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Abstract. In the rumen of dairy cattle, fed on grasshay, the in sacco degradation 
was determined of crude protein (CP) and cell wall constituents (NDF) in grass, al
falfa (lucerne) and maize silages. 

The silages were incubated for a 48-h period. The fractional rates of degradation 
were estimated based on a single exponential degradation model. 
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Introduction. The nutritive value of roughages for ruminants is determined by both 
digestibility and voluntary intake. Roughage intake is primarily limited by the ca
pacity of the rumen, the rate of degradation in the rumen and the passage rate of 
undegraded feed particles from the rumen. 

Of these parameters, the rate of degradation can be determined in nylon bags in
cubated in the rumen for various periods of time, according to the method devel
oped by Mehrez & 0rskov (1977). 

The voluntary intake of the three silages was determined in steers (Hof et al., 
1984). For grass, alfalfa (lucerne) and maize silages the daily intakes were 88.2, 
105.2 and 85.8 g dry matter per kg3/4, respectively. Of the grass and alfalfa silages, 
the digestion process in vivo was also studied in sheep fitted with ruminai and small 
intestinal cannulas (Kies et al., 1986). 

In order to find an explanation for the differences in voluntary intake, the rate of 
degradation of cell wall constituents and crude protein was measured by the in sac
co technique. 

Material and methods. Samples (ca. 5 g dry matter) of the silages (particle length 
0.5-1.5 cm) were incubated in nylon bags (nylon P41; 9 cm x 18 cm; pore size 41 /im 

116 Netherlands Journal of Agricultural Science 34 (1986) 



R. P. KWAKKELETAL. 

x 41 ^m) in the rumen of two Dutch Friesian dairy cows, fed on 10 kg grasshay 
(7.9 % CP) and 1 kg mixed concentrates (19.9 % CP). The cows were fed twice 
daily at 08h00 and 16h00. The bags were incubated for 0, 3, 5, 8, 16, 24 and 48 
hours. 

After incubation, the bags were washed with cold water and subsequently freeze-
dried. The residues were weighed, ground (1-mm sieve), pooled per incubation 
period and analysed for dry matter (DM), nitrogen, neutral detergent fibre (NDF), 
acid detergent fibre (ADF) and acid detergent lignin (ADL). 

Duplicate degradation curves were determined for each silage in each cow. For 
DM, CP and NDF the data were fitted according to the model: 

yf = yr + (y0-ys-yr)-e-a^, 
in which: 
Y, residue (%) at time t 
Y0 initial quantity of the component in the silage (100 %) 
Ys soluble fraction (%) 
Yr non-degradable fraction (%) 
a = fractional rate of degradation (%/h) 
r lag-time (h) 

Results and discussion. In Table 1 the composition of the three silages is given. The 
silages not only differed in NDF content, but also in composition of the NDF. Espe
cially, the composition of the NDF fraction in the alfalfa silage differed consider
ably from that of the other silages. The alfalfa silage contained more lignin than the 
grass and maize silages. 

In Fig. 1 the degradation of crude protein and cell wall constituents of each silage 
is visualized. According to the proposed degradation model, the parameters of de
gradation could be computed as given in Table 2. The non-degradable NDF frac
tion was highest in the alfalfa silage, probably caused by the high lignin content. 
The content of lignin, however, did not affect the fractional rate of NDF degrada
tion, which appeared to be surprisingly low in the maize silage. 

A considerable part of the crude protein fraction of the silages showed to be wa-

Table 1. Composition of the silages (% in dry matter). 

Component Grass Alfalfa Maize 

Organic matter 86.3 90.1 95.7 
Crude protein1 12.9 19.1 8.9 
NDF 60.2 48.8 44.9 

cellulose 31.9(53)2 32.1(66) 22.5(50) 
hemicellulose 24.6(41) 6.9(14) 19.6(44) 
lignin 3.7(6) 9.8(20) 2.8(6) 

1 N% x 6.25 
2 As a percentage of the NDF fraction. 
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Fig. 1. The in sacco degradation of crude protein (CP, •) and cell wall constituents (NDF, O) in 
the silages. Per silage component Y0 = 100 %. 

ter-soluble. The rate of degradation of the non-soluble, but degradable fraction was 
not closely related to the content and composition of the NDF fraction. This can 
partly be explained by crude protein and cell wall constituents residing in different 
plant structures. 

No close relationship could be demonstrated between the degradation of the cell 
wall constituents cellulose, hemicellulose and lignin. 

The extent of degradation of roughage cell wall constituents, during the time in
terval the roughage particles are retained in the rumen, is believed to determine 
partly voluntary intake. The extent of degradation of the alfalfa cell walls was lower 
than that of the other silages, mainly caused by the higher non-degradable fraction. 
Nevertheless, the voluntary intake of the alfalfa silage in steers was highest (Hof et 
al., 1984). 

It seems therefore that the voluntary intake of roughages cannot be explained by 
the content, composition and degradation of the cell wall constituents only. Proba
bly the physical structure is involved as well. 

Table 2. Parameters of degradation of the silages. 

Grass Alfalfa Maize SEM1 

Crude protein 
a (%/h) 5.2 5.0 6.3 0.8 
Y , { % )  44.4 64.6 72.5 1.2 
yr(%) 13.4 9.7 14.7 1.0 
f (h) 3.5 0.6 2.6 1.0 

Cell wall constituents 
a (%/h) 4.3 4.0 2.8 0.4 
yt(%) - - - -

Yr(%) 20.4 52.1 24.6 2.5 
f (h) 4.4 3.0 0.6 0.5 

1 Standard error of the mean. 
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Abstract. In wethers fitted with cannulas in the dorsal rumen sac and the small in
testine, the digestion process of cell wall constituents and protein was followed of a 
grass and alfalfa (lucerne) silage, containing on a dry matter basis 12.9 % crude 
protein (CP), 60.2 % neutral detergent fibre (NDF) and 19.1 % CP, 48.8% NDF, 
respectively. Intake was 46.5 and 49.0 g DM kg~3/4 day-1, respectively. In the reticu-
lorumen the retention time of the fluid phase and particulate phase, with CoEDTA 
and CrNDF as a marker respectively, were estimated. The digestion of the cell wall 
constituents was investigated in the forestomachs and in the hind gut. Both protein 
degradation and microbial protein synthesis were estimated in the forestomachs 
and subsequently the digestion of protein in the intestines. 
Key words: cell wall constituents, cellulose, hemicellulose, lignin, protein degrada
tion, amino acids, retention time, microbial protein synthesis. 

Introduction. The voluntary intake of roughages in ruminants is assumed to be re
stricted by the capacity of the reticulorumen. Hence the extent of degradation and 
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