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ABSTRACT

This study investigated the impact of 4 pasture states, 3 grain-based concentrate (GBC) allocations and 
3 pasture fractions on the in vitro dry matter (DM) digestibility (IVDMD) of ryegrass (Lolium multiflorum) 
pasture. Thirty six dairy cows in mid-lactation that grazed ryegrass were divided into 3 groups having 12 cows 
in each group. Cows in each group were offered 2.7 (low), 5.4 (medium) or 8.1 (high) kg DM GBC/cow/day, 
provided in two equal allocations in the milking bail. Each group of 12 cows in each GBC was further divided 
into 4 groups as they accessed 4 pasture states. These were fresh-fresh (FF), fresh-depleted (FD), depleted-
fresh (DF) and depleted-depleted (DD) ryegrass accessed by the cows in AM-PM, respectively. Rumen fluid 
was collected from 3 cows per treatment after the morning GBC feeding and milking on days 1 and 7 of the 
experimental period using a stomach tube. Rumen fluid from each cow were pooled by treatment (3 rumen 
fluid samples combined) before the commencement of two incubations on day 1 and 7. Pasture samples were 
harvested 5 cm above ground level on day 1 of the experimental period from three different locations within a 
paddock of the day 2 pasture allocation and cut vertically from the bottom to top into 5 to 10 (BF), 10 to 15 (MF) 
and >15 (TF) cm fractions with a scissor. The IVDMD of these pasture fractions was determined by in vitro 
batch culture incubations in rumen fluid collected from treatments above. Rumen fluid from cows that accessed 
fresh pasture in their last allocation (FF and DF) before GBC feeding did not improve IVDMD with medium 
compared to low GBC, but IVDMD increased when incubated in rumen fluid of cows offered with high GBC. 
However, IVDMD was increased in rumen fluid from cows that accessed depleted pasture in their last allocation 
(DD and FD) before GBC feeding and offered with medium-high GBC
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INTRODUCTION

Pasture-based automatic milking system 
(AMS) farms rely upon the voluntary movement 
of cows for milk harvesting and feed consumption. 
Cows in pasture-based AMS typically move 
from depleted to fresh allocations of pasture in 
groups, or individually, at differing times. The 
first cows moving to an allocation of fresh pasture 
access rapidly fermentable, high quality pasture 
in contrast to those cows accessing the same 
allocation towards the end of the access period 
(Scott et al. 2014). At the same time, grain-based 
concentrate (GBC) is allocated independent of the 
pasture state that cows access (Clark et al. 2013). 
Inclusion of a high level of GBC in the diet with 
high or low nutritive value forage, or variable 
states of forage, may create large variations in 
rumen fluid pH, which may induce subacute 
ruminal acidosis (Bramley 2004), and may affect 
digestibility, feed conversion efficiency and 
negatively impact animal health. The objective of 
this study was to determine the impact of pasture 
state and GBC allocation on the in vitro dry matter 
(DM) digestibility (IVDMD) of ryegrass (Lolium 
multiflorum) pasture. 

MATERIALS AND METHODS 

Thirty six mixed-age Holstein cows in mid-
lactation grazed in four pasture state treatments 
such as fresh-fresh (FF), fresh-depleted (FD), 
depleted-fresh (DF) and depleted-depleted (DD) 
(AM-PM) ryegrass, and were offered 2.7 (low), 5.4 
(medium) and 8.1 (high) kg DM/cow/d GBC in two 
equal allocations per day at milking time (Table 1). 
Ryegrass pasture samples were harvested 5 cm above 
ground level on day 1 of the experimental period 
from three locations of a paddock (termed as block) 
of the day 2 pasture allocation and cut vertically 
from the bottom to the top into 5 to 10 (BF), 10 to 
15 (MF) and >15 (TF) cm fractions using a scissor. 
These fractions were then dried at 60 0C for 48 h, 
weighed and ground (1 mm) to determine IVDMD 
(Wang et al. 1999). Rumen fluid samples for each 
cow were collected after the morning GBC feeding 
and milking, and pooled by treatment (i.e. rumen 
fluid from 3 cows/treatment was combined) before 
the commencement of two incubations on day 1 and 
7 (n = 2 periods). Rumen fluid samples were collected 
using a stomach pump, strained immediately through 
four layers of cheese cloth, collected in a 50 ml vial 
and kept in a water bath (39°C). Collection of rumen 
fluid required 2-3 min/cow and the whole process 
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of collection required ~2 h from the time of GBC 
feeding. Immediately after collection, rumen fluid 
in the water bath was transferred to the laboratory 
for in vitro incubation. The IVDMD was calculated 
from the difference of the dry weight of sample 
and residues after 48 h of incubation. The pH of 
fermented rumen liquor was recorded using a pH 
meter (WP-90, TPS, Springwood, QLD, Australia) 
after 48 h of incubation.

Data were analysed using the restricted 
maximum likelihood procedure and means were 
separated by lsd analysis. Pasture state group (n=4), 
GBC allocation (n=3) and pasture fractions (n=3) 
were fixed effects, and replications (n=3; pasture 
from 3 locations in a paddock) and periods (n=2; 
day 1 and day 7) were nested as random effects in 
order to analyse IVDMD and pH of end products of 
digestion data.

Table 1: Experimental design with treatment groups, 
pasture state group (F1=Fresh, D2=depleted), grain-
based concentrate (GBC) allocation sub-group (kg 
DM/cow/d) and pasture allocation schedule.

Pasture state

Treatments GBC n AM PM

1 2.7 3 F F

2 5.4 3 F F

3 8.1 3 F F

4 2.7 3 D D

5 5.4 3 D D

6 8.1 3 D D

7 2.7 3 F D

8 2.7 3 D F

9 5.4 3 F D

10 5.4 3 D F

11 8.1 3 F D

12 8.1 3 D F

1ad-lib allocation of 60kgDM/cow/d to ground level 
per cow, 240kgDM/cow/d to ground level per cow

RESULTS

There was an interaction (P=0.01) between 
pasture state × concentrate levels × pasture fractions 
on the IVDMD of ryegrass (Figure 1). Results indicate 
that the optimal amount of GBC to offer cows based 
on ryegrass IVDMD is dependent on the pasture 
state previously accessed by dairy cows. Cows that 
accessed fresh pasture prior to GBC allocation had 
greater pasture IVDMD when high (8.1 kg DM/cow/
day) compared to low or medium GBC was offered. 
However, cows which accessed depleted pasture in 

their most recent allocation required medium GBC 
(5.4 kg DM/cow/day) to increase pasture IVDMD 
(Figure 1). There was also an interaction (P=0.046) 
between pasture state × GBC allocations on pH of end 
products of digestion in vitro (data not shown). The 
pH pertaining to cows that accessed FD and DD was 
similar (~6.3) but greater than those that accessed FF 
and DF states (~6.1), which dropped below 6.0 with 
high GBC allocation (data not shown).

Figure 1: The in-vitro dry matter digestibility 
(IVDMD, %) of different fractions of ryegrass 
accessed by cows in AM-PM as fresh-fresh (FF), 
depleted-depleted (DD), fresh-depleted (FD), and 
depleted-fresh (DF) treatments when offered 2.7, 
5.4 or 8.1 kg DM grain-based concentrate/cow/day 
(bar indicates ± s.e.m).

DISCUSSION

Increase in the pasture IVDMD, in general, with 
increasing GBC was in agreement with the results 
of (Fulkerson et al. 2006). The interactions between 
pasture states × pasture fractions × GBC on IVDMD of 
ryegrass in our study have shown three general trends. 
First, IVDMD of pasture fractions of ryegrass were 
maximised in treatments with high GBC when cows 
accessed only fresh pasture prior to GBC allocation, 
but IVDMD was independent of cows access to fresh 
or depleted pasture after GBC feeding (i.e. FF and 
DF, or in other words more dependent on the state of 
the last pasture access of cows). This suggests that 
IVDMD of depleted pasture can be increased using 
rumen fluid of cows that accessed depleted pasture 
after high GBC feeding, provided cows accessed 
fresh pasture before GBC feeding. However, when a 
limited amount of GBC has to be offered, it should 
be limited to low (2.7 kg DM/cow/day) rather than 
medium GBC allocation in order to obtain the same 
effect. The maximisation of IVDMD in these pasture 
states (FF, DF) with high GBC occurred despite a 
drop in pH of end products of digestion in vitro to <6 
in our study. (Mould et al. 1983) reported that fibre 
digestion was restricted when rumen pH falls below 6. 
This drop in pH may have occurred due to increased 
VFA production, particularly propionate and thus 
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activity of the major fibrolytic bacteria may also have 
been compromised (Mould et al. 1983). However, a 
recent study (Palmonari et al. 2010) with molecular 
technique reported that cows with very low pH can 
maintain normal populations of cellulolytic bacteria.

Second, IVDMD of pasture fractions increased in 
treatments with increasing GBC from low to medium 
allocations in cows accessing depleted pasture before 
GBC feeding and was not affected whether these cows 
were accessing either depleted or fresh after GBC 
feeding (i.e. FD and DD pasture states or, depended on 
last pasture state). However, IVDMD did not improve 
when allocation increased from medium to with high 
GBC, with the exception of TF, which increased IVDMD 
with increasing GBC in both (FD and DD) pasture states. 
This suggests that when rumen fluid collected from cows 
accessed depleted pasture in their most recent grazing 
before GBC feeding, only rumen fluid from cows with 
medium GBC allocation (5.4 kg DM/kg day) could 
optimise IVDMD of pasture. Also, rumen fluid from 
cows accessing depleted compared to fresh pasture after 
GBC feeding improved IVDMD of pasture. In contrast, 
rumen fluid from cows accessing fresh pasture could not 
improve IVDMD compared to depleted pasture in this 
situation. The similarity in IVDMD in cows allocated 
medium and high GBC and accessed to FD and DD 
pasture state was likely to be associated with their 
similarity in pH in vitro in the current study. 

Third, IVDMD of TF was distinctly greater than 
BF and MF and increased with increasing GBC in cows 
that accessed inconsistent (FD and DF) compared to 
consistent pasture states. This suggests that the first 
cows that access TF after high GBC allocation may 
have increased pasture digestibility despite having 
accessed depleted pasture prior to GBC feeding.

CONCLUSION

Our results indicate that the optimal amount 
of GBC to offer cows based on ryegrass IVDMD is 
dependent on the most recent pasture state accessed by 
the cows prior to GBC being offered. Rumen fluid from 
cows that accessed fresh pasture at their most recent 
grazing before GBC feeding resulted in greater IVDMD 
when high GBC was offered, while rumen fluid from 
cows that accessed depleted pasture at their most recent 
grazing before GBC feeding, required medium-high 
GBC to increase IVDMD of ryegrass. Further work 
is required to determine the causes of the difference in 
IVDMD between treatments to enable feed conversion 
efficiency to be increased on pasture-based AMS farms.
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