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ABSTRACT - Forty-two lactating Holstein cows were divided into two groups, control (C) and test
(T), and used in a cross-over design. In each group cows were also divided in three subgroups on the
basis of milk yield: low (L), medium (M) and high (H). C cows were fed a diet with 15.4% CP on DM.
T cows were fed three diets with the CP content (% DM) adjusted to milk yield (13.6, 15.2 and 17.2 for
diets TL, TM and TH). At the highest level of production TH diet improved milk yield (kg/d) (38.9 C
vs 41.0 TH) and FCM (kg/d) (39.6 C vs 40.6 TH) (P<0.05). No differences were detected for TL and TM
diets compared to C. For L and H subgroups milk urea (mg/dl) was increased by the higher CP diets
(28 C vs 24 TL; 30 C vs 36 TH; P<0.05). N efficiency (milk N, %N intake) was higher with lower CP
diets (22 C vs 25 TL; 32 C vs 29 TH) and for increased milk yield. An adequate CP content of the diet
enhances milk production in high yielding dairy cows, but an excessive amount of dietary N increases
milk urea and N excretion.
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Introduction - As herd production levels continue to improve along with herd size and genetic
merit, meeting the nutritional needs of the lactating dairy cows is an increasing challenge for modern
dairy producers. One of the most effective ways to meet nutrient requirements of dairy cows is to feed
and manage them in groups depending on productive level and stage of lactation (early, mid and late).
For example crude protein (CP) requirements during mid lactation are lower than in early lactation
(NRC, 2001) and overfeeding CP reduces profit margins because of the relatively high cost of protein
supplements and the poor efficiency of N use by dairy cows fed high protein diets (Broderick, 2003). In
our condition, especially for small-medium size herd, a unique ration is often fed to all lactating cows
independently from milk yield. This results in higher incidence of metabolic disorders, higher costs
and environment pollution due to an increment in N excretion. The aim of this study was to determine,
in dairy cows with a different milk yield, the optimum CP content of the diet required to maximize
production of milk at minimal N excretion.

Material and methods — Forty-two lactating Holstein cows were divided into two groups, control
(C) and test (T) and used in a cross-over design. Cows were blocked by parity, DIM and milk yield. In
each group cows were also divided in three subgroups on the basis of the stage of lactation and milk
yield (kg/d): low (1.<25), medium (M 25<yield<35) and high (H>35). All the cows of group C were fed a
control diet with 15.4% CP on DM. Cows of group T were fed, depending on their milk yield, three diets
with 13.6, 15.2 and 17.2% CP on DM (table 1).

Each experimental period lasted 21 d (14 of adaptation and 7 of sample collection). Individual milk
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yield was measured daily and individual milk daily samples were analysed for fat, protein and urea. N
balance was calculated from the observed dry matter intake of each group, average milk yield and milk
protein content. N excreted with faeces and urines was predicted by the Cornell Penn Miner software
(CPM, 2004). Milk urea nitrogen was also predicted by CPM.

Data were analysed using Proc GLM procedures by SAS (SAS Institute, 2000) with the following
model:

Yijiam =1+ T + A; (Gy) + Py + (TxGy + ejam

where Tj= 1-2 treatment (C vs TL, C vs TM, C vs TH); A;= 1-14 (animal within group); Gy = 1-3
(group: L, M, H); P; = 1-2 (period: 1 e 2); ejj, = residual error. The data in the tables are presented as
least-square means (LSM) +standard error of the mean.

Results and conclusions — As

Table 1. Composition and chemical analysis of expected DMI was positively cor-
the experimental diets related to milk yield (r=0.89) (table
c TL ™ TH 2). At the high level of production
Comn silage (kg/d) 180 180 180 180 T diet (TH) improved significantly
Alfalfa hay (ko/d) 55 55 55 55  milk and FOCM yields (P<0.05),
Italian ryegrass hay (kg/d) 26 26 26 26 whereas no significant dlfferen.ces
Corn meal (ka/d) 43 29 3.8 51 were detected for TL and TM diets
Barley meal (ka/d) 14 1.0 13 17 C(.)mp.ared ‘?0 C (table 2). For low
Soybean meal (ka/d) 8 14 6 34 yielding dairy cows a CP content of
13.6% on DM was adequate to sup-

Soybean flakes (kg/d) - - - 1.3 . . .
e port a milk yield of approximately
Min/vit. suppl. (kg/d) 0.4 0.3 0.4 0.5 20 kg/d even if protein yield was
Crude protein (% DM) 154 136 152 17.2 significantly lower for diet TL (812
Soluble protein (% CP) 316 364 322 313 vs 777 g/d for C and TL; P<0.05).
aNDFom* (% DM) 343 37.7 349 315 It must be also underlined that the
ADFom? (% DM) 234 261 240 213 CP content of diet TH was 17.2% on
ADLom? (% DM) 4.0 4.6 4.1 3.6 DM and slightly higher than the
Starch (% DM) 27.3 256 26.7 27.4 value (16.5%) recommended for lac-
NE, (MJ/kgDM) 6.61 6.40 654 6.97 tating dairy cows (Olmos Colmenero
INDF assayed with a heat stable amylase and expressed exclusive of resi- ~ and Broderick, 2006). Other studies
dual ash; %expressed exclusive of residual ash. have also reported no improvement

in milk and protein productions
when dietary CP was increased
from 16.1-16.7% to 18.4-18.9% on DM (Cunningham et al., 1996; Broderick, 2003; Leonardi et al.,
2003). For L and H subgroups milk urea was increased by the higher CP diets (P<0.05) (table 2). Milk
urea was positively correlated to dietary CP content (r=0.93) as found in previous studies (Nousiainen
et al., 2004; Olmos Colmenero and Broderick, 2006). A good correlation was found also between milk
urea and the ratio of dietary CP to energy (r=0.93) in agreement with Oltner and Wiktorsson (1983).
Milk urea predicted values were also highly correlated with the observed concentrations (r=0.95). In
the present study the content of milk urea (36 mg/dl) of cows fed TH diet (CP 17.2%) was quite high in-
dicating an inefficient use of dietary CP. Colmenero and Broderick (2006) reported a milk urea content
of 27.8 mg/dl for a diet with a CP content of 17.9%. In the latter study the non fibrous carbohydrate
(NFC) content of the diet was much higher than that of our study (50 vs 40% on DM) and this results
in a better utilization of N, especially NH5-N, at rumen level.
Considering the N balance (table 2), N efficiency (milk N, % of N intake) within each subgroup was
always higher with lower CP diets. Consistently with literature (Flachowsky and Lebzien, 2006) N
efficiency was higher for increased milk yields (on average 23.5, 27.0 and 30.5% respectively for L, M
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and H subgroups). The proportion of N excreted with urine increased with higher dietary CP content
(27-31-35% for TL, TM, TH) and, for the unique C diet, with lower milk yields (37-32-27% for CL, CM,
CH). In conclusion, the data obtained indicate that an adequate CP content of the diet enhances milk
production in high yielding lactating cows, but an excessive amount of dietary N, if not properly bal-
anced with NFC, increases milk urea N and N excretion.

Table 2. Dry matter intake (DMI), milk yield and quality and nitrogen balance of
low (L), medium (M) and high (H) yielding cows fed the control (C) and
test (T) diets.

Subgroup L M H

Diet C TL  SEM C ™ SEM C TH  SEM

DMI 229 21.7 23.4 23.2 239 249

Milk kg/d 199 192 038 26 259 0.39 38.9° 41.0*® 0.36
FCM 4% kg/d 22.8 22.1 036 285 285 0.39 39.6° 40.6* 0.36
Fat % 4.80 4.84 0.042 4,50 4.51 0.043 4.01* 3.83° 0.040
Protein % 3.99 3.95 0.012 3.75* 3.71* 0.012 3.11 3.13 0.011
Urea determined (mg/dl) 28a 24 1.2 30 32 1.6 30° 36° 1.3

Urea predicted (mg/dl) 28 20 28 28 28 35

N intake (g/d) 565 473 578 566 588 686

Milk N (% N intake) 22 25 27 27 32 29

N urine (% N intake) 37 27 32 31 27 35

N faeces (% N intake) 41 48 41 42 41 36

abwithin each subgroup means that are followed by different letter are significantly different (P<0.05).
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