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A 4 x 4 latin square experiment was carried out with four growing heifers, each with a
rumen cannula and a simple T-cannula inserted in the proximal duodenum. The pur-
pose was to study the effects of the supplementation of concentrate to grass silage on
rumen fermentation, microbial protein synthesis and digestion of organic matter(OM),
fibre components and N. The diets were composed of grass silage alone (S); grass
silage and barley (SBU, 50:50 % on dry matter (DM) basis); and grass silage, barley
and protein concentratebased either on rapeseed meal (SBR), or meat and bone meal
(SBM) (50:40:10). To make the diets isonitrogenous, 23 g of urea was given with the
SBU diet.

The supplementation of concentrates, irrespective of their type, increased the aver-
age rumen ammonia-N and total concentration of volatile fatty acids (VFA) and
decreased the molar proportion of acetate. Inclusion of concentrates in the diet had a
negative effect on the digestibility of cell wall constituents. The production of micro-
bial protein and the efficiency of microbial protein synthesis were not affected by the
diet. It appears, therefore, that the supply of nitrogenous constituents for rumen
microbes through ruminally degraded protein was adequate in silage feeding, and that
no extra benefit, at the utilized level of application, was gained by the supplementation
of any of the concentrates.
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Introduction

The rate of live weight gain (LWG) in growing
cattle is usually improved by the inclusion of
concentrates in grass silage diets owing to the
increased energy intake (Thomas et al. 1988,Lam-
pila and Micordia 1990). In some experiments
(Hakkola 1985, Huhtanen et al. 1985, Joki-
Tokola 1989, 1991, Aronen and Vanhatalo
1992, Aronen et al. unpubl.) a partial replacement
of cereal grains by protein feed has had a positive

effect on LWG, while in others the effect has either
been small (Aronen 1991) or nonexistent (Huhta-
nen 1989,Aronen 1990).

The improvedLWG may have been related either
to an increased uptake ofamino acids or to improv-
ed digestibility of the diet and thereby increased
feed intake. In regard to grass silage intake,
somewhat contradictory results have been obtain-
ed. Huhtanen et al. (1985), Steen (1988), Aronen
(1990) and Moloney (1991) did not find any
changes in voluntary grass silage intake when pro-
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tein supplements were included in the diet, while
Hakkola (1985), Aronen (1991), Aronen and
Vanhatalo (1992) and Aronen et ai. (unpublis-
hed) recorded a significant increase in grass silage
intake.

It has been suggested that the positive effects of
protein supplements on grass silage intake may
have been related to the supply ofpreformed amino
acids or peptides to rumen microbes (Oldham
1984). On the other hand, protein supplementation
may enhance silage intake not only through its
effect on digestion in the rumen, but also through
an increased amount or improved balance ofamino
acids flowing to the intestines (Oldham 1984,
Hunt et al. 1989).

The aim of the present experiment was to study
the amounts and proportions of the nutrients
absorbed from the gastrointestinal tract as inf-
luenced by concentrates addedto grass silage fed to
growing heifers. Furthermore, the aim was to
investigate whether the positive effects of protein
supplements on grass silage intake are mediatedby
a stimulation ofrumen microbes and by the thereby
improved digestibility of dietary fibre and/or by an
increase in the amount of nonammonia nitrogen
(NAN) flowing to the intestines. Due to their cent-
ral role in cattle feeding, rapeseed meal (RSM) was
chosen as a source of vegetable protein and meat
and bone meal (MBM) as a protein of animal ori-
gin.

Material and methods

Animals and their feeding

Four growing Finnish Ayrshire heifers (initial live
weight (W) 197 kg), each with a rumen cannula and
a simple T-cannula inserted in the proximal duode-
num, were used for a digestibility trial designed as
a 4 x 4 latin square. The heifers were fed 70 g DM
kg' 1 W° 75 in two equal meals at 12 h intervals.

The four diets were composed of grass silage
alone (S); grass silage and barley (SBU, 50:50 on a
DM basis); grass silage, barley and a RSM-based
protein concentrate (SBR, 50:40:10); or grass

silage, barley and MBM -based protein concentrate
(SBM, 50:40:10). To make the diets isonitrogen-
ous, on average 23 g ofurea was fed with the SBU-
diet. In addition, a commercial mineral mixture was
given (100 g d 1) to the animals and water was
freely available.

Formulation of the diets and the average feed
intake are presented in Table 1. In order to make the
pelleted protein concentrates isonitrogenous,
different amounts of ingredients were used. Due to
the higher protein content in meat and bone meal, a
larger amount of barley was included in the MBM-
based concentrate than in the RSM-based type.
However, the proportion of molasses was equal in
both concentrates.

Table 1. Formulation of diets and mean quantities (kg
DM/d) of dietary components given daily.

Diet

S SBU SBR SBM

Grass silage 3697 1944 1864 1942
Barley 1840 1482 1543
RSM" 371
MBM 2 » 389
Urea 23
Minerals 150 150 150 150

RSM" Composition ofrapeseed meal-based concentrate in
air dry basis; Rapeseed meal: Barley: Molasses
(81:15:5).

MBM2 ' Composition ofmeat and bone meal-based concent-
rate in air dry basis; Meat and bone meal: Barley:
Molasses (51:44:5).

The grass silage was prepared on 5-7 June 1989
from a first cut of cocksfoot-timothy (Dactylis glo-
merata-Phleum pratense) grass harvested using a
flail harvester. It was ensiled in a bunker silo with a
formic acid based additive (80 % (w/w) formic
acid, 2 % orthophosphoric acid), applied at the rate
of 5 1/t.
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Experimental procedures and analytical
methods

Each experimental period lasted 21 days with a 12-
day adaptation period. When changing the diets,
the change in the rumen environment of each ani-
mal was accelerated by transferring 15 litres of the
rumen contents from the animal previously fed that
particular diet.

Representative samples of the feeds were col-
lected at regular intervals throughout each period
and pooled for subsequent analysis. The flow of
dietary constituents at the duodenumwas determin-
ed by using the graphic alternative of Faichney's

(1975) double-marker method (McAllan and
Smith 1983). Cr-mordanted straw and LiCo-
EDTA, prepared as described by Uden et al.
(1980), were used as markers.

For the assessment of the overall digestibility of
the diets, using acid-insoluble ash (Van Keulen and
Young 1977) as a natural marker, faecal grab
samples were taken from day 13 to day 17 when
feeding the animals. Calculations of duodenal nut-
rient flows were based on the amounts of Co and Cr
excreted in faeces. Microbial N flow at the duode-
num was estimated using purine bases of nucleic
acids as markers. To prepare a microbial sample,
three samples were taken from the rumen content on
day 20 just before feeding, and 4 h and 8 h after fee-
ding.

Administration of markers, sampling and handl-
ing of duodenal digesta, preparation of microbial
samples and rumen fermentation measurements
were carried out as described by Vanhatalo et al.
(1992), but for the assessment of the liquid outflow
rate from the rumen, only rumen liquid samples
were used.

Ruminal degradation of grass silage was
determined as described by Vanhatalo et al.
(1992) and that of barley and RSM-based and
MBM-based concentrates as described by Aronen
et al. (1991) with the exception that the incubation
periods for grass silage were 3,6,12,24,48,72 and
96 hours and for concentrates 3,6, 12, 24 and 48
hours. Degradability of crude protein (DEG) was

calculated according to orskov and McDonald
(1979) using a rumen outflow rate (k) of 0.08 as
suggested by Hvelplund and Madsen (1990) and
making a correction for microbial contamination in
grass silage samples in accordance with Michalet-
Doreau and Ould-Bah (1989).

The methods used in all the chemical analyses
are presented by Vanhatalo et al. (1992).

Calculations and statistical analyses

The liquid dilution rate from the rumen was calcu-
lated as the slope of regression of the natural loga-
rithm of the Co concentration against time after a
single dose ofLiCo-EDTA into the rumen.

An analysis of variance, appropriate to the latin
square design, was carried out on the digestibility
and dilution rate data. Rumen fluid data were
studied by analyses of variance using the following
model;
Y.... = u +A+P+T+C +H+AH ,+PH,+TR,+e....ijklm "... i j k ijk I il jl kl ijklm
where A, P, T and H are the effects of animal,
period, treatment and sampling hour, respectively,
and e.... is the residual error term. e... was used asijklm ijk
an error term for testing the main effects A, P and
T.

The differences between the treatments were
tested by using orthogonal contrasts. The treatment
comparisons were S vs SBU, SBR, SBM; SBU vs
SBR, SBM; SBR vs SBM.

Results

Feeds and feed intake

The palatability of the feeds was found to be good
and only some refusals were recorded for one of the
animals on the SBR-diet and for another on the S-
diet. Grass silage was of good quality with a rather
high protein content (Table 2). Also the protein
content in barley meal was high. The rumen
degradability of protein was similar in RSM-based
and in MBM-based concentrates (Table 2), whe-
reas both in silage and barley it was higher than in
RSM-based and MBM-based concentrates.
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Table 2. Chemical composition and degradability of crude
protein (DEG) of the experimental feeds.

Silage Barley RSM MBM

Dry matter (g/kg) 215 886 901 916
In dry matter (g/kg)

Ash 71 26 70 177
Crude protein 172 147 325 332
Ether Extract 61 22 51 90
Crude fibre 296 47 124 27
Nitrogen free extracts 400 759 430 374
NDF" 575 262 292 141575 262 292 141
ADF" 320 58 191 30
DEG, % 85 80 69 67

In silage: pH 4.07; in dry matter (g/kg): sugars 29,
lactic acid 58, acetic acid 17; in total nitrogen (g/kg):
ammonia N 47, soluble N 543.

11 NDF, neutral detergent fibre; ADF, acid detergent fibre.

Rumen fermentation

Rumen fermentationparameters are given in Table
3 and the diurnal fluctuation of rumen fermentation
is illustrated in Figures 1 to 3. Inclusion of concen-
trates in the diet was followed by a decrease in

rumen pH. Supplementation with concentrates,
irrespective of their type, increased the average
rumen ammonia-N concentration. Also the curve
pattern of ammonia-N concentration tended to dif-
fer (P<0.10) between the treatments; the highest
values after feeding were recorded for the SBU-
diet, but at the end of the feeding interval the high-
est values were found with the SBR-diet. Inclusion
of concentrates in the diet increased (P<0.05) the
total VFA concentration. However, the differences
in total VFA concentration between the SBU-diet
and the other two supplemented diets were
insignificant. This was also the case in the molar
proportions of individual VFAs; differences were
observed only between the supplemented and
unsupplemented diets.

Digestion oforganic matter and fibre

There were some dissimilarities in the OM intake
between the treatments (Table 4). Neither these nor
the differences in the amounts of OM entering the
duodenumwere significant. On an average 0.560 of

Table 3. The effect of different supplements on rumen pH, NH3 -N and volatile fatty acids (VFA) in growing heifers given
grass silage.

Statistical significance
Diet" S SBU SBR SBM SEM 2 » of effect"

(1) (2) (3) (4)
1 vs 2 vs 3 vs

2,3,4 3,4 4

pH 6.56 6.33 6.30 6.35 0.11 * NS NS
NH,-N (mmol/1) 8.78 10.82 10.75 9.85 1.25 * NS NS
Total VFA (mmol/1) 111.5 119.4 116.1 119.1 6.37 * NS NS
Molar proportion ofVFAs4)

(mmol/mol)
Ac 668 646 642 651 9.46 o NS NS
Pr 192 196 198 192 6.95 NS NS NS
Bu 108 121 121 119 4.11 ** NS NS
Ival 18.3 22.3 22.8 22.3 1.97 o NS NS
Val 12.9 14.8 16.0 15.4 1.54 * NS NS

Ratio (Ac + Bu)/Pr 4.07 4.03 3.93 4.08 0.19 NS NS NS
Ratio Pr/Bu UU 1.63 1.66 L62 009 * NS NS

" S, silage; SBU, silage, barley and urea; silage, barley and protein concentratebased on rapeseed meal (SBR) or meat and
bone meal (SBM).
2) Standard error of the treatment effect means. Mean treatment effects were deduced from the fermentation curves.
3) Statistical significance: NS, not significant; o, P<0.10; *, P<0.05; **, P<0.01; ***, P<o.ool.
4) Ac, acetic acid; Pr, propionic acid; Bu, butyric acid; Val, valeric acid; Ival, isovaleric acid.
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OM was apparently and 0.704 truly digested in the
rumen. An average of 0.905 of digestible OM had
been truly digested before the small intestine.

The content of fibre components, in terms of
NDF and ADF, was highest in grass silage, which
was reflected in a higher NDF and ADF intake in
the S-diet than in the other diets (Table 5). The
inclusion of concentrates in the diet, irrespective of
their type, impaired the total tract digestibility and
ruminal digestion of diet NDF and ADF. The
difference in digestibility of diet NDF and ADF
between the total tract and the rumen was of no
practical importance.

Disappearance of grass silage DM from nylon
bags

Disappearance of grass silage DM from the nylon
bags was not significantly influenced by the diet.
However, the highest values were recorded for the
S-diet (Figure 4).

Fig. 1. The effect of type of supplement on ramen pH. (S,
silage; SBU, silage, barley and urea; silage, barley and pro-
tein concentratebased on rapeseed meal (SBR) or meat and
bone meal (SBM)).

Fig. 3. The effect of type of supplement on ammonia con-
centration in the rumen fluid. (S, silage; SBU, silage, barley
and urea; silage, barley and protein concentrate based on
rapeseed meal (SBR) or meat and bone meal (SBM)).

Fig. 2. The effect of type of supplement on volatile fatty acid
(VFA) concentration in the rumen. (S, silage; SBU, silage,
barley and urea; silage, barley and protein concentrate based
on rapeseed meal (SBR) or meat and bone meal (SBM)).
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Table 4. The effect of different supplements on organic matterdigestion in growing heifers given grass silage.

Diet" S SBU SBR SBM SEM21

OM (g 24 h 1)
In feed 3433 3598 3519 3627 92.3
At duodenum 1600 1490 1535 1575 155.4
Microbial OM 558 481 507 500 76.4
In faeces 819 736 785 759 57.5

Digestibility in the rumen
Apparent 0.531 0.574 0.572 0.562 0.0430
True 0.692 0.711 0.714 0.700 0.0286

Disappearance of digestible
OM before small intestine
Apparent 0.698 0.721 0.738 0.711 0.0437
True 0.911 0.898 0.921 0.888 0.0282

Apparent digestibility 0.759 0.790 0.775 0.790 0.0131

9 S, silage; SBU, silage, barley and urea; silage, barley and protein concentrate based on rapeseed meal (SBR) or meat and
bone meal (SBM).

2) Differences between treatment comparisons were not significant.

Table 5. The effect of different supplements on digestion ofcell wall fractions in growing heifers on grass silage feeding.

Statistical significance
Diet" S SBU SBR SBM SEM ofeffect2 >

(1) (2) (3) (4)
1 vs 2 vs 3 vs

2,3,4 3,4 4

NDF(g24h')
In feed 2123 1591 1562 1569 43.7 *** NS NS
At duodenum 408 385 382 351 39.4 NS NS NS
In faeces 431 383 413 393 33.3 NS NS NS

Digestibility
Rumen 0.806 0.751 0.762 0.776 0.0238 NS NS NS
Total 0.795 0.755 0.735 0.748 0.0170 * NS NS

ADF (g 24 h' 1)
In feed 1184 728 752 722 25.6 *** NS NS
At duodenum 206 166 197 173 18.5 NS NS NS
In faeces 211 162 203 171 15.8 NS NS NS

Digestibility
Rumen 0.824 0.767 0.741 0.761 0.0192 * NS NS
Total 0.820 0.774 0.729 0.762 0.0156 * NS NS

1>S, silage; SBU, silage, barley and urea; silage, barley and protein concentratebased on
rapeseed meal (SBR) or meat and bone meal (SBM).

significance: see Table 3.
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Digestion of nitrogen and liquid dilution rate

The flow of N in the digestive tract is presented in
Table 6. The amount of total N entering the duode-
num tended to be higher in the S-diet than in the
other diets. Also the amount of ammonia-N ente-
ring the duodenum tended to be higher (P<0.10) in
the S-diet. There was no significant difference in
the amount of microbial N at the duodenum
between the treatments. In the S-diet the flow of
feed N into the duodenum was greater than in the
other diets (P<0.05). There were no differences in
the amount of N voided in the faeces, or in the
apparent digestibility of N. The efficiency of
microbial protein synthesis was not significantly
affected by the diet.

The liquid dilution rate was highest in the S-diet,
while the differences between the other diets were
not significant (Table 6).

Table 6. Intake and flow ofnitrogen through the digestive tract and digestion of nitrogen and liquid dilution rate in growing
heifers given grass silage and different supplements.

Statistical significance
Diet S SBU SBR SBM SEM ofeffect»

(1) (2) (3) (4)
1 vs 2 vs 3 vs

2,3,4 3,4 4

Nitrogen (g 24 h ')

In feed 101.7 105.2 105.2 110.4 3.05 NS N S NS
At duodenum
Total N 105.2 81.4 89.3 90.2 8.41 NS NS NS
Ammonia N 3.6 2.4 2.9 2.3 0.39 o NS NS
NAN 101.6 79.0 86.4 87.9 8.30 NS NS NS
Microbial N 50.2 43.3 45.6 45.0 6.88 NS NS NS
Feed N 2l 44.1 28.3 33.4 35.6 4.06 * NS NS

In faeces 27.4 25.6 29.4 29.2 1.66 NS NS NS
Apparent digestibility 0.729 0.750 0.716 0.732 0.0130 NS NS NS
DegradabilityoffeedN 56.1 72.3 68.9 67.2 0.039 * NS NS
Microbial N kg ' OMADR33» 27.9 23.2 23.1 22.4 4.55 NS NS NS
Microbial N kg ' OMTDR3) 21.2 17.9 18.1 17.8 2.96 NS NS NS
Microbial N kg ' DCHO41 25.3 20.2 21.1 20.5 3.28 NS NS NS
Liquid dilution rate (l/h) 0.114 0.055 0.071 0.063 0.0086 ** NS NS

" Statistical significance and abbreviations: see Table 3.
21 Assuming endogenous N 130 mg (kg W075) (orskov and MacLeod 1983).
3) Organic matter apparently (OMADR) and truly (OMTDR) digested in the rumen.
41 Digestible carbohydrates in the diet (DCHO).

Fig. 4. The effect of type ofsupplement on dry matter (DM)
disappearance of grass silage from nylon bags incubated in
the rumen ofcattle. (S, silage; SBU, silage, barley and urea;
silage, barley and protein concentrate based on rapeseed
meal (SBR) or meat and bone meal (SBM).
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Discussion

The decreased ruminal pH resulting from concen-
trate supplementation was found in the present
study to be related to the higher total VFA concen-
trations in the rumen. The lowest pH values were
recorded for diets containing RSM and MBM, 4
and 6 hours after feeding, respectively. However,
these values, being slightly below pH 6, were high-
er than the critical value of 5.5 for normal rumen
functioning (Kaufmann et al. 1980).

In agreement with Vanhatalo (1991), the pro-
portion of acetate in total VFA decreased when the
grass silage diet was supplemented with concen-
trates. Analogous to observations by Huhtanen
(1987), the proportion of butyrate in total VFA
increased when barley-based concentrates were
included in the diet.

The molarproportions of valerate and isovalerate
increased as a result of concentrate supplementa-
tion. Isobutyrate and isovalerate are derived from
the deamination of the branched-chain amino acids,
valine and leucine. In the experiment by Hussein et
al. (1991), the replacement of fish meal with soy-
abean meal was followed by an increase in the pro-
portion of isobutyrate and isovalerate, which re-
flected the higher mmen degradability of soya-
bean meal. Therefore, the results obtained in the
present experiment may indicate that a smaller
amount of amino acids was degraded in the rumen
in the S-diet compared to the supplemented diets,
or that the incorporation of amino acids in the
microbial protein synthesis in it was larger.

The average ruminal NH 3-N concentration was
lower for the S-diet than for the supplemented
diets, which is inconsistent with the high rumen
degradability of grass silage N measured by the
nylon bag technique. On the other hand, the degrad-
ability of feed N in vivo was lower for the S-diet
than for the other diets.

The lower rumen ammonia concentration in the
S-diet may have been due, in addition to the lower
N intake, to the more efficient capture of rumen
degradable nitrogen. It is also possible that the
higher rumen pH with the S-diet had encouraged

extensive absorption of NH 3-N from the rumen
(Rooke and Armstrong 1989). As suggested by
Huhtanen (1988), a larger number of protozoa in
the rumen with the concentrate- supplemented
diets, and the resulting increased recycling of N in
the rumen, may have caused an elevated concen-
tration of rumen ammonia. A higher NH 3-N peak
after feeding with the SBU-diet compared to the
other diets reflects the high degradability of urea N.

For optimal microbial growth, minimum rumen
NH 3-N concentrations of 3.6 - 5.7 mmol f 1 should
be maintained (Satter and Slyter 1974). Accord-
ing to Rooke et al. (1985), the synthesis may be
impaired ifthe level of NH 3-N remains lower than
3.6 mmol I' 1 for longer periods. In the present ex-
periment the NH 3-N concentration remained below
2.2 mmol I* 1 for three to four hours at the end ofthe
feeding interval in the S-diet. Nevertheless, the pro-
duction of microbial protein and the efficiency of
synthesis was highest in the S-diet. This finding is
supported by Bowman and Asplund (1988), who
state that the low levels of ruminal NH 3-N (2.2-4.3
mmol I 1) in sheep did not limit the microbial pro-
tein synthesis.

Another aim of the present experiment was to
investigate whether the positive effects of protein
supplements on feed intake are mediated by the
increased microbial activity and the thereby im-
proved digestibility of dietary fibre (Nocek and
Russell 1988) and/or by an increased amount or
improved balance of amino acids flowing to the
intestines (Oldham 1984, Hunt et al. 1989).

No significant differences in the apparent digesti-
bility of OM in the rumen or in the total tract were
noticed between the diets. However, the inclusion
of concentrates in the diet had a negative effect on
the digestibility of cell wall constituents. The
lowest pH values during the feeding interval in the
present experiment were higher than the critical
values proposed for normal rumen functioning by
Kaufmann et al. (1980). They were, however,
lower than the critical pH values (6.0 - 6.1) for fibre
digestion proposed by Mould et al. (1983). There-
fore, the decreased digestion of fibre components
in the supplemented diets may have reflected
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impaired cellulolytic activity in the rumen.
The differences in fibre digestion between the

diets may have originated from the differences in
diet fibre composition and potential degradability,
too. This possibility is supported by the finding that
the disappearace ofgrass silage DM from the nylon
bags incubated in the rumen was not significantly
affected by the diet.

The central role of the rumen in fibre digestion
was reflected by the observation thatpractically all
NDF and ADF digestion tookplace in the rumen.

No differences in the digestibility of fibre com-
ponents between the various concentrate-supple-
mented diets were found in the present experiment.
There was no significant difference in grass silage
DM disappearance from the nylon bags, either.
Most of the experiments in which protein supple-
mentation or replacing urea with protein has
resulted in positive effects on fibre digestion, have
been conducted with medium- or poor-quality
roughages (MeAllan and Griffith 1987, McAl-
lan et al. 1988, Olsson et al. 1991). The positive
response to protein supplementation has been relat-
ed to low rumen degradability of feed protein (e.g.,
fish meal, blood meal, rumen protected meals) and
a more gradual release of NFI 3 -N, peptides and
branched-chain VFA, allowing the essential growth
factors to remain available in the rumen for a longer
period of time after feeding (Hussein et al. 1991).

On the other hand, McAllan et al. (1988) did not
relate the positive effect of rapeseed meal and
maize-gluten meal supplementation on rumen fibre
digestion in a straw diet to differences in NH 3-N
release or differences in degradability alone. In
dairy cows which were fed a grass silage-based
diet, the ruminal protein degradability of rapeseed
meal-based concentrate had no significant effect on
diet OM or on NDF digestibility, either (Bertils-
son et al. 1991).

Rooke and Armstrong (1989) concluded that
the extent of stimulation on rumen microbial N
synthesis achieved by rumen degradable protein in
silage-based diets is dependent both on silage com-
position and on the synchronization of protein and
energy supply.

In spite of the high level of readily available car-
bohydrates in the supplemented diets there was a
greater N loss from the rumen with the supplement-
ed diets than with the S-diet. These losses are con-
sistent with the higher concentrations of rumen
ammonia in heifers fed the supplemented diets.
Therefore, it is likely that the supply of protein and
energy to rumen microbes was better synchronized
in the S-diet than in the concentrate supplemented
diets. The good quality of the grass silage may have
contributed to this.

Rumen degradability of feed N, measured by the
nylon bag technique, was highest for the grass
silage, but when the comparisons were made with
the in vivo data, the rumen degradability of N was
lowest for the S-diet. This discrepancy remains
unsolved, but it must be noted, that the degradabil-
ity of diet N in vivo was calculated by difference.
Therefore, the possible inaccuracy in measuring the
microbial flow and in the assumptions for the endo-
genous N would be accumulated in the feed N. On
the other hand, there are shortcomings in the nylon
bag method, too (Varvikko and Lindberg 1985).

Slightly higher values of NAN entering the duo-
denum were recorded for diets SBR and SBM than
for diet SBU. The difference was not significant,
however. Therefore, the hypothesis that the posi-
tive effects of protein supplements on feed intake
are mediatedby an increase in the amount of amino
acids flowing to the intestines (Oldham 1984,
Hunt et al. 1989) could not be supported either.
The possibility that the increased feed intake caus-
ed by protein feeds is mediated by an improved
balance of amino acids flowing to the intestines
cannot be excluded, however.

In disagreement with the figures given by ARC
(1984), the efficiency of microbial protein syn-
thesis in this experiment was found to be higher,
though not significantly, for the S-diet than for the
concentrate supplemented diets (27.9 vs. 22.9 g
microbial N kg' 1 OMADR). According to ARC
(1984), grass silage alone appears to support lower
microbial yields, averaging 23 g N kg' 1 OMADR,
whereas grass silage supplemented with concen-
trates may result in higher efficiency (30 g N kg' 1
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OMADR). Similarly in a review by McAllan et ai.
(1987) reported lower values of microbial protein
synthesis for diets of grass silage alone than for
diets of grass silage supplemented with concen-
trates (27 vs. 33 g microbial N kg' 1 OM digested in
the rumen).

On the other hand, Harstad and Vik-Mo (1985)
and Jaakkolaand Huhtanen (1990) noticed that a
small addition ofbarley to silage improved the rate
of bacterial nitrogen synthesis, whereas further
substitution of silage by barley gradually reduced
the efficiency. One reason for the high efficiency of
microbial protein production in silage feeding in
the present experiment may have been the good
digestibility and fermentation quality of the grass
silage.

In agreement with studies on rapeseed meals with
different degradabilities (Lindberg 1984), the
probable explanation for the limited sensitivity of
microbial protein synthesis to a change in protein
quality found in the present study may have been
the high nitrogen content and degradability of the
basal diet and therelatively small addition of nitro-
gen from the supplements; only 0.08, 0.183 and
0.188 of the total diet N originated from urea, RSM
and MBM, respectively. Additionally, the differ-
ences in rumen degradability between barley and
RSM or MBM were quite small.

The efficiency of microbial protein synthesis in
the Nordic system is given in relation to digestible
carbohydrates (DCHO, Hvelplund and Madsen
1990). The efficiency of microbial N synthesis was

25.3 g kg' 1 DCHO for diet S and, on an average,
20.6 for the other three diets. With an average
amino acid content of 70 % in microbial protein
(Hvelplund and Möller 1980), this is equivalent

to a synthesis of 17.7 g microbial amino acid N kg' 1
DCHO in diet S and 14.4 in the other diets. These
figures are lower than the efficiency adopted for the
AAT-PBV system (20 g microbial amino acid N
kg' 1 DCHO, Hvelplund and Madsen 1990). One
reason for this discrepancy may be the difference in
the methods used in determining the microbial pro-
tein.

The rumen liquid outflow rate and the efficiency
of microbial protein synthesis have been found to
be positively related (Harrison and McAllan
1980; Lindberg 1984). This was also the case in
this study.

To conclude, the supplementation of a grass
silage diet with concentrates, irrespective of their
type, increased the average rumen ammonia-N
concentration. Supplementation was also followed
by an increase in the total VFA concentration with
a lower proportion of acetate. Inclusion of concen-
trates in the diet had a negative effect on the diges-
tibility of cell wall constituents. Microbial protein
production and the efficiency of microbial protein
synthesis were not significantly affected by the
diet. Therefore, it appears that the supply of nitro-
genous constituents for rumen microbes through
ruminally degraded protein was adequate in silage
feeding, and no extra benefit was gained by supple-
mentation with barley and urea, RSM or MBM at
the applied levels.
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SELOSTUS

Valkuaisrehun vaikutus säilörehulla ruokitun naudan pötsifermentaatioon, rehuannoksen
sulavuuteen ja mikrobisynteesiin

Ilmo Aronen jaAila Vanhatalo
Maatalouden tutkimuskeskus

Aikaisemmissa tutkimuksissa valkuaisrehujen on todettu
lisäävän lihanautojen vapaaehtoista karkearehun syöntiä. On
esitetty, että valkuaisrehujen karkearehun syöntiä lisäävä
vaikutus perustuu pötsimikrobien lisääntyneeseen amino-
happojen ja peptidien saantiin ja tehostuneeseen kuidun
sulatukseen pötsissä.

Tämän tutkimuksen tarkoituksena oli selvittää, miten säi-
lörehun lisäksi annettava valkuaisrehu vaikuttaa pötsifer-
mentaatioon, rehuannoksen sulavuuteen ruoansulatuskana-
van eri osissa ja mikrobivalkuaisen tuotantoon. Koemallil-
taan Latinalaisen neliön mukaisessa tutkimuksessa koeruo-
kinnat olivat pelkkä säilörehu; säilörehuja ohra (50:50); säi-
lörehu, ohra ja rypsirouheeseen (RSM) tai lihaluurehu-
jauhoon (MBM) perustuva valkuaistiiviste (50:40:10). Säi-
lörehu-ohra-ruokinnalla eläimet saivat lisäksi 23 g ureaa

d '. Koe-eläiminä olivat neljä pötsi- ja ohutsuolifistelöityä,
kasvavaa Ayrshire-hiehoa ruokintatasolla 70 g dieetin
kuiva-ainetta kg' 1 W 0 75 .

Väkirehun sisällyttäminen rehuannokseen nosti pötsines-
teen keskimääräistä ammoniakkipitoisuutta ja haihtuvien
rasvahappojen (VFA) yhteismäärää mutta laski etikkahapon
osuutta VFA:sta. Väkirehutyypistä riippumatta väkirehun
sisällyttäminen rehuannokseen laski dieetin kuidun sula-
vuutta. Dieetillä ei ollut vaikutusta muodostuneen mikrobi-
valkuaisen määrään tai mikrobisynteesin tehokkuuteen.
Tämän perusteella on ilmeistä, että pötsissä vapautuvien
typellisten aineiden määrä ja laatu oli riittävä säilörehu- ruo-
kinnalla eikä ohran ja urean, rypsirouheen tai lihaluurehu-
jauhon lisäyksellä tässä tutkimuksessa käytetyillä annostus-
tasoilla ollut vaikutusta.
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