¢ Ehiils

NARO mumsms:, B &0 E LRSS

The Effects of Dietary Protein Level and Rumen
Degradability on Urine Volume in Lactating Dairy

Cows

S5 jpn

HARE:

~FHH: 2019-03-22

*F—7—FK (Ja):

F*—7— K (En): lactating dairy cows, nutritional
management, protein level, protein rumen
degradability, urine volume reduction

ERRE: KA, XTE, 880, &=, /I, FEN, B, &F
X=ILT7 KL R:

FilE:

https://doi.org/10.24514/00002173




FHHEHFEL  Bull NARO Inst Livest Grassl Sci 14 (2014) : 23 - 35

23

kL s 287 H ORGSR L B — H RO VAL O BRI BT TR

RAFSCHE - BBIEZ - REEA - B

SRR R R FE T KB A BRAENIE I, © {IdT, 305-0901

I

2HE (N) ZHill L sl o lRE 2 b 2 RBE MM oMz HIIZ, §E Y 387 Hoig5KiEE L F—

D END, WFLFOREIZAZTRIRIC OV TRz, RO RV A 4 W ELA 4 5512, My %
78 (CP) & 2 K#E (HE4 165% B L 18 135%) B LUy 87 B — G5k 2 K (REMENA A KY

MO 2 ANE 2 THE) ZHllAGbE 4R 2/H5 LT HimsBRe 2t L 72 i CP &E0RAIZL o T
FEEFERICHEERETABIE SN, CORTORERDTNTH 72, ff CP &R L FF s /3
JEOE—HOMEOETIE, 50 WIFOIRETHEISED SELMREZR L2 IREOEMARIL, K
CP & &R S L MELD T8, H—HAMEOK TR LY S RE (BN, ZHRTAE O M RFRES L O
BE—HBT VB TIREICKITTRIROEND, KBS h/zbDLEZ Nz, K CP FEIXIZ B THEAKHEE

DOEOMMABISE SN2, ORI CP X THW S OMHEH LR R o 72720 LR S, CP &
B2 2 AR T, SREOEBRPEETHL EE RSN,

F—TU—F Il KEEH, ¥ OV HEGE, U8 BB, REERAL

*

il

REHDOHTHRIREDL VI & f3E§ 5 B RAE
ETIE, KREICEAT LEROLBIES 25710 FH
Wz, HEREAL L TR 2356120, KOFHED -0
ZFEE T EES AT A DOFRER S = ORI HEM DT L
5720 RENLZAHELERVONL, ZORRE
WET H72012, BN P O WALERET % 5T 5
CEHEETH LD, WITHE T LA REARE,
HEOREEHIZL oA €L 2 AT, B
EOPYRBEO BT RIS NG, 72721, Z07:
DOFRFFERT R, WA SO ERICE S Y52
WIEDHFETH Y, HOKKIBRD X9 2 IEEHRY 70 548
FHTIE, RELFARIREELARIMTEIETLE
AOTY, WIS ORBEEFLTEE LTI REY TH
o THIZHLT, FhYUYA (Na), 7Y 724 (K
BIUEEZ (N) ©320%ERIE, ZOBENENRE

LEWVIEOMB &R L WL o A B 7 R AR RS
BIbLTFERFEREREEZONLZ LD, Thb
DRFEREREHICHIE T 2 REEE LT 2L, WAL
HRFLICFIET 2 2 L, FUEEELMFES SRS, R
BRHLIELIEUREEZ NS,

N Z il L 7225 I LT, Wil oy >~
78 (CP) &z il L7z fkt 2465 L7z iEros,
BN DTS CEBSNTWD, Lo, &b
Hristov 5 ' B FICT L O THRAL TV S L9 12,
N E TO CP R FR OG- RO 725 BHIYAS, #%
FEHOMEE NIZXBBREAROKRMICH o722 &
5, FLEE L NI 5 f# CPARMIL O %) R
IZOWTOMRI, 2502 S IRHPHICES 2 &
BTELLOD, REl$ 5k CP AL OB R
9 A 1EH0E, MRS N TS, 72, ZNHOTE
WIZOWTY, WIHEANRG T 88O CP &2 KT
SHELZEIZEY, RPN mO A & [F

2013410 H 1 H=fH, 2013412 A 3 H#
THL RN R e v 8 —



24 TR A A e A

(2, WAREZ R DR HYBLEE S 72 SRS R AT B
ENTWE W Gk O CPARRAL A R
BN ORICIIAEELBAEFIERILTY, Re
WCIEAEELRZPBB IR TR OIHIE#RED Roh
2 ABIW g o o LET O ® Tk, K 2L 7
SR OG- & o TREANEA L7212, CP &=
LIS LCTHEHRES L72E 25, X5ICREVESTS
@ (P =007) PBEINT5,

A E CP AKMEDIRHLIL LIS, N % #0135 Sty
HELT, WhOBNAINZY 87 Bk 2FHET 5
LX), BRSNS BOE— B SRR
S, NOFHRROMEE N o280 % M5
FHEIZOWTH, 2a )L L ORI ThATWE Y,
LAL, ZNooifedsrs, REIT 28122
WTOERIEONDL LD, 1 FEAERVES ST
BWETIE AL, REICHT 2885 v BOE—H 5
TEPEDRNRATE D TIE Ve £ TR, N % il
L CFLF o IR = 2 AREAL 3 5 RS FET = B %3 %
72, FRLY 287 B ORGEIRE & H RO E
25, WHFOREIZKIZTRIREHEOL 2T LI L EH
M S ht L 720

MRELVHE

WHLRIH ORIV A Y 4 WL 480 QS LU
A 2 5H, WERBAAIE TP A H L 21715 H,
WA 598 + 62kg) %, IFE 20T, {REE 60% |ZFREN
L 72 A SEBR R L IS L C e & it L 720 3
BRiZ w0 B, HahslER 5 H o L7z 14 B
F1Me L, kY v 828 (CP) & 2KkiEL ¥
YNy BRI 2 K#ER 2 x 2 RARCE & L7 4
fRHLER A 4 B4 BHICEID fHT % 4 x 4 77 v K
WCEoTHEIMELZ. 2B, MERIIMITBOEANEE - &
i SE AT B T SRR &5 2 S M e T B SE RS 12
o TIT > 720

GO S L OB E £ 1 BL O 21TRL
7zo FRMLERLE CP mor ki (HPHD X), &
CP & R f R X (HPLD [X), 1K CP &40 bk k)
X (LPHD [X) B & UMk CP &4 f#E I #HX (LPLD [X)
DLARXEFEELZ. WTNOX AL 4555 & L,
MEARIEA )TV IA T T AN A L= QFEH -
W) 7V T 7 VT 7 AA Fa—TE ]z, 20
O CP XD CP &Y, EEOFEHLTLRS
NHHEEDOWEA 165% OSEIZHEL, 250k CP fil
BHXE S v 7 BEEHEEZ RS LTE— bV 7 &7 R

#1475 (2014)

VICRBET L LI E ), HARMBIERE™ OHfEREIC
WV CP &8 TH A 135% ISR L 720 & 0328
FRHE I IR B L WA 7S A KT (VA 78R,
7AW N— - ) AR SH, W) 2EAL, 200
EREVERRX T Y vy B O — oo @R
YA, 2 OB EREEX TS —E oy
INASAREG R oy 237 BEEHRE L7z, 4B,
R L7234 XA RERIE, KREMZ I mBvLet L 7
HhTH Do

KG-EEHE TMR & L, LR & IR F R O IR AR,
KRG EmAEA45% & 72 D & 9K EFT - 720 Sk}
K5 L RBRBIAG 12 e 72 D BIEIN I s, YT BT
% SR T ORI S - &R o 7L & BREE O
SRl 6, AARMBIEE* OFRE (2K 72 TDN
FEREPHEAQ 100% & b L) IchGEEEL, 1 H
2 BN Tl oL (830 3 X 17 1800) HT IS
EmAERG Lz, B, RBRMEL@EL T $ToE
TREIBE SN o7z 72, T4 —F =Dy THh
SOfKIFEEE L7z,

A SER L SRR BRI & 0 M L 7o bR ER
M 3EH, foke, e, BE REr@8REICCR
WllEL, EBXVRIZS B9 % HElh U TRSIRE
LTottr Tk Uiz, 43l b SO E IS
UCGIRA L TOM > v e Lizhs, #URN, L&
HE, fliEB X OaBEs Iz o TSI ED I
TIWTHITL, FLEIZ & B MEFE % 1T > CTHN R
MBI B E % B L7z, B H o s o P
LT L CRA IR ST RN, EZRRImE E v
THHIRIMZ BRI L, & 5 I1ZFEHE G- O 4 B 212,
BE— BRI L 720 BRELL 72— H I3 E
H—ETHBLH BHIZpHET Y EZT7HEEZ
€ L72o IMiid 3,000rpm, 30 43 o O BELC & 0 1%
LNzt E, AT~ 7V e LT —-30C THR R
L7

R B L OEO—FES LB X ORPOKGEN
FHEE Y o THM L, flE B X 0D aNDFom 3
L ADFom 1E7°4 — P = v MEY 12X o THHT L7,
B, FEOERE -G RES 878 (ECPd) &
Bid, HAFEENE - L4 2006 4EH Y OMEEFIH L7,
FEHF > 7OV IZREER — IR RERIC X 2R b, RT
WA RE (AA-6400F, ESEE8fERT) 12X ) K &
Na g2l L7z, UGN, AEOE, AL 0E
B 5 O A E RV BB T (I Vv a A sy~
133B, RALL 7 b)) w 74l) %, MEERELEO ST
1ZI3EEER (OSMOMAT 030, =/ 5 v 74t) #H



RGO Ry 287 HORG5KEE L B — B oMY OE DI O R B RT3 R 25

Wo IdE, RB LA ORZRE L E—HWT ~ €
ZTIREL, TWROGHF Y P REERXEBT AT I —
BLOTVEZTTA MY a—, FGHEE) ZHWTH
ML7ze M3 a7 3/ BHREIXDNP &Y, BT 5
> M4 ViEE 1T Young-Conway i 7 12 & 50 %47 -
THIE L7z F72, 1% Na, K, #FE (C), 7va—
A, WEHERRTIER B & OB L, sttt AT — v
IV () 122 KIE L, Na, KB XU ClLIZEm
FCE Y, rva—x, EHERVIEES L OB EER L
12 & o THllE L7z,

A bES#E (TDN), CP B XU ECPd T,
HA 2 it - F12F 2006 4EMR ™ o8 SEHE L7
KERET, TNTNOENELZIRL TRz, BT

O N EHRERIZ, NEBIE?SH NP o& (s X
VIR OB E P RITEOEGFH) 22 L5 [\ TR®,
Ry okgiFie GEEarat) & ks, &
KaEB L UREkE (TTE/L CP #HilE & mTiHILIESY ~
N B EIGE S S HIM ) & AR L 2Rk E
BaEn s, #hB L ORPARGHEE O & LR KRG AT
® (FLhaEEEsr o8 a5 LRk gHe o=
EAELIIWTERD A,
T S AXEFRMLEE A 2 x 2 ENELE L T 54 X 4T
YHMEEIHES T, SAS® GLM 7u v ¥ x ¥ T
E)

EMUELTz. 70, KEAERDPHE TH > 12541213,

Table 1. Ingredient composition of the experimental diets (% DM)

Diets *
Ingredient HPHD HPLD LPHD LPLD
Italian ryegrass silage 40.0 40.1 40.1 40.1
Alfalfa hay cube 5.0 5.1 5.0 5.0
Dehulled rice 29.9 30.0 29.8 29.9
Beet pulp 3.0 3.1 5.6 5.6
Wheat bran 2.0 2.0 8.0 8.0
Soybean meal 16.0 2.0 9.0 0.5
Heat-treated soybean meal 2 2.0 15.7 0.5 8.8
Vitamin-Mineral mixture 2.0 2.0 2.0 2.0

LHPHD = high CP high degradable protein diet, HPLD = high CP low degradable protein diet,
LPHD = low CP high degradable protein diet, LPLD = low CP low degradable protein diet.

2 Soy Pass (Wilbur-Ellis Co., JAPAN) Ltd.).

DM : dry matter.

Table 2. Chemical composition of the experimental diets (% DM)

Diets !
HPHD HPLD LPHD LPLD
DM (% FM 2) 54.5 54.5 54.4 54.5
oM 90.7 90.7 90.8 90.8
CP 16.6 16.3 13.6 13.4
ECPd ? 11.4 9.7 10.2 8.6
EE 2.2 2.2 2.4 2.4
aNDFom 32.0 34.7 34.6 36.2
ADFom 18.6 18.9 19.3 19.4
K 1.60 1.60 1.48 1.48
Na 0.29 0.29 0.30 0.30

LHPHD = high CP high degradable protein diet, HPLD = high CP low degradable protein diet,
LPHD = low CP high degradable protein diet, LPLD = low CP low degradable protein diet.

2 FM (fresh matter) include added water.

3 Estimated using values from Japanese Feeding Standard for Dairy Cattle (2006)%°.

DM : dry matter, OM : organic matter, CP : crude protein,
ECPd : effective degradable crude protein, EE : ether extracts,

aNDFom : ash-free neutral detergent fiber, ADFom : ash-free acid detergent fiber.
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Table 3. Intake, excreta, milk performance, digestibility, TDN and nutrient sufficiency rate of cows fed the experimental diets

Diets ! Probability 2
HPHD HPLD LPHD LPLD SE CP Deg CP x Deg

Intake (g/day)

DM 18010 ¢ 17851 4 18358 2 18276 P 3 <0.01 <0.01 <0.01

CP 2994 2 2907 P 2492 ¢ 2443 d 5 <0.01 <0.01 <0.01

ECPd 2058 1740 1872 1564 60 0.047 <0.01 0.74

K 288 & 286 b 271°¢ 270 d 1 <0.01 <0.01 0.02

Na 54.7P 54.4 ¢ 56.4 2 56.32 0.1 <0.01 <0.01 0.03
Excreta (kg/day)

Feces 38.3 39.6 44.7 45.7 0.9 <0.01 0.22 0.84

Urine 19.7 16.7 15.1 13.7 0.8 <0.01 0.04 0.37

Feces + Urine 58.0 56.3 59.9 59.4 0.5 <0.01 0.06 0.22
Milk yield (kg/day) 20.9 21.4 20.5 20.7 0.2 0.04 0.12 0.41
Milk composition (%)

Fat 4.75 4.63 4.58 4.50 0.06 0.04 0.15 0.73

Protein 3.85 3.83 3.83 3.80 0.02 0.35 0.31 0.85

Lactose 4.34 4.37 4.33 4.38 0.02 0.76 0.02 0.61
Digestibility (%)

DM 71.8 70.2 67.5 66.6 0.6 <0.01 0.07 0.58

OM 75.8 74.3 71.5 70.7 0.6 <0.01 0.11 0.55

CP 63.5 60.9 56.3 55.5 0.8 <0.01 0.08 0.35

EE 71.9 69.5 71.1 70.1 1.6 0.95 0.32 0.67

aNDFom 68.2 69.2 62.7 63.0 0.9 <0.01 0.50 0.68

ADFom 66.3 64.0 61.3 59.5 0.7 <0.01 0.02 0.70
TDN (%DM) 70.7 69.2 67.1 66.3 0.6 <0.01 0.10 0.55
Sufficiency rate 3 (%)

TDN 113 108 111 110 1 0.98 0.06 0.42

CP 136 131 116 114 1 <0.01 0.04 0.25

ECPd 116 101 109 92 4 0.17 <0.01 0.90

ab.¢.d Means in a row with different superscripts differ significantly (P<0.05).

LHPHD = high CP high degradable protein diet, HPLD = high CP low degradable protein diet,
LPHD = low CP high degradable protein diet, LPLD =low CP low degradable protein diet.
2 CP= CP level, Deg = Degradability of protein source, CP X Deg = interaction of CP and Deg.

3 Sufficiency rate = intake / requirement x 100.

DM : dry matter, OM : organic matter, CP : crude protein, ECPd : effective degradable crude protein, EE : ether extracts,
aNDFom : ash-free neutral detergent fiber, ADFom : ash-free acid detergent fiber, TDN : total digestible nutrients.
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Table 4. Nitrogen and water balance of cows fed the experimental diets

Diets ! Probability
HPHD HPLD LPHD LPLD SE CcP Deg CP x Deg

N intake (g/day) 479.12 465.1P 398.8 ¢ 391.0 4 0.8 <0.01 <0.01 <0.01
N excretion (g/day)

Feces 175.0 181.6 174.1 174.2 4.5 0.40 0.48 0.50

Urine 116.6 94.2 63.5 54.4 5.4 <0.01 0.03 0.27

Milk 123.9 126.1 120.1 119.7 0.9 <0.01 0.37 0.21

Feces + urine 291.5 275.8 237.6 228.6 4.1 <0.01 0.02 0.44

Total excretion ° 415.4 401.9 357.7 348.3 4.4 <0.01 0.04 0.66
N balance * (g/day) 63.8 63.2 41.2 42.7 3.9 <0.01 0.91 0.80
Water intake (kg/day)

Feed ® 15.0 14.9 15.4 15.3 0.1 <0.01 <0.01 0.42

Drinking 68.1 65.8 69.1 68.4 0.6 0.03 0.04 0.25

Metabolic 6 6.1 6.0 5.9 5.9 0.1 0.03 0.04 0.45

Total intake * 89.3 86.7 90.4 89.5 0.6 0.02 0.03 0.22
Water excretion (kg/day)

Feces 33.2 34.3 38.8 39.6 0.8 <0.01 0.27 0.87

Urine 18.9 15.9 14.4 13.1 0.8 <0.01 0.04 0.37

Milk 17.9 18.4 17.7 17.9 0.2 0.05 0.10 0.40

Feces + urine 52.1 50.2 53.2 52.7 0.4 <0.01 0.03 0.16

Total excretion 70.0 68.6 70.9 70.5 0.5 0.03 0.13 0.34
Water balance ® (kg/day) 19.3 18.0 19.5 19.0 0.6 0.36 0.18 0.61

ab.c.d Means in a row with different superscripts differ significantly (P<0.05).

'HPHD = high CP high degradable protein diet, HPLD = high CP low degradable protein diet,
LPHD = low CP high degradable protein diet, LPLD = low CP low degradable protein diet.

2 CP= CP level, Deg = Degradability of protein source, CP X Deg = interaction of CP and Deg.

3 Sum of feces, urine and milk.
4 Qubtracted total excretion from intake.
5 Feed water include added water.

6 Calculated from the intake of digestible crude protein and digestible non-protein organic matter '*.

" Sum of feed, drinking and metabolic.
8 Subtracted total excretion from total intake.

4)
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Table 5. Ruminal fluid, plasma and milk constituent concentration and urinary constituent excretion of cows fed the experimental diets

Diets ! Probability 2
HPHD HPLD LPHD LPLD SE CP Deg CP x Deg

Ruminal fluid

pH 6.85 7.00 6.78 6.83 0.10 0.30 0.36 0.63

Ammonia (mgN/dl) 14.1 11.5 8.8 6.8 1.1 <0.01 0.09 0.81
Plasma

Osmolality (mOsm/kg) 285.0 287.0 282.0 283.0 0.8 <0.01 0.11 0.55

Na (mEql/L) 137.5 139.8 138.3 139.3 0.7 0.87 0.06 0.42

K (mEq/L) 4.1 4.0 4.0 3.9 0.1 0.23 0.34 0.48

Cl (mEq/L) 103.3 103.0 102.0 102.0 1.1 0.35 0.91 0.91

Glucose (mg/dl) 68.1 67.8 64.6 62.7 0.8 <0.01 0.22 0.37

Free fatty acid (uEq/L) 91.0 110.8 93.8 151.8 27.1 0.45 0.20 0.51

Lactic acid (mg/dl) 9.2 7.1 6.9 6.6 0.6 0.06 0.09 0.20

camino acid (mgN/dl) 4.7 4.9 4.8 4.4 0.1 0.23 0.51 0.11

Urea (mgN/dl) 12.9 11.5 6.8 5.9 0.6 <0.01 0.12 0.66
Milk

Urea (mgN/dl) 14.8 14.0 9.9 7.8 0.9 <0.01 0.16 0.51
Urine

Urea (gN/day 79.9 61.8 31.2 24.7 5.1 <0.01 0.05 0.30

Allantoin (g/day) 25.0 23.1 24.0 23.6 1.2 0.88 0.38 0.56

LHPHD = high CP high degradable protein diet, HPLD = high CP low degradable protein diet,
LPHD = low CP high degradable protein diet, LPLD = low CP low degradable protein diet.
2 CP= CP level, Deg = Degradability of protein source, CP x Deg = interaction of CP and Deg.
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The Effects of Dietary Protein Level and Rumen Degradability on

Urine Volume in Lactating Dairy Cows

Fumihiro OHTANTI, Kouji HIGUCHI, Yousuke KOBAYASHI and Itoko NONAKA*

Animal Physiology and Nutrition Research Division,
NARO Institute of Livestock and Grassland Science, Tsukuba, 305-0901 Japan

Summary

For the purpose of developing the nutritional management to decrease urine volume of lactating dairy
cows by controlling nitrogen, the study set out to examine the effects of dietary protein level and rumen
degradability on urine volume. Four Holstein cows in late lactation were offered four diets comprising two
levels of crude protein (CP; almost 165% and 135%) and two levels of protein degradability (replacing the ratio
of soybean meal to heat-treated soybean meal as a source of rumen protected protein), and balance trials were
conducted. Milk yield and milk fat percentage decreased significantly with reducing CP content in diets, but
the degree of decrease were small. Both reduction in dietary CP content and protein degradability showed the
effect that significantly decreased urine volume in lactating dairy cows. The effect of dietary CP content on
urine volume might be larger than the effect of protein degradability, reflecting a difference in the impact of two
treatments on blood urea and ruminal ammonia concentration. Feeding low CP diets caused increase in fecal
water excretion, and since this increment could be attributed to lower fiber digestibility in low CP diets, it was

thought that the selection of feed source to prepare low CP diet was important.

Key words: lactating dairy cows, nutritional management, protein level, protein rumen degradability, urine

volume reduction

35

2 Present address: NARO Kyushu Okinawa Agricultural Research Center, Koshi, 861-1192 Japan



