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Abstract 

Grass silage is a very important ruminant winter feed in the Netherlands. The nutritive value 
of grass silage can, however, vary considerably. Varying influences attributed to grass growth 
stage at harvesting, botanical composition, harvesting conditions, ensiling processes and 
post-ensiling events complicate the accurate prediction of the feeding value based on labora­
tory analyses. Fifty grass silages were tested in digestibility trials with wethers. The feeds test­
ed included mainly wilted silages of varying dry matter content as well as silages treated with 
cell-wall degrading enzymes. The accuracy of feed evaluation was studied using laboratory 
analyses, including cell-wall analyses, incubation in vitro with rumen fluid and the enzymatic 
procedure. A comparison was made between these results and the current and recently sug­
gested procedures for prediction of digestibility of grass silage. 

Keywords: grass silage, chemical composition, digestibility, enzyme treatment, grass-herb 
vegetations 

Introduction 

Correct feed evaluation is imperative for adequate feeding and supplementation of 
grass silage to the ruminant. Current evaluation systems are focussed on available 
(metabolizable or net) energy (van der Honing & Steg, 1989). In practice the energy 
value of feeds is calculated from digestible organic components determined with 
sheep fed at maintenance requirement for energy or predicted directly from chemi­
cal characteristics or in-vitro digestion analyses. In the Netherlands the service 
laboratories analyse approximately 80 000 farm silage samples annually for forage 
evaluation. Routinely, the predictions concerning organic matter digestibility are 
still calculated using proximate analysis. The regression equations which are applied 
have been derived from the results of grass silage digestibility trials with sheep per­
formed in the period 1950-1975 (Anonymous, 1977) which contained few samples 
of wilted silages. Since then the amount of grass silage made in the Netherlands has 
increased to 4 Mt DM per year, virtually all as wilted silages. 

Wilting to a dry matter content above 300 g kg-1 prior to ensiling has been 
shown to enhance successful fermentation. In doing so, a daily decrease in organic 
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matter (OM) digestibility of 1 % (with considerable variation) has to be accepted 
(Spoelstra & Hindle, 1989). Wilting also reduces the ratio of protein-N to total-N 
(Thomas & Thomas, 1985; Tamminga et al., 1990). Therefore, wilting complicates 
the feed evaluation of the silage. 

A further complication to feed evaluation of grass silage is the recently introduced 
usage of cell-wall degrading enzymes as additive at ensiling. Addition of these en­
zymes results in lower levels of cell-wall compounds, particularly for low dry-matter 
silages. However, according to in vitro and in vivo studies, the fraction which is not 
apparently digested appears to remain unchanged (van Vuuren et al., 1989; Spoel­
stra et al., 1990). 

Most of the grassland in the Netherlands is used intensively and high levels of N-
fertilizer are applied. Perennial ryegrass grows quite well under these environmental 
conditions and has become the predominant grass species in most Dutch pastures. 
However, in wet, peaty areas other grass species are more competitive. In the in­
creasing area designated to nature conservation farming restrictions result in a varie­
ty of grass and herb species in the sward which complicate the estimation of its feed­
ing value because of differences between plant species in the level and composition 
of cell walls and the different relationships of these with digestibility (Korevaar et 
al., 1988). 

The variation in feeding value of silages is due to variation in feeding value of 
grass resulting from differences in botanical composition, weather conditions dur­
ing grass growth, the rate and type of fertilization, the stage of maturity at cutting 
and the conditions at wilting and harvesting (Thomas & Thomas, 1985). Silage fer­
mentation adds to the variability in feeding value. 

These changes in grassland management and silage making are likely to affect the 
accuracy of feed evaluation of grass silage as practised by the service laboratories. 
The present study aims to evaluate current Dutch prediction methods and recently 
published regression equations using the results obtained from recently performed 
animal experiments. 

Materials and methods 

During the period 1980 to 1989 digestibility trials were performed on 50 grass 
silages. The results were studied for best-fit regressions of digestibility on laboratory 
analyses. The data-set was also used to validate current prediction methods. 

Silages 

The silages studied were: 
(1) large clamp wilted grass silages (50-100 t), 
(2) samples from pilot-scale experiments on ensiling under poor weather conditions, 
(3) experimental silages used in the study of the effect of cell-wall degrading en­
zymes (Spoelstra et al., 1990), and 
(4) mixed grass-herb silages harvested in nature conservation/reserve areas. 

A minority of these silages were made with additives as most of the silages were 
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wilted; in addition to the enzyme treatments molasses, acetic acid and formic acid 
were also occasionally used as additive. Except for the three 'nature reserve' silages 
Loliumperenne was the dominating grass species. The mixed grass-herb swards were 
reported to contain low levels of perennial ryegrass and higher levels of herbs and 
of Yorkshire fog (Holcus mollis), floating foxtail (Alopecuris geniculatus) and sever­
al bent species (Agrostis canina). 

Animal experiments 

The silages were tested in digestibility experiments with four wether sheep of the 
Texel breed. The silage comprised the whole diet; the daily silage allowance of each 
animal was aimed to be equivalent to 1 kg dry matter (about 40 g dry matter per 
kg metabolic live weight). Preceeding the experiments the silages were weighed in 
relevant daily portions and stored at -20 °C up to 24 hours before feeding. At 
weighing, three composite samples were taken for laboratory analyses. Each silage 
was fed for at least three weeks. During the last 10 days of each trial all the faeces 
were collected as well as incidental feed refusals. After completion of the collection 
period the faeces were homogenised and two composite samples per animal were 
taken for laboratory analyses. 

Chemical analyses 

Chemical analyses were performed according to IVVO standard analytical proce­
dures based upon prescriptions given by the International Organization for Stan­
dardization (ISO) or the Dutch Standardization Institute (NNI) and specified by 
document number (NEN). Laboratory samples were prepared following ISO 6497. 
Feed as well as faeces samples were analysed for contents of moisture (DM; ISO 
6496), ash (A; ISO 5984), crude protein (CP) as N-Kjeldahl (ISO 5983), crude lipids 
(CFAT; ISO 6492), crude fibre (CF; NEN 3327) and gross energy (GE; NEN-ISO 
1928). Feed samples were additionally analysed for pH, volatile fatty acids and alco­
hols and NH3 (analyses of VFA, alcohols and NH3 on fresh silage as well as after 
drying) and lactic acid. Neutral detergent fibre (NDF) was determined according to 
van Soest (1967). Incidently a determination of acid detergent fibre (ADF; van 
Soest, 1967) and reducing sugars after inversion (Bosma, pers.comm.) were also per­
formed. All chemical characteristics determined in the oven-dried matter were cor­
rected for evaporated organic matter according to the analyses performed. Crude 
protein in the silage was expressed NH3-free. 

In vitro digestibility 

Organic matter digestibility was determined in vitro by incubation with rumen fluid 
followed by pepsin-HCl(d0t) and by incubation with pepsin followed by heating 
and treatment with cellulase(d0c). For both in vitro analyses 10 samples of grass 
silage of known in vivo digestibility, covering a 60-80 % range in OM digestibility 
(d0M) were included in each in vitro run. The in vitro result of the test feeds was 
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corrected for the differences between in vivo and in vitro digestibility of these stan­
dard samples, thus enabling an approximation of the in vivo digestibility. It should 
be noted that d0t was determined at the time of execution of the animal trial; 
however, dQc of the silages was determined in two runs in 1989. 

Statistical analyses 

Single and multiple linear regression analyses were applied for the prediction of ap­
parently digestible substances and for validation of proposed equations using the 
statistical package Genstat 5 (Lane et al., 1987). The chemical variables tested were 
expressed where relevant on an ash-free basis to avoid complications arising from 
accidental differences in ash content due to soil contamination. 

The results of the statistical analyses were compared with regression equations 
derived in similar studies by de Boever et al. (1988) and by Givens et al. (1989). A 
further comparison was made with results from experiments considering the ensilage 
of wilted grass on a pilot-scale (2-4 tonnes per silo) at relatively low DM contents 
(<350 g kg-1)- These experiments were performed to study ensiling under adverse 
weather conditions for wilting (Corporaal & Steg, 1990). 

Results 

Chemical composition and digestibility 

The chemical composition of the silages is given in Table 1. The cutting dates ranged 
between 10 May and 30 August; the average being in mid June. The wilting period 
ranged from zero (= direct cut silage) to 10 days; on average 3.1 days. The three 
silages made from mixed grass-herb vegetations showed relatively low protein and 
high cell-wall contents. 

In Table 2, information is given concerning digestibility in vivo and in vitro. The 
variation in digestibility was substantially influenced by exclusion of data from trials 
with grass silages of abnormal botanical composition: the average organic matter 
digestibility in vivo increased by more than one % unit and the standard deviation 
of the population decreased from 5.6 to 4.0 %. Parallel trends were observed for 
the other coefficients of digestion. 

Regression analyses 

The apparent digestibilities as measured in vivo for organic matter, crude protein, 
crude lipids and gross energy were analysed by single and multiple linear regression. 
The following parameters were employed as variables: 
(1) proximate analyses; 
(2) in vitro organic matter digestibility (d0t) + proximate analyses; 
(3) in vitro organic matter digestibility (dQc) + proximate analyses. 

As cell-wall content was either characterized by NDF or by CF, no analyses in­
cluding both parameters were reported. The relationship between both cell-wall 
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Table 1. Chemical composition of silages (in g kg-' DM unless otherwise stated; averages of 3 sam­
ples). 

Mean SD' Range n 

Dry matter (g kg-')2 415 146 164 -764 50 

Total ash 132 41 69 -322 50 
Crude protein 187 36 82 -242 50 
Crude lipids 41 10 15 - 64 46 
Crude fibre 249 38 180 -324 50 
Neutral detergent fibre 468 69 313 -614 48 
Acid detergent fibre 270 47 190 -392 17 
Invert sugar 38 33 1 -108 16 

Lactic acid 50 44 1 -137 38 
Acetic acid 11 10 1 - 47 42 
Butyric acid 4 5 0 - 19 41 
Ethanol 8 8 0 - 39 43 

Gross energy (MJ kg-' DM2) 18.3 0.9 14.1 - 20.0 50 
Ammonia nitrogen (% total N) 8 4 3 - 19 50 

1 Standard deviation of the population. 
2 Corrected for evaporated VFA, alcohol and NH3 

Table 2. Apparent digestibilities of the silages (averages of 2-4 replicates). 

Mean SD1 Range n 

Digestibility in vivo (%) 

Organic matter 73.4 5.6 55.0-81.9 50 
Crude protein 70.3 7.7 48.1-80.7 50 
Crude lipids 64.9 6.4 46.7-77.0 46 
Crude fibre 77.0 7.0 49.2-86.8 50 
Gross energy 69.9 5.6 51.6-78.3 50 

Digestibility in vitro (%) 

Rumen fluid organic matter 73.1 5.2 56.3-82.8 49 
Pepsin-cellulase organic matter 73.0 4.8 58.7-80.4 48 

1 Standard deviation of the population. 

characteristics was: NDF = 1.667 x CF + 51.7; RSD (residual standard error) = 
30 (in g kg~' dry matter); r = 0.91. The regression analyses were performed for 
the complete set of silages (n = 50) and with reduced sets omitting the enzyme-
treated silages together with the mixed grass-herbs silages (n = 42). A third series 
of analyses were made on silages without enzyme treatment made on the I WO ex­
perimental farm (n = 27). 
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Table 3. Best-fit predictions of organic matter digestibility (dOM) in vivo (%) from chemical composi­
t i o n  b y  m u l t i v a r i a t e  r e g r e s s i o n  ( d r y  m a t t e r  i n  g  k g - 1 ;  a s h  i n  g  k g 1  D M ;  C P ,  C F  a n d  N D F  i n  g  k g 1  

OM). 

Equation Independent 
number variables 

Constant Regression 
coefficient 

Variance 
accounted 
for (%) 

RSD n 

Whole sample set 

1 + 111.8 55.8 3.8 50 

Crude fibre 
Dry matter 
Ash 

-0.0994 
-0.01006 
-0.0434 

2 + 92.1 67.9 3.2 48 

Neutral detergent fibre 
Crude protein 
Ash 

-0.0459 
+ 0.0533 
-0.0419 

Restricted set 1 

3 +107.8 53.5 2.7 42 

Crude fibre 
Ash 
Dry matter 

-0.0789 
-0.048 
-0.0112 

4 + 108.3 58.2 2.6 42 

Neutral detergent fibre 
Ash 

-0.05418 
- 0.03677 

Restricted set 2 

5 + 110.7 60.0 2.7 27 

Crude fibre 
Ash 
Dry matter 

-0.0842 
-0.0583 
-0.01124 

6 + 109.3 65.6 2.6 27 

Neutral detergent fibre 
Ash 

-0.05352 
-0.0483 

Table 3 shows the best-fit linear regression equations for the prediction of the or­
ganic matter digestibility (dOM) from chemical analyses. In each of the analyses 
mentioned the significance of the contribution from CP, CF (or NDF), ash, DM 
content, ammonia nitrogen (% of total N), cutting date, and length of wilting period 
was tested. Linear regression coefficients for cutting date and wilting period, 
although negative, were never statistically significantly different from zero. The 
same applied for the effect of ammonia-N % on dOM. 
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Fig. 1. Relationship between organic matter digestibility in vivo (dOM) and organic matter digestibility 
in vitro (rumen fluid based; d0t). • = Others, + = IVVO, * = enzyme-treated, • = mix of grass 
and herbs. 

Fig. 2. Relationship between organic matter digestibility in vivo (d0M) and organic matter digestibility 
in vitro (cellulase based; d0c). • = Others, + = IVVO, * = enzyme-treated, • = mix of grass and 
herbs. 

Figures 1 and 2 show the relationships between OM digestibility determined in 
vivo with the respective in vitro predictions using either rumen fluid or enzymes. 
Contrary to d0t the regression coefficient for d0c on dOM differed significantly 
from unity and the constant differed significantly from zero. 
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Table 4. Prediction of organic matter digestibility (d0MJ %) from organic matter digestibility in vitro 
(d0t: rumen fluid based; d0c: cellulase based) and ammonia-N (% total-N). 

Equation 
number 

Independent Constant 
variables 

Regression 
coefficient 

Variance 
accounted 
for (%) 

RSD n 

7 + 3.64 
doi + 0.9549 

76.8 2.7 49 

8 - 1.61 78.6 2.6 49 

dot 
Ammonia-N (%) 

+ 0.9991 
+ 0.249 

9 -10.5 
doc + 1.1491 

91.1 1.7 48 

10 -13.6 
doc 
Ammonia-N (%) 

+ 1.1723 
+ 0.168 

92.0 1.6 48 

Table 5. Prediction of digestible crude protein and digestible crude lipids from crude protein and crude 
lipids, respectively (data in g kg-' organic matter). 

Equation 
number 

Independent Constant 
variables 

Regression 
coefficient 

Variance 
accounted 
for (%) 

RSD n 

Prediction of digestible crude protein 

11 -47.8 
Crude protein + 0.9368 

95.4 9 50 

Prediction of digestible crude lipids 

12 - 7.4 
Crude lipids + 0.8154 

94.0 2 47 

Best-fit (multiple) regression equations using d0t and dDc on the whole set (n = 
50) are given in Table 4. Inclusion of CP, NDF, CF, DM, ash, cutting date or days 
wilting did not significantly improve the amount of variance accounted for. 

For n = 42 the RSD of the regression on d0t was reduced to 2.4 %. However, 
the percentage variance accounted for also decreased due to a considerable reduc­
tion in variance of the set. No significant additional influence of ammonia-N was 
calculated. For n = 27 a further reduction in RSD was observed for the regression 
on d0t with 5 % increase in the percentage accountable variance. 

Table 5 gives information on apparent digestibility prediction for protein and 
lipids. The calculation of DCP from CP and DFAT from CFAT was made as the 
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Table 6. Prediction of energy digestibility (dGE; °7o) from organic matter digestibility in vitro (d0t: ru­
men fluid based; dQc: cellulase based) and crude lipids (g kg-' organic matter). 

Equation 
number 

Independent 
variables 

Constant Regression 
coefficient 

Variance 
accounted 
for (%) 

RSD n 

13 
dot 

+ 3.2 
+ 0.9128 

71.1 3.0 49 

14 
dot 
Crude lipids 

+ 9.8 
+ 0.6696 
+ 0.2359 

86.6 2.1 47 

15 
doc 

- 12.5 
+ 1.1282 

88.5 1.9 48 

16 
doc 
Crude lipids 

- 4.2 
+ 0.9345 
+ 0.1246 

91.8 1.7 46 

apparent digestibility of protein and lipids depends largely on the levels of CP and 
CFAT in the feeds. 

No improvements in the percentage of variance could be accounted to additions 
to those parameters mentioned in Table 5. Neither did reduction of the sample set. 

Energy digestibility was found to be closely correlated with organic matter digesti­
bility. In the equation dGE = 0.9812 d0M - 2.1 (n = 50), 97.7 % of the variance 
could be accounted for, the RSD being 0.86 %. No improvement to this was ob­
served for the reduced sample sets. Single and multiple regression of dGE on 
laboratory analyses were tested. The best-fit regressions for the whole set are dis­
played in Table 6. 

For the sample selections a more accurate prediction of dGE could be calculated 
from either d0t or d0c as single parameters but no improvement was obtained over 
regressions including the level of lipids. Correction for differences in either CP, CF 
or NDF did not improve the prediction power. 

Validation of proposed DOMD prediction equations 

The best-fit regression equations for dOM may be converted to prediction equations 
for contents of digestible organic matter in dry matter (DOMD) by additional cor­
rection for ash content. The data-set was also used to validate some recently pub­
lished prediction equations and the prediction equations currently used by the serv­
ice laboratories in the Netherlands (Anonymous, 1977). Results are given in Table 
7. Figures 3 and 4 show the relationships between DOMD and the latter equations. 

The laboratory data as determined at the IVVO were used for the validation (for 
example assuming IVDOMD = dQt x OM/100). It should be considered that the 
equation derived by Corporaal & Steg (1990) was based upon d0t data with correc­
tions for in vivo/in vitro differences as described earlier. 
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Table 7. Validation of some predictions for contents of digestible organic matter in dry matter (DOMD, 
g kg-1) on the whole data set (IVDOMD = rumen fluid based/CDOMD = pepsin-cellulase based in 
vitro digestible organic matter in dry matter). Data in DM (g kg-'). 

Constant Regression 
coefficient 

Independent 
variables 

Variance 
accounted 
for (%) 

Standard 
error of 
performance1 

Bias 

Direct calculations 

d0, x OM(g kg-')/100 
d0c x OM(g kg-')/100 

77 
90 

24 
17 

- 3 
- 3 

Regressions 

De Boever et al. (1988) + 242 
+ 0.686 
- 0.207 

IVDOMD 
Ash 

79 30 + 13 

De Boever et al. (1988) + 377 
+ 0.499 
- 0.432 

CDOMD 
Ash 

73 30 - 1 

Givens et al. (1989) + 194 
+ 0.77 
+ 1.24 
-0.85 

IVDOMD 
Ether extract 
Ash 

57 39 - 17 

Corporaal & Steg (1990) + 1054 
-0.77 
- 1.23 
-0.03 
-0.3 

Crude fibre 
Ash 
Dry matter 
cdi2 

66 34 - 4 

Anonymous3 (1977) + 1094 
- 1.1 
- 1.094 
-2.7 

65 
Crude fibre 
Ash 
Ammonia-N (%) 

35 + 5 

1 Windham et al. (1989). 
2 Cutting date index: days in the year (0-365). 
3 With additional corrections for cutting date; wilting period; DM content if DM < 350 g kg1. 

Discussion 

Chemical composition and digestibility 

The range in dry matter content of the silages studied was comparable to those of 
de Boever et al. (1988) and Givens et al. (1989). On average, however, dry matter 
in our silages (415 g kg1) was considerably higher than given by Givens et al. 
(1989) (284 g kg-') and de Boever et al. (1988) (314 g kg-1)- This reflects the prac­
tice of intensive wilting in the Netherlands. 
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Fig. 3. Relationship between contents of digestible organic matter in dry matter in vivo (DOMD) and 
DOMD (predicted) according to Corporaal & Steg (1990). • = Others, + = IVVO, * = enzyme-
treated, o = mix of grass and herbs. 
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Fig. 4. Relationship between contents of digestible organic matter in dry matter in vivo (DOMD) and 
DOMD (predicted) according to Anonymous (1977). • = Others, + = IVVO, * = enzyme-treated, 
• = mix of grass and herbs. 

The average composition of the dry matter was very similar to that determined 
by Corporaal & Steg (1990) studying over 500 pilot-scale silages. In our study, the 
average protein content was 30-40 g kg-' higher and the average fibre content 
somewhat lower than those found by de Boever et al. (1988) and Givens et al. (1989) 
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suggesting that the grass was cut at an earlier growth stage. The average ash content 
of our silages was approx. 50 g per kg dry matter higher than Givens et al. (1989); 
the upper limit of the range in ash content studied by Givens et al. (1989) was just 
above the average of our data. The difference observed may be a reflection of differ­
ences in fertilization, cutting regime, wilting (wilting in a windrow versus tedding 
and raking) and harvesting. As might be expected, along with a higher average dry 
matter content lower levels of fermentation products together with a lower 
ammonia-N fraction were observed in comparison to the data of Givens et al. 
(1989). 

The average gross energy content of the silages was almost identical to that found 
by Givens et al. (1989), when expressed on an organic matter basis (21 MJ kg1)-
When correcting for the ash content the variation in GE was significantly reduced 
to a standard deviation of 0.7 MJ per kg organic matter. According to Andrieu & 
Demarquilly (1987) the average GE in organic matter should be corrected for differ­
ences in crude protein content. However, in our analysis GE (MJ kg 1 OM) was 
only significantly affected by correcting for lipid content (CFAT; g kg1 OM): GE 
= 19.2 + 4.2 CFAT (RSD = 0.5 MJ); with 46 % of the variance accounted for. 
The equation proposed by Andrieu & Demarquilly (1987) underestimated GE in our 
silages by on average 1 %. The similarity in GE level with the UK data is worth men­
tioning because Givens et al. (1989) determined GE as such and our data referred 
to GE determined in oven-dried samples and corrected for VFA and alcohols evapo­
rated during drying. In doing so differences in gross energy content of the fermenta­
tion products concerned were not taken into account. Correcting for these differ­
ences (Edwards, 1986) would have changed only marginally the GE content of the 
silages studied (not more than 100 kJ per kg dry matter) and exerted negligable ef­
fect on the average. So, the GE determination on dried instead of fresh silage sam­
ples does not introduce important differences. 

Average and range of organic matter and energy digestibilities of the silages 
studied were very similar to the data of Givens et al. (1989) despite differences in 
fibre content. This may be a reflection of the slightly increased level of spontaneous 
cell-wall degradation in low dry matter silages which was not evident in apparent 
digestibility (Corporaal & Steg, 1990). In addition, five of the silages were treated 
with cell-wall degrading enzymes, decreasing the level of CF, NDF and ADF up to 
25 % compared to control silages. However, enzyme treatment of these silages did 
not significantly affect organic matter digestibility in vivo or in vitro (Spoelstra et 
al., 1990). 

Prediction of digestibility or digestible components 

As is also evident from the data given in Table 3, using NDF instead of CF improved 
the accuracy of prediction of dOM. In all the equations mentioned the ash content 
exerted a statistically significant negative effect on the relationship between the or­
ganic matter digestibility and the cell-wall parameter considered. A similar observa­
tion was made by Corporaal & Steg (1990) and is also evident from the information 
obtained from de Boever et al. (1988). Therefore, the general observation of organic 
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matter digestibility being directly related with CF, NDF or ADF is complicated by 
a considerable influence attributable to ash. The regression coefficients for CF were 
similar in analyses 1, 3 and 5 (and for Corporaal & Steg, 1990) and higher than 
- 1.0. For routine purposes at present a coefficient of - 1.1 is applied (Anonymous, 
1977). Equations 1 and 2 with an RSD above 3 % units are obviously not accurate 
enough. Comparison with equations 3-6 displays the deviating effects of the silages 
made from mixed grass-herb vegetations and with enzyme-treatment. In particular 
overestimations of digestibility (up to 10 %) were made for the mixed grass-herb 
silages. 

Figures 1 and 2 and Table 4 show the superiority of in vitro digestibility over 
chemical characteristics for the prediction of in vivo digestibility, particularly for 
the whole set of silages. Predictions using enzyme-based analysis were surprisingly 
more accurate than the rumen fluid method. This observation contrasts with the 
findings by de Boever et al. (1988) and Givens et al. (1989). Both authors found su­
periority of dQt over dGc at levels of accuracy comparable with our data. However, 
it should be realized that our data on d0t were determined at the execution of the 
animal trials; during the last 10 years. The enzyme-based analyses were performed 
in two runs of analyses in 1989; thus to some extent complicating a direct compari­
son of the two sets of data. When observing the very accurate d0c predictions the 
samples were also tested for rumen fluid digestibility in a single sequence in 1989. 
Again the average organic matter digestibility found in vitro approached the level 
determined in vivo. The accuracy in terms of residual standard deviation was 0.3 % 
units better than that mentioned for dQt in Table 4, so the superiority of d0c over 
d0t was slightly reduced. The calibration procedure applied as described for both 
methods aimed at a direct prediction of dOM. However, the regression coefficient 
of the linear relationship between d0c and dOM differed from unity and resulted in 
a significantly negative intercept, suggesting that in contrast to d0t the calibration 
set used for dQc did not completely cover the range of samples concerned. 

Besides d0t or d0c only addition of ammonia-N fraction marginally improved the 
prediction of d0M. The positive effect accredited to the ammonia-N fraction might 
be explained by a significant correlation between the ammonia-N fraction and the 
level of fermentation. In silages with high levels of volatile fermentation products 
the in vitro methods slightly underestimate the in vivo digestibility, because implicit­
ly only a correction is made for the levels of volatile substances of the samples in 
the calibration set and these samples were all high DM silages with restricted fermen­
tation. 

Upon omission of those samples not originating from the IVVO experimental 
farm and all enzyme-treated silages, the RSD of the regression of dOM on d0t fell 
from 2.7 to 2.2 %. This indicates that an adaptation of the calibration set to include 
expected variation in botanical composition and possibly enzyme-treated silages is 
advisable for a more accurate prediction of the whole range of silages. 

The data in Table 5 show that the variation in the apparently digestible protein 
can be accurately predicted (RSD = 9 g kg 1 OM) using the crude protein content 
irrespective of other silage characteristics. The relationship between lipid content 
and apparently digestible lipids was — as expected — very close (RSD = 2 g kg-' 
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OM). As a result a satisfactorily accurate prediction of the apparently digestible car­
bohydrate fraction can be obtained using data from proximate analysis and in vitro 
OM digestibility. 

The direct prediction of energy digestibility (dGE) from d0M (Table 6) was ac­
curate (RSD = 0.86 %). Both correlation coefficient and RSD were similar to a for­
mula based on 19 silage data published by Andrieu & Demarquilly (1987). Upon 
comparison, both equations gave very similar predictions of dGE in the normal 
range of dOM. It is interesting to notice that the prediction of the energy digestibili­
ty from d0t or dGc (Table 6) was improved when corrections were made for differ­
ences in lipid content (RSD = 2.1 and 1.7 %, respectively). This may be explained 
by an apparent digestibility exceeding 80 % for additional lipids (Table 5) and by 
the energy density of lipids. Likewise, Givens et al. (1989) reported a negative effect 
of ether extract on the proportional faecal energy loss from silage. 

Validation of DOMD predictions 

The accuracy of DOMD predictions from d0t and d0c are a direct consequence of 
the relationships between dOM and the in vitro techniques discussed. A correction 
for ammonia-N fraction might slightly improve the accuracy of the predictions 
given in Table 7. According to de Boever et al. (1988), the prediction of DOMD us­
ing IVOMD and ash showed a considerable bias. This may be due to the assumption 
that dDt as determined in our trials multiplied by OM/100 was numerically equal to 
IVOMD. In particular the calibration and correction procedure applied in this study 
differed from their methodology. Correcting for the difference in bias reduced the 
standard error of performance (SEP) to 27 g kg 1 DM. The low regression coeffi­
cient (0.7) for IVOMD caused a considerable overestimation of DOMD for poorly 
digestible silages. The same applied to the DOMD predictions from CDOMD and 
ash according to de Boever et al. (1988). 

The prediction equation derived by Givens et al. (1989) did not fit well with our 
data. Correction for the average difference between d0t x OM/100 and IVDOMD 
increased the bias to 30 g kg-' DM. The large negative correction necessary for 
ash content largely explains this bias. However, since the UK equation was derived 
from silages with a maximum ash content of 138 g kg-' DM, this equation may 
not be valid for our silages with higher ash content. 

The equation derived by Corporaal & Steg (1990) based on proximate analysis 
showed on average a good fit with the data-set. As expected, the accuracy of predic­
tion was inferior to that obtained with inclusion of in vitro data. However, when 
considering the amount of variance which could be accounted for and the SEP the 
equation was comparable to those displayed in Table 3. The equation currently used 
by the Dutch service laboratories slightly overestimated the average DOMD content 
of the silages. Both prediction equations based on proximate analysis produced a 
considerable overestimation with silages from mixed grass-herb vegetations due to 
reasons discussed previously. The overestimation was less pronounced for the 
enzyme-treated silages. 
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Conclusions 

Gross energy content of the grass silages studied was rather constant at 21 M J per 
kg organic matter and was not significantly affected by crude protein content. 

The prediction of in vivo organic matter digestibility of grass silage using proxi­
mate analysis, as is currently practised by the Dutch service laboratories and as ap­
plied in a recently developed alternative equation, showed on average a good fit to 
data obtained from recent in vivo experiments. However, accuracy of prediction 
was unsatisfactory, in particular for mixed grass-herb vegetations and for enzyme-
treated silages. 

In vitro digestibility determinations using industrial enzymes or rumen fluid were 
consistently superior to chemical characteristics in predicting in vivo digestibility. 
Predictions using the enzyme-based technique were surprisingly more accurate than 
the rumen fluid method. 

Prediction equations obtained in similar studies in UK and Belgium showed con­
siderable bias, when validated with our data. 
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