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Table 1. Ingredient composition of the experimental diets

(% DM)
Diets '

Ingredient HH LH LL
Italian ryegrass silage 45.0 - -

Corn silage - 50.0 50.0
Alfalfa hay cube 15.1 10.1 10.1
Corn 11.7 4.9 4.9
Barley 12.3 8.9 9.4
Soybean meal 13.5 2.1 2.0
Brewer's grains - 10.1 9.1
Corn gluten meal - 6.1 2.0
Potato starch - 5.0 9.6
Vegetable oil calcium soap 1.5 1.0 1.0
Urea - 0.5 0.5
Vitamin-Mineral mixture 0.9 14 1.4

"HH = high K high CP diet, LH = low K high CP diet, LL
=low K low CP diet
DM : dry matter
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Table 2. Chemical composition of the experimental diets

(% DM)
Diets

HH LH LL
DM (% FM) 76.2 46.1 46.0
oM 92.0 93.6 93.8
CP 18.1 17.6 13.5
EE 3.8 4.4 4.1
aNDFom 46.8 39.9 38.8
ADFom 26.8 21.5 20.7
Starch 16.0 29.4 33.4
K 1.75 0.94 0.93
Na 0.27 0.19 0.20

'HH = high K high CP diet, LH = low K high CP diet, LL

= low K low CP diet

DM : dry matterr, FM : fresh matter, OM : organic matter,
CP : crude protein, EE : ether extracts, aNDFom : neutral
detergent fiber, ADFom : acid detergent fiber
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Table 3. Dry matter intake, excreta, milk performance, digestibility and nutrient values of cows fed the

experimental diets

Diets '
HH LH LL SE

DM intake (kg/day) 15.8 15.8 15.8 0.0
Excreta (kg/day)

Feces 40.2° 33.7° 36.1°" 1.1

Urine 14.5" 9.8° 6.6° 0.7

Feces + Urine 54.7*" 435" 427" 1.3
Milk yield (kg/day) 22.2 23.7 21.7 0.4
Milk composition (%)

Fat 4.26 4.29 4.36 0.14

Protein 3.08 3.08 3.16 0.06

Lactose 4.56 4.58 4.60 0.08
Digestibility (%)

DM 69.8° 65.2°" 64.0°" 0.6

oM 72.1° 67.1° 65.8" 0.6

CP 70.5* 67.2° 59.2° 0.7

EE 72.3 65.0 62.4 3.2

aNDFom 63.4° 51.4°" 48.3°" 2.0

ADFom 61.2° 481" 44.7" 2.7

Starch 97.4° 92.3°" 92.1° 0.9
TDN (%DM) 69.7° 66.4°" 64.9° 0.7
TDN/CP 3.85°" 3.78" 4.82° 0.04
% CP sufficiency rate (%) 132° 121° 99°¢ 1

*>Means in a row with different superscripts differ significantly (P<0.05)

"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet

* CP sufficiency rate = CP intake / CP requirement x 100

DM : dry matter, OM : organic matter, CP : crude protein, EE : ether extracts, aNDFom : neutral
detergent fiber, ADFom : acid detergent fiber, TDN : total digestible nutrients
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Table 4. K, N and Na balance of cows fed the experimental diets

Diets '
HH LH LL SE
K intake (g/day) 276.8° 149.0° 147.1° 1.0
K excretion (g/day)
Feces 66.4 62.5 62.9 3.8
Urine 149.1° 409" 425" 2.2
Milk 36.3 38.6 35.2 1.8
Feces + urine 215.5*° 103.4 " 105.5 " 3.7
Total > 251.8° 142.0° 140.7° 3.9
K balance® (g/day) 25.1° 7.0° 65" 3.6
N intake (g/day) 457.1° 443.3" 340.1°¢ 1.4
N excretion (g/day)
Feces 135.2° 145.1° 138.6 ™ 2.0
Urine 148.9° 117.3° 70.5°¢ 5.2
Milk 106.2 110.8 103.2 1.6
Feces + urine 284.1°% 262.5"° 209.1°¢ 4.1
Total * 390.3° 373.2° 312.3°¢ 3.1
N balance® (g/day) 66.8"° 70.1° 27.8"° 2.8
Na intake* (g/day) 44.9° 30.8° 32.2° 0.1
Na excretion (g/day)
Feces 25.5 13.7 14.5 3.3
Urine 6.9 5.9 5.4 1.3
Milk 6.0 6.6 5.9 0.2
Feces + urine 32.4° 19.6°" 19.8°" 2.3
Total* 38.3" 26.2"° 25.8"° 2.3
Na balance® (g/day) 6.6 4.7 6.5 2.2

***Means in a row with different superscripts differ significantly (P<0.05)
"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet
?Sum of feces, urine and milk

? Subtracted total excretion from total intake

*From feed and drinking water
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Table 5. Water balance of cows fed the experimental diets

Diets '
HH LH LL SE
Water intake (kg/day)
Feed 5.0° 18.4° 18.6° 0.1
Drinking 747" 51.8°" 485" 1.3
Metabolic? 51" 49" 48" 0.1
Total® 84.8*° 75.1"° 71.9° 1.5
Water excretion (kg/day)
Feces 35.4" 28.3° 30.5 " 1.2
Urine 13.8° 9.3° 6.2° 0.7
Milk 19.4 20.6 18.9 0.4
Feces + urine 49.2° 376" 36.7"° 1.3
Total * 68.5" 58.2°" 55.5" 1.4
Water balance’® (kg/day) 16.2 16.9 16.3 1.2

***Means in a row with different superscripts differ significantly (P<0.05)
"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet

?Calculated from the intake of digestible crude protein and digestible non-protein organic matter "

#Sum of feed, drinking and metabolic
*Sum of feces, urine and milk

®Subtracted total excretion from total intake

Table 6. Ruminal fluid, plasma and milk constituent concentration and urinary constituent excretion of

cows fed the experimental diets

Diets '
HH LH LL SE

Ruminal fluid

pH 7.35 7.33 7.38 0.13

Ammonia (mgN/dl) 11.8° 7.2 3.8" 0.9

Acetic acid (mmol/L) 46.3 42.6 37.0 8.1

Propionic acid (mmol/L) 9.9 8.6 7.7 2.0

Butyric acid (mmol/L) 7.2 7.4 6.4 0.9

Acetic/Propionic 4.7 5.0 4.8 0.2
Plasma

Osmolality (mOsm/kg) 284.8 284.1 282.1 1.4

Na (mEql/L) 137.9 138.5 137.7 0.8

K (mEqg/L) 4.0 3.9 4.2 0.2

Cl (mEq/L) 100.9 103.3 103.1 1.4

Glucose (mg/dl) 69.9 72.3 69.3 4.6

Free fatty acid (nEq/L) 177.7 178.2 202.6 52.4

Lactic acid (mg/dl) 8.4 7.8 9.0 0.9

Urea (mgN/dl) 21.4° 16.8° 9.4" 1.0
Milk

Urea (mgN/dl) 22.0° 17.1° 10.5° 0.5
Urine

Urea (gN/day) 117.3° 87.9"° 429° 4.3

**“Means in a row with different superscripts differ significantly (P<0.05)
"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet
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Summary

An experiment that simultaneously controlled dietary potassium (K) and nitrogen (N) in lactating dairy
cows was carried out to determine the effects of each nutrient on urine volume and whether simultaneous control
of both nutrients could reduce urine volume effectively. Three feed treatments were arranged ; high K high crude
protein (CP) diet (HH diet : 1.75% of K, 18.1% of CP) which combined soybean meal, corn and barley as formula
feed with Italian ryegrass silage as a main roughage, and low K high CP diet (LH diet : 0.94% of K, 17.6% of CP)
which reduced K content by using corn silage as a main roughage and replacing a substantial portion of formula
feed with brewer's grain, corn gluten meal, urea and potato starch, and low K low CP diet (LL diet : 0.93% of K,
135% of CP) which reduced CP content by replacing a part of brewer's grain and corn gluten meal in LH diet
with barley and potato starch. Diets were fed to four dairy cows in late lactation assigned to 3 x 3 Latin square
design and balance trials were conducted. When LH and LL diets were fed, several nutrient digestibilities were
lower than HH diet in consequence of poor digestibilities of ingredients constituted low K diets, although there
were no differences in milk yield and composition rates among treatments, indicating that the control of K and
N in diets did not exert adversely effects on milk production of dairy cows. Urine volume decreased from 14.5
kg/day in HH diet to 9.8 kg/day in LH diet and moreover decreased to 6.6 kg/day in LL diet. It was deduced that
either decrease in K or N intake produced comparable reduction effect on urine volume of cows. Because it was
confirmed that lower N intake could show additive reduction effect on urine volume even under lower K intake
condition, it was thought that simultaneous control of both nutrients would be useful nutritional management to
decrease urine volume in lactating dairy cows efficiently. In addition, it was suggested that the decrease in urine
volume by feeding LH or LL diets might be able to reduce fecal water excretion, presumably in association with

reduction of total water intake of dairy cows.

Key words: lactating dairy cows, potassium, nitrogen, nutritional management, urine volume reduction
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