¢ Ehiils

NARO mumsms:, B &0 E LRSS

Effect of low potassium diet feeding on urine
volume reduction for lactating dairy cows

S5 jpn

HARE

~FHE: 2019-03-22

*F—7— K (Ja):

F—7— K (En): Lactating dairy cows, Low potassium
diet, Urine volume reduction

ERE: KA, XT18, HiE, B8, &3, ik, NEZR, 210,
#FRH, BE—BB, ¥, £8, K, M, TR, S8R, 180,
=, B, &

X—=ILT7 KL R:

Firi&:

https://doi.org/10.24514/00002184




Y|

AV 7 LGl Fa 53zl T O O s ki K 1 975021

KRATCHEY - HHEE Y - HAREL Y - SRR A Y - BRI -
AER] O - SRSz T - BEERM Y - fmiE Y - BT

Vs AEmi T — &
DRI AT N - AR AT e T e v —
VM Y —
D R AR B S v 8 —
O SRR BETEI_EIFTE T — 2
O B T RS BRI ZE T — 4
VORI ATEOE N B - B RO AT AR UM T S Y 8 —
B BT AT N SR W DR Fe T
VBRI — A

I

R B & ONREERHC A Y v A (K) EROD % WEDERE IR 2 BRI I L 72 P 248 K k2wl 4 31
A5 L, EENE L ) S LR CRRMIIREEZ R S5 2 LT E L PHGE L7z MERFEICA ) T4
TIAFA L=V BIOTNT 7 VT 74 Fa—T 2R L REIX (K& 1.80%) &, Kamx s
FeOIHE R Y 2 — v A L— L L EAERNC D = ViR R L7248 K ADEHX (7 1.19%) 0 2 K % 8% L 770
TR X O LR A3 26 & B IE AL I IZ 22 A3 2 o 7270, WEIEIUE 1T IC K fTEHX & 0 & W ERETR X O 254 7 <
Iha L CHE D RREARK O TR otze TOEGINBFARXTHET LA )T Y I4 75 A% A
L — VO ERE) - 72 2 L ISRNT 2D TH - 7208, D & R K FR ORG24 0tk & A ErIC
BB G2 52 L3 h o7z D LIRS 7z, TR AOKGHFE O mIZMERX TEND Do 7285, RO
KPR ORI IEEEX D 15.6kg/ HA 5, K KEHR OG5 > CT9.2kg/ HE THEIZIHA L7z, —F, KK
FEHX I8 BN & SRS IERIX X ) 3 0o 2120 b 5, HKGEIE DT RER X EZED S 2 ho
722 ehn, KKERX TIREDOHDIME > THENRBRKREDOMD DD o7z LR SN, AT, MEEFD
IATIVIEELREED X OIRERE W AKX IS EL S, KK ARG BME L ERoEFEHITRN
TV EEZ LNz, IO ORERIE KIRIZ L 2 WO RERA PR 2 S TH o722 L2 RE L TWwWb,
F72, WEFXOEBED GOzt M) v A (Na) BIEICAELRZTHE ST, KEIEBDHRER 2 Na
ENEOMNZISEIF I Lidhrorz,

F—T—F DWEAE, ) AR, REREAL

i

il

%9 BRI, WAFRENSC, T, WRKGEE

bEWZ LD, HEENTHERRFREELZAT Y —IKIZ
FLADERIIEPE DR F LW EDOK 35D 1 05, SREREBMELTHHL L) &9l il
2, TORBIZIIERATHEAA e LEET GIEEY AT A DRER L' ORI O & S

20094-11 H 18 H 521



2 T PE TS AT B R

CEND Y, fEoT, FEEBICL > T FORE
WA ESEDL ZENTEIUL, EIROGEER KT IHED
BHER), BEREIZE > TRELAGEELZ5TH
DEEZEZBND, LIL, WHFORELIREIIHT S
INFTOHEDSL I, EIZEROHIC L > TRE
ECORMIER & OB M 2 2 LIZ TR ED
OB RS 7 R BRI L R B L7 AR B
IZoWTIE, FEVMEF SN TRV, £72, WO
DHE > TIHREMFCTE L L CHOKHRIRA A S
T2 H, HORBIBRIZRE Z D S 55K EH 5 b
OO, FFFICEYERIERAETRT SIS 2 L00,
WFLANZ L o TIEIEAEFW 2 KRB EMFTLETH Y, e
HoBlE2 S b ME» D L,

AU a (K i3+ bJ)wa (Na) BEUOEHRE (N)
BT, ERNIZBWTIEORERIZE D 5 45
FHEEOVEDEEZ LN T WS Y Gt 5T Wil
PRG35 KE el 3 5 REEHEZ 1T 21, WL
FOEMIZFIET DI %L, REZFEISIEDL LN
WHIC A EBbhb, 72751, Wildbofik L 7 53k
AEOMEEHIB L CiE, &, KE=mOEAHE L
LTHH Y, 2001 4R H AR £ Y Tldd —
FX—RTIGARAT )T V4T T AR EDHED K
FEICA%EFBZL2EORONLBRICH 2720, 5
kD K g% 0 A 1 %> NRC fil gt 1 |2
IRENTVEWILFOEREITT N LV F TR
BIE, FREE ORI EEE 05, £ 2 TAWIZET
&, WIEANRG T AR L OEEARHC K & E
DX WERHE IR TR ICIEH T 52 L T, BETO
G AR L-EHAN R KRGl o5
& o TWFLFOEEE R D 2 &% <, BRRIMITR
BEWDSEL I EDURENE, HEERE S L T
AEL 770

MRELVHE

WAHH ORIV A Y A ST 4 %, IR 20T,
ML 60 % (AT L 2 B EBR R IS L, KE&®o
R7p % 2 R ARG L CHNEER & FEHE L 72 1R
FAERBA LA T R 02090 = 17 H, “FIKE
566 + 23kg T, 3BHAS2E, 1BHAS3EETH o 72, bR
T O B, HRmEER 7 B, BB T 3 HER
BB X ORI A BRI 5 F Codifi L7
I9HMZ LHIE L, 282 fELBXIZ 280> 2 &Y
FFB 7 OAF—N=RICL > TERL. B, R

#5105 (2010)

VIR AT B N RS - £ S BT R B T R A 5
W ZEAT B S BR TR EH I HE - TIT o 720

FAPRHRLER okt B B RL X & AR K BEHX 0 2 [XT (1),
WX E SHBELIZ1:1 & Lz, REEEEIZA 4D 7
FATITAFAL—=VBILITLV T 7V T 7N, F2—
TR MEREE Lo, —7, KRNI AR T I K
GBI A L=V E ML, 20
SART ZEABR MMM OMEREE LT, Kag
DL — VR R 2 R L L7 2 0k
H KEmIIFHRER O 1.80% 124 LT, KK T
X 119% & o7z (2). F72, WHEE ORI,
RN KRE LD, ADF S RRENH - 72H
ZOMO B IERFREE THh o7 (£ 2),

FVRE 55 13 BRBIAG 12 B 22 O BIE I s, YFr o
EATI 2 SN T g SNz LRldoAgE s, &
BREEL O SR A S, H ARSI Y FkE kD
72 TDN TR A 100% & 7% 5 &) IS5 E % ik
5E L7z FRHIMEE & IRIEFEOTXTEEEL, 1
H 2 [ 500 T4 oPEsl (8:30 B £ 1718:00) #&7T #
G- L7ze T2, U —F =5y Thb0f0KE B
WOERUIAB L L7z,

IR ERER IS 3 RIRIGEC & 0 FEhE L 7z ity
MrxiEH, foksE, fLE, EBE JREL, k)
& D IR = 2 AR R I L, R
FEENL 7 Ho % HmI2s U CTRRE L Tarth» 7 v
E L7z AL D BIEFLF ORI L THSRAL T
ST Tk L7eAs, FURDE, FLEAHE, FMEICOW
TIEREVEALRFTEOY » TV E G L, AEICL L IMETF
W EAT o THMNRBRII I B 2 i % 5H L 7. [
TN 7 H B o MR B R a2 CRIPE B &
MWEL, TOEIPLRDIZ,

HANERERAE T 3 H OB ORI T L CHB AT
AR, B2 2 H V- SEIRIM ORI E 45
—BHORON LR T > 72, I L72E—BiE=
B —ETAHBLIR, —HITELIT Y EZTiRELY
WEL, BROIIGHHY > 7 & U CHlEERA L7z, 1
{#i1d 3,000rpm, 30 43 LA EELC &0 15 S 7z
AN TV & L CHBERA L 72,

ARl FRfE, OB EALB LI PRPOKSGE N
FEEY I, E72, R, FRAI, %o NDF P B X
WADF ™ 374 —V o ¥ MEIZE DT L7z. 72,
FNHH Y TIVEMEER X BB v TIVISREE -
W X 2RI, BT rEr (AA-
6400F, BEEERT) 124 ) K & Na il illE L7z, 4l



KBS ARA ) T LGOI G- AL O PRI I BIE R 3

Table 1. Ingredient composition of control and low K diets,
and K content of each feedstuffs (% DM)

Ingredient (K content ) Control Low K

Corn silage (1.54) - 49.3
Italian ryegrass silage (2.65) 40.3 -
Alfalfa hay cube (2.64) 10.0 -
Brewer’s grains (0.01) - 13.4
Barley (0.50) 9.9 10.1
Corn (0.39) 16.9 5.1
Oats (0.60) 11.2 10.2
Soybean meal (2.66) 10.0 10.2
Vitamin-Mineral mixture 1.7 1.7
DM : dry matter

Table 2. Chemical composition of control and low K diets

(% DM)

Control Low K
DM (% FM) 81.1 403
oM 91.5 94.3
CP 16.0 15.6
EE 2.9 39
ADF 19.6 155
NDF 38.1 38.2
K 1.80 1.19
Na 0.04 0.03

DM : dry matter, FM : fresh matter, OM : organic matter,
CP : crude protein, EE : ether extracts, ADF : acid detergent fiber,
NDF : neutral detergent fiber
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Table 3. Intake, excreta, milk performance, digestibility and
nutrient values of cows fed control and low K diets *

Control Low K
Intake
DM (kg/day) 190 + 1.0 217 + 1.8*
N (g/day) 4944 +£324 547.1 +38.7*
K (g/day) 3325 +239 2594 +206*
Na (g/day)
Feed 81 = 03 58 £ 0.7*
Drinking water 3.7 = 03 26 = 03*
Salt block 48 + 6.7 71 £ 43
Total 16.6 £ 6.7 156 + 41
Excreta (kg/day)
Feces 513 = 55 505 + 5.1
Urine 16.3 + 4.2 9.7 = 2.7*
Feces + Urine 676 * 5.2 60.2 £ 70*
Milk yield (kg/day) 259 + 44 314 £ 50%*
Milk composition (%)
Fat 434 £ 0.65 469 £ 0.37
Protein 3.18 + 0.37 335 + 031
Lactose 444 + 0.14 448 + 0.13
K 0.17 = 0.01 0.17 = 0.01
Digestibility (%)
DM 67.0 + 1.8 66.9 + 0.9
oM 69.1 + 1.6 69.0 + 1.0
CP 648 + 4.8 633 + 25
EE 788 + 24 812 + 28
ADF 509 +12.2 458 +10.9
NDF 492 £ 43 52.7 + 47
Nutritive values (%DM)
TDN 66.3 + 16 69.0 = 1.0
DCP 105 + 09 100 + 03

! Mean + SD, * P<0.05

DM : dry matter, OM : organic matter, CP : crude protein, EE :
ether extracts, ADF : acid detergent fiber, NDF : neutral detergent
fiber, TDN : total digestible nutrients, DCP : digestible crude
protein
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Table 4. K and water balance of cows fed control and low K

diets *
Control Low K

K intake (g/day) 3325 +£239 259.4 +£20.6*
K excretion (g/day)

Feces 90.0 +£28.9 97.1 + 6.0

Urine 166.5 +47.2 79.6 £17.4*

Milk 446 + 8.2 532 + 8.1~*

Feces + urine 256.6 +19.3 176.7 +16.2*

Total ? 301.1 £19.8 2299 +21.1*
K balance * (g/day) 314 +129 295 + 22
Water intake (kg/day)

Feed 37 £ 04 316 + 3.2*

Drinking 9.1 + 6.8 682 + 6.7*

Metabolic * 59 + 03 70 + 05*

Total °® 105.7 = 7.4 106.8 +10.4
Water excretion (kg/day)

Feces 450 + 52 433 + 44

Urine 156 = 4.0 92 = 25*

Milk 225 + 4.0 271 + 45%*

Feces + urine 60.6 + 4.8 526 * 6.1*

Total * 83.2 + 86 79.7 £10.5
Water balance * (kg/day) 226 * 47 271 + 25

' Mean + SD, * P<0.05

% Sum of feces, urine and milk

® Subtracted total excretion from total intake

* Calcutated from the intake of digestible crude protein and
digestible non-protein organic matter *

® Sum of feed, drinking and metabolic
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Table 5. Composition of ruminal fluid and plasma of cows fed
control and low K diets *

Control Low K

Ruminal fluid

K (mmol/L) 200 + 4.3 151 + 37

Na (mmol/L) 1154 +£145 1241 + 3.2

Na/K ratio 59 + 13 85 = 1.7*

Ammonia (mgN/dl) 128 + 28 103 + 20
Plasma

K (mmol/L) 43 £ 0.2 41 + 01

Na (mmol/L) 1374 + 21 1375 + 17

Na/K ratio 319 + 20 333 + 10

Ca (mg/dl) 10.7 + 03 108 + 0.3

Mg (mg/dl) 27 £ 02 28 + 0.1

Cl (mEq/L) 989 + 56 100.1 + 1.0

Osmolality (mOsm/kg) 2835 + 2.1 2835 + 34

Urea (mgN/dl) 183 + 0.8 17.0 + 3.0
! Mean  SD, * P<0.05
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Summary

The practical low potassium (K) diet that was prepared by actively utilizing the feed sources with low K content
as roughage and formula feed was fed to 4 lactating dairy cows and examined whether urine volume could decrease
effectively without damaging milk production. Two feed treatments were arranged that control diet (1.80% of K) was used
Italian ryegrass silage and alfalfa hay cube as roughage and low K diet (1.19% of K) was used corn silage as roughage and
brewer’s grain as one of formula feed ingredients in order to decrease K content of diet. Dry matter intake and thereby
milk yield were significantly lower for cows fed control diet compared to low K diet, although there were no differences in
milk composition rates and digestibility between two diets. This difference observed in dry matter intake was attributed
to poor in palatability of Italian ryegrass silage used for control diet, so it was deemed at least that low K diet did not exert
adversely effects on feeding and milk production of cows. While fecal water excretion was not affected by feed treatments,
urinary water excretion significantly decreased from 15.6 kg/day in control diet to 9.2 kg/day in low K diet. On the other
hand, since total water intake did not increase in cows fed low K diet despite the increments of dry matter intake and milk
yield, it was guessed that voluntary drinking water intake might be decreasing associated with the reduction of urinary
water excretion in low K diet. It was thought that the homeostasis of electrolyte and nitrogen was maintained even when
cows were fed low K diet, because there were no differences in plasma mineral concentrations, osmolarity, and urea
concentration between two diets. These observations suggested that the decrease of urine volume induced by reduction
of K intake was a physiological reaction in lactating dairy cow. Additionally, even though K intakes were reduced when

cow fed low K diets, the total sodium intakes included salt block by cows were not increased.
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