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Ruminant Nutrition 

Effect of proportion and digestibility of grass-clover silage on feed intake, 
milk yield, and nitrogen excretion in lactating dairy cows 
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H I G H L I G H T S  

• Replacing grass-clover silage with maize silage increased DMI but did not affect ECM yield. 
• Increased digestibility of grass-clover silage decreased DMI but did not affect ECM yield. 
• Milk protein concentration increased with increased digestibility of grass-clover silage. 
• Proportion and digestibility of grass-clover silage had only minor effect on milk production and composition.  
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A B S T R A C T   

The aim of the current study was to examine the effect of proportion and digestibility of grass-clover silage on dry 
matter intake (DMI), milk yield and nitrogen (N) excretion in lactating dairy cows. In total, 36 Danish Holstein 
dairy cows, 12 primiparous and 24 multiparous, were included in the study. At the beginning of the experiment 
the cows were on average (mean ± SD) 122 ± 81 days in milk (DIM). The cows were divided into 9 groups (4 
cows in each group) based on parity and DIM, and were randomly assigned to one of four dietary treatments in a 
4 x 4 Latin square design with 9 replications. The four dietary treatments differed in forage source as follows: 1) 
low proportion of low digestible grass-clover silage; 2) low proportion of high digestible grass-clover silage; 3) 
high proportion of low digestible grass-clover silage; 4) high proportion of high digestible grass-clover silage. 
Different proportions were obtained by exchanging grass-clover silage with maize silage (30:70 or 70:30 on DM 
basis). Different digestibilities of grass-clover silages were obtained by using two grass-clover silages differing in 
harvest time, spring growth and first re-growth, with these expected to have a high and low digestibility, 
respectively. The experiment was divided into 4 periods, all lasting for 3 weeks of which the first 17 d were used 
as adaption and the last 4 d were used for sampling and recording. Feed and water intake as well as milk yield 
were recorded daily, and milk samples were collected for determination of milk composition. In addition, faeces 
and blood samples were collected for chemical analyses. Replacing grass-clover silage with maize silage 
increased DMI and milk protein but reduced milk fat, whereas increased digestibility of grass-clover silage 
decreased DMI but increased milk protein. Milk yields (kg and kg of energy-corrected milk (ECM)) were not 
affected by diet, probably due to the increase in DMI observed in cows offered low digestible grass-clover. 
Excretion of N in urine increased with high proportion and low digestibility of grass-clover silage, probably a 
result of the greater crude protein (CP) concentration in grass-clover silages than in maize silage, and in low 
compared to high digestible grass-clover silage, respectively. Thus, proportion and digestibility of grass-clover 
silage surprisingly seemed to have only minor effect on milk production and composition. However, di-
gestibility was confounded with the harvest used, and the different cuts of grass-clover silage likely differed in 
clover proportion, which could have affected the results. Finally, urinary N excretion increased with increased 
dietary CP concentration.   

Abbreviations: ATTD, apparent total tract digestibility; BW, body weight; CP, crude protein; DIM, days in milk; DMI, dry matter intake; ECM, energy-corrected 
milk; iP, inorganic phosphate; N, nitrogen; OM, organic matter; OMD, organic matter digestibility; TiO2, titanium dioxide; TMR, total mixed ration. 
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1. Introduction 

Digestibility is one of the most important factors affecting forage 
intake (Huhtanen et al., 2007). The cell soluble matter is almost totally 
digested by ruminants, thus the amount and quality of cell walls (i.e. 
NDF) determines the digestibility of forage organic matter (OM) (Van 
Soest, 1994). The cell wall concentration and digestibility change during 
growth and development of the plant (Kuoppala et al., 2008), and the 
effects of growth stage on digestibility and dry matter intake (DMI) of 
grass silages have been well documented (Huhtanen et al., 2007; 
Johansen et al., 2017). In the northern part of Europe, grass-clover silage 
constitutes a major part of the diets for dairy cows, and digestibility of 
grass-clover silage is therefore usually listed as one of the most impor-
tant factors when optimizing the milk production on farm. A 
meta-analysis has shown, that there is a positive relationship between 
feed efficiency and OM digestibility across legume and grass based diets 
(Johansen et al., 2018). Maize silage is also a widely used forage due to 
its high field yield and digestibility. Previous comparisons between 
maize silage and grass silage have shown that dairy cows have greater 
intakes of maize silage based diets than diets based on grass silage as the 
sole forage (Phipps et al., 1992; Phipps et al., 1995; O’Mara et al., 1998). 
In addition, they reported that milk yield as well as milk protein con-
centration increased by replacing grass silage with maize silage. More-
over, Dewhurst et al. (2010) found that mixing red clover silage into a 
maize silage based ration resulted in a reduction in milk yield with 
increasing proportion of red clover. However, many of these studies 
were based only on the replacement of grass silage or clover silage with 
maize silage, and not combining the two key factors: proportion and 
digestibility of grass-clover silage. The combination of proportion and 
digestibility of grass-clover silage might improve milk production in 
dairy cows, and therefore the effect of combining proportion and di-
gestibility of grass-clover silage on DMI and milk production would be 
relevant to study. 

Over the past decades pressure to reduce N losses to the environ-
ment deriving from agricultural activities has increased. Excretion of N 
is an environmental concern because of its relationship to ammonia 
volatilization and the potential movement of N to surface or ground-
water. Intake of N has been reported to be the main driver for N 
excretion in dairy cattle, especially in urine (Huhtanen et al., 2008; 
Dong et al., 2014), as consumption of N in excess of rumen microbiota 
and animal requirement is primarily excreted in urine (Bockmann et al., 
1997). The digestibility of grass silage is often variable, whereas the 
digestibility of maize silage is more uniform. Thus, the effect of pro-
portion and digestibility of grass-clover silage on the excretion of N in 
lactating dairy cows might be studied further. 

The main objective of the present study was to investigate a po-
tential interaction between proportion of grass-clover silage and maize 
silage and digestibility of grass-clover silage on DMI and milk produc-
tion in lactating dairy cows. The second objective was to examine the 
impact of these feeding strategies on N excretion in lactating dairy cows. 
The study was based on the following hypotheses: 1) Increased di-
gestibility of grass-clover silage increases DMI and milk production, and 
2) Replacing maize silage with grass-clover silage decreases DMI and 
milk production, and increases N excretion in urine, but these effects 
will be compensated for when increasing the digestibility of grass-clover 
silage. 

2. Materials and methods 

2.1. Animals, feeding and housing 

The current experiment was performed at the Danish Cattle Research 
Centre, AU Foulum, Tjele, Denmark, and was carried out in agreement 
with the consolidation Act (No. 474, May 15, 2014) regarding animal 
experimentation stated by the Danish Ministry of Environment and 
Food (2014). In total, 36 Danish Holstein dairy cows, 12 primiparous 

and 24 multiparous, were included in the study. At the beginning of the 
experiment the cows were on average (mean ± SD) 122 ± 81 days in 
milk (DIM). The cows were divided into 9 groups (4 cows in each group) 
based on parity and DIM. Within groups, cows were randomly allocated 
to one of four dietary treatments in a 4 x 4 Latin square design. Latin 
squares with different sequences of treatment arrangements were used 
for each group to balance for potential carry-over effects. Each of the 4 
experimental periods lasted for 21 d, in which the first 17 d were used as 
adaptation, while the last 4 d were used for sampling and recording. 
Every period in the experiment started d 0 at 0800 h and ended d 21 at 
0800 h, and therefore, d 21 and d 0 in the two adjacent periods were the 
same calendar day. All diets were offered to cows as a total mixed ration 
(TMR) having a fixed forage-to-concentrate ratio of 60:40 in DM. A 
concentrate mix containing all the supplementary feeds was prepared 
and pelleted, and the same concentrate pellet were included in all four 
dietary treatments. The composition of the concentrate pellet were 
formulated in the Nordic feed evaluation system NorFor (Volden, 2011) 
to fulfil the requirements on average for the four dietary treatments for 
lactating cows producing 10,500 kg energy-corrected milk (ECM)/year. 
The concentrate pellet consisted of barley (47.6% of DM), rapeseed cake 
(37.3% of DM), soybean meal (10.5% of DM), sodium bicarbonate 
(1.65% of DM), minerals (1.18% of DM), ADE-vitamins (0.50% of DM), 
calcium (1.00% of DM) and titanium dioxide (TiO2) (0.30% of DM). The 
four dietary treatments were formulated to contain protein concentra-
tions between 15 and 18% CP thus reflecting the range of protein levels 
typically found in Danish diets. The differences in protein concentra-
tions were achieved by changing the ratio between grass-clover silage 
and maize silage in the diets on a DM basis (30:70 vs 70:30), combined 
with using two grass-clover silages differing in digestibility (low vs. 
high) (Table 1). The 4 treatments were as follows; low proportion of low 
digestible grass-clover silage (LP_LD), low proportion of high digestible 
grass-clover silage (LP_HD), high proportion of low digestible 
grass-clover silage (HP_LD) and high proportion of high digestible 
grass-clover silage (HP_HD). In vitro organic matter digestibilities 
(OMD) of the silages were determined by anaerobic incubation with 

Table 1 
Ingredients and chemical composition (g/kg of DM unless otherwise stated) of 
the experimental diets.  

Item Dietary treatments1 

LP_LD LP_HD HP_LD HP_HD 

Ingredients     
Maize silage 420 420 180 180 
Grass-clover silage (high 
digestibility)2 

- 180 - 420 

Grass-clover silage (low 
digestibility)3 

180 - 420 - 

Concentrate pellet4 400 400 400 400      

Chemical composition5     

DM, g/kg of feed 428 ±
18.8 

413 ±
11.6 

415 ±
13.6 

381 ±
8.4 

Ash 60.0 63.3 70.2 77.9 
Crude protein 158 154 180 171 
Carbon 447 444 447 441 
Neutral detergent fibre 324 321 338 332  

1 LP_LD = low proportion of low digestible grass-clover silage; LP_HD = low 
proportion of high digestible grass-clover silage; HP_LD = high proportion of low 
digestible grass-clover silage; HP_HD = high proportion of high digestible grass- 
clover silage. 

2 Grass-clover silage from spring growth. 
3 Grass-clover silage from first re-growth. 
4 Composition per kg of DM: 476 g barley; 373 g rapeseed cake; 105 g soybean 

meal; 16.5 g sodium bicarbonate; 11.8 g minerals; 5.0 g ADE-vitamins; 10 g 
calcium; 3.0 g titanium dioxide. 

5 For DM n = 16, mean and SD is given. Concentration of the other nutrients is 
calculated based on average analysed values in individual feedstuff, and pro-
portion of individual feedstuffs in final diets. 

D.N. Brask-Pedersen et al.                                                                                                                                                                                                                    



Livestock Science 266 (2022) 105110

3

diluted rumen fluid for 48 h followed by incubation of undissolved 
material with a pepsin HCl solution for 48 h (Tilley and Terry, 1963). In 
vitro OM digestibility of the concentrate was obtained by treating 
samples with a pepsin HCl solution followed by enzyme incubation 
(Weisbjerg and Hvelplund, 1993). Subsequently, in vivo OM di-
gestibilities were estimated according to Åkerlind et al. (2011). 

Both grass-clover silages and the maize silage were produced 
during the growing season of 2018 and ensiled in bunker silos without 
use of additives. The high digestible grass-clover silage was produced 
from the spring growth (primary growth) harvested May 16, and the low 
digestible grass-clover silage was produced from the first regrowth 
(primary re-growth) harvested June 18. Both grass-clover silages con-
sisted of a crop mixture consisting of perennial ryegrass, hybrid ryegrass, 
white clover and red clover (60%, 23%, 9%, and 8% (weight basis) in the 
seed mixture, respectively), which was mown and wilted in the field to 
achieve approximately 30% of DM before chopping and ensiling. The 
maize silage was produced from the variety Fieldstar and harvested 
August 30. 

To estimate faecal output, TiO2 was included in the diets as an 
external marker. The diets were fed ad libitum as TMR twice a day at 
0800 h and 1630 h, respectively. The amounts fed were adjusted daily to 
reach a feed residue of approximately 7%, but at least 3 kg/d on fresh 
matter basis, which was removed every day before providing new feed 
in the morning. The TMR diets were mixed daily in a Cormall auger 
mixer (Cormall A/S, Sønderborg, Denmark) for 15 min. The cows were 
housed in a loose-housing system with concrete floor and cubicles with 
mattresses and sawdust as bedding materials in 3 confined sections each 
designed for twelve cows. One Insentec feed trough (Insentec RIC sys-
tem, Insentec, Marknesse, The Netherlands) was assigned to each cow, 
and each cow had free access to its specific trough during the whole 
experiment via an electronic ear tag controlling the opening of the gate 
and thus only allowing access to the individual cow. In addition, the 
cows had access to ad libitum water intake via two Insentec water 
troughs in each section filled up to approximately 36 L between visits. 
Weight of feed and water in the troughs were registered automatically at 
start and end of each visit, and the information was used to calculate 
individual feed and water intake. 

2.2. Sampling and recording 

The cows were milked twice a day at 0530 h and 1630 h. The milk 
yield was recorded daily, while the fat, protein and lactose concentra-
tion of the milk were determined at d 18-21 from 6 consecutively 
milkings in each period. At d 17-20 in each period, representative TMR 
samples were collected to determine DM concentration (60◦C, 48 h). 
Representative samples (approx. 300 g) of feed residues were collected 
from each cow at d 18-21 before the morning feeding in each period, and 
dried (60◦C, 48 h) to determine DM concentration. Every week, a 
representative sample of all feedstuffs used in the study (the 3 silages 
and the concentrate pellet) was collected; a subsample was dried to 
determine DM concentration, whereas another undried subsample was 
stored frozen (-20 ◦C) until the end of the experiment. After the end of 
the experiment, the subsamples were thawed, and the subsamples 
collected in period 1 and 2, and in period 3 and 4, respectively, were 
pooled before drying and chemical analysis. At 0800 h on d 18 in each 
period, one blood sample per cow was collected from tail blood vessels 
via evacuated blood collection tubes using heparin as anticoagulant. The 
blood samples were kept on ice during sampling, and plasma was sub-
sequently extracted and then stored at -20◦C until chemical analysis. 
Spot samples of faeces (350 mL) were collected at 1400 h on d 18-20 and 
at 0800 h on d 19-21 in each period when the cows defecated voluntarily 
or by physical stimulation, and the samples were immediately stored at 
-20◦C after collection. Before chemical analysis, the faecal samples were 
thawed and pooled within cow and period, and consistency was assessed 
according to a 5-point visual observation scale (1: loose faeces; 5: firm 
faeces) before drying (60◦C, 48 h). All cows were weighed twice daily by 

passing a platform scale after milking. 

2.3. Chemical analyses 

Dried feedstuff and faecal samples were ground through a 1 mm 
screen using a Retsch ZM 200 mill (Retsch GmbH, Haan, Germany). Ash 
was determined by combustion at 525◦C for 6 h. Faeces and feed sam-
ples were analysed for N and carbon according to the Dumas procedure 
(Hansen, 1989) using a Vario MAX CN (Elementar Analyzensysteme 
GmbH, Hanau, Germany). Soluble N in feed samples was determined by 
one-hour extraction (39◦C) in a borate-phosphate buffer (pH 6.75) 
(Åkerlind et al., 2011). In addition, faeces and feed samples were ana-
lysed for NDF according to Mertens (2002) via the ANKOM procedure 
(ANKOM Technology, 2017) using heat stable amylase and correcting 
for residual ash. Blood plasma was analysed for urea, inorganic phos-
phate (iP), Ca and Mg according to standard procedures (Siemens Di-
agnostics Clinical Methods for ADVIA 1800) on an auto analyser ADVIA 
1800 Chemistry System (Siemens Medical Solutions, Tarrytown, NY 
10591, USA). Intra- and inter assay variation were in all instances below 
3 and 4 CV%, respectively. Furthermore, feed and faeces were analysed 
for TiO2 by spectrophotometry according to Myers et al. (2004) using 
sulphuric acid for digestion and hydrogen peroxide for colour reaction. 
Protein, fat and lactose monohydrate concentrations in milk were 
measured by an infrared analyser (Milkoscan Msc4000, Foss Analytical) 
at Eurofins Steins Laboratories (Vejen, Denmark). 

2.4. Calculations 

Daily DMI was calculated as the difference between the amounts of 
DM offered and DM remaining and averaged over the last four days in 
each period. Intake of nutrients was calculated based on the analysed 
concentration of the individual feedstuffs used in the study. The nutrient 
composition was assumed to be the same for both the TMR and the feed 
residues. 

Drinking water intake was calculated as the average of the last three 
days in each period. Intake of TiO2, and TiO2 concentration in faeces 
were used to calculate faecal output as well as apparent total tract di-
gestibility (ATTD) of DM and hence other nutrients. Average ECM 
(defined as 3.14 MJ/kg) yield for each cow per period was calculated 
according to Sjaunja et al. (1991) as ECM = milk yield × (383 × fat-% +
242 × protein-% + 157.1 × lactose-% + 20.7)/3,140. Excretion of N in 
urine per d was calculated as follows: N output in urine (g/d) = N intake 
– N output in milk – N output in faeces – N deposited for weight gain, 
where N used for gain was calculated based on average body weight 
(BW) changes in each period according to the default values used in the 
Danish Normative System for calculating nutrient excretion (Børsting 
et al., 2021): N deposited for gain per d = BW change per d (kg) × 25.6 g 
N per kg gain. Deposition of N for growth of foetus was assumed to be 
included in N used for gain. 

2.5. Statistical analyses 

The impact of treatments on animal responses was examined by a 
linear mixed effects model using Mixed-procedure of SAS 9.4 version 
(Statistical Analysis Systems Institute Inc., Cary, NC, USA). The statis-
tical model for analysis of variance was as follows: 

Yijk = μ + αi + βj + γh + βγjh + ωk + εijhk  

where Yijk is the dependent variable (n = 143), μ is the overall mean, αi is 
the period of the experiment (i = 1 to 4), βj is the concentration of grass- 
clover silage in the diet (j = high or low proportion of grass-clover 
silage), γh is the quality of grass-clover silage (h = high or low di-
gestibility of grass-clover silage), βγjh is their interaction, ωk ∼ N(0, σ2

ω)

is the random effect of cow (k = 1 to 36) and εijk ∼ N(0, σ2) is the re-
sidual error. One cow in period 4 (receiving the LP_LD diet) was 
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excluded from the statistical analysis due to a feeding mistake just before 
the sampling period. Statistical significance was declared at P ≤ 0.05 
and tendencies at 0.05 < P ≤ 0.10. 

3. Results 

3.1. Diet composition 

The ingredients and chemical composition of the four experimental 
TMR diets are shown in Table 1, whereas the chemical composition of 
the feedstuffs used in the experimental diets is shown in Table 2. The 
HP_LD diet was characterized by having the highest CP concentration 
(180 g/kg DM), and the LP_HD diet had the lowest CP concentration 
(154 g/kg DM). In addition, the diets with high proportion of grass- 
clover silage (HP_LD and HP_HD) contained more NDF and ash than 
the diets with low proportion of grass-clover silage (LP_LD and LP_HD). 
Among the different silages used in the experimental diets, grass-clover 
silage from second cut was characterized by the highest CP, NDF and 
soluble N concentration, and the lowest OM digestibility. In general, the 
composition of the experimental diets reflected the composition of the 
silages according to ash, CP, and NDF (Tables 1 and 2). 

3.2. Feed and water intake 

Intake of DM, OM and carbon decreased for cows fed high compared 
to low proportion of grass-clover silage (P ≤ 0.04), and for cows fed high 
compared to low digestibility of grass-clover silage (P < 0.01) (Table 3). 
The daily intake of NDF (P = 0.01) and CP (P < 0.01) was higher on diets 
with high than low proportion of grass-clover silage and on diets with 
low than high digestibility. This effect of digestibility on intake was 
stronger on diets with high proportion of grass clover silage than low. In 
addition, water intake increased in cows provided high proportion of 
grass-clover silage (P < 0.01) and low digestible grass-clover silage (P =
0.02). 

3.3. Digestibility 

High proportion and digestibility of grass-clover silage resulted in 
increased ATTD of DM, OM, ash, NDF and carbon (Table 3). In addition, 
high proportion of grass-clover silage resulted in increased ATTD of CP 
(P < 0.01); however, the ATTD of CP decreased when cows were pro-
vided high digestible grass-clover silage (P < 0.01). The ATTD of DM, 
OM, NDF and carbon was higher (P < 0.01) on diets with high than low 
proportion of grass-clover silage and on diets with high than low 
digestibility. 

3.4. Faecal composition and output 

The faecal composition and output of DM, NDF and carbon were 
greater in cows fed low proportion of grass-clover silage (P < 0.01), 
whereas the opposite was true for ash and N (P < 0.01). Faecal output of 
nutrients was in general reduced in cows provided high digestible grass- 
clover silage compared to cows provided low digestible grass-clover 
silage (P ≤ 0.02). Faecal output of DM, OM, NDF and carbon was 
higher (P < 0.01) on diets with low than high proportion of grass-clover 
silage and on diets with low than high digestibility (Table 3). 

3.5. Plasma Composition 

The plasma concentration of urea was greater in cows fed high 
proportion of grass-clover silage compared to cows fed low proportion of 
grass-clover silage (P < 0.01). In addition, high digestible grass-clover 
silage decreased the plasma concentration of urea compared to low 
digestible grass-clover silage (P < 0.01). Moreover, the plasma con-
centration of urea was higher (P < 0.01) on diets with high than low 
proportion of grass-clover silage and on low than high digestibility. The 
plasma concentration of calcium was greater in cows provided low 
digestible grass-clover silage compared to cows provided high digestible 
grass-clover silage (P = 0.04). No significant differences were observed 
for the remaining plasma compounds. 

3.6. Milk Yield and Composition 

Milk yields were on average 33.7 kg/d and 34.6 kg of ECM/d across 
all dietary treatments, and were not affected by digestibility of grass- 
clover silage (Table 4). A tendency towards a greater milk yield (kg/d) 
was observed in cows provided low compared to high proportion of 
grass-clover silage (P = 0.08). High proportion of grass-clover silage 
resulted in greater fat as well as lower protein and lactose concentration 
in milk compared to low proportion of grass-clover silage (Table 4). In 
addition, cows fed diets containing low proportions of grass-clover 
silage had greater N output in milk compared to cows fed diets con-
taining high proportions of grass-clover silage (P = 0.02). Increased 
digestibility of grass-clover silage resulted in a greater percentage of 
protein (P < 0.01), and a tendency of a greater fat percentage (P = 0.07) 
in milk. 

3.7. Body weight and N Distribution 

The cows had an average BW (kg) of (mean ± SD) 677 ± 93 during 
the experiment, and the daily BW change was not affected by proportion 
or digestibility of grass-clover silage (Table 5). The average daily weigh 

Table 2 
Chemical composition of the feedstuffs used in the study (g/kg DM unless otherwise stated).  

Feedstuff Maize silage Grass-clover silage (high digestibility)3 Grass-clover silage (low digestibility)4 Concentrate5 

Chemical composition1     

DM, g/kg of feed 326 ± 12.2 251 ±1 7.7 303 ± 30.5 895 ± 4.8 
Ash 33.9 ± 0.9 94.6 ± 3.0 76.4 ± 5.1 80.1 ± 1.1 
Crude protein 79.4 ± 0.88 150 ± 5.1 172 ± 5.7 234 ± 0.9 
Carbon 452 ± 0.4 439 ± 4.9 452 ± 3.2 438 ± 0.7 
Neutral detergent fibre 382 ± 11.0 425 ± 11.6 442 ± 1.4 211 ± 5.2 
Soluble N, g/100 g of N 53.5 ± 0.60 61.7 ± 1.45 57.3 ± 1.04 - 
OMD2, % 78.1 ± 0.25 76.6 ± 1.35 70.4 ± 0.34 83.0 ± 0.28  

1 Mean ± SD is given, n = 2 except for DM where n = 12. 
2 OMD for the different feedstuffs. Estimated from measured in vitro OMD for forages, and via enzymatic digestibility for concentrate according to Åkerlind et al. 

(2011). 
3 Grass-clover silage from spring growth. 
4 Grass-clover silage from first re-growth. 
5 Composition per kg of DM: 476 g barley; 373 g rapeseed cake; 105 g soybean meal; 16.5 g sodium bicarbonate; 11.8 g minerals; 5.0 g ADE-vitamins; 10 g calcium; 

3.0 g titanium dioxide. 
Abbreviations: N = nitrogen; OMD = organic matter digestibility. 
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gain was (LSM ± SEM) 0.42 ± 0.09 kg. In addition, high proportion and 
low digestibility of grass-clover silage both resulted in decreased pro-
portion of dietary N excreted in faeces (P < 0.01) and milk (P < 0.01), 
whereas the opposite was true for the proportion of dietary N excreted in 
urine (P < 0.01; Table 5). 

4. Discussion 

4.1. Diet composition and organic matter digestibility 

Diets with high proportion of grass-clover silage (HP_LD and HP_HD) 
contained more NDF than diets with low proportion of grass-clover 
silage (LP_LD and LP_HD), and therefore reflects the greater NDF 

Table 3 
Effect of proportion and digestibility of grass-clover silage on feed and water intake, ATTD, faecal composition and faecal output as well as plasma composition.  

Item Dietary treatments1  P-value2 

LP_LD LP_HD HP_LD HP_HD SEM Proportion Digestibility Proportion × Digestibility 

n 35 36 36 36     
Feed intake, kg/d         

DM 24.1 23.7 24.0 23.0 0.45 0.04 <0.01 0.10 
Organic matter 22.6 22.2 22.3 21.2 0.42 <0.01 <0.01 0.05 
Ash 1.45 1.50 1.68 1.79 0.031 <0.01 <0.01 0.02 
Neutral detergent fibre 7.81 7.60 8.13 7.64 0.148 <0.01 <0.01 0.01 
Carbon 10.8 10.5 10.7 10.2 0.20 0.01 <0.01 0.03 
Crude protein 3.80 3.64 4.32 3.94 0.075 <0.01 <0.01 <0.01 

Water intake, L/d 72.4 71.5 78.2 75.7 2.39 <0.01 0.02 0.31 
ATTD, %         

DM 72.1 72.3 72.3 74.1 0.27 <0.01 <0.01 <0.01 
Organic matter 73.3 73.4 73.7 75.4 0.27 <0.01 <0.01 <0.01 
Ash 53.2 55.4 53.4 58.3 0.46 <0.01 <0.01 <0.01 
Neutral detergent fibre 51.7 52.4 56.3 61.5 0.59 <0.01 <0.01 <0.01 
Carbon 71.1 71.3 71.5 73.2 0.26 <0.01 <0.01 <0.01 
Crude protein 69.6 68.4 71.3 69.7 0.30 <0.01 <0.01 0.34 

Faecal composition         
DM, g/kg of FM 132 128 126 121 1.80 <0.01 <0.01 0.11 
Ash, g/kg of DM 101 102 118 125 1.0 <0.01 <0.01 <0.01 
Neutral detergent fibre, g/kg of DM 561 551 434 493 4.0 <0.01 <0.01 <0.01 
Carbon, g/kg of DM 463 461 461 457 0.9 <0.01 <0.01 0.28 
N, g/kg of DM 27.6 28.1 29.9 32.0 0.23 <0.01 <0.01 <0.01 

Faecal score3 3.08 3.01 2.85 2.75 0.060 <0.01 0.06 0.66 
Faecal output, kg/d         

DM 6.70 6.55 6.65 5.95 0.135 <0.01 <0.01 <0.01 
Ash 0.68 0.67 0.79 0.75 0.015 <0.01 0.01 0.06 
Organic matter 6.03 5.88 5.87 5.22 0.122 <0.01 <0.01 <0.01 
Neutral detergent fibre 3.77 3.62 3.56 2.95 0.085 <0.01 <0.01 <0.01 
Carbon 3.10 3.02 3.06 2.72 0.062 <0.01 <0.01 < 0.01 
N 0.18 0.19 0.20 0.19 0.004 <0.01 0.02 0.05 

Plasma composition         
Urea, mM 4.48 3.92 5.68 4.64 0.094 <0.01 <0.01 <0.01 
Ca, mM 2.56 2.55 2.57 2.53 0.017 0.80 0.04 0.46 
Mg, mM 1.02 1.02 1.01 1.03 0.012 0.95 0.24 0.25 
iP, mM 1.77 1.78 1.72 1.79 0.035 0.60 0.14 0.28  

1 LP_LD = low proportion of low digestible grass-clover silage; LP_HD = low proportion of high digestible grass-clover silage; HP_LD = high proportion of low 
digestible grass-clover silage; HP_HD = high proportion of high digestible grass-clover silage. 

2 Probabilities values for the effects of proportion and digestibility of grass-clover silage, respectively, and their interaction. 
3 Consistency of faeces was assessed according to a 5-point visual observation scale (1: loose faeces; 5: firm faeces). 

Abbreviations: ATTD = apparent total tract digestibility; FM = fresh matter; iP = inorganic phosphate, N = nitrogen. 

Table 4 
Effect of proportion and digestibility of grass-clover silage on milk yield and composition.  

Item Dietary treatments1  P-value2 

LP_LD LP_HD HP_LD HP_HD SEM Proportion Digestibility Proportion × Digestibility 

n 35 36 36 36     
Milk yield, kg/d 34.0 33.8 33.8 33.1 1.35 0.08 0.14 0.38 
ECM, kg/d 34.5 34.7 34.9 34.4 1.29 0.79 0.62 0.22 
Protein, % 3.63 3.68 3.61 3.64 0.046 0.05 <0.01 0.73 
Fat, % 4.01 4.08 4.20 4.23 0.082 <0.01 0.07 0.52 
Lactose, % 4.90 4.89 4.86 4.86 0.028 <0.01 0.43 0.83 
Fat, kg/d 1.35 1.37 1.41 1.39 0.055 0.01 0.99 0.20 
Protein, kg/d 1.22 1.23 1.21 1.19 0.041 0.02 0.67 0.39 
Lactose, kg/d 1.67 1.67 1.65 1.61 0.068 0.01 0.14 0.35 
N, g/d 192 192 189 187 6.40 0.02 0.67 0.39  

1 LP_LD = low proportion of low digestible grass-clover silage; LP_HD = low proportion of high digestible grass-clover silage; HP_LD = high proportion of low 
digestible grass-clover silage; HP_HD = high proportion of high digestible grass-clover silage. 

2 Probabilities values for the effects of proportion and digestibility of grass-clover silage, respectively, and their interaction. 
Abbreviations: ECM = energy-corrected milk, N = nitrogen. 
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content in grass-clover silage than in maize silage. In addition, grass- 
clover silage from first re-growth contained more NDF and CP than 
grass-clover silage from spring growth. It is well known that for Danish 
cutting regimes, the NDF content in plants increases from spring to 
summer cuts (Søegaard, 1994; Alstrup et al., 2016). Thus, the greater 
NDF content in grass from first re-growth than in grass from spring 
growth met our objectives, as we excepted the relatively long re-growth 
period to result in a higher development stage and thereby a higher NDF 
content. The ratio of grasses to legumes in the grass-clover silages was 
unfortunately not known. However, due to higher temperatures at the 
time when grass from first re-growth was harvested, we expect a higher 
proportion of clover in the grass-clover silage from first re-growth 
compared to spring growth. A higher proportion of clover in the 
grass-clover silage from first re-growth could explain the greater CP 
concentration observed in this silage compared to the grass-clover silage 
from spring growth. Thus, the chemical composition of the feedstuffs 
and the experimental diets met the experimental objectives. Further-
more, the OM digestibility was greater in grass-clover silage from spring 
growth than grass-clover silage from first re-growth, as expected, and 
thereby reflects the lower content of NDF in grass-clover silage from 
spring growth compared to first re-growth. These results are consistent 
with previous research on the relationship between harvest time and 
digestibility of plants including grass-clover silage (Kuoppala et al., 
2008; Alstrup et al., 2016). Moreover, the maize silage had the greatest 
OMD among the silages used in the present study, which was probably 
due to the high content of starch in maize. 

4.2. Intake, apparent total tract digestibility, faecal output and plasma 
composition 

The greater DMI observed when feeding diets containing maize 
silage at the expense of grass silage is a well-known response, as also 
observed in previous studies (Phipps et al., 1995; Hart et al., 2015; 
Livingstone et al., 2015; van Gastelen et al., 2015). On the other hand, 
DMI was decreased in the study by Dewhurst et al. (2001), and unaf-
fected in Brask et al. (2013) when grass or grass-clover silage, respec-
tively, was completely substituted with maize silage. The response in 
DMI in a given trial when substituting grass or grass-clover silage with 
maize silage is probably highly dependent upon maturity and thereby 
chemical composition and digestibility of the actual grass or grass-clover 
silage (Brask et al., 2013) and maize silage (Phipps et al., 1995; Keady 
et al., 2013) used. Increased maturity and thus decreased digestibility of 
grass silage has in a number of studies been found to have a negative 
effect on DMI (Alstrup et al., 2014; Alstrup et al., 2016; Johansen et al., 
2017). This is due to the fact that the concentration of all fibrous com-
ponents (NDF, ADF, hemicellulose, cellulose and lignin) in grasses 

typically increases and digestibility of nutrients decreases with maturity 
(Rinne et al., 1997). Digestibility is one of the most important factors 
affecting silage intake (Huhtanen et al., 2007), and most of the variation 
in digestibility of grass silage based diets is related to dietary NDF 
concentration and NDF digestibility (Huhtanen et al., 2009). In the 
present study, the diets containing low digestible grass-clover silage 
(LP_LD and HP_LD) lead to a greater intake of NDF, and thereby reflects 
the higher NDF concentration in low digestible grass-clover silage. In 
addition, the ATTD of NDF was reduced in cows provided low digestible 
grass-clover silage, as expected. The digestibility of grass-clover silage in 
the diets also had an effect on DMI, but surprisingly, DMI was highest 
when cows were fed low digestible grass-clover silage. This might be due 
to the greater content of CP in the low digestible grass-clover silage 
possibly due to a greater content of clover in combination with a greater 
CP digestibility as observed in the low digestible diet, however, the exact 
mechanism was not clear. Some effects cannot be fully explained by 
digestibility but can be due to many other plant effects. Unfortunately, it 
was not possible to validate the clover content in the grass-clover silages, 
since the ratio of grasses to legumes in the experimental diets was not 
analysed. 

The ATTD of OM corresponded to the calculated in vivo OMD 
based on in vitro OMD. As expected, cows provided high digestible 
grass-clover silage had the greatest digestibility of nutrients, and as no 
corresponding increase in DMI was observed, cows provided high 
digestible grass-clover silage also had the lowest faecal output of these 
nutrients. However, the ATTD of CP was greatest in cows provided low 
digestible grass-clover silage. This might be due to the greater CP intake 
observed in low digestible grass-clover silage than high digestible grass- 
clover silage, as the ATTP of CP has been reported to increase with 
increased CP intake (Zou et al., 2016; Jardstedt et al., 2017). Faecal 
output of N was greatest in cows provided the diet containing the highest 
level of CP (HP_LD), and is in agreement with Huhtanen et al. (2008). 
However, the faecal N output might not solely be explained by the CP 
intake. Huhtanen et al. (2008) showed that a model including total DMI 
and N intake as independent variables explained faecal output more 
precisely than N intake alone. Plasma concentration of urea was greatest 
in cows provided low digestible grass-clover and in cows provided high 
proportion of grass-clover silage, reflecting the greater CP content in low 
digestible grass-clover silage compared to high digestible grass-clover 
silage and grass-clover silage compared to maize silage. 

4.3. Effect of proportion and digestibility of grass-clover silage on milk 
production 

Milk production in dairy cows have been reported to increase when 
feeding high digestible grass-clover silage (Alstrup et al., 2016; 

Table 5 
Effect of proportion and digestibility of grass-clover silage on BW changes and N distribution in lactating dairy cows.  

Item Dietary treatments1  P-value2 

LP_LD LP_HD HP_LD HP_HD SEM Proportion Digestibility Proportion × Digestibility 

n 35 36 36 36     
BW changes3, kg/d 0.46 0.45 0.32 0.46 0.086 0.49 0.46 0.38 
N urine by difference4, g/d 220 195 296 241 6.44 <0.01 <0.01 <0.01 
N distribution, % of total N intake         

Urine 36.3 33.5 43.0 38.2 0.82 <0.01 <0.01 0.03 
Faeces 30.4 31.6 28.7 30.3 0.30 <0.01 <0.01 0.34 
Gain5 1.90 2.07 1.20 1.84 0.37 0.21 0.26 0.52 
Milk 31.4 32.8 27.2 29.7 0.77 <0.01 <0.01 0.04  

1 LP_LD = low proportion of low digestible grass-clover silage; LP_HD = low proportion of high digestible grass-clover silage; HP_LD = high proportion of low 
digestible grass-clover silage; HP_HD = high proportion of high digestible grass-clover silage. 

2 Probabilities values for the effects of proportion and digestibility of grass-clover silage, respectively, and their interaction. 
3 Calculated based on weight changes from period to period divided by number of days. 
4 Calculated as: N urine (g/d) = N intake (g/d) – N output in faeces (g/d) – N deposited for weight gain - N output in milk. 
5 Calculated according to the following formula: N used for gain = kg gain per d × 25.6 g N per kg gain (Børsting et al., 2021). 

Abbreviations: BW = body weight, N = nitrogen. 
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Johansen et al., 2017). In the current study, however, the digestibility of 
grass-clover silage did not have an effect on either milk yield or ECM 
yield (kg/d). The different digestibilities of the grass-clover silages in the 
present study were achieved by using two different cuts; spring growth 
and first re-growth. The cut from first re-growth was harvested during 
summer when the temperature is higher and thus will normally have a 
greater proportion of clover compared to a first cut harvested in the 
spring when the temperature is lower (Eriksen et al., 2014). Therefore, 
the diets containing grass-clover silage from first re-growth probably 
had a higher proportion of clover compared to the diets containing 
grass-clover silage from spring growth. Johansen et al. (2017) examined 
how silages of different grass and clover species affect DMI and milk 
production, and found that at a given OMD level, inclusion of clover in 
the diet increased DMI and ECM. If the low digestible grass-clover silage 
used in the current experiment contained a greater proportion of clover 
this might explain why the milk yield in the current study was not 
affected by digestibility of the grass-clover silage. Alstrup et al. (2016) 
also used a first and a second cut, and their study showed an increase in 
milk production when feeding high digestible grass-clover silage. In the 
present study, a greater feed intake was observed in cows provided low 
digestible grass-clover and this might partly explain why no difference 
in milk yield was observed with increased digestibility of grass-clover 
silage. Furthermore, a tendency towards a higher milk production 
(kg/d) was found in cows provided a greater proportion of maize silage 
(LP_LD and LP_HD), and this agrees with previous studies, where the 
effect of changing the ratio between maize silage and grass silage was 
compared (Phipps et al., 1995; Hart et al., 2015; Livingstone et al., 2015; 
van Gastelen et al., 2015). 

Milk production and milk protein concentration have been re-
ported to increase by replacing grass silage with maize silage (Phipps 
et al., 1995; O’Mara et al., 1998). In agreement, protein concentration in 
milk increased when substituting grass-clover silage with maize silage. 
Furthermore, milk protein increased with increased digestibility of 
grass-clover silage in accordance to previous research (Kuoppala et al., 
2008; Alstrup et al., 2016), and was probably due to an improvement in 
the overall energy status of the cow and thereby an increase in intestinal 
supply of amino acids (Rinne et al., 1999). Fat concentration in milk 
increased and tended to increase with increased proportion and di-
gestibility of grass-clover silage in agreement with Livingstone et al. 
(2015) and Kuoppala et al. (2008), respectively. Moreover, lactose 
concentration in milk was greater in cows provided low proportion of 
grass-clover silage compared to cows provided high proportion of 
grass-clover silage. Thus, proportion and digestibility of grass-clover 
silage seemed to have only minor effect on milk production and 
composition. 

4.4. N distribution 

In the current study, the largest proportion of N intake was deposited 
in urine when comparing urine, faeces, gain and milk. The proportion of 
N excreted in urine was calculated by difference, thus results should be 
treated with some caution. Urinary N excretion was affected by pro-
portion and digestibility of grass-clover silage, as N excreted in urine 
increased with high proportion and low digestibility of grass-clover 
silage, and this was probably a result of the greater CP level in the 
grass-clover silages than in the maize silage, and in low compared to 
high digestible grass-clover, respectively. These results are in agreement 
with previous research on the relationship between dietary CP level and 
urinary N excretion in lactating dairy cows (Bannink et al., 1999; Col-
menero and Broderick, 2006; Yan et al., 2006). Urinary N excretion has 
been reported to be highly correlated with N intake (Huhtanen et al., 
2008; Dong et al., 2014), as consumption of N in excess of rumen 
microbiota and animal requirement has been suggested to be excreted in 
urine (Bockmann et al., 1997). In addition, Kebreab et al. (2001) sug-
gested a shift in the N excretion towards urine as N intake increased. In 
the present study, the proportion of dietary N excreted in urine increased 

with increased N intake, whereas the proportion of dietary N excreted in 
faeces showed an opposite response, suggesting a shift in the N excretion 
towards urine as N intake increased. Thus, urinary N appears to be 
highly correlated with N intake, indicating that almost all additional 
digestible N intake in excess of rumen microbiota and animal require-
ment is excreted in urine. Moreover, the proportion of N intake depos-
ited in milk increased when substituting grass-clover silage with maize 
silage and with increased digestibility of grass-clover silage, as also 
indicated by the increase in milk protein concentration. 

5. Conclusions 

Replacing grass-clover silage with maize silage increased DMI but 
did not affect ECM yield, whereas increased digestibility of grass-clover 
silage decreased DMI but also did not affect ECM yield. Thus, proportion 
and digestibility of grass-clover silage seemed to have only minor effect 
on milk production and composition. However, digestibility was 
confounded with the harvest used, and the different cuts of grass-clover 
silage likely differed in clover proportion, which could have affected the 
results. Furthermore, excretion of N was affected by dietary CP con-
centration, as urinary N excretion increased with increased CP concen-
tration in the diet. 
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