2%. 15.1%. 16.7%, respec-
tively), but the percentages of TDN was held
constant at 76%. Each period was 18 d. The
last 4 d of each period were used for data
collection. Blood samples were obtained at
the last day of each period. The DM intake,
milk yields, milk protein yield and feces N
were not affected by the treatment.
However, urinary N decreased as the per-
centages of CP in the rations decreased(125,
98, 69 g/d'P < 0.05, respectively). The
concentrations of urea-N in milk decreased
as the percentages of CP in the rations
decreased(14.3, 10.6, 7.3 mg/dl'P < 0.01,
respectively), and correlated highly with
urea-N in serum. Urea-N in milk and
serum were correlated highly with urea-N in
urine, suggesting that urea N in milk and
serum were useful for the index of excretion
of urinary N. Supplementation of fish meal
increased slightly the serum concentrations
of methionine and lysine in arterial serum

and arteriovenous differences. These results
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showed that the supplementatioﬁ of fish
meal supplied the amino acids limited for
milk production, reduced dietary CP without
reducing milk production, and decreased
excretion of urinary N.

5. Conclusion

These results in the present studies indi-
cate that TDN/CP ratio of diets influences
not only urine nitrogen but also urine

volume, and that urea N in milk and serum
were useful for the index of excretion of
urinary N. Ruminally protected amino acids
or fish meal supplementation supplied amino
acids limiting for milk protein synthesis, and
increased milk protein contents when cows
were fed grass silage-based diets. The
supplementation of fish meal reduced dietary
CP without reducing milk production, and
decreased excretion of urinary N.





