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Abstract

In the course of five trials we traced the effects on various rumen parameters of con-
centrates with rapidly and slowly fermentable protein. Samples of rumen fluid were
taken directly before the concentrate was fed in the morning, and again after 45, 90
and 135 minutes and sometimes after 180 minutes. In all samples the pH and the to-
tal concentration of ammonia (NH, + NH}) were determined. In several trials the
concentration of volatile fatty acids and that of D- and L-lactate were also deter-
mined. For purposes of the latter determination extra samples of rumen fluid were
occasionally taken after 30 and 60 minutes.

The ingredients on which the trial concentrates were based all contained crude
protein that was of itself more or less easily fermentable in the rumen. Only one tri-
al involved a formaldehyde-treated ingredient. The cows received the concentrates
during successive periods of 14 days each, the last two days being reserved for the
sampling of the rumen fluid.

On the whole the pH after a concentrate feed was not significantly affected by
differences in protein degradability.

The concentration of ammonia was on average higher when concentrates with
easily fermentable protein were fed. The peak concentration, varied from 10 to
12.5 mmol/l. On slowly fermentable protein peak concentration varied between 4
and 8§ mmol/l.

The maximum concentration of lactate, was not influenced by the degradability
of the protein. The maximum concentration of L-lactate ranged from 2 to 6 mmol/l,
and that of D-lactate from 4 to 7 mmol/l.

After the concentrate with easily degradable protein was fed, the concentration
of volatile fatty acids rose more rapidly than when the concentrate contained slowly
degradable protein. At all sampling times the molar acetate/propionate ratio was
higher when slowly degradable protein was fed. The possible cause of this phenom-
enon is discussed. '
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Introduction

Since 1975 ‘De Schothorst’ has carried out a number of trials involving lactating
cows and heifers which were designed to study the effect of concentrates with slow-
ly fermentable protein on milk production and milk composition. Summaries of
these trials have appeared in the annual reports of ‘De Schothorst’ (Bakker et al.,
1977, 1980, 1981, 1982, 1983, 1984). Differences in the level of rapidly fermenta-
ble, slowly fermentable and rumen undegradable protein can be produced by a
careful selection of protein-rich ingredients for the concentrate (Majdoub et al.,
1978; Oldham et al., 1979a; Grummer & Clark, 1980; Wilson & Strachan, 1980;
Drskov et al., 1981; Dennison & Phillips, 1982; Baxter et al., 1983; Erdman & Van-
dersall, 1983).

Often protein-rich ingredients treated with formaldehyde are used, in which case
the protein passes almost undegraded through the rumen (Verité & Journet, 1977;
Kaufmann & Liipping, 1979; Folman et al., 1981; Kaufmann et al., 1982; Rae et
al., 1983). Only in one of the trials carried out at ‘De Schothorst’ a formaldehyde-
treated ingredient was used. In all trials slow degradability of the concentrate pro-
tein in the rumen resulted in higher milk production and a higher milk fat content at
the beginning of lactation.

The increased milk production may have been due to the effect of protein or ami-
no acids on the energy status of the cows (Oldham, 1980). The increase in the fat
content of the milk may have been the result of a higher acetate/propionate ratio in
the rumen. A favourable ratio of acetate to propionate after feeding can be main-
tained if sufficient ammonia is constantly present for the cellulolytic bacteria
(Phipps et al., 1981). The processes by which the fat is transported through the
blood from the fatty tissues to the udder may also be affected by the ration protein.
Fat is transported through the blood in the form of lipoproteins and the amino acid
methionine plays a key role in the process. It is necessary for the synthesis of serum
lipoproteins, it is a methyl donor for phospholipids and it has a special function in
the bonding of the lipid and the protein portions of the lipoproteins (McCarthy et
al., 1968). In addition, it is assumed that methionine promotes the synthesis of fat in
the udder (Rémond et al., 1971), and that the protein level in the ration affects the
transfer of blood lipids from carrier proteins to the udder (Oldham et al., 1979b).

The trials described here deal with the influence of protein degradability on vari-
ous rumen parameters. The effect on blood parameters will be described in a later
publication.

Materials and methods

The cows were Dutch Friesians or cross-breeds of Dutch Friesians and Holstein
Friesians. The rumen-fistulated cows were given the same experimental treatments
as the cows in the feeding trials referred to in the introduction, except that the vari-
ous concentrates were fed during successive periods.

In all trials the cows were fed according to the norm for digestible crude protein
(dcp) supply and slightly above the norm for VEM (Dutch feed unit for dairy cows)
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supply. The norms were set by the Centraal Veevoederbureau in the Netherlands.
The roughage contained 1.5 kg dry matter per 100 kg body weight, and consisted of
prewilted grass silage or a combination of prewilted grass silage and maize silage
given separately. However the roughage was fed before sampling only in trials RM-

Table 1. Composition of the concentrates.

RM-A15 RM-A18 RM-B20/21 RM-B22
b! B? b B B! b B b B

Maize - 20.40 15.00 30.25 3500 - 8.00 - -
Rye 250 - - - - - - - -
Wheat 2000 - - - - - - - -
Lupin - - - - - - - 25.00 -
Horsebeans - - 8.00 - - 10.00 - - -
Potato pulp, dried - 17.50 - - - - - - -
Maize gluten meal - 11.00 - 500 - - 1200 - 11.67
Maize gluten feed - - 10.00 - - 13.00 - 3.00 433
Beet pulp, dried - - 18.00 25.00 25.00 20.00 20.00 10.00 10.00
Molasses, cane 5.00 5.00 500 500 500 500 500 600 6.00
Breweries grains, dried - 500 - 500 - - 16.70 - 27.53
Malt sprouts 1500 - - - - 870 - - -
Citrus pulp, dried - - 1000 - - 20.00 20.00 30.00 30.00
Tapioca meal 480 1200 20.00 1500 1240 410 1380 067 -
Soya beans - - - - - 240 - - -
Soya beans, heat treated - - - - - - 200 - 2.50
Babassu meal, solv. extr. - - - 4.00 - - - - -
Groundnut meal, solv. extr. 1460 - - - - - - 10.00 -
Coconut expeller - 6.00 - 500 400 - - - -
Rape seed meal, solv. extr. - 6.00 - - - - - 1333 -
Linseed expeller 15.00 - 6.00 - - 15.00 - - -
Sesame expeller - - 6.00 - - - - - -
Soya bean meal, solv. extr. - 1450 - 3.00 - - - - 6.00
Protane $° - - - - 16.00 - - - -
Renderers fat 0.60 - - - - - - - -
CaHPO, - 060 075 125 125 050 120 070 0.67
Salt 075 075 075 075 075 08 0.8 0.80 0.80
Limestone 125 075 - 025 010 -~ - - -
Vitamins/minerals concentrate  0.50 050 050 050 050 050 050 050 0.50
VEM’, calculated 958 957 943 940 937 939 940 939 939
dep, calculated g/kg 171 171 96 96 96 124 124 170 170
Protein solubility, %* 40 12 42 13 11 42 12 49 1
Protein degradability’ nd® nd nd nd nd 54 15 73 35
cp, determined g/kg 204 206 130 133 130 160 165 200 216

Starch+sugars, calculated g/kg 370 378 370 378 396 232 268 184 164

1
2

b = easily fermentable protein.

B = slowly fermentable protein.

* 50 % soya bean meal, S0 % rape seed meal (solv. extr.) formaldehyde-treated, Ucanor, France.
¢ In mineral buffer solution, according to Crooker et al. (1978).

% After 12 h. incubation in nylon bag in rumen.

¢ n.d. = not determined.

7 Dutch feed unit energy.
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AlS5 and RM-A18. In the other trials roughage was not given until after sampling
had taken place.

The composition of the concentrates used is given in Table 1. The solubility in vit-
ro of the concentrate protein was determined according to Wohlt et al. (1973), with
the modification according to Crooker et al. (1978).

Trial RM-A15
Four cows were divided into two pairs, and during successive periods of 14 days
they were given concentrates containing protein of relatively high solubility (40 %)
or relatively low solubility (12 %). The trial consisted of 4 periods, so that each cow
received each of the two concentrates during two periods of 14 days each.

At the beginning of the experiment two of the cows were in the 5th week of lacta-
tion, one in the 14th and one in the 20th.

At 07h00 maize silage was fed. At 08h00 on the last two days of each 14-day peri-
od a sample of rumen fluid was taken, after which 5 to 6 kg concentrate was fed.
Then three more samples of rumen fluid were taken, at intervals of 45 minutes.

Trial RM-A18

Four cows in different stages of lactation were given 4 different concentrates ac-
cording to a 4 X 4 Latin square design. Concentrate b had a protein solubility of
42 % and concentrate B of 13 %. Concentrate B’ had a protein solubility of 11 %,
but contained 16 % combined soya bean oil meal and rape-seed oil meal which had
been treated with formaldehyde. The fourth experimental treatment b’ consisted of
concentrate b, supplemented with the calcium salt of N-hydroxymethylmethionine
(HMM-Ca, manufacturer Degussa, Wolfgang, West Germany). This preparation
contained 70 % dl-methionine. The cows were given 12 or 24 g dl-methionine per
day, depending on whether they were receiving more or less than 9 kg concentrates
per day. The rumen fluid was sampled on two consecutive days at the end of each
experimental period. At 07h30 the cows received prewilted grass silage and at
08h30 the concentrate. A rumen sample fluid was taken just before the morning
feeding, and again 45, 90 and 135 minutes later.

Trial RM-B20

In this trial two concentrates were fed to two cows which at the beginning of the trial
were in the 6th and 7th week of lactation, respectively. The concentrates were
given during four 14-day periods, as in trial RM-A15. The sampling time was ex-
tended to 180 minutes. For the determination of lactate concentration several sam-
ples were also taken after 30 and 60 minutes. After 12 hours of incubation in nylon
bags in the rumen the protein degradability percentage of the concentrates was
found to be 54 % (b) and 17 % (B). The protein solubility was 42 % and 12 %, re-
spectively.

Trial RM-B21
In this trial the same concentrates were used as in trial RM-B20. However an addi-
tional concentrate was fed which consisted of ration b plus 570 mg niacin per kilo-
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gram (b'). The trial involved five fistulated cows. Up to the 4th week of lactation
these cows received concentrate b, from the 4th to the 6th week concentrate b’,
from the 6th to the 8th week concentrate b, and from the 8th to the 10th week con-
centrate B. By repeating treatment b later on in the trial it was possible to ascertain
whether the stage of lactation had any effect on the composition of the rumen fluid.
Sampling was as in trial RM-B20, except that an extra sample was taken 30 minutes
after the concentrate was fed, for the determination of the D- and L-lactate.

Trial RM-B22

Four animals were used in the trial; two received a feed containing slowly degrada-
ble protein and the other two a feed with rapidly degradable protein. The first sam-
ples were taken in the Sth week of lactation; then the concentrate was changed and
the second sampling was in the 9th week of lactation. The concentrates used had a
protein degradability after 12 hours of incubation in the rumen of 70 % and 35 %,
respectively.

In the rumen fluid samples from RM-A1S5 and RM-A18 only the pH and the am-
monia concentrations were determined. In the samples from RM-B20, RM-B21
and RM-B22 the concentration of volatile fatty acids was also determined, and in
RM-B20 and RM-B21 the concentration of D- and L-lactate as well. In the latter
three trials the cows were not allowed to drink during the sampling period. Directly
before sampling the rumen fluid a tube of about 1 m long was inserted through the
structural layer of the rumen, ending near the ventral sac. The end of the tube was
stoppered and it was perforated all round over a length of 10 cm. The rumen fluid
samples were taken by means of a length of plastic tubing fitted to a syringe. The pH
of the fluid was measured directly.

In the laboratory 5 ml rumen fluid was then mixed with 1 ml of a 60 % solution of
trichloro-acetic acid. After 10 minutes of centrifugation, 2 X 1 ml clear liquid was
taken for a duplo determination of total ammonia (NH; + NH}) according to the
Conway method. After 30 and 60 minutes extra samples were taken from a number
of cows involved in trials RM-B20 and RM-B21, for the enzymatic determination of
D- and L-lactate. For this determination 3 ml rumen fluid was mixed with 3 ml of a
5 % solution of zinc sulphate, after which the mixture was centrifuged. D- and L-
lactate were oxidized to pyruvate with NAD and D- and L-lactate dehydrogenase
respectively. The NADH thus formed was determined spectrophotometrically at
334 nm. Approximately 100 ml rumen fluid was mixed with 1 ml of a saturated solu-
tion of mercuri(II)chloride and stored at —20 °C, for a subsequent analysis of the
volatile fatty acids. After thawing and thorough homogenization 5 ml rumen fluid
was combined with 1 ml of a solution with an internal standard. This solution con-
sisted of 2.5 g pivalic acid dissolved in 250 ml 5 % solution of ortho-phosphoric acid.
After centrifugation a sample of the clear fluid was taken for gas chromatographic
analysis on a packed column of 3 % Carbowax 20 M and 0.5 % phosphoric acid on
Carbopack B, 60-80 mesh.

The response factors of the volatile fatty acids were determined with the aid of a
standard mixture of volatile fatty acids and pivalic acid.
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Fig. 1. Variations in the pH in rumen fluid after feeds of
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Results

The inclusion of niacin in one of the feeds in trial RM-B21 had no effect on the ru-
men parameters. For this reason the results of this experimental treatment are not
included in the figures.

pH

Fig. 1a, 1b, 1c, 1d and 1le give the course of the pH variations of the rumen fluid in
relation to the time of sampling. Because the stage of lactation had no significant ef-
fect on the pH level, as shown by the results of trial RM-B21, and because the dif-
ferences between the animals and between two successive days were generally
smaller than the differences between the various treatments, all values are given as
averages, with the exception of those of trial RM-B20. There the difference be-
tween the two animals was striking. Cow Elze 64 consumed the concentrate very
slowly, and this is clearly reflected in a less marked decline in the pH level after a
feed of either concentrate.

The pH variations corresponded to a quadratic function. The curves for the ex-
perimental treatments with rapidly and slowly degradable protein ran more or less
parallel. Trial RM-B22 was the only one in which the average pH level for all sam-
pling times was clearly lower for the treatment with rapidly degradable protein.
The results of trial RM-A18 show that at all sampling times the pH was on average
highest for the experimental treatment in which the concentrate was pre-treated
with formaldehyde (B'). There were no statistically significant differences between
the other treatments. In trial RM-A1S5, on the other hand, the pH after feeding was
lower for the concentrate with slowly degradable protein.

Ammonia concentration

Fig. 2a, 2b, 2c, 2d and 2e show the variations in the concentration of ammonia (NH,
+ NHj}) in the rumen fluid. In all trials, at all the sampling times after feeding, a
higher concentration of ammonia was found to be present on the treatment with
rapidly degradable concentrate protein. The only exception was trial RM-A18,
where the difference with slowly degradable concentrate protein was less marked.
The peak in ammonia concentration always occurred after 45 or 90 minutes. On the
treatment containing slowly degradable protein the increase in the concentration
between 0 and 45 or 90 minutes was smaller than for the treatment containing rapid-
ly degradable protein.

The slow feed intake of cow Elze 64 in trial RM-B20 had no effect on the course
of the ammonia concentration when the slowly degradable concentrate protein was
fed, though it did affect the results recorded for rapidly fermentable protein (Fig.
2¢).

The addition of N-hydroxymethyl-methionine in trial RM-A18 did not affect the
variations in ammonia concentration. The latter was, however, somewhat lower
when a concentrate with slowly degradable protein was fed which contained a for-
maldehyde-treated ingredient (Protane S; see Table 1).
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Lactate concentration

Fig. 3a, 3b, 3c and 3d show the variation in D- and L-lactate concentration for trials
RM-B20 and RM-B21. In neither case did the degree of degradability of the con-
centrate protein affect the course of the curve. Both L- and D-lactate attained maxi-
mum concentration quite quickly, 30-45 minutes after the concentrate was fed.
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Fig. 3. Variations in the concentration of p- and L-lactate in rumen fluid after feeds of concentrates with
varying rates of protein fermentability.
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Three hours after the concentrate was fed there was almost no lactate left in the ru-
men. The maximum concentration of D-lactate was on average somewhat higher
than that of L-lactate. However this was due largely to the results of trial RM-B21.

Volatile fatty acid concentration
Fig. 4a, 4b, 4c and 4d show the variations in the concentration of acetic acid, pro-
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Fig. 4. Variations in the concentrations of acetic acid (C,), propionic acid (C;) and butyric acid (C,) in
rumen fluid after feeds of concentrates with varying rates of protein fermentability.
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pionic acid and butyric acid for cows Elze 64 and Jetske 332 in trial RM-B20, and
the average values for all the cows involved in trials RM-B21 and RM-B22.

The curves show that after the concentrate with rapidly degradable protein was
fed the concentration of all volatile fatty acids in the rumen fluid rose more sharply
than when the animals received a concentrate with slowly degradable protein, al-
though in the case of butyric acid this only held true for cow Jetske 332 in trial RM-
B20. In trial RM-B21 the differences in the concentration of acetic acid and pro-
pionic acid between treatments were on average statistically significant at all sam-
pling times (P < 0.01). Expressed in substance concentration (molar) ratios, signifi-
cantly more acetic acid and butyric acid and less propionic acid were found when
the treatment contained slowly degradable concentrate protein.

Table 2 gives the concentration of the sum of all the volatile fatty acids, while

Table 2. Concentration of volatile fatty acids in rumen fluid after feeding concentrate protein with vary-
ing rates of degradability (mmol/l).

Time (minutes) Statistical
0 45 90 135 180 average  Significance
RM-B20
b! 74.9 116.3 134.0 134.0 130.0 117.8 n.s.
B? 84.0 110.4 111.0 128.6 120.6 110.9
RM-B21
b 82.5 120.5 144.6 142.3 133.2 124.6 P<0.01
B 81.7 116.9 126.6 130.4 112.5 113.6
RM-B22
b 84.8 120.9 126.0 124.4 128.6 116.8 n.s.
B 82.4 118.1 119.4 110.2 123.4 110.6

! b = rapidly degradable protein.
2 B = slowly degradable protein.

Table 3. Substance concentration (molar) ratio acetate/propionate in rumen fluid after feeding concen-
trate proteins with varying rates of degradability.

Time (minutes) Statistical
0 45 90 135 180 average | Smificance
RM-B20
b! 3.35 3.14 2.80 2.73 2.76 2.96 ns.
B? 3.35 2.96 2.85 2.80 2.81 2.95
RM-B21
b 3.62 3.11 2.89 3.00 3.10 3.12 P<0.01
B 4.00 3.47 3.29 3.37 3.57 3.54
RM-B22
b 3.18 3.06 2.92 2.74 2.80 2.94 P<0.01
B 3.64 3.51 3.33 3.31 3.18 3.40

! b = rapidly degradable protein.
2 B = slowly degradable protein.
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Table 3 shows the molar ratio between acetic acid and propionic acid.

The concentration of all volatile fatty acids taken together clearly tends to be
higher for a concentrate with rapidly degradable protein than for one with slowly
degradable protein. In trial RM-B20 this difference was less marked for cow Elze
64, whose feed intake was noticeably slow. The largest difference in concentration
occurred 12 hours or more after the concentrate was fed.

As was expected, the individual differences were fairly big, although care was
taken to ensure that the cows did not influence the concentration of volatile fatty
acids by consuming large quantities of water.

The ratio acetate/propionate was significantly higher after the concentrate with
slowly degradable protein was fed, except in trial RM-B20, where the differences
were not statistically significant.

Discussion

The exact spot in the rumen at which samples were taken could not be determined,
but this was in all probability the ventral sac. The important thing is that the perfo-
rated tube was inserted in all the experimental animals at more or less the same an-
gle, and that it penetrated the structural layer. According to Mahadevan et al.
(1982) the pH and the concentration of ammonia and volatile fatty acids follow a cy-
clical course. Thus in comparing the effects of the various feeds, there is no point in
considering the values registered at any one particular point in time. In order to
demonstrate the statistical differences between the various rations, we have, how-
ever, in several cases made use of the average values of the observations recorded
at various times.

pH

In trials RM-A15 and RM-A18 the first measured pH was lower than in the other
trials, but it declined less sharply in the first 45 minutes after a concentrate was fed.
The difference between these trials and the others was that here the cows had been
given roughage 1 to 1'% hours before the first sampling. As a result volatile fatty
acids were produced from the rapidly fermentable carbohydrates and proteins con-
tained in the maize silage or prewilted grass silage. It was only in trial RM-B22 that
during the entire observation period the pH was significantly lower for the concen-
trate with rapidly degradable protein. In this trial the concentrate with rapidly de-
gradable protein also contained somewhat more soluble carbohydrates than the
feed with slowly degradable protein. In trials RM-B20 and RM-B21 the opposite
was true (Table 1). However it seems unlikely that these small differences had any
significant effect on the rumen fermentation. Thus it can reasonably be concluded
that the considerable differences in the level of rapidly fermentable proteins in the
concentrate had no significant effect on the pH variations in the rumen fluid. This is
in agreement with Kung et al. (1983). The negligible effect of the experimental
feeds on the pH variation can be explained by the fact that shortly after feeding the
variations in the concentration of ammonia and volatile fatty acids run more or less
parallel (Figs. 2, 4), while the effect of lactate is extremely short-lived (Fig. 3).
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A factor which had a far more significant effect on the pH variations was the rate
of feed intake of the individual cow, as shown in Fig. 1c. Cow Elze 64 ate very slow-
ly and had often finished only one-half to three-fourths of the feed when the last
sampling took place, three hours after feeding. The differences in pH level between
the cows Elze 64 and Jetske 332 was of the order of those found by Malestein et al.
(1981) when concentrates were fed in 3 portions of 4 kg, as opposed to two portions
of 6 kg each.

On all treatments the pH level remained below 6.5, the optimum level for the
cellulolytic bacteria, for the full three hours after feeding. Thus it can be concluded
that the breakdown of roughage does not really get under way until after that three-
hour period.

In general the pH was higher immediately before the morning feed than af-
terwards. One possible explanation is the fact that before feeding there is no easily
fermentable substrate remaining in the rumen. Another explanation may be the
fact that it is precisely in the hours before the morning feed that the concentration of
ammonia rises, through the endogenous metabolism of bacteria and/or through ly-
sis of bacteria (Wohlt et al., 1976a). In our experiments the concentration of ammo-
nia immediately before the morning feed was sometimes higher than or level with
that registered after 180 minutes (Fig. 2). In addition, the concentration of ammo-
nia may increase again many hours after feeding, as a result of increased salivary se-
cretion (Wohlt et al., 1976a).

Ammonia
The difference in the rate of fermentation of the concentrate protein was most
clearly illustrated by the concentration of ammonia in the rumen fluid (Fig. 2). The
peak in concentration came at approximately the same time on both treatments, na-
mely 45 to 90 minutes after the concentrate was fed. Only trial RM-A18 showed no
peak in the concentration of ammonia. In this trial the cows had been given half
their daily portion of prewilted grass silage an hour before the concentrate was fed.
Approximately 50 % of the crude protein from prewilted grass silage is soluble in
vitro and degradable within one hour with the nylon bag technique (Veen, 1984).
This naturally leads to a rapid increase in the concentration of ammonia in the ru-
men, which explains the relatively high initial concentration found before the con-
centrate was fed. Although in trial RM-A1S5 roughage was also included in the
morning feed, this consisted of maize silage, which in the dry matter contains only
about one-third of the soluble nitrogen present in prewilted grass silage (Veen,
1984). Wohlt et al. (1976a) found a peak in the concentration of ammonia 30 to 90
minutes after concentrate and hay were fed.

When the concentrate with rapidly degradable protein was fed, all trials showed
a higher peak concentration than that recorded for a concentrate with slowly degra-
dable protein. The highest average concentration of ammonia recorded for the ra-
tion with rapidly degradable protein varied from 10 to 12.5 mmol/l and for the stow-
ly degradable protein from 4 to 8 mmol/l. In comparing the maximum concentra-
tions of ammonia recorded for the various trials one must bear in mind that the con-
centrates varied quite considerably in crude protein content. Only trials RM-B20
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and RM-B21 used the same concentrates (Table 1). The lowest average concentra-
tion registered after 3 hours was 1.5 mmol/l (Trial RM-B20). According to Satter &
Slyter (1974) the concentration at which maximum reuse of ammonia-N by bacteria
takes place is approximately 3.5 mmol/l. When prewilted grass silage is included in
the ration, this concentration is easily attained, as shown by the results of trial RM-
AlS.

The ration used in trial RM-A18 contained an ingredient which was treated with
formaldehyde to protect it against breakdown of protein in the rumen and which
represented 50 % of the total protein. This produced a somewhat lower average
concentration of ammonia than when ingredients were included which contained a
large quantity of slowly degradable protein (Fig. 2b). When formaldehyde treated
ingredients such as soya bean oil meal and rape-seed oil meal were included in the
concentrate, the level of proteolysis in the rumen was significantly lower than for
the original ingredients (Verité et al., 1977; Rooke et al., 1983).

In the light of the prevalent pH, the rapid decline in the concentration of ammo-
nia after the peak was recorded on a ration with rapidly fermentable protein can
best be ascribed to utilization by bacteria, rather than to absorption through the ru-
men wall (Mahadevan et al., 1982). However, the quantity of protein being equal,
the concentrate with rapidly fermentable protein is more likely to result in a short-
age of nitrogen for the cellulolytic bacteria. These become activated only gradually
after feeding, because they must first attach themselves to plant material (Mertens,
1977), and because the pH has not yet reached an optimum level for this activity.
According to Huque & Vestergaard Thomsen (1984) cellulolytic microbes prefer
certain polypeptides, as a nitrogen source. The availability of these polypeptides
about three hours after the intake of concentrate protein is more likely on a feed
with slowly degradable protein. The significance of a concentrate protein that fer-
ments slowly is that on the one hand more protein is allowed to reach the duode-
num, while on the other hand the cellulolytic bacteria are provided with a sufficient
quantity of nitrogen.

Lactate

The maximum concentration of both D- and L-lactate was registered after 30 and 45
minutes (Fig. 3). Malestein et al. (1984) found the peak to be somewhat later, na-
mely after 1 to 112 hours, but still prior to the point at which the pH reached its low-
est level. In trial RM-B20 the concentration of lactate in cow Elze 64 remained at a
relatively high level for a longer period when the concentrate with rapidly degrada-
ble protein was fed. This type of concentrate may be expected to lead to the forma-
tion of extra lactate, in comparison with a concentrate containing slowly degradable
protein (Malestein et al., 1984). The principal lactate-forming microorganisms are
known to grow more rapidly when there are proteins and amino acids present in so-
lution in the rumen fluid, while the formation of lactate depends largely on the rate
of growth (Counotte, 1981). We may however conclude from the results of trials
RM-B20 and RM-B21 that the degradability of the concentrate protein does not in-
fluence either the course of the concentration of lactate or the maximum concentra-
tion, as long as the concentrate is consumed quickly.
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Volatile fatty acids

The breakdown of protein in the rumen produces not only ammonia but also carbon
fragments which further fermentation breaks down into volatile fatty acids. In their
research on wethers Hembry et al. (1975) found that a smaller quantity of all the
fatty acids was produced when the slowly fermentable zein was fed, in comparison
with soya bean oil meal and casein. The experimental treatment had the least effect
on the concentration of butyric acid. In their work with sheep Leroy & Zelter
(1970) found little change in the concentration of the volatile fatty acids in the ru-
men, even when ingredients were fed which had been treated with tannins to re-
duce fermentation in the rumen. They did, however, register a lower concentration
of butyric acid when ingredients treated with tannins were fed. Hembry et al.
(1975) found that when proteins with varying solubility in vitro were fed, the rate of
production of butyric acid remained approximately the same. Wohlt et al. (1976b)
found that when proteins of high and low solubility were compared, the variations
in the concentration of the volatile fatty acids could not be ascribed to differences in
solubility as such, but were determined by the amino acid pattern of the soluble pro-
teins. .

The results of trials RM-B21 and RM-B22 showed that feeding concentrates with
slowly degradable protein produces lower concentrations of iso-butyric acid, iso-
valeric acid and valeric acid in the rumen fluid. Verité & Journet (1977) and Verité
et al. (1977) found that the share of these fatty acids in the sum total of volatile fatty
acids declined when formaldehyde-treated ingredients were fed. The precursors of
these fatty acids are the amino acids valine, isoleucine and leucine. Thus less of
these fatty acids are produced when less protein is broken down in the rumen. The
branched chain fatty acids are essential growth factors for the cellulolytic bacteria,
in particular Ruminococcus spp. (Teather et al., 1980). Thus it would seem inadvis-
able to slow down the proteolysis of the ration protein too much, in this case by
treating it with formaldehyde. On the other hand, there might be some advantage
in a more gradual production of these volatile fatty acids since, as we have seen
above, the activity of the cellulolytic bacteria does not really get under way until
several hours after feeding.

When the concentrate with slowly fermentable protein was fed, there was a sig-
nificant shift in the ratio of acetate to propionate (Table 3). A large number of in-
vestigations have revealed positive correlations between the acetate/prcpionate ra-
tio and the fat content of the milk. The latter was said to be negatively linked to the
propionate proportion of the volatile fatty acids rather than positively to the acetic
acid portion (McCullough, 1966; Storry & Rooke, 1966). Since in trials RM-B21
and BM-B22 the butyric acid portion was at all sampling times higher when a con-
centrate with slowly degradable protein was fed, it can be concluded that this type
of concentrate has a favourable effect on the synthesis of milk fat.

One explanation for the shift in the ratios of the fatty acids may be the fact that,
under the influence of bacterial fermentation, proteins give rise to the formation of
relatively more propionate. According to Demeyer & Van Nevel (1979) net pro-
duction of acetate and propionate from the in vitro incubation of the soluble protein
casein was in a ration of 1.44.
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The significance of a concentrate with slowly degradable protein would seem to
lie in the stabilization of the rumen fermentation, which results in less extreme vari-
ations in concentrations in the rumen fluid after feeding. As a result of a less abun-
dant fermentation of the protein, there is less displacement of cellulolytic bacteria
by amylolytic. This effect will be even more pronounced when not only the protein
but also the carbohydrate fraction is broken down more slowly. According to
Mould & @rskov (1983), cellulolytic activity in the rumen can temporarily come to
a complete halt if after a large quantity of concentrates is fed the pH for a time drops
below the level of 6.

Because where protein is fermented slowly ammonia, peptides and branched
chain volatile fatty acids are released more gradually, these essential growth factors
for the cellulolytic bacteria are available for many hours after feeding. As a result
the degradation of cell walls takes place more gradually, which has a favourable in-
fluence on the ratio of acetic acid to propionic acid. This stabilization of the rumen
fermentation can probably also be obtained by more frequent feeding. The results
noted for cow Elze 64, who had such a slow feed intake, also point in this direction.

Measurements of various blood parameters would probably show whether the
higher fat content of the milk and the higher milk production which we registered in
various feeding trials with slowly degradable concentrate protein are exclusively
the result of an altered rumen fermentation, or are also due to factors affecting the
intermediary metabolism.
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