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The estimated nutritive value of three common grassland species 
at three primary growth harvest dates following ensiling and 

fractionation of press-cake
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In a Green Biorefinery processing green biomass one possible application for the press-cake fraction is as a feedstuff 
for ruminants. This study investigates the effects of ensiling and fractionation on the estimated nutritive value of 
three grassland species harvested at different stages of maturity. Perennial ryegrass (Lolium perenne L., var. ‘Gan-
dalf’), cocksfoot (Dactylis glomerata L., var. ’Pizza’) and red clover (Trifolium pratense L., var. ‘Merviot’,) were grown 
in field plots and harvested and ensiled in laboratory silos. These silages were subsequently fractionated into press-
cake and press-juice fractions. Loss of soluble, fermentable organic matter during ensiling increased the relative 
proportions of fibre and crude protein. Fractionation resulted in the substantial reduction of herbage soluble nutri-
ent and mineral content, increasing the fibre content and reducing digestibility and crude protein. The low energy 
and protein content of the press-cake fraction, especially at later harvest dates, will limit its use in ruminant diets.
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Introduction
The need to develop alternatives to non-renewable fossil fuel-derived products has stimulated an interest in 
plant biomass to provide renewable energy, chemicals and materials. A ‘Green Biorefinery’ involves the sustain-
able processing of green biomass into a spectrum of marketable products and energy (Mandl 2010). Most tech-
nological concepts of a Green Biorefinery involve the fractionation of the cell contents (i.e. press-juice) from the 
plant structural framework (i.e. fibre-rich press-cake) and these separated fractions can be subjected to a series 
of downstream processes to recover or produce valuable products (McEniry et al. 2011). For example, lactic acid 
and amino acids can be extracted from the press-juice fraction (Ecker et al. 2012), while Grass (2004) described 
the production of thermal insulation boards from the separated press-cake fraction. Another possible application 
for the press-cake fraction is as a feedstuff for ruminants.

Two of the main management factors affecting herbage quality and nutritive value are herbage species and stage 
of maturity at harvest. Herbage harvested at an early vegetative rather than a later growth stage generally has a 
lower fibre content, and a higher digestibility and crude protein (CP) concentration (Buxton and O’Kiely 2003). In 
temperate European grasslands, perennial ryegrass (Lolium perenne L.) is commonly the preferred grass species 
for animal production because of its high digestibility and reduced fibre concentration (Whitehead 1995). How-
ever, other grassland species may have different physical and chemical characteristics which may offer benefits 
for non-agricultural uses or be more suited to specific management (e.g. response to fertiliser) or environmental 
(e.g. temperature, water deficit) conditions.      

Preservation of herbage as silage so as to ensure year-round availability, and its subsequent fractionation, represent 
two major process steps in the utilization of green biomass as an industrial feedstock. However, limited information 
is available on the impact of these two processing steps on the nutritive value of the separated press-cake fraction. 
It would be expected that the process of fractionation would have a much greater deleterious effect on indices of 
nutritive value. Thus, the objective of this study was to quantify separately the effects of ensiling and fractiona-
tion on the estimated nutritive value of three common grassland species harvested at different stages of maturity.
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Material and methods
Experimental plots, harvesting and ensiling

Triplicate plots of each of two common grass species, perennial ryegrass (PRG; Lolium perenne L., var. ‘Gandalf’) 
and cocksfoot (Dactylis glomerata L., var. ‘Pizza’), and one leguminous species, red clover (Trifolium pratense L., 
var. ‘Merviot’), were grown in field plots (each 20 m2) at Grange (53° 52’ N, 06° 66’ W) under an inorganic fertilis-
er N input of 125 kg N ha-1 (except red clover which received no fertiliser N input). Separate plots were harvested 
at three dates (12 May [Harvest 1], 9 June [Harvest 2] and 7 July [Harvest 3]) in the primary growth in 2009 (n = 
27 plots), as described previously by King et al. (2012a). On each of these dates, herbage from each plot was har-
vested as direct-cut material using a Haldrup forage plot harvester (J. Haldrup, Løgstor, Denmark) to an average 6 
cm stubble height, passed through a precision-chop harvester (MEX VI, Pöttinger, Grieskirchen, Austria; nominal 
chop-length of 19 mm) and a representative 6 kg sample from each plot was ensiled in laboratory silos (O’Kiely 
and Wilson 1991) for 100 days. Representative samples of each herbage pre- and post-ensiling were stored at   
-18 ⁰C prior to chemical analyses.

Fractionation
Representative 200 g samples of each silage (i.e. one per plot) were fractionated into press-cake and press-juice 
fractions, as described previously by King et al. (2012b). Briefly, 600 ml of deionised water at 60 °C, with deter-
gent (30 g L-1; sodium dodecyl sulphate, Sigma Aldrich), was added to each representative silage sample. Sodium 
dodecyl sulphate is used routinely in the neutral detergent fibre assay of feedstuffs to help to dissolve pectins and 
plant cell components and was included to enhance the fractionation process. These 3:1 (water + detergent: si-
lage) mixtures were maintained at 60 °C in a water bath for 30 minutes, with thorough mixing. After 30 minutes, 
excess liquid was drained off using a sieve and the washing step was repeated. After the second washing step the 
herbage was mechanically pressed (4.5 MPa) using a hydraulic press to remove the press-juice fraction. The sepa-
rated press-cake fractions were stored at −18 ⁰C prior to chemical analyses. 

Chemical analyses
Representative herbage samples pre-ensiling were dried at 98 ⁰C, whilst herbage samples post-ensiling and 
press-cake fractions were dried at 85 ⁰C, for 16 h in an oven with forced air circulation to estimate dry matter 
(DM) concentration. The DM concentration of the samples post-ensiling were corrected for the loss of volatiles 
by the equation of Porter and Murray (2001). Replicate samples were also dried at 40 ⁰C for 48 hours before be-
ing milled (Wiley mill; 1 mm screen). Dried, milled samples were used for the determination of neutral detergent   
fibre (NDF), CP and ash, as described previously by King et al. (2012a). In vitro dry matter digestibility (DMD) was 
determined for the herbage samples pre- and post-ensiling by the ‘two-stage rumen fluid’ method of Tilley and 
Terry (1963). The separated press-cake fractions appeared to be deficient in N resulting in the failure of this as-
say. Consequently, the DMD of this material was determined using the ‘pepsin-cellulase’ method of Aufrère and 
Demarquilly (1989). The potential net energy content (i.e. feed unit for maintenance and meat production; UFV 
kg-1 DM) of the press-cake fractions was estimated using herbage DMD values (UFV = 0.00145773x – 0.27977273; 
where x = DMD [g kg-1]) according to O’Mara (1996).

Using silage samples taken prior to drying, the pH was determined from an aqueous extract using a handheld pH 
meter (R 315 pH, Reagecon Diagnostics Ltd., Dublin, Ireland).  Further juice was extracted for the analysis of lac-
tic acid (LA), volatile fatty acids (i.e. acetic acid and butyric acid), ethanol and ammonia-N as described previously 
by King et al. (2012c). 

Statistical analysis
Means and standard deviations (SD) were calculated for herbage chemical composition pre- and post-ensiling and 
for the separated press-cake fraction (Table 1).  Means (SD) were also calculated for silage fermentation charac-
teristics and this data is presented in Table 2. To investigate the true effects of harvest date and species on DMD 
and CP concentration, data for the herbage pre-ensiling were analysed separately as a split-plot design with har-
vest date as the main plot and herbage species as the subplot, and accounting for replicate blocks, using the Proc 
MIXED procedure of SAS, Version 9.1.2. The changes in DMD and CP concentration as a result of both ensiling and 
fractionation were calculated by subtracting values for (a) herbage pre-ensiling from herbage post-ensiling and 
(b) herbage post-ensiling from the press-cake fraction, respectively. These data were analysed as a split-plot de-
sign, according to the procedure already described. The Tukey test was used to detect the significant differences 
between means.  
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Results
Harvest date and species (herbage pre-ensiling)

On average for the herbage samples pre-ensiling, DMD decreased (p<0.01) with advancing harvest date, with 
herbage CP concentration being highest (p<0.001) for the early harvest date (Harvest 1, May 12) (Tables 1 and 
3). Of the three herbage species investigated, red clover had a higher (p<0.05) DMD than cocksfoot and a higher 
herbage (p<0.001) CP concentration than both grass species. Of the two grass species investigated, on average 
cocksfoot had a higher (p<0.01) herbage CP concentration than the PRG. 

Table 1. The effect of harvest date and species on mean (SD) herbage dry matter (DM: g kg-1), neutral detergent 
fibre (NDF: g kg-1 DM) and ash (g kg-1 DM) concentrations pre- and post-ensiling and on the separated press-
cake fraction
Harvest Species Type DM NDF Ash
1 Perennial ryegrass Pre-ensiling 168 (5.8) 496 (12.5) 95 (3.6)
(May 12) Perennial ryegrass Post-ensiling 163 (7.5) 512 (4.8) 110 (5.5)

Perennial ryegrass Press-cake 307 (43.0) 873 (29.9) 36 (5.9)
Cocksfoot Pre-ensiling 180 (19.9) 518 (23.5) 96 (1.9)
Cocksfoot Post-ensiling 159 (2.0) 535 (38.7) 108 (2.0)
Cocksfoot Press-cake 262 (22.6) 821 (11.4) 39 (0.5)
Red clover Pre-ensiling 142 (5.1) 387 (21.7) 101 (3.0)
Red clover Post-ensiling 170 (2.6) 405 (10.5) 101 (1.5)
Red clover Press-cake 199 (24.4) 644 (30.5) 59 (3.3)

2 Perennial ryegrass Pre-ensiling 220 (8.4) 609 (22.3) 77 (2.9)
(June 9) Perennial ryegrass Post-ensiling 218 (6.5) 628 (23.1) 86 (4.3)

Perennial ryegrass Press-cake 324 (9.1) 919 (2.1) 31 (2.6)
Cocksfoot Pre-ensiling 221 (4.4) 622 (49.7) 92 (5.1)
Cocksfoot Post-ensiling 222 (25.2) 610 (63.0) 98 (6.3)
Cocksfoot Press-cake 324 (24.4) 868 (49.2) 35 (4.3)
Red clover Pre-ensiling 178 (11.3) 432 (13.6) 99 (3.3)
Red clover Post-ensiling 191 (4.9) 457 (35.5) 102 (7.1)
Red clover Press-cake 292 (16.6) 703 (21.7) 45 (1.9)

3 Perennial ryegrass Pre-ensiling 233 (20.6) 635 (4.6) 72 (3.3)
(July 7) Perennial ryegrass Post-ensiling 234 (9.4) 658 (37.4) 73 (2.4)

Perennial ryegrass Press-cake 333 (50.0) 886 (32.6) 34 (5.0)
Cocksfoot Pre-ensiling 229 (5.6) 686 (11.2) 94 (6.1)
Cocksfoot Post-ensiling 223 (11.1) 685 (35.2) 104 (4.1)
Cocksfoot Press-cake 382 (11.2) 906 (3.3) 46 (8.1)
Red clover Pre-ensiling 158 (6.4) 466 (40.9) 97 (7.5)
Red clover Post-ensiling 167 (8.4) 500 (80.2) 100 (11.6)
Red clover Press-cake 288 (32.5) 749 (43.9) 45 (7.8)

Ensiling
 
On average, the decrease in DMD as a result of ensiling did not differ (p>0.05) across the three harvest dates 
or the three species investigated (Table 3). Similarly, the increase in CP concentration with ensiling did not dif-
fer (p>0.05) across the three harvest dates, but this increase was higher (p<0.05) for the PRG compared with the 
cocksfoot herbage.    
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Table 2. The effect of harvest date and species on mean (SD) silage fermentation characteristics (g kg-1 DM, except for pH and unless 
stated otherwise)

Harvest Species pH LA AA BA EtOH NH3-N
1 Perennial ryegrass 4.07 (0.181) 93 (37.7) 37 (11.7) 0.0 36 (5.1) 58 (26.4)
(May 12) Cocksfoot 4.37 (0.185) 63 (10.2) 43 (11.7) 3.8 (6.58) 36 (12.5) 72 (23.5)

Red clover 4.15 (0.138) 112 (38.3) 22 (5.8) 1.1 (1.82) 16 (2.4) 61 (30.9)
2 Perennial ryegrass 3.81 (0.076) 66 (4.8) 16 (3.6) 0.0 32 (14.3) 49 (7.6)
(June 9) Cocksfoot 3.90 (0.030) 64 (6.1) 17 (5.4) 0.0 9 (4.4) 52 (3.7)

Red clover 3.92 (0.101) 86 (8.1) 20 (3.2) 0.0 11 (1.6) 47 (11.6)
3 Perennial ryegrass 3.52 (0.081) 76 (4.3) 23 (7.2) 0.0 27 (10.3) 62 (11.1)
(July 7) Cocksfoot 4.33 (0.519) 21 (27.3) 27 (9.7) 7.5 (1.26) 19 (6.6) 120 (57.3)

Red clover 4.58 (0.254) 35 (9.1) 54 (21.8) 3.3 (5.78) 40 (19.7) 69 (15.5)
Abbreviations: LA, lactic acid; AA, acetic acid; BA, butyric acid; EtOH, ethanol; NH3-N, ammonia-N (g kg-1 N)

Fractionation
On average, the numerical decrease in DMD as a result of fractionation was lower (p<0.01) for the later harvest 
date (Harvest 3, July 7), while no difference (p>0.05) was observed between Harvests 1 and 2 or between the 
three species investigated (Tables 1 and 3). In contrast, the numerical decrease in CP concentration was highest 
(p<0.001) for the Harvest 1 herbage compared with the later harvest dates. Finally, the numerical decrease in CP 
concentration was higher (p<0.01) for the red clover compared with the two grasses. The estimated net energy 
content (UFV kg-1 DM) of the press-cake fractions from the Harvest 1, 2 and 3 PRG, cocksfoot and red clover were 
0.67, 0.48 and 0.40, 0.59, 0.46 and 0.38, and 0.66, 0.58 and 0.49, respectively.

Table 3. The effect of harvest date and species on herbage dry matter digestibility (DMD: g kg-1) and crude protein concentration (CP: g 
kg-1 DM) pre-ensiling and on the changes (negative value indicates a decrease) in chemical composition as a result of ensiling (herbage 
post-ensiling – herbage pre-ensiling) and fractionation (press-cake fraction – herbage post-ensiling). 

Harvest Species Pre-ensiling Ensiling (changes) Fractionation (changes)
DMD CP DMD CP DMD CP

1 Perennial ryegrass 785 141 -1.9 17.0 -133.5 -112.7
(May 12) Cocksfoot 738 162 -5.5 7.3 -133.7 -107.7

Red clover 812 195 -52.8 7.3 -117.2 -113.2
2 Perennial ryegrass 702 102 -40.8 11.2 -140.1 -76.4
(June 9) Cocksfoot 653 120 -18.3 4.9 -128.8 -70.5

Red clover 686 160 -44.2 6.5 -49.4 -93.8
3 Perennial ryegrass 569 88 -16.6 12.8 -83.8 -58.7
(July 7) Cocksfoot 531 114 -85.0 -5.4 -6.2 -64.1

Red clover 611 159 -35.8 16.3 -45.8 -111.3

Standard error of the mean

Main plot (Harvest) 19.5 4.3 17.83 3.34 14.56 5.20
Sub-plot (Species) 17.3 4.3 17.83 2.99 14.56 5.20
Harvest x species 30.0 7.5 30.88 5.17 25.22 9.00

Levels of significance

Harvest ** *** NS NS ** ***
Species * *** NS * NS **
Harvest x species NS NS NS NS NS NS

Abbreviations: ***, p<0.001, **, p<0.01, *, p<0.05, NS, not significant
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Discussion

The effect of ensiling and fractionation on herbage DM, NDF and ash concentrations has been presented and dis-
cussed in detail by McEniry et al. (2012).  Similarly, the effect of harvest date and species on silage fermentation 
characteristics has been discussed in detail by King et al. (2012c). The major focus of this paper is on the effects 
of ensiling and fractionation on indices of nutritive value and on the suitability of the separated press-cake frac-
tion as a feedstuff for ruminants.

Harvest date and species
The decrease in DMD and CP concentration with advancing harvest date reflects the general change in herbage 
chemical composition as a grass plant matures. With advancing stage of maturity, the proportion of cell wall com-
ponents increases relative to the proportion of cell contents (e.g. crude protein) (Buxton 1996). The corresponding 
decline in herbage quality reflects the decrease in the ratio of leaf to stem tissue and the greater rate of decline 
in digestibility of the stem compared with the leaf due to increased lignification (Hatfield 1993). 

Perennial ryegrass is commonly the preferred grass species for animal production because of its high digestibility 
and reduced fibre concentration (Whitehead 1995), which is apparent in the current study. The DMD of the red 
clover was closely related to that of the PRG and the higher CP concentration in red clover compared with the two 
grass species reflects the higher inherent CP concentration in legumes (Frame and Laidlaw 2011).  

Ensiling
While fresh grass can be used as an industrial biomass feedstock for a Green Biorefinery, in most cases it may be 
necessary to preserve it as silage to ensure year round availability of a predictable quality feedstock. The general 
decrease in herbage DMD (–33 g kg-1 on average) during ensiling in this study largely reflects the increase in NDF 
concentration for most silages. Small increases in the relative proportions of NDF, ash and CP occurred during en-
siling as a result of a loss in organic matter during fermentation and through effluent production. For example, ef-
fluent production from the Harvest 1 PRG, cocksfoot and red clover samples was 117, 50 and 287 g effluent kg-1 
fresh material ensiled, respectively. These relatively high levels of effluent production (most evident for the PRG 
and red clover herbages) and poor preservation for some herbages (evident for the Harvest 3 cocksfoot herbage; 
where silage pH was 4.33 and lactic acid as a proportion of total fermentation products was 0.27) contributed to 
the general decrease in herbage DMD. In general, however, the DMD of the Harvest 1 silages (783, 732 and 759 
g kg-1 for PRG, cocksfoot and red clover, respectively) reflected excellent leafy silage and the relative changes in 
herbage nutritive value during ensiling were minor compared to the large negative effect of advancing harvest 
date on DMD.

Fractionation
The various technological options for a Green Biorefinery often involve the essential process of fractionating plant 
biomass into a fibre-rich press-cake and a nutrient rich press-juice. The viability of such an industrial process will 
depend on the range of suitable applications identified for the separated fractions (Kromus et al. 2004). The use 
of the press-cake fraction as a feedstuff for ruminants could be considered a relatively low-value application; nev-
ertheless, it could be an important part of an overall biorefining process where, for example, high-value products 
were being produced from the press-juice fraction (e.g. lactic acid, amino acids).        

Wachendorf et al. (2009) reported that fractionation reduces herbage water content and the concentration of 
minerals, and leads to the enrichment of fibrous constituents in the press-cake fraction. Similarly, McEniry et al. 
(2012) reported that > 0.55 of the N and ash was removed from the press-cake fraction relative to the fresh ma-
terial pre-ensiling. In the current study, the removal of a large proportion of the herbage soluble and mineral con-
tent during fractionation increased the proportion of fibrous constituents in the press-cake. Fractionation also 
resulted in an average 0.66 reduction in CP concentration in the press-cake fraction relative to the fresh material 
pre-ensiling, and this was higher for the red clover and the Harvest 1 material, reflecting the higher CP concentra-
tion in these herbages prior to fractionation. Furthermore, the failure of the ‘two-stage rumen fluid’ DMD assay 
for some of the press-cake fractions also reflects the reduction in CP concentration and a resulting deficiency in 
N for rumen microorganisms. In general, the smallest decrease in DMD and herbage CP concentration as a result 
of fractionation was observed for the Harvest 3 herbages and this likely reflects the relatively high fibre and low 
CP concentrations in these herbages prior to fractionation.      
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Press-cake fraction as a feedstuff for ruminants

Management factors such as harvest date and species impact on the quality and nutritive value of the herbage 
presented for fractionation and this can subsequently influence the estimated nutritive value of the separated 
press-cake fraction. For example, the DMD of the press-cake fraction prepared from the Harvest 1 PRG and red 
clover silages (650 and 642 g kg-1 for PRG and red clover, respectively) could be compared with 2nd cut grass silage 
(662 g kg-1) on a net energy basis (0.67, 0.66 and 0.68 UFV kg-1 DM, respectively) (O’Mara 1996), and may have 
some potential for animal maintenance and low rates of production. However, this material would have to be sup-
plemented to make up for its relatively low CP concentration (46 and 89 g kg-1 DM for the press-cake fraction from 
Harvest 1 PRG and red clover, respectively). With the exception of the Harvest 1 red clover, the CP concentration 
in all the press-cake fractions was below the requirement (< 0.08 of diet) to support adequate rumen function and 
this may reduce fibre digestion in the rumen, ultimately depressing herbage DM intake (Coleman and Moore 2003).  

Furthermore, the net energy content of the press-cake fraction prepared from the Harvest 1 cocksfoot and Har-
vest 2 red clover (0.59 and 0.58 UFV kg-1 DM, respectively) could be compared with good quality hay (0.60 UFV 
kg-1 DM) (Jarrige 1989). In contrast, the press-cake fraction prepared from all other later-harvested herbage had 
low DMD and UFV values (ranging from 444 – 529 g kg-1 and 0.37 – 0.49 UFV kg-1 DM, respectively) similar to that 
reported for straw (Jarrige 1989). This suggests that any potential of the press-cake fraction as a feedstuff for ru-
minants is lost at later harvest dates.

In conclusion, ensiling only has a limited impact on herbage nutritive value. In contrast, fractionation resulted in 
a substantial increase in fibre content and a decrease in digestibility and crude protein concentration. The low 
energy and protein content of the resulting press-cake fraction, especially at later harvest dates, will limit its use 
in ruminant diets.
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