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Abstract

In four change-over experiments, wilted grass silages, differing in growth stage at harvesting
and as a consequence in cell wall content, were fed ad libitum to dairy cows in early and late
lactation.

Ruminal degradation rate of the crude protein fraction of the silages was investigated us-
ing nylon bag incubations, No significant relation between the degradation rate (%h™") and
the cell wall content of the silages was found. The soluble and undegradable fractions of the
crude protein both increased with an increase in silage cell wall content. The soluble fraction
was more closely related to dry matter content and date of harvesting than to cell wall con-
tent of the silages. The fraction of dietary protein escaping rumen fermentation increased
with cell wall content.

In duodenal protein, the fraction originating from the diet, estimated using amino acid pro-
files of dietary, microbial and duodenal protein, decreased with cell wall content.

Keywords: grass silages, protein digestion, microbial protein

Introduction

Feeding grass products with a high nitrogen (N) content to dairy cows usually results
in considerable N losses. One way to reduce these losses is by reducing the CP to
carbohydrate ratio (Van Vuuren & Meijs, 1987). This is possible by a reduction in N
fertilization or by feeding/harvesting more mature grass or both. The latter is partic-
ularly the case if grass with low N fertilization is harvested at same DM yield as
high-N grass. Ensiling the grass at a more mature stage results not only in lower CP
contents, but normally also reduces its digestibility (Van Soest, 1982).

The protein entering the small intestine of ruminants consists of microbial protein
synthesized in the rumen, dietary protein which escaped rumen fermentation and en-
dogenous protein. The digestibility of this protein mixture in the small intestine de-
termines the amount of amino acids available for the ruminant.
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The amount of feed protein escaping rumen fermentation can be estimated from
the degradability of feed protein measured with the nylon-bag technique (Mehrez &
@rskov, 1977), and the rate of passage of the particulate phase to the lower gut.

Different methods to estimate the fraction of duodenal microbial protein synthe-
sized in the rumen are possible e.g. with markers specific for microbial protein
(DAPA, nucleic acids, **S, *N), or on the basis of the amino acid profiles (AAP) of
the different protein sources (Van Bruchem et al., 1985).

In four experiments, in which the effect of chemical composition of grass silages
on intake and digestion processes was investigated (Bosch et al., 1992a), CP degra-
dation in the rumen was determined using the nylon-bag method. In addition, the in-
fluence of the chemical composition of the silages on the fractions of microbial and
dietary protein was estimated. For reason of an appropriate recycling of nutrients
within the system, sustainable livestock production aims at an increased utilization
of homegrown feeds. In the present study rumen N availability is assessed relative to
the quantity of N incorporated in rumen microbes, and hence, to the quantity of or-
ganic matter degraded in the rumen. Nett N losses in the rumen are aimed to be kept
at a minimum and in association with this N emission into the environment.

Materials and methods

In four change-over experiments, grass silages were fed ad libitum to dairy cows. In
each of the experiments two silages were fed, supplemented with 7 (Exps. 2 (silage
G1 and G2) and 4 (silage G3 and G5)) or 1 (Exps. 1 (silage G] and G2) and 3 (silage
G3 and G4)) kg of concentrates, in early and late lactation, respectively. Each experi-
ment consisted of two experimental periods of five weeks, preceded by adaptation
periods of three weeks. All cows were fitted with a rumen cannula, and, except for
two animals in Exp. 4, also with a T-cannula in the proximal duodenum.

The grasses were harvested at different growth stages, resulting in silages differ-
ing in"chemical composition. The composition of the silages and the concentrates is
given in Table 1.

The silages were supplied three times a day; at 7.00, 15.00 and 23.00 h, and the
concentrates were fed at 14.45 h (1 kg) or at 6.45 and 14.45 h (two portions of 3.5
kg). The experimental design is described in detail by Bosch et al. (1992a). Intake
and whole tract digestibility figures of organic matter (OM) and CP are given in
Table 2.

The degradation rate (k,, %h™") and the rumen undegradable (fg, %) fraction of
the CP of the silages were measured by means of nylon bag incubations, according
to the procedure described by Bosch et al. (1992a), but without a lag time in the
degradation model. Bags were incubated in the rumen for 3, 5, 8, 16, 24, 48, 72 and
336 h, the latter to determine f. After incubation the bags were washed twice with
cold water in a washing machine. The soluble fraction (f;, %) was determined after
the washing procedure without previous incubation in the rumen. The latter samples,
as well as the 336 h incubation samples, were pooled per silage, so one water soluble
and one undegradable fraction was determined per silage.
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Table 1. Chemical composition of the five grass silages and the concentrates. DM = dry matter, OM =
organic matter, CP = crude protein, NDF = neutral detergent fibre.

Gl G2 G3 G4 G5 Concentrates’
DM (%) 594 543 60.8 387 55.0 88.1
in DM
OM (%) B6.2 90.8 20.8 92.5 92.6 20.4
CP (%) 21.3 19.6 20.9 11.9 11.2 18.2
NDF (%) 44.6 4.7 54.8 64.1 67.3 286
cellnlose (%6) 234 293 25.8 336 329 12.4
hemicellulose (%) 19.1 2.0 26.1 259 26.9 145
lignin (36) 2.1 34 2.9 4.6 1.5 1.7
NH,? 4 6 2 [0 5
harvest date 2 July 28May 12 August 23June 6 July

1985 1985 1986 1986 1987
! mean of four experiments

IMH4-N asa % of total N

Using the nylon bag degradation characteristics, and assuming a fractional pas-
sage rate from the rumen (k,, %h™"), the fraction of silage protein escaping rumen
fermentation (fz) can be calculated according to the equation:

fp = fi + (100 ~ f5 — ) * (I, /(kq + k) m

During 72 h, duodenal samples (approximately 0.25 1, after collecting first 1 |
which was returned into the fistula after sampling) were taken every two hours,
pooled per cow per week, freeze dried, ground through a 1 mm screen and stored till
further analysis.

From rumen liquid samples, taken from the ventral rumen sac during the first two
days of these periods at 7.00, 9.00, 11.00 and 13.00 h, bacteria were isolated by dif-
ferential centrifugation (550 and 70000 g) with a MSE superspeed 65 centrifuge at
4°C, The pellet was washed twice with a buffer solution according to the method de-
scribed by Meyer et al. (1967), and then freeze dried, ground and stored till analysis.

Rumen evacuations were done during the last weeks of the experimental periods
as described by Bosch et al. (1992b). Rumen liquid and particulate contents were
sampled before returning into the rumen.

The silages, concentrates, ramen bacteria and ruminal and duodenal contents were
analysed for nitrogen (M) and individual amino acids.

Nitrogen was determined according to the Kjeldahl method (micro-Kjeldahl for
the rumen bacteria) with K,50, and HgO as catalysts. The individual amino acids
were determined using a Biotronic LC 6000 automatic amino acid analyser. Samples
were hydrolysed under reflux for 22 h with HC! (6 mol ") at 110 °C. After formic
acid oxidation (Moore, 1963), the sulphur containing amino acids, methionine and
cystine, were determined as methionine sulphone and cysteic acid, respectively.
Tryptophan was not determined.
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The fraction of crude protein entering the duodenum originating from the diet,
was estimated, based on the amino acid profile (AAP) of dietary, microbial and duo-
denal proteins. Dietary and microbial proteins were mixed by a computerized itera-
tive procedure in such proportions that the computed AAP matched best the actual
AAP of duodenal protein, on the basis of minimizing the objective function (Van
Bruchem et al., 1985) :

17
2 (1-AAcompueal A’ @

In addition, the fraction of protein in the rumen, consisting of dietary protein was
calculated according to the same method.

Data were analysed statistically using the Anova procedure of the SPSS/PC+ sta-
tistical package (SPSS Inc., 1988) as described by Bosch et al. (1992a).

Results

The degradation characteristics of the CP fraction of the silages are given in Table 3.
The soluble (f;) and the undegradable (f) fractions both increased with the cell wall
content of the silages, except for the f; of silage G3. Silage G3 had a lower soluble
protein fraction as compared to the other silages. The k; was significantly higher
(P<0.05) for the low cell wall silages in Exps. 1, 2 and 3. There was a negative,
though not significant relation between k4 and the neutral detergent fibre (NDF)
content of the silages (r =-0.68).

The fractions of dietary protein escaping rumen fermentation were calculated us-
ing equation (1), assuming a k, of 4.5 %h~" and a k, of 3.0 %h~!, respectively. The
first value is being used in the Netherlands protein evaluation system, and the latter
value was estimated by Bosch (1991) for different grass silages as the fractional de-
cline in rumen indigestible organic matter pool with time after feeding.

The thus calculated f; values are given in Table 4. With an increase in cell wall
content, f; seemed to increase. For the higher k, (4.5 %h™ vs 3 %h ™), the differ-
ences became smaller.

The AAP of the protein consumed (silage + concentrates), and the AAP of rumi-
nal, microbial and duodenal proteins are given in Tables 5A and 5B. These AAP’s
were used to calculate the fractions of duodenal and ruminal protein originating
from dietary and microbial proteins. The results are given in Table 6. No significant
(P>0.05) differences in the fractions of protein in the duodenum originating from the
diet were found, except for Exp. 3, in which significantly (P<0.001) lower figures
for silage G4 were observed than for silage G3. This extremely low proportion of di-
etary protein in rumen and duodenum has presumably to be regarded as an artefact,
and was therefore exempted from further considerations. Though not significantly,
within experiments a lower fraction of dietary protein in the duodenum was mea-
sured for the silage with the highest cell wall content. The fraction of protein in the
rumen consisting of dietary protein is also given in Table 6. In Exps. 2, 3 and 4, low-
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Table 3. The soluble (fs, %) and undegradable (fg, %) crude protein fractions of silages (G1-G5) fed
supplemented with [ (L) or 7 (H) kg of concentrates per day, and the rate of crude protein degradation

(icay %h™).

Late lactation . Early lactation
Exp. 1 Exp.3 Exp.2 Exp. 4
GIL G2L SEM G3L G4L SEM GIH G2H SEM G3H G5H SEM
NDF silage
{% in DM) 44.6 54.7 548 64.1 44.6 54.7 548 673
fe 49.7 524 416 564 49.7 524 416 57.3
f 59 100 94 18.1 59 10.0 94 244
ky 481 404 0.13* 519 43D 0.13* 642 548 0.13* 453 39 02INS

M5 not significant, * P<0,05

Table 4. Estimated fractions of silage protein escaping rumen fermentation (fE, %) assuming fractional
passage rates (kp, %h™") of 3 and 4.5%, respectively. (L = silage fed supplmented with I kg, H = silage
fed supplemented with 7 kg of concentrates per day).

Late lactation Early lactation

Exp. 1 Exp.3 Exp.2 Exp.4

GIL G GIL  GiL GIH G2H G3H G5H
NDF silage
(%inDM) 446 547 548 641 446  54.7 548  61.3
e |
k=3%h"' 190 234 244 266 157 180 252 301
fe
k=45%h" 230 270 290  29.1 191 209 298 318

er bacterial protein fractions for the lower cell wall silages than for the higher cell
wall silages were calculated. In Exp. 1, however, the opposite was found. A higher
fraction of protein in the rumen was estimated to originate from the diet for the low

cell wall silage (GIL).

Discussion

During incubation in nylon bags in the rumen the contents of the bags become ini-
tially contaminated with microbial N, which, according to Nocek & Grant (1987), is
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largely responsible for the lag time (t’) occasionally observed in N degradation
curves. In our experiments no corrections were made for microbial contamination of
the nylon bags. Microbial contamination is proportionally higher for feeds high in
cell walls and lower for higher protein feeds (Varvikko & Lindberg, 1985; Varvikko,
1986). Using a correction for this microbial protein will decrease the t’ and the
degradation pattern of the protein will change. For different feeds, rate of N-disap-
pearance from the nylon bags as well as DM-disappearance was in all cases lower if
not corrected for microbial contamination (Varvikko & Lindberg, 1985). Because of
microbial contamination, a lag time was particularly observed for the high roughage
diets in their experiments. It may be assumed that during the in situ incubation, not
only the feed protein but also microbial protein dissappears from the nylon bag, re-
sulting in a too fast decline of protein in the bags. Thus, if the k;-CP is calculated us-
ing a model without a lag-time, the ky might be less biassed due to microbial conta-
mination. -

Disappearance rate from the nylon bags of DM and cell wall components was neg-
atively related to the cell wall content of the silages (Bosch et al., 1992a). A decrease
in k, for the cell wall fraction makes the protein, which is in the cell contents or as-
sociated with the cell walls, less accessible for the bacteria. As a result, the ky-CP
was, though not significantly, decreasing with cell wall content of the silages.

The fs-CP seemed to increase with cell wall content, except for silage G3, which
had an even lower f5-CP than silage G1. Tamminga et al. (1991) showed that the fg-
CP of grass silages in the Netherlands was best described by a regression equation
with DM content of the silage and number of days elapsed since May 1st at harvest-
ing. Both factors had a negative effect on f5-CP. For the silages used in our experi-
ments, this regression equation predicted the lowest f&-CP for silage G3, which
agrees with our observations. :

It is often assumed that the f5 is rapidly and fully degraded in the rumen. The fg is
likely to have a high degradation rate, but also a higher cutflow rate from the rumen.
Therefore it does not seem correct to assume a 100% degradation of fy in the rumen.
This overestimation of ruminal degradation is considered to compensate the slight
underestimation which may result from microbial contamination. It is, however, not
possible to give a precise estimate of the fraction of f that is escaping rumen fer-
mentation,

According to Bosch et al. (1992b), the k, increases with the cell wall content of 2
silage. Hence, as shown in Table 4, the differences in fg between silages will be big-
ger when passage rate is higher for the high cell wall diets than for the low cell wall
diets. The higher fg, for the high cell wall diets mainly consists of rumen undegrad-
able protein. The rumen undegradable protein fraction is presumed also undegrad-
able in the small intestines (Tamminga et al., 1991), and therefore not available for
the animal. The fraction of dietary protein escaping rumen fermentation and di-
gestible in the small intestine is thus higher for the lower cell wall diets.

According to Varvikko (1986) and Susmel et al. (1989), the amino acid composi-
tion of the undegraded feed protein can differ considerably from the amino acid
composition of the original feed protein. Hof et al. (1990), however, concluded that
the AAP of undegraded feed protein hardly differed from the AAP of the original

Netherlands Journal of Agricultural Science 42-3 (1994) 211



M.W. BOSCH, J. VAN BRUCHEM, L.J.G.M. BONGERS AND 5. TAMMINGA

protein. If there is a difference between the dietary AAP and the AAP of undegraded
feed protein, this would to a certain extent interfere with the AAP method to esti-
mate the fraction of duodenal protein consisting of dietary protein. The AAP of
mixed rumen bacteria is determined for every individual animal, and can only inter-
fere with this method if the AAP of duodenal bacteria would differ substantially
from rumen bacteria. Outflow rate of rumen fluid is however considerably higher
than outflow rate of feed particles. We therefore assumed that the AAP of bacteria
isolated from the rumen fluid is representative for duodenal bacteria.

According to Van Soest {1982), the amount of amino acid nitrogen absorbed in the
intestines exceeds the dietary intake of nitrogen below about 12.5% CP in the diet.
The amount of N entering the duodenum on cell wall rich diets can be considerably
higher than the N intake, whereas on protein rich diets, great losses of N in the ru-
men occur. A high fraction of dietary protein escaping rumen fermentation on diets
low in protein, still results in a low absolute dietary-N flow to the doodenum. When
the N flow to the duodenum exceeds N intake, the fraction of duodenal protein origi-
nating from the diet will be lower than fg.

In general, despite the higher fz-values for the high cell wall silages, the fraction
of duodenal protein originating from the diet is bound to decrease with cell wall con-
tent. An increase in fg with cell wall content, still results in a low dietary protein
content in the duodenum, which consisis for a higher proportion of indigestible pro-
tein.

The fg of the silages (Table 4) and the fg of the concentrates (calculated fg concen-
trates = 36%, based on the Dutch Feedstuff Table) were multiplied by the intake of
silage and concentrate crude protein, respectively, to calculate the amount of dietary
protein entering the duodenum. Total protein flow to the duodenum was calculated
as the latter value divided by the fraction of dietary protein in duodenal protein
(Table 6). Further, duodenal microbial crude protein flow was derived from duodenal
dietary crude protein flow and the ratio between microbial and dietary proteins.
Finally, a quantity of 2.5 g endogenous N was added per kg dry matter intake
(Siddons et al., 1982). The resultant estimates for total duodenal crude protein flow,
based on a rate of passage (k) of 3 %h~!, have been included in Table 6. Compared
with the respective quantities ingested with silages and concentrates, nett daily N
losses in the romen ranged from —0.04-0.21 kg N, and from 0.00-0.17 kg N in early
and late Jactation, respectively.

The efficiency of microbial protein synthesis seemed lowest for the Gl silage
based diets: 25.3=26.1 g microbial N per kg OM apparently degraded in the rumen
(ARDOM, assumed to be 70% of whole tract digestion). Such values seem a bit low
for a situation in the rumen with sufficient energy and protein available. So perhaps,
with the lowest cell wall silage, escape of dietary protein from the rumen and, in
consequence, rumen microbial protein may have been slightly underestimated.
Nevertheless, for the diets based on silages G1, G2 and G3, duodenal N flow was
lower compared to the quantities ingested. Though concentrates were added, N was
made available in the rumen in excess of the quantity incorporated in microbial pro-
tein. In part, this could be attributed to discontinuous N release, particularly in the
silages with the lower cell wall content. Besides, it seems desirable to provide con-
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centrates with less or less easily degradable protein in order to attain a more bal-
anced situation in terms of rumen N (protein) and energy (ARDOM) availability for
microbial biomass production. Offering silages high in cell wall content should cer-
tainly not be considered as a possible option. Voluntary intake would become con-
siderably lower, and further, with higher cell wall flows the ileal endogenous protein
losses increase, resulting in lower apparent protein digestibility in the small intestine
and, most probably, a less efficient utilization of the absorbed amino acids (Van
Bruchem et al., 1989).
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