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Summary &horbar; The aim of this review is to provide a better understanding of the ways in which ruminants
control their voluntary intake of finely-chopped silages. Silages with an excellent conservation quality
can be ingested at similar levels to the corresponding fresh or dry forages. Intake levels decrease
when conservation quality decreases. The implicated physiological mechanisms for this phenomenon
are discussed in this review. Poorly preserved silages may have low palatibility, decreasing the animal’s
motivation to ingest. At the ruminal level, the physical control of intake is generally not involved. On the
other hand the fermentation products present in silage seem to induce a high and rapid level of sati-
ation, out of proportion to their relatively low quantity. At the metabolical level some limiting factors may
also exist (eg, a poor balance between amino acids and energy, and high levels of acids to be metab-
olized). Fermentation products induce most of the observed reactions. For well-preserved silages,
high quantities of lactic and acetic acids limit intake. Their effects seem to be additive, which explains
the observation that low pH often has a negative action. The negative effect of moisture is generally
strengthened by that of the acids. For poorly-preserved silages, products of protein decomposition
must be considered in addition to volatile fatty acids. The effect of N-compounds is less clearly
explained than that of acids. For example, ammonia alone generally seems to have no direct effect. How-
ever it is clear that N-compounds taken together have a negative effect on appetite. It can be concluded
that the negative effects of poor quality silages are multifactorial; each fermentation product alone
has a low effect, but the sum of all the components must be considered. Moreover, it is apparent that
some physiological mechanisms are used to control silage intake, which explains the complexity of the
studies on this subject.
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Résumé &horbar; Régulation de la quantité ingérée d’ensilages à brins courts chez les ruminants : revue
bibliographique. L’objet de ce mémoire est de tenter de comprendre comment l’ingestion des ensi-
lages à brins courts est contrôlée chez le ruminant. Il est rappelé tout d’abord que les ensilages qui ont
une qualité de conservation excellente sont ingérés en quantité équivalente à celle du fourrage vert ou



du foin correspondant. Les quantités ingérées diminuent ensuite au fur et à mesure que la qualité de
conservation se dégrade. Les mécanismes physiologiques impliqués sont décrits. Ainsi, les ensilages
mal conservés ont parfois une appétibilité faible qui diminue la motivation des animaux à ingérer. Au
niveau ruminai la régulation physique de l’ingestion n’est en général pas en cause. En revanche, les
produits de la fermentation semblent avoir un effet rassasiant notable et rapide, proportionnel à leur quan-
tité. Au niveau métabolique il peut aussi exister des facteurs limitants (mauvais équilibre acides ami-
néslénergie, apport élevé d’acides à métaboliser). Les produits qui entraînent les réactions obser-
vées sont ceux issus des fermentations. Pour les ensilages bien conservés les acides lactique et
acétique, en quantités élevées, sont des facteurs limitant l’appétit. Leurs effets semblent être additifs,
d’où un rôle souvent négatif de pH faibles. L’effet négatif de l’humidité est en général renforcé par
celui des acides. Pour les ensilages mal conservés, aux AGV, se rajoutent des produits de décomposition
des MAT. L’effet de ces produits est moins clair que celui des acides. L’ammoniac par exemple ne
semble pas avoir d effet dans la majorité des cas. Il est clair cependant que plus ces produits augmentent
plus l’appétit des animaux diminue. On peut conclure que les effets négatifs de la mauvaise qualité de
conservation des ensilages sont plurifactoriels, chaque produit de la fermentation ayant peu d effet seul,
mais l’ensemble ayant des effets importants. En outre on peut considérer que plusieurs mécanismes
physiologiques sont utilisés pour limiter l’appétit, ce qui rend les études sur le sujet d’autant plus com-
plexes.
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INTRODUCTION

In order to explain variations in forage intake,
and to be able to predict voluntary intake
levels, it is necessary to know the factors

and mechanisms that are involved in vol-

untary intake and how they act on its regu-
lation. Ensiled grass and maize are now

widely used as forage in cattle and dairy
production throughout Europe and North
America. However, the voluntary intake of
these silages varies greatly and is gener-
ally lower than that of the corresponding
fresh grass or hay (Demarquilly, 1973; Dul-
phy et Michalet-Doreau, 1981 Because
animal performance is positively related to
the level of voluntary intake, a great deal of
research has been undertaken in the last

three decades to explain the origin of lower
levels of intake and intake variations of
ensiled forages. One major finding is that
daily intake is affected by numerous silage-
related factors.

The aim of this paper was to review the
current state of our knowledge of silage-
related factors affecting intake, and the
mechanisms involved. The first part of the

review outlines the major conclusions con-
cerning the voluntary intake of silage and
some associated phenomena. The second
part analyses the principal mechanisms reg-
ulating intake and the silage characteristics
that affect voluntary intake.

REVIEW OF MAIN RESULTS

Voluntary intake

The fermentation quality of silages can be
characterized by their levels of certain fer-
mentation products. Quality classification
levels based on fermentation products have
been proposed by several authors includ-
ing Dulphy and Demarquilly (1981). Well-
preserved silages can be characterized by
the following figures: NH3-N under 5% of
total nitrogen (N), soluble N under 50% of
total N, volatile fatty acids (VFA) under 25
g/kg dry matter (DM), and no propionic or
butyric acids.

In bovine animals, the DM voluntary
intake of good quality grass silages, based



on the classification of Dulphy and Demar-
quilly (1981) was close to that of the initial
fresh forage (98% for eight comparisons;
Dulphy et al, 1984). From the results of dif-
ferent trials, Dulphy et al (1987) proposed a
mean decrease of 3-5%. Compared to hays
prepared with the same initial green for-
ages, the intake of good silages by dairy
cows is sometimes better (+6% for eight
comparisons in the literature), and some-
times slightly lower (-5.5% for three com-
parisons at INRA) (Dulphy, 1987). More-
over, in their trials with heifers, Dulphy and
Rouel (1988) observed a hay intake 5%
higher than that of the initial fresh forages
(12 comparisons). Nevertheless Dulphy et al
(1987) suggested that the intake of good
grass silages should be set at 3-5% under
that of well-prepared corresponding hays
(field-cured with fine weather).

In sheep, Dulphy and Michalet-Doreau
(1981) found a 17% reduction of silage
intake compared with the original forage
(64 comparisons). In this study the intake
of fresh forage was determined by long-day
measurements, whereas silage intake was
measured during the winter over short day
lengths. In an experiment where the ani-
mals were fed the same hay throughout the
year, Michalet-Doreau and Gatel (1983) also
found a reduction in intake when the day
length decreased. The difference in intake
between silage and grass observed by Dul-
phy and Michalet-Doreau (1981) may there-
fore have been due to photoperiodicity. This
hypothesis is supported by the study of
Andrieu et al (1981 who found no differ-
ence in intake between well-preserved
silages and hays prepared from the same
original herbage and fed simultaneously to
sheep. There are almost no other results in
the literature on this problem, because, from
a practical point of view, only comparisons
during the same period are interesting and
scientifically acceptable. Also, only sheep
seem sensitive to this effect of photoperi-
odicity.

It can thus be concluded that the daily
intake of well-preserved grass silages is the
same as or only slightly lower than that of
hay or green herbage from the same sward.
This daily intake is therefore dependent on
classical characteristics of the forage, such
as rate of digestion, N and cell wall contents,
which will not be considered here.

Poorly-preserved silage, characterized
by high levels of fermentation products (VFA
and protein degradation products; see Dul-
phy and Demarquilly, 1981 results in lower
levels of dry matter intake. Negative corre-
lations have been observed between intake

and the concentrations of ammonia, acetic
acid and moisture content in silages for
sheep (Wilkins et al, 1971; Brown and Rad-
cliffe, 1972; Demarquilly, 1973) and beef
cattle (McCarrick et al, 1965; Harris et al,
1966; McCullough, 1966; Waldo et al, 1968;
Rook and Gill, 1990). A negative correlation
was also found between intake and propi-
onic acid levels for sheep (Brown and Rad-
cliffe, 1972). Dulphy and Michalet-Doreau
(1981) linked the levels of fermentation prod-
ucts quantitatively to their effects on intake.
In sheep they calculated intake reductions of:
6.3 g/kg LWO-75 when pH increased by
1 unit; 7.0 g/kg LWO.75 per 10 point increase
in the NH3-N content expressed as a per-
centage of the total N; 7.8 g/kg LWO-75 when

the acetic acid concentration increased by
100 g/kg DM; and 5.5 g/kg LWO.75 per
1 mole increase in the total VFA concentra-
tion per kg DM. The calculated effects are
not cumulative since the concentrations of
these fermentation products are closely cor-
related.

The negative effects of fermentation prod-
ucts on DM intake can also be demonstrated

by comparing the intake of naturally fer-
mented silages with that of the same
herbage ensiled with a fermentation-inhibit-
ing additive such as formic acid (Castle and
Watson, 1970; Waldo et al, 1971, 1975;
Waldo, 1977; Jarrige et al, 1981 Compar-
ing the intake of these two types of silage



in cattle (21 comparisons), Dulphy and
Michalet-Doreau (1981) found a 12.5% aver-
age increase in DM intake when directly cut
grass was preserved with formic acid, and
an increase of 6-9% in intake when the

grass was wilted before ensiling. An addi-
tional increase in intake was observed when

the level of formic acid was doubled (+4.6%
in a trial with sheep; Dulphy et al, 1975).
Elsewhere, the same tendency can be
observed with a new additive which restricts

fermentation, Maxgrass. For example, in a
trial by Kennedy (1990) this additive
increased intake by 8% in beef cattle, com-
pared to the use of formic acid.

The data (table I) summarized by Dul-
phy et al (1987) support the positive influ-
ence of restricted fermentation and wilting on
intake by heifers and dairy cows. No similar
compilation for sheep has been made. Nev-
ertheless, Dulphy and Michalet-Doreau
(1981) found a 5% higher intake by sheep of
a formic-acid-preserved silage, whereas
Chiofalo et al (1992) observed a 17% higher
intake! However some differences between

sheep and cattle must be noted. For maize
silages sheep do not react to DM (Demar-
quilly, 1994), whereas cattle are very sen-
sitive. For grass silages reactions are com-

parable for the two species (Dulphy and
Michalet-Doreau, 1981 ).

Intake behaviour and rumination

Voluntary daily intake is determined by meal
size and the number of meals eaten per
day. Detailed monitoring of the daily intake
pattern (Dulphy et al, 1984) and the quantity
eaten during the first meal after feeding
(main meal) (Dulphy, 1985) indicated that
ruminants exhibit signs of satiation earlier
when fed grass silage rather than hay.

The intake pattern of cattle fed silage is
characterized by a relatively short main meal
(Gill et al, 1988) and a high number of small
meals during the day (Thiago et al, 1992b).
Unlike hay, therefore, silage probably con-
tains components that have an impact on
intake behaviour. In well-preserved silages
these components seem to have little or no
effect on total daily intake. Sheep compen-
sate for a lower intake during the main meal
of the day by taking more meals subse-
quently during the day or by increasing their
size (Dulphy, 1985). The fermentation prod-
ucts that build up as a result of poor preser-
vation cause a further reduction in intake



during the main meal but also reduce the
number of subsequent meals and the intake
during them (Chiofalo et al, 1992). This sug-
gests that satiation lasts throughout the day
(Baumont et al, 1993), preventing the ani-
mals from compensating for the reduced
intake at the main meal.

The intake rate during the day, as with
that during the main meal, is a parameter
that distinguishes between forages of dif-
ferent ingestibilities. However, this intake
rate is comparable between silages and
fresh forages or hays (Jarrige et al, 1995).
Sometimes silage is more rapidly consumed
than fresh forage. In the experiments of Dul-
phy et al (1984) there was little evidence
for sheep that the intake rate during the
main meal was affected by preservation
quality. This contradiction, however, does
not exclude the negative effects of fermen-
tation products, the duration of intake then
being shorter. However, the lower intake
rates observed in heifers during the day and
at the main meal suggest that they are more
sensitive to variations in preservation qual-
ity of silage (Dulphy and Demarquilly, 1977;
Dulphy et al, 1984).

The shorter time spent ruminating by cat-
tle (Thiago et al, 1992b), dairy cows (Van
Bruchem et al, 1991) and sheep (Chiofalo et

al, 1992) when fed silage, rather than hay, or
when silage preservation is poor (Teller et al,
1989), is merely a consequence of the lower
intake and not its cause.

In conclusion, fermentation products in
silages alter intake behaviour in such a way
that signs of satiation are observed shortly
after ingestion.

Associated ruminal phenomena

According to Thiago and Gill (1986), ani-
mals which receive a ration of grass silage
do not use their entire rumen capacity. This
was confirmed by Gill et al (1988) and Bau-
mont (1989) (table II), and by Chiofalo et al
(1992), and is probably the cause of the
longer time-lag between the end of the main
meal and the beginning of rumination (Chio-
falo et al, 1992) observed for silages com-
pared to hays.

Clancy et al (1977b) reported impaired
rumen motility after a ruminal infusion of
juice pressed from silage. No disturbance,
however, was observed by Chiofalo et al
(1992) with a poorly ingested silage. Thi-
ago et al (1992b) observed slightly lower
contractile activity in cattle fed silage than in



those receiving hay. In their study the liq-
uid passage rate was higher with the silage
ration than with the hay ration.

INTAKE-REGULATING MECHANISMS

Daily voluntary food intake is regulated by
long-term control factors such as physio-
logical state, production level and environ-
ment, but also by short-term factors. These
include a variety of signals ranging from
interconnected mechanisms operating at
the oropharyngeal, ruminal and metabolic
levels to one or more signals that determine
the beginning and end of each meal
(Grovum, 1987). Because the intake of
silages of excellent quality is similar to that
of hay or fresh forage from the same crop, it

can be assumed that, with this type of silage,
the regulating mechanisms at the three lev-
els mentioned, act in the same way as for
the intake of hay or fresh material. Intake
decreases when the concentrations of fer-

mentation products in silage increase, which
suggests there is a shift in the way satia-
tion signals are generated. The extent to
which the regulation mechanisms affecting
the oropharyngeal, ruminal and metabolic
levels control the silage intake will therefore
be discussed.

Oropharyngeal level

Palatibility is widely acknowledged to be a
factor that determines forage intake (Green-
halgh and Reid, 1971; Grovum, 1987).
Palatibility can be defined as the sensory
response of an animal to its food, as demon-
strated by changes in eating rate and the
willingness to accept the food. It is influ-
enced by food-related factors, such as taste,
smell and texture. Palatibility has a definite
impact on the intake of forages of low nutri-
tive value, such as straw (Greenhalgh and
Reid, 1971 ).

Compared with normal straw, higher
intakes were reported for sheep fed straw
supplemented with sodium glutamate as a
taste-improver (Colucci and Grovum, 1993),
while lower intakes were observed with

urea-treated straw that still contained high
concentrations or urea, which is known to
be unpalatable to sheep (Dulphy et al,
1992).

These observations, and the fact that

silages contain volatile fermentation prod-
ucts and other compounds that supposed
to have strong taste sensations, tend to sup-
port the contention that palatibility is an influ-
ential factor in the intake of poorly-preserved
silages. The hypothesis is further supported
by the higher silage intake reported for anos-
mic sheep (Michalet, 1975), and the
increase in intake observed when flavouring
compounds were added to silage (Hender-
son and Anderson, 1986; Corkum et al,
1994).

From a great number of silage fermen-
tation products (lactic and volatile organic
acids, amino acids, ammonia and amines)
Buchanan-Smith (1990) tried to identify
those responsible for lowering palatibility.
Acetic acid had only negative influences,
which was a result of the product itself rather
than acidity in general, since the same level
of acid in a combination of lactic and acetic
acids (1.5:1) did not depress intake. Other
studies of the effects of acids in silage on
palatibility have yielded discrepant results.
The negative effects reported by Orth and
Kaufmann (1966) and McLeod et al (1970)
were not confirmed in the works of McLeod
and Wilkins (1970) or Ndwiga et al (1990),
while Grovum and Chapman (1988) found a
lower palatibility for acidified pelleted lucerne
(50 g HCI added/kg DM) in sham-fed sheep.

The possible negative effect of fermen-
tation products on silage palatibility, when
expressed in terms of intake rate, was
demonstrated by Dulphy et at (1975) and
Dulphy et at (1984). Lower intake rates were
sometimes found with poorly-preserved



silages than with well-preserved silages. In
contrast, Chiofalo et al (1992) reported that
the intake rate for sheep was not affected by
fermentation quality. There are two possi-
ble explanations of this unexpected result:
sheep are less sensitive than heifers to the
presence of fermentation products (Dulphy
et al, 1984), and in well-preserved silages
there are already substantial concentrations
of fermentation products. Furthermore, it is
possible that with silage the shorter dura-
tion of the main meal and the longer inter-
vals between the main meal and subse-

quent small meals, are partly a consequence
of a lower palatibility. The same trend, how-
ever, was found when intake patterns of
high and low-quality hays were compared
(Gatel, 1984; Baumont et al, 1990), showing
that palatibility plays a significant role in
short term satiation (ie, there is low motiva-
tion to ingest low-quality hays).

In conclusion, an effect of palatibility is
possible but not very clear. Although acetic
acid was generally the only fermentation
product found to act negatively on palatibil-
ity, there is still the possibility that different
fermentation products acting together have
a more general effect on palatibility. More-
over, as emphasized by Buchanan-Smith
(1990), it is important, when determining
the influence of palatibility on intake, to sep-
arate the effects of palatibility per se on
intake control from those of post-ingestive
signals.

Ruminal level

Physical aspects

At the ruminal level, silage intake could be
limited if the maximum rumen distension is
reached (the fill effect; Campling and Balch,
1961 Forage digestion rate and rumen
turnover rate of undigestible particles must
therefore be considered, as well as

digestibility (Van Vuuren, 1994). However,

as seen earlier, various studies have shown
that ruminants fed grass silage do not use
their entire rumen capacity (Waldo et al,
1965; Campling, 1966; Lawlor and O’Shea,
1967; Thiago et al, 1992b; Chiofalo et al,
1992). This was also found when well- and
poorly-preserved silages were compared
(Dulphy et al, 1975; Chiofalo et al, 1992).

The effects of fermentation products on
digestibility are considered to be low
(McDonald et al, 1991; Dulphy and Demar-
quilly, 1991 although the fibre and ash con-
tents may be slightly greater in lower qual-
ity silages (Demarquilly, 1973). Lower
digestibility has been mainly observed for
wilted silages, but there is no effect on
intake, which is generally higher with this
type of silage. Teller et al (1989), however,
found that wilting did not alter ruminal diges-
tion. Digestibility is also decreased when
losses in effluent are high. Hence, differ-
ences in intake between fresh grass and

silage or between well- and poorly-pre-
served silages cannot be explained by dif-
ferences in digestibility except, perhaps, for
very wet silages.

The rate of DM disappearance from the
reticulo-rumen is comparable (Chiofalo et
al, 1992) or higher with silage than with hay
(Thiago et al, 1992a). The cellulolytic activ-
ity of the rumen microbes is also similar in
animals fed silage or hay (Dulphy et al,
1975), and preservation quality seems to
have no effect on digestion rate in the
rumen.

In addition, Thiago et al (1992a) observed
a higher passage rate from the rumen for
both the liquid and solid phases with silage
than with hay, although the intake of silage
was lower. This finding and the conclusions
of Gill et al (1988) show that rumen fill is

not the major factor involved in the volun-
tary intake of well- and poorly-preserved
silages. It could, however, be the case if

rapid gas production leads to increased
rumen distension (Prates et al, 1986; Thi-
ago et al, 1992a). This is feasible when the



voluntary intake of silage is compared with
that of hay, but not in the comparison of the
voluntary intake of hay and the corre-
sponding fresh forage, which contains con-
siderable concentrations of soluble and

rapidly fermentable components.
From experiments in which the intake of

maize silage increased after the addition of
urea (Demarquilly et al, 1971; Thomas et
al, 1975) and from others in which fish meal
was added to grass silages (Gill and Eng-
land, 1984; England and Gill, 1985), it was

concluded that the rumen digestion rate
might act as a limiting factor in silage intake
when the silage contains insufficient nitrogen
to achieve optimum microbial digestion. This
hypothesis was rejected by Thomas et al
(1980) and Gill and al (1987), who sug-
gested that the increased intake was more
likely of metabolic origin and due to a better
balance between the energy and amino acid

supplies.

Chemical aspects

Both grass and maize silages are charac-
terized by considerable concentrations of
soluble components, sometimes in addition
to the readily fermentable carbohydrates. It

is therefore possible that silage ingestion
leads to a rapid rise in concentrations of fer-
mentation products in the rumen, and
thereby induces a state of satiation. The
satiation state can be initiated by signals
from chemo-receptors situated in the rumen
that react on chemical alterations in the

rumen environment, such as pH, osmolality
or volatile fatty acid concentrations (Gill et al,
1986). High concentrations of lactic acid
may also have a negative effect.

It is conceivable, although it has not been
directly proven, that this kind of chemical
regulation occurs during the main meal. Thi-
ago et al (1992a) found a more rapid drop in
pH during silage ingestion than during hay
ingestion, but a much slower increase in
ammonia concentrations. This is because

rumen fermentation begins more quickly
with silage, and probably because of a small
effect of silage acids on ruminal pH. Else-
where Clancy et at (1977b) observed a con-
siderable disturbance of rumen motility after
an intra-ruminal infusion of juice pressed
from silage. These authors ascribed this to
local action by fermentation products on the
chemo-receptors situated in the rumen wall.
The quantities infused, however, exceeded
those ingested under normal conditions,
even when poorly preserved silages were
fed (Chiofalo et at, 1992). Intraruminal infu-
sions of silage juice in the experiments of
Buchanan-Smith and Phillip (1986) resulted
in lower intake during the subsequent main
meal. However, the fermentation products
responsible for the intake depression could
not be identified. In another study Snyder
et al (1983) detected no effects of silage
neutralization by bicarbonate during intake,
even when rumen pH increased.

Under normal conditions, the ingested
silage is buffered by the saliva produced
and mixed with the digesta pool in the
rumen. The direct effect of silage pH on
rumen pH is therefore probably small
(Thomas and Wilkinson, 1975). Wide vari-
ations in rumen ammonia and VFA con-

centrations are more common as a conse-

quence of silage intake. The highest
concentrations, however, are found for

silages with the greatest intake, such as
wilted silages (Teller et ai, 1989). In animals
receiving hay or silage, Chiofalo et at (1992)
observed the lowest pH and highest osmo-
lality and VFA concentrations at the end of
the main meal of hay, for which the intake
was significantly higher.

There remain many areas of uncertainty.
According to Thomas and Wilkinson (1975),
the positive effect of silage neutralization
on intake is not exerted in the rumen. Feed-

back signals affecting the intake may be
also rapidly initiated by the duodenum
(Bueno, 1975), liver or nervous system.
Rapid satiety could also be caused by a



learning mechanism, since it is not observed
with the first silage meals but begins 4-5
days later (Dulphy, 1972). This, however,
needs to be confirmed.

Precise kinetic studies of ruminal char-
acteristics with regard to chemo-receptors
are needed to better understand this poten-
tial mechanism, while closely monitoring the
feeding activity. It is very probable that some
chemo-receptors are sensitive to acetic acid
(Baile, 1975; Forbes, 1980). Moreover
Clancy et al (1977b) reported that rumen
motility was considerably disturbed when
badly preserved silage was given without
allowing the animals an adaptation period.
Likewise Sissons et al (1986) observed a
lower ruminal motility when silage was fed
than with a hay diet. In contrast, Chiofalo
et al (1992) observed no problem with their
silages.

Metabolic level

Because of the lack of any clear evidence
that silage intake is influenced by regulat-
ing factors on the oropharyngeal or ruminal
levels, it has been suggested that silage
intake leads to metabolic disorders, such
as acidosis or an imbalance between the

energy and nitrogen supplies, that could
limit voluntary intake. If sensory or diges-
tive limitations are not observed, chemo-
receptors may be stimulated, as well as
receptors located elsewhere in the organ-
ism. This was suggested by Ndwiga et al
(1990) for maize silages. Likewise Thomas
and Wilkinson (1975) ascribed the positive
effects of urea and bicarbonate in maize

silage to metabolic rather than ruminal
mechanisms.

Three possible explanations emerge from
the published reports on this topic. The first
hypothesis is that some silages have an
’acidosis’ effect. When silages with a high
organic acid (lactic acid and VFA) content
are fed (McLeod et al, 1970; Thomas and

Wilkinson, 1975), the acid-base equilibrium
of the organism is naturally disturbed, and
evidence of acidosis is shown by the low
pH of the urine. Neutralization by means of
bicarbonate would then have a positive
effect.

The second suggestion is that the ani-
mal’s ability to rapidly metabolize the large
amounts of organic acids ingested is lim-
ited because it lacks the energy (glucose)
required for its metabolic functions (Eng-
land and Gill, 1985; Gill et al, 1988). This
can occur when the silages have a high
organic acid content (acetic acid and lactic
acid rapidly transformed into VFA in the
rumen). The high VFA concentrations in the
rumen or circulating blood may induce feed-
back signals and thereby limit voluntary
intake.

The third explanation is that an amino
acid shortage in the tissues limits appetite.
This hypothesis was widely investigated fol-
lowing the studies of Hutchinson et al
(1971 which did not confirm it, and Wilkins
(1974), who observed a positive effect of
amino acids fed in the form of blood meal. It
was later supported by two reports (Thomas
et al, 1980; Gill et al, 1987). Gill et al (1986),
however, estimated that it did not apply to
well-preserved silages.

In a recent study, Phillip and Simpson
(1992) tried, but failed, to produce evidence
for the effects of physiological mechanisms.
The involvement of physiological mecha-
nisms cannot be excluded, but they proba-
bly have a negative effect in specific situa-
tions, with particular silages.

Conclusion

It is evident that the voluntary intake of grass
silages is regulated by a number of mech-
anisms. The effects of a single mechanism,
or a combination of interfering mechanisms,
depend on the type of silage and its fer-



mentation quality. These vary widely in pub-
lished reports. Although the results from the
literature are sometimes debatable, the main
trend is always towards a lower intake when
the silage quality decreases. When the
silage tested does not respond to one or
more intake-regulating mechanisms, the
result is always interesting, indicating that
no effect exists concerning the studied
mechanisms. However, in many studies the
results are difficult to interpret because,
regrettably, no proper control diet, such as
high quality hay or fresh forage, was used.

To sum up, it is unlikely that digestive
mechanisms exert a limiting effect. There is
evidence to suggest that oropharyngeal
mechanisms are involved, and mechanisms
protecting the rumen or the total organism,
or both, against an excessive supply of
components that are difficult to eliminate
rapidly.

INTERFERING SILAGE FACTORS

During the intake of precision-chopped
silages, it appears that fermentation prod-
ucts rapidly produce a state of satiation,
which prevents the rumen from using its
entire capacity. In studies on sheep, in which
the phenomenon was observed (Dulphy,
1985), the effect was ascribed to organic
acids (VFA and lactic acid) in the silage and
to the products of protein degradation. The
influence of these products was increased
when the silage was poorly preserved. The
water content of the silage also seems to
have a negative effect, especially for
bovines.

With poorly-preserved silages there are
two types of mechanisms that reduce daily
intake: 1) mechanisms that reduce the dura-
tion or the volume of the meal, or both; and

2) mechanisms that reduce the number of
meals per day. With precision-chopped
silages the latter has a minor influence on
daily intake, but it is significant with silages

from long material (Dulphy and Demarquilly,
1973). Fewer meals per day indicate a
greater persistence of the physical or chem-
ical factors that delay intake.

Taking into account the hypotheses men-
tioned above, it is evident that, with regards
to intake, animals are sensitive to silage
and fermentation characteristics: factors
such as acidity, osmolality, pH, and some
N products affect short-term (meal) intake
regulation mechanisms, and moisture con-
tent, amino acid and energy balance, have

longer-term effects (one or more days).

Influence of general silage
characteristics

Acidity and pH

Beginning with the work of Harris et al
(1966) the pH and/or acidity (due to the
presence of free acids) of silage have been
suggested as factors responsible for the dif-
ferences in silage intake. However, studies
comparing different silages of naturally dif-
fering pH have yielded diametrically
opposed results: intake decreases when
silage pH increases (Demarquilly, 1973;
Dulphy and Michalet-Doreau, 1981), or
intake increases when silage pH increases
(Wilkins et al, 1971; Brown and Radcliffe,
1972; Shaver et al, 1985; Erdman, 1988).

In the first case it is obvious that acidity is
not involved. The effect of silage pH on
intake seems to be a direct consequence
of the poorer fermentation quality, because
higher concentrations of ammonia, acetic
acid, and other buffering constituents
increase silage pH. In the second case, the
positive effect of pH implies, above all, a
decrease in acidity, caused by lower active
fermentation (with wilted forages or forages
containing a low quantity of sugars, but pre-
served with an efficient additive) without
excessive formation of NH3 and VFA.



The negative effects of acidity on intake
are especially apparent with perennial rye-
grass (Wilkins et al, 1978) and maize
silages. In these cases the effects are not
masked by the presence of ammonia. In
maize silages acidity is generally negatively
linked to DM, and cattle are very sensitive to
these factors (Malterre, 1976). The effect
on intake of maize silages with low DM is
therefore comparable to that of well-acidi-
fied grass silages.

The influence of acidity on intake was
mainly determined by the neutralization of
acid silages before feeding. Extensive
research has been undertaken on this sub-

ject (Shaver et al, 1985; Gill et al, 1988;
Thomas and Thomas, 1988). In several
studies neutralization did lead to higher
silage intake (McLeod et al, 1970; Thomas
and Wilkinson, 1975; Shaver et al, 1985;
Erdman, 1988; Ndwiga et al, 1990), but in
other studies no effect was observed

(Wilkins, 1974; Fahran and Thomas, 1978;
Snyder et al, 1983; Phillip and Hidalgo,
1989). In the latter studies the acidity was
probably low or insufficient to affect intake.
The addition of acids can lower the intake

(see the section on the effects of lactic and
acetic acids), but when they were added to
silage and the pH was kept constant, no
reduction in intake was observed (Hutchin-
son et al, 1971). ).

The concentration of free acids in silage
seems to have more influence on the intake
than the absolute pH of the silage. Mietti-
nen et al (1991) observed no reduction of
intake with 60 g/kg DM of free acids (includ-
ing 20 g of acetic acid), but a 30% intake
reduction when the free acid concentration
was 130 g/kg DM (70 g of acetic acid). For
the same silages, if the quantity of acetic
plus lactic acids was 50 g, the reduction of
intake was 5%, and 30% with 200 g of these
acids.

Silage acidity can be detected by chemo-
receptors in the rumen, or in the organs, if
metabolite concentration thresholds are sur-

passed. However according to Phillip and
Hidalgo (1989), silage intake does not lead
to disturbances in the animal acid balance.
In addition, it is difficult to separate the abso-
lute influence of silage acidity on the intake
from that of acidity induced by fermentation
in the rumen. This differentiation is only pos-
sible for silage with a high DM and very low
acid content. The effects of silage acidity
and rumen fermentation on the intake of
acid-rich silage are probably cumulative.

Curiously, for maize silages, sheep seem
not to be sensitive to acidity (neither are
they sensitive to DM; Demarquilly, 1994).
This is perhaps because, in that situation,
another mechanism of intake control is pre-
dominant. Indeed, for the same digestibil-
ity value (72) fresh grass is always ingested
faster than fresh maize, probably because of
the high quantity of rapidly fermentative
components in maize. The result is a rela-
tively low intake of low-fermented silages
and, as a consequence, a very small effect
of an increase in fermentation products, par-
ticularly acids.

Osmotic pressure

Few studies have been made of the influ-
ence of silage osmotic pressure on intake.
Phillip et al (1981 b) formulated the hypoth-
esis that high silage osmolality has a nega-
tive effect on intake. There is indeed a neg-
ative relation between rumen osmolality and
intake, with intake totally ceasing at a rumen
osmolality of 550 mosmol/kg. This variable
may, therefore, have an effect, but it is prob-
ably only a limited one. Teller et al (1989)
found the highest rumen osmolality for the
silage with the highest intake. Chiofalo et
al (1992) also found the highest rumen
osmolality for hay, which was ingested in
greater quantities than the silages used in
the same study. In contrast, the rumen
osmolality increased more quickly for poorly-
preserved silages. However, all variations
in osmolality were small during the day.



Moisture content

It has long been known that increasing
silage dry matter, by wilting the grass,
improves intake (Dodsworth and Campbell,
1953; Dodsworth, 1954; Thomas et al, 1961;
Jackson and Forbes, 1970; Wilkins et al,
1971; Demarquilly, 1973).

As with fresh forages (Verite and Jour-
net, 1970), excessive amounts of water in
forage probably have a negative influence
on rumen fill. Thus Duckworth and Shirlaw

(1958) found a decrease in intake with a DM
content lower than 24-28%. However this

hypothesis is not in agreement with the fact
that, with silage rations, full rumen capacity
is not used. Moreover bovines are more sen-
sitive to DM content in silage than sheep,
probably indicating the greater sensitivity of
cattle to the preservation quality, which is,
generally, highly related to DM content.

Several authors have studied the direct
influence of water on forage intake. The
addition of water to hay did not modify DM
intake in relation to that of dry hay (Hillman
et al, 1958; Thomas et at, 1961; Clancy et al,
1977a). Drying silage did not improve intake
either (Thomas et at, 1961; Clancy et at,
1977a). The negative effect of the addition
of water on maize intake observed by
Shaver et al (1985) was at variance with the
results of Thomas et al (1961). ).

Finally, it seems that the relationship
between silage moisture content and intake
is more statistical than causal (Thomas et al,
1961 and that the negative effects of the
water content are due to higher concentra-
tions of fermentation products, a variable
that is positively related to silage moisture
content. Nevertheless the DM content is

always a good predictor of intake.

Balance between silage protein content
and energy

An amino acid supply that does not meet
the animals metabolic needs also leads to a

decrease in intake. This was clearly demon-
strated with low quality forages by Egan
(1965) and by Papas et al (1974), who found
increased intake after an abomasal casein
infusion. Likewise, the low protein level in
maize silages, if they are unsupplemented,
can negatively affect intake (Andrieu and
Demarquilly, 1974; Thomas et al, 1975).
Many studies have used grass silages as
a result.

Hutchinson et al (1971) did not improve
rye-grass silage intake by infusing casein
post-ruminally. Wilkins (1974) found that
supplementation with blood meal had a pos-
itive effect on the intake of cereal whole-

crop silage. A proper control in the form of
fresh forage, however, was not included in
this study. Replacing the non-protein nitro-
gen in silage by true protein (Barry et al,
1978a) can, with certain types of silage,
positively affect the intake. Almost no effect
was observed with good quality silages (Gill
et al, 1987), but a significant improvement
was obtained with poor quality silages (Gill
and England, 1984). This explains why pos-
itive effects were observed in some studies

(Gill and Ulyatt, 1977; Thomas et al, 1980;
England and Gill, 1985; Veira et al, 1988),
and no difference occurred in others (Waldo
et al, 1972; Kelly and Thomas, 1975; Veira
et al, 1988; Phillip and Simpson, 1992).

It is therefore possible that the nitrogen
composition of silage affects intake when
the protein to total N ratio is too low. Worth-
while conclusions from the study of these
factors can only be obtained, however, if a

proper control silage is used. With bad and
poorly-preserved silages in particular, there-
fore, there is always the risk that the ani-
mals receive an insufficient protein supply.

Influence of specific acids

According to published reports, several spe-
cific acids present in silage, such as lactic
and acetic acids which are present in the



highest concentrations, and also butyric,
propionic and y-amino butyric acids, have
negative effects on intake.

Acetic acid

It is known that the detection of a high con-
centration of acetic acid by the rumen
chemo-receptors limits intake (Baile and
Mayer, 1970; Forbes, 1980; Baile and Della
Fera, 1988). The influence of this acid is
often cited, because of the highly negative
relationship between the silage acetic acid
content and the silage intake (Wilkins et al,
1971; Brown and Radcliffe, 1972; Demar-
quilly, 1973; Dulphy and Michalet-Doreau,
1981; Miettinen et al, 1991 Attempts to
quantify the direct effect of acetic acid, how-
ever, have yielded discrepant results. Ulyatt
(1965) found a lower intake after intra-rumi-
nal infusion of acetic acid. A negative effect
was also observed by Dinius et al (1968)
and Gill et al (1988). The latter authors, how-
ever, found that simultaneous infusion of

glucose into the duodenum limited this neg-
ative effect.

Controversially, Hutchinson and Wilkins
(1971 ) found no significant effect for acetic
acid, per se, on intake. Indeed, they
observed a reduction in intake only when
acetic acid was infused without being
buffered. When the pH was held constant,
the addition of acetic acid in amounts rang-
ing from 20-88 g/kg DM had no effect on
daily intake, except for a slightly lower intake
during the main meal. Similar findings were
reported by Phillip et al (1981a): no effect
during the day, but a slight, nonsignificant,
short-term effect during the main meal. De
Jong (1986) showed that acetic acid (like
the other VFAS) is a factor that, under nor-
mal conditions, has a limited effect on meal
size. To obtain significant effects for this
variable, authors often use high doses (Gill
et al, 1988). Finally, Mbanya et al (1993)
also rejected the hypothesis that acetic acid

alone negatively affects intake when it is

given in physiological concentrations.
In conclusion acetic acid can act nega-

tively on intake during meals when for a
short time a relatively high dose is ingested,
as happens with high intake rates. We sug-
gest that the signal generated by acetic acid
must be integrated with others, such as acid-
ity and pH. The reaction of the animals is
probably then proportional to the sum of all
the received signals. High concentrations
of acetic acid in silage can also have nega-
tive oropharyngeal effects (Buchanan-Smith,
1990; Gherardi and Black, 1991). ).

Propionic acid

The effect of propionic acid has not been
extensively studied, because it only occurs
at low concentrations in silage. Neverthe-
less high ruminal concentrations can lead
to lower intake (Baile and Forbes, 1974;
Farningham and Whyte, 1993) if the rumen
production of this acid is high. Simkins et al
(1965) observed lower intake after ruminal
infusions, and Brown and Radcliffe (1972)
found a negative relation between silage
propionic acid concentration and intake (r= =
- 0.55). However Thomas et al (1961)
observed no reduction in hay intake after
the addition of propionic acid, and intraru-
minal infusions of propionate salts did not
affect intake either (Nbanya et al, 1993).

Given the low concentration of this acid in

silages, its effect can be considered as sec-
ondary. However lactic acid is rapidly trans-
formed in propionic acid in the rumen

(Chamberlain and Choung, 1993; Van
Vuuren et al, 1995). It would therefore be

interesting to reexamine a possible effect
of propionic acid.

Butyric acid

Although the concentrations of butyric acid
in silage can be high, there have been few



studies of the effect of this VFA on the intake
level. There is often a negative relation
between silage butyric acid concentration
and intake (Demarquilly, 1973; Rook and
Gill, 1990), but a direct effect for butyric acid
is not clear. Gherardi and Black (1991) even
found a positive effect for butyric acid on
palatibility. Butyric acid thus can be consid-
ered as a good indicator of preservation
quality, but its direct effect on intake and
palatibility seems to be limited. It is also
worth remembering that many silages do
not contain this acid.

y-aminobutyric acid

This acid is found in some silages at low
concentrations. As an N-containing com-
pound it can represent 1-6% of the total N-
content, depending on preservation qual-
ity. Buchanan-Smith and Phillip (1986) found
a depressing effect of !y aminobutyric acid
on the intake during a meal following intraru-
minal infusions. The dose infused, however,
was high (40 g) and probably exceeded nor-
mal concentrations.

Lactic acid

Statistically the role of lactic acid is differ-
ent from that of the VFAS. In regression
equations, with concentrations up to about
100 g/kg DM, it was generally positively
related to intake (Wilkins et al, 1971; Demar-
quilly, 1973). This probably means that
within this range, increased concentrations
of lactic acid reflect better preservation.
However, in nearly all studies in which the
direct effect of lactic acid on intake was

tested, the results yielded either no effect
or a negative one. Only Senel and Owen
(1966) found a higher level of intake after
the addition of lactate. In another study, the
addition of lactic acid to pelleted concen-
trate did not affect intake in sheep (Morgan
and L’Estrange, 1977).

A negative effect of a combination of lac-
tic and acetic acids was found by Thomas et
al (1961 This effect was quantified by Miet-
tinen et al (1991), who obtained a 30%
reduction in intake for dairy cows with 70 g
acetic acid and 110 g lactic acid/kg DM.
Likewise Harris et al (1966) hypothesized
that lactic acid has a negative effect on
intake, especially in lambs. McLeod et al
(1970) found a 22% reduction in intake for
silage to which lactic acid had been added.
Morgan and I’Estrange (1976) observed an
intake reduction of 13% in sheep versus 7%
in cattle for feed containing 65 g/kg DM lac-
tic acid. The intake reduction of this study
was not caused by blood acidosis because,
in the rumen, lactic acid is rapidly trans-
formed into VFA. Ruminal infusions of lactic
acid confirmed its negative effect on intake
(Morgan and L’Estrange, 1977). Thomas et
al (1980) also observed a lower intake when
lactic acid concentrations were increased
from 135 to 180 g/kg DM, but showed that
the negative effect could be reduced through
the addition of fish meal. This finding, how-
ever, was not supported by the results of
Choung and Chamberlain (1993), who
observed that the negative effect of lactic
acid on intake was not reduced by casein
supplementation postruminally. Finally
Jones et al (1980), and Gill et al (1988)
found a negative relationship between lac-
tic acid concentration and intake.

There is clear evidence, therefore, that
a high content of lactic acid has a negative
effect on intake, especially with regards to
short-term regulation. Bueno (1975) showed
that feedback signals for intake come from
chemo-receptors in the duodenum which
become activated when concentrations are
above a certain threshold. McCullough
(1966) observed a delayed rumination after
rapid ingestion of silage containing high con-
centrations of lactic acid. In the rumen, lac-
tic acid is rapidly transformed into VFA (prin-
cipally propionic acid). Its direct effect must,
therefore, be considered on the short term.



Conclusion

Numerous studies have shown that low con-
centrations of organic acids in silage have
no impact on intake. When they occur in
higher concentrations they tend to reduce
silage intake; the concentration of lactic acid,
however, relates positively to intake levels.
In high concentrations, organic acids
together negatively influence intake,
because their effects are additive. This
notion of a cumulative process is important
and seems to be gaining acceptance
(Adams and Forbes, 1981; Anil et al, 1987;
Mbanya et al, 1993). The rapid satiety
observed in animals consuming silages
could therefore be due to acids acting simul-
taneously, in which case their negative
effects could be limited by buffers. With a
high intake rate, satiety could be accentu-
ated because not enough saliva is produced
during ingestion.

Finally the interpretation of results is dif-
ficult because the effects attributed to acids
could be due to a hypertonicity of the rumi-
nal contents when cations such as Na and
K are ingested at the same time.

Protein degradation products

The main protein degradation products
formed during fermentation are ammonia,
free amino acids, N-containing acids (such
as a-aminobutyric, !y-aminobutyric and 8-
aminovaleric acids), amines and small
quantities of other compounds (Voss, 1966;
Barry et al, 1978b; McDonald et al, 1991 ).
These products become more concentrated
in silage if the preservation is poor, and
may therefore affect intake. It is also known
that y-aminobutyric is a neurotransmitter
which inhibits intake, and that several of
the biogenic amines formed in silage are
toxic.

Ammonia

Studies generally show a negative relation
between the ammonia concentration in

silage, expressed as a percentage of the
total N content, and the silage intake (Wilkins
et al, 1971; Demarquilly, 1973; Wilkins et
al, 1978; Dulphy and Michalet-Doreau, 1981;
Rook and Gill, 1990). Miettinen et al (1991)
even reported negative relations between
the concentration of ammonia and amines

together, expressed either as a percentage
of DM or of the soluble N. However Rook
and Gill (1990) suggested that the direct
effect of ammonia on intake is low, but that
its influence is related to that of other fer-
mentation components, such as VFA and
probably other N-containing products. This
could explain the lower degree of correla-
tion between the ammonia content and
intake when the concentrations are

expressed in terms of DM, instead of on the
basis of total N content.

The effect of ammonia must be limited
because Choung et al (1990) found that
dairy cows fed on silage with urea had a
lower intake only when the crude protein
(CP) of diets was more than 17%, and there
was high non-protein N content and very
high ammonia content in the rumen. The
animals have a high hepatic ability to trans-
form ammonia into urea and limit its toxicity
(Symonds et al, 1981 ). Intake may be limited
only at high levels of nitrogen. This is also
supported by the fact that no intake reduc-
tion was observed in sheep offered ammo-
nia-treated hays (Benhamed and Dulphy,
1986), and that the intake of treated maize
silage was even higher than that of its con-
trol (Demarquilly et al, 1971; Heinrichs and
Conrad, 1984). Furthermore the addition of
NH3 to silage, even when the pH increased
from 4.5 to 5.5, did not influence the intake
levels (Wilkins, 1974). Van Os et al (1995a,
b) also observed no effect of addition of NH3
to a silage fed to sheep and dairy cows.



In intermediary metabolism, ammonia
remains a toxic agent and is transformed
by the liver into urea. High ruminal concen-
trations of ammonia reduced the duration
of the following main meal (Conrad et al,
1977). Something comparable may occur
during the ingestion of poorly-preserved
silages high in ammonia. For silages with
high and low ammonia contents, similar daily
DM intake was observed with both, but ear-
lier states of satiation were obtained with
the silage of high ammonia content
(Deschard et al, 1987). Thomas et al (1961)
also reported negative effects of ammonia,
but only with the use of very high doses,
rarely found in silages.

At the oropharyngeal level, ammonia
does not seem to affect the intake

(Buchanan-Smith, 1990). This is consistent
with the finding of a higher intake of ammo-
nia-treated hays (Benhamed and Dulphy,
1986). However, for similar DM intake, Hein-
richs and Conrad (1984) observed that the
animals took fewer meals when fed ammo-
nia-treated silages.

Although ammonia is widely used as an
indicator of silage quality, its influence on
intake remains unclear. It is, however,
almost certain that, in very low quality
silages, high concentrations of ammonia
affect intake (Choung et al, 1990). Never-
theless, for all kinds of silages, ammonia
(expressed as the percentage of total N)
remains a good parameter to characterize
quality and to predict intake.

Amines

During bad silage fermentation, protein
degradation occurs, yielding amines at con-
centrations up to 8 g/kg.DM (Tveit et al,
1992); however they are also formed in well-
fermented grass silages (Van Os et al,
1996). It has long been assumed that these
amines negatively influence silage intake
(Neumark et al, 1964), either at the oropha-
ryngeal level or through their physiological

effects (Voss, 1966). Neumark et al (1964)
even found a negative relation between
silage tryptamine content and intake.
McDonald et al (1963) and Okamoto et al
(1964) were unable to detect any direct influ-
ence of histamine on silage intake, perhaps
because the levels of histamine were too
low. Barry et al (1978a) put forward the
same hypothesis, because of the large
amounts of amines formed in silages (Voss,
1966).

Buchanan-Smith and Phillip (1986)
observed a short term decrease in intake
after giving ruminal infusions of mixtures of
amines frequently found in silages. No
effect, however, was found from a mixture of
putrescine, cadaverine and !aminobutyric
acids at the oropharyngeal level (Buchanan-
Smith, 1990).

From the recent studies of Van Os et al

(1995a, 1995b) and Van Os and Van
Vuuren (1996) it seems that the effects of
amines are small. An effect on palatibility
seems evident, but animals adapted after
about 14 days. Post-ingestive effects are
also possible because amines are toxic
compounds, but the ruminal content can
adapt to destroy amines (Van Os et al,
1995c; Van Os and Van Vuuren, 1996) and
rapidly limits their potential effect. There-
fore, a small decrease of intake is observed
in a first trial with sheep, but not with dairy
cows. No effects on total intake were

observed in two other trials with sheep (Van
Os et al, 1995d; Van Os and Van Vuuren,
1996), although a negative effect on palat-
ibility remained.

Other fermentation products

Clancy et al (1977b) compared the influ-
ences on intake of ruminal infusions of juice
pressed from silage and artificially com-
posed silage juice, and concluded that other
unknown or unmeasured fermentation prod-
ucts may affect the intake.



The way in which products are added to
silage (eg, by mixing, or by rapid or slow
rumen infusion) is very important and the
ingestive behaviour of the animals must be
taken into consideration. The rate of intake
is always high and the effect of many solu-
ble products may be short and therefore dif-
ficult to observe.

DISCUSSION AND GENERAL
CONCLUSIONS

Many fermentation products, considered sep-
arately but at fairly high levels, have a nega-
tive effect on the DM intake. For product lev-
els normally observed in silages we must
consider simultaneously the cumulative
effects of different components, and the effect
of different components in different silages.
This explains somewhat the complexity of
studies on silages and the differences in their
results and interpretation. The associated
effects of different physiological systems for
intake control must also be considered

(oropharyngeal, ruminal and metabolic;
Forbes, 1986). No single effect is able to
explain all observations (Mbanya et al, 1993).

The influence of fermentation products
on the intake-regulating mechanisms seems
to occur mainly via chemostatic regulation in
the rumen or through intermediary
metabolism. Influence at the oropharyngeal
level seems to be of minor importance,
except when silages contain high concen-
trations of fermentation compounds. This
probably explains the rapid satiety observed
during the main meal, a typical intake pattern
which prevents disturbances in the animal’s
homeostasis and that can be learned during
the first few days of the distribution. The
number and size of the small meals there-
after probably depends on the disappear-
ance of the state of satiation and on the sen-

sory attributes of the silage.
Under these conditions, the mechanisms

regulating homeostasis would play a deter-

mining role, which is a classical law in phys-
iology. Animals would be obliged to limit
their intake to avoid metabolic disturbances.

The correction of these problems (by buffers,
amino acids, etc) often results in a higher
intake.

The rapid achievement of satiety is
unique to silage diets and is probably related
to a high rate of intake and the fact that,
with silages, rumen capacity is not used to
its fullest extent. In contrast, these mecha-
nisms seem to have little effect on small

meals.

As silage intake is governed by numer-
ous factors it is difficult to determine the indi-
vidual role of the different regulatory mech-
anisms involved and to quantify the
controlling influences of the different fac-
tors. However, as our knowledge of intake
regulation advances so does our under-
standing of the mechanisms governing
them.

Methods exist for making a good quality
silage which will lead to high levels of intake
(Van Vuuren et al, 1995). This silage may be
slightly wilted (25% DM) and preserved with
an efficient additive. It can be also wilted

(35% DM), but in this case, if intake is nor-

mally high, digestibility and value for milk
production decrease. These two kinds of
silage result in an intake similar to that of
the corresponding fresh forage or barn-dried
hay, presumably because they contain a
low concentration of fermentation products.
Two other types of silage are also avail-

able: 1) well-preserved direct silages from
low dry matter maize or perennial rye-grass,
but with a low pH and a high level of free
acids: the DM intake is low, because of the
acids; acetic and lactic acid may also have
specific negative effects; and 2) poorly pre-
served direct-cut silages from grasses and
legumes, with high levels of ammonia,
amines and butyric acid and a relatively high
pH; the more poorly they are preserved the
greater is the decrease in the resulting
intake. The factors involved are numerous



and their effects are probably cumulative
(eg, moisture, VFA, ammonia, amines and
y-aminobutyric acid), with unknown com-
pounds possibly having specific influence.
Hence it is perhaps not advantageous to
know precisely which factors cause low
intake, but statistical relations between some
parameters and intake are very interesting.

In conclusion, considerable advances
have been made in our knowledge of intake
control of silage DM by ruminants. Many
questions remain however. It is probable
that current studies are more efficient than
those made 30 years ago, but there is far
less research now into the topic because
well ingested silages are, in theory, easy to
prepare.
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