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Stellingen

Voor het ontstaan van bicgene aminen in graskuilen is de aanwezigheid van
boterzuurbacterién niet noodzakelijk. (Dit proefschrift}

Niet de uiteindelijke pH-waarde, maar de snelheid waarmee deze pH-
waarde bereikt wordt, is de belangrijkste factor in de vorming van biogene
aminen in graskuilen. (Dit proefschrift)

De directe relatie tussen de opnamesnelheid per maaltijd en de totale
voeropname per dag, zoals verondersteld door Moseley and Manendez,
gaat niet op indien de dagelijkse voeropname chemostatisch bepaald is of
als een lage opnamesnelheid gecompenseerd wordt door een verhoging van
de maaltijdfrequentie. {Dit proefschrift)
{Moseley, G. en Manendez, A.A. (1989, In: Proc. of the XVI international Grassland
Congress, pp. 788. Nice, France).

Ammoniak en biogene aminen als zodanig spelen geen rol in de
voercpnamedepressie van graskuilen. IDit proefschrift)

Het positieve effect op de voeropname van beperking van fermentatie
tiidens het inkuilen houdt meer verband met het positieve effect van
behoud van nutriénten dan het negatieve effect van de aanwezige
fermentatieproducten in de kuil,

Het voeren van laag bemest gras aan rundvee is meeilijk te combineren met
verlaging van de methaanproductie.

Het toevoegen van probiotica en oligosacheriden aan de menselijke voeding
is niet nodig indien het dagelijks diet voldoende vezels en gefermenteerde

melkproducten bevat en matig is in vlees.

Een overheidsbeleid gericht op stimuleren van eigen huisbezit en mobiliteit
in werk draagt niet bij aan vermindering van de automohiliteit.

Wachtlijsten voor hartoperaties en het afwijzen van een bypass voor het
Groene Hart zijn ecenomisch onverantwoord.

Communicatie vereenvoudigd integratie.

Een veronderstelling blijft een waarheid als een koe tot het tegendeel
bewezen is.

Stellingen behorend bij het proefschrift:

“Role of ammonia and biogenic amines in intake of grass sifage by ruminanis.”

Monique van Os, Wageningen 22 januari 1987.
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Chapter 1

Introduction



Introduction

In the last two decades ensilage has largely replaced hay making to preserve
forage to meet feed requirements during the winter period. While in 1975 in
Western and Northern Europe about 69 Mtonne dry matter of hay and 32 Mtonne
dry matter of grass silage were made, this shifted towards about 49 Mtonne of hay
and 71 Mtonne of grass silage in 1990 (Wilkinson and Stark, 1987; 1992},
Underlying factors for this change in forage preservation include; ensiling being less
dependent on weather conditions, the mechanisation of silage making and silage
feeding, as well as the introduction of new materials, techniques and additives
improving silage quality (Zimmer, 1979}). Moreover, the increasing livestock
production rates needed grass fo be preserved at earlier stage of maturity having
a better nutritive value and a higher digestibility (Thomas and Thomas, 1985}
Hereto, ensiling appears to be a more suitable method than hay making, being less
time consuming and fitting better in to-day farm management (Zimmer, 1979)}.
Maximizing nutrient supply from home-grown forage is nowadays of interest with
respect to economical and environmental aspects. The advantages of ensilage
above hay making made grass silage a major component in feeding rations for dairy
and cattle production in Europe.

However, the intake of ensiled grass is often less than the intake of hay or fresh
grass of similar digestibility. The degree of difference is highly variable and ranges
from 1 to 64% {Demarquilly, 1973). It depends on the ensiling method influencing
the changes in chemical compasition of the grass between cutting and feeding.
Chopping (Castle et a/. 1979; Deswysen et a/. 1978; Dulphy et al. 1984) or wilting
{Marsh, 1979; Zimmer and Wilkins, 1984) the grass before ensiling, and the use
of additives including formic acid (Dulphy et a/. 1984}, fermentable nutrients
{Thomas, 1978) and inoculants (Rook et a/. 1988; Sharp et a/. 1994} improve the
nutritive value of the silage through reducing nutrient losses and increasing silage
dry matter intake. The adverse role of fermentation products in silage on intake is
suggested by the negative correlations found between silage intake and total acid
content, concentrations of volatile fatty acids, ammeonia as a proportion of the total
nitrogen content {Gill et a/. 1988; Rook and Gill, 1990), or ammonia in combination
with amines expressed on dry matter basis (Miettinen et a/. 1991}.

Among the fermentatiocn products in silage, the role of the organic acids in
controlling silage intake has excessively been studied (Forbes, 1995). For ammonia
and amines, however, a significant role in depressing silage intake has been
suggested (Gill et a/. 1987). Only a few studies have been carried out on the
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infltence of these end-products from protein fermentation on intake control.
Contradictory results have been reported, in part due to differences in levels tested,
the way of application {(addition to ration or infusion}, infusion site in the intestinal
tract, or in the case of amines, the type of amine tested. Nevertheless, a direct
effect of ammonia and amines on intake control appears to be likely. Both are toxic
agents in mammals intermediary metabolism (Visek, 1984; Joosten, 1988) and
considering their concentrations is grass silage (Tveit et a/. 1992) substantial
amounts are ingested.

In the present thesis, we investigated the formation of ammonia and biologically
active {biogenic) amines in grass silage, and their influence on silage intake control
at concentrations generally present in untreated grass silages. In Chapter 2
literature is reviewed concerning voluntary intake of grass silage, the intake control
mechanisms involved, and the influence of individual fermentation products and
some silage characteristics on voluntary intake. Because in the literature extensive
protein degradation and formation of amines are mostly described in poor-quality
silages, with only the formation of three or four single types of amines studied per
experiment, we investigated the formation of a larger number of biogenic amines
in well preserved laboratory silages in relation to the initial fermentation rate
{Chapter 3). The most important biogenic amines found in the laboratory scale
silages, and ammonia were subsequently tested for their influence on silage intake
in sheep (Chapter 4) and dairy cows {Chapter 5). In Chapter 6, we investigated /in
vitre, whether the tested amines are degraded in rumen content of sheep, with
additionally considering the influence of the amine concentration in their diet on the
extent of rumen degradation of amines. Apparently, the amount of amines tested
in the studies of Chapter 4 and Chapter 5 were in the lower part of the range of
concentrations found in untreated silages. Therefore, a second experiment was
carried out with sheep {Chapter 7) in which the influence of a greater amount of
amines supplemented 1o a good-quality silage on silage intake was studied. In this
experiment, we investigated also the possibility that a combination of ammonia and
biogenic amines affects silage intake and intake behaviour. It was assumed that
amines may depress intake during the first few days of feeding. Their acute effect
an intake, and extent of adaptation to bicgenic amines were tested in sheep
(Chapter 8). In the general discussion {Chapter 9), results of the experiments are
discussed and related to the current knowledge on protein degradation and amine

formation during ensiling and the intake regulation of grass silage.
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Voluntary intake and intake control of grass
silage by ruminants

M. van Os and J.P. Dulphy

Abstract

Reviewing the voluntary dry matter intake (DMI) of grass silages in sheep and
cattle show that DMI of very good- and good-quality silages is nearly similar to that
of the corresponding dry forage prepared from the same sward or the fresh forage.
The DM/ of more extensively fermented silage is reduced in both sheep and cattle.
Especially when the silage contains high amounts of volatile faity acids (VFA) and
ammonia (NH ). The fermentation products in those poorly preserved silages seem
to lower DM/ through irnpaired palatability, and through earlier reaching the state
of satiation. This satiation is not the result of a maximum rumen fifl. Therefore, the
mechanisms controfling silage DM originate mainly from the oro-pharyngeal level
ftaste, smell) and metabolic level (metabolites or disturbed homeostasis in rumen
or intermediary metabolism). Although significant negative relationships exist
between acetic acid, propionic acid, butyric acid and ammonia, these compounds
can not be indicated as direct depressors of silage DMI. When added to the diet or
infused into the rumen at doses resembling those ingested upon consuming a
poorly preserved silage they do not reduce DMI. Possibly, the negative effect of
fermentation on DM/ of silage is the resuft of a combined effect of the individual
fermentation products and overall fermentation.

Besides lowering silage palatability and inducing satiation, fermentation products
in silage can lead to metabolic disregulation in the ruminant depressing DMI. An
unbalanced nitrogen and energy supply in the rumen for microbial synthesis may
result in an insufficient amino acid supply to the animal.

During protein degradation, which is substantial during silage fermentation and
indicated by NH; formation, also other nitrogenous compounds are formed
including amines. Concentrations of these physiological active agents are not
routinely determined in silage. These amines or other possible unknown
fermentation products must be considered in the overall negative effect of
fermentation in sifage on its voluntary DMI,
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Introduction

To explain variations in forage intake and to predict the voluntary intake of
forages, it is necessary to know which factors and mechanisms are involved in
regulating voluntary intake. Ensiled grass is the main forage used in ruminant
feeding in northern and western Europe (Wilkinson and Stark, 1992). The voluntary
intake of silage shows large variation and is generally lower (1-64 %) than that of
the corresponding fresh grass (Demarquilly, 1973) or hay (Chiofalo er a/. 1992;
Thiage et a/. 1992a) prepared from the same sward. Because nutrient supply to the
animal depends on the level of voluntary intake, extensive research has been done
to explain the lower intake of ensiled forages.

The aim of this paper is to review silage related factors affecting intake and the
mechanisms controlling intake.

Grass silage intake

Voluntary daily intake
The fermentation quality of grass silage can be characterized by its levels of
fermentation products. Quality classes based on fermentation products have been
proposed by several authors {Flieg, 1938; Wieringa and De Haan, 1961; Zimmer,
1966; Dulphy and Demarquilly, 1981; Offer et a/. 1993)}. In this paper the system
of Dulphy and Demarquilly {1981) is adopted (Table 2.1)

Several comparisons have been made of the voluntary dry matter intake (DMI)
of very good-quality grass silages and that of the initial green forage or hay
prepared from the same sward. Dulphy and cowarkers found with heifers a 2-5%
lower DMI of good-quality silages in 32 direct comparisons with the green forage
(Dulphy et alf. 1984; 1987). With dairy cows Dulphy {1987) found in one
comparison a 6% higher DMI of silage when compared to hay prepared from the
same sward, whereas in 3 other direct comparisons a 5% reduction was found.

in sheep, Dulphy and Michalet-Dareau {1981) report a 17% reduction in DMI of
a good-quality silage, when comparing it with the original fresh forage. In this
study the intake of fresh forage was measured at long day lengths, whereas silage
intake was measured in winter at short day lengths. Feeding the same hay
throughout the year, Michalet-Doreau and Gatel {(1983) found a 17% reduction in
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Table 2.1 Preservation quality of grass silage (Dulphy and Demarqguilly, 1981).

Level of fermentation praducts

Total VFA Acetic acid Butyric acid Ammonia-N
Class (mmol/kg DM) (a/kg DM) (a/kg DM) (% of Nigat
Very good < 330 < 20 0 < 7
Good 330-660 20-40 < b 7-10
Medium 660-1000 40-55 > b5 10-15
Poor 1000-1330 55-75 > b 15-20
Very poor > 1330 > 75 >5 > 20

VFA, volatile fatty acids; DM, dry matter.

DMI as the effect of day length. So most probably the difference in DMI between
silage and grass observed by Dulphy and Michalet-Doreau {1981} has to be
attributed to photoperiodicity and not to {fermentation products.

It is concluded that DMI of very good- and good-quality grass silages is similar
or only slightly reduced as compared to that of hay or the initial green herbage.

Decrease in silage preservation quality, characterized by higher levels of
fermentation products (NHy and VFA; Table 2.1}, declines DMIl. Negative
correlations exist between concentrations of NH,, acetic acid and dry matter
content of the silage with DM in sheep (Wilkins et a/. 1971; Brown and Radcliffe,
1972; Demarquilly, 1973), beef cattle (McCullough, 1966; Waldo et a/. 1968;
Rook and Gill, 1990) and dairy cows (Miettinen et a/. 1991). Propionic acid
correlates also negatively with DMI in sheep (Brown and Radcliffe, 1972), butyric
acid with DMI in sheep and cattle (Demarquilly, 1973; Rook and Gill, 1990}, and
NH; plus amines with DM in dairy cows {Miettinen et a/. 1991). Dulphy and
Michalet-Doreau (1981} linked levels of fermentation products quantitatively to
effects on silage DMI. In sheep they calculated intake reductions of; 6.3 g/kg
metabolic live weight (LWO7%) when pH increases 1 unit; 7.0 g/kg Lwo-75 per
10% units increase of the NH;-N content expressed as % of Ny, 7.8 g/kg
LW%75 when acetic acid concentration increases 100 g/kg DM, and an intake
reduction of 5.5 g/kg LW% 7% per 1 mol increase of the total VFA content/kg DM.
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Because the concentration of these fermentation products are mutually strongly
correlated, the calculated effects are not cumulative.

The negative effect of fermentation on silage DMI is also evident when DMI of
naturally fermented silages is compared to that of the same herbage ensiied with
restricting fermentation by the use of additives (e.g. formic acid) or wilting. These
treatments generally improve silage DMI {Table 2.2).

Table 2.2 The positive effect of formic acid addition or wilting on silage dry matter
intake (DMI) by ruminants (g/100 g DM of the untreated silage).

Ensiling treatment

Animal Formic acid® Wilting® Reference

Heifers 16 {3.0 l/tonne) Waldo et a/. 1968
Sheep 15 {4.5 l/tonne) Dulphy et a/. 1984
Heifers 23 {4.5 |/tonne) Dulphy et al. 1984
Sheep 18 (4.5 i/tonne) Chicfalo et a/. 1892
Heifers 20 {3.0 I/ronne) Moloney and O’Kiely, 1994
Sheep 44 {25-45% DM} Marsh, 1979

Cattle 31 {25-+45% DM} Marsh, 1979

Dairy cows 10 {25-45% DM} Marsh, 1979

Heifers 18 (25—+40% DM) Teiler et a/. 1989

2 application rate.

® increase of dry matter (DM) content.

Intake behaviour and rumination
Voluntary daily DMI is the result of the total number of meals per day and the
quantity eaten during the individual meals. Compared to hay, the daily intake
pattern of grass silage is characterized by a relatively short first meal after feeding,
with lower DMI and a larger number of subsequent small meals in both sheep
{Chiofalo et a/. 1992) and cattle (Thiago et a/. 19925). The fermentation in silage
thus appears to influence intake behaviour by giving earlier signs of satiation
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stopping feed consumption.

With good-quality silages, the lower DMI during the principal meal is
compensated by a higher DMI during the subsequent meals over the day resuiting
in similar silage DMI compared with that of hay or fresh herbage. The limited
fermentation in good-quality silages thus allows the animal either to increase the
number of subsequent small meals or to increase DMi during these meals (Dulphy,
1985).

With medium- to poor-quality silages (Table 2.1), the higher concentrations of
fermentation products further reduces the time spent eating and DMI during the
principal meal. Additionally, they reduce the number and DMI of subsequent small
meals during the day (Dulphy et a/. 1984; Chiofalo et a/. 1992). This indicates that
with poor-quality silages the satiation induced after the principal meal lasts
throughout the day, and the associated intake reduction can not be compensated
{Baumont et a/. 1993).

The average rates of intake during the principal and subsequent meals also
characterize forages having different DMI. Both are lower when feeding silage than
when feeding hay (Chiofalo et a/. 1992; Thiago et a/. 199256) or the fresh herbage
{Dulphy et a/. 1984}. Though results of Dulphy et al. {1984) indicate that sheep
react less to the extent of fermentation than heifers, the negative effect of
extensive fermentation on intake rate can not be excluded.

The shorter time spent ruminating in cattle (Thiago ef a/. 199254}, dairy cows
{Van Bruchem et af. 1991) and sheep (Chiofalo et a/. 1992) fed a good-quality
silage when compared to hay, or when feeding silages of inferior quality {Chiofalo
et al. 1992; Teller et a/. 1989} is more the consequence of the lower silage DMI
than its cause. When feeding silage, the time lag between the end of the principal
meal and the beginning of rumination is generally longer than when feeding hay
hay. Probably this is caused by the lower rumen fill in silage fed animals (Thiago
and Gill, 1986; Chiofalo et a/. 1992}, giving less tactile stimulation in the cardiac
region of the rumen which delays regurgitation of the rumen digesta (Dulphy &t a/.
1984).

The lower total chewing efficiency {less g DM chewed per time unit) observed
on silage is due to a longer chewing time per g DM during intake, and not due to
longer rumination {Chiofalo et a/. 1992).

In summary, silage gives earlier signs of satiation than hay influencing the silage
intake behaviour.
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Intake regulating mechanisms

Besides factors controlling intake at long term, such as physiological state,
production level and nutrient availability, voluntary DMI during the day is regulated
by short term mechanisms. On the short term, intake is controlled by a variety of
signals from mechanisms located at oro-pharyngeal, rumen and metabolic level.
These act solely or integrated, and determine meal size and meal frequency during
the day (Grovum, 1988). Because DMI of good-quality silages is close to that of
hay or fresh forage, similar intake regulating mechanisms are assumed. The
reduced DMI of medium to poor-quality silages suggests that more fermentation
also generates more satiation signals. These satiation signals could be generated
at oro-pharyngeal, rumen ar metabolic level.

Oro-pharyngeal intake control

Palatability is widely accepted as a factor determining forage intake {Greenhalgh
and Reid, 1971; Grovum, 1988). It is generally defined as the sensory response of
the animal to its feed, characterized by the willingness to accept the feed and by
eating rate. Both, feed related factors (taste, smell and texture) and animal related
factors like nutritional state and type and level of production are of influence.

Palatability has a definite impact on the intake of forages with low nutritive
value, like straw. Sheep ingest more straw supplemented with sodium glutamate
as a taste improver (Colucci and Grovum, 18993), whereas intake of urea treated
straw is lower when it contains high concentrations of urea, which is known to be
unpalatable (Dulphy et a/. 1992). Assuming that silage contains fermentation
products having strong taste and smell, negative effects of palatability on intake
are likely. This was demenstrated by the higher DMI of silage with anosmic sheep
(Michalet-Doreau, 1975), and by adding flavouring compounds {Henderson and
Anderson, 1986; Corkum et a/l. 1994). Of the fermentation products in silage
individually tested on palatability in sham fed sheep {NH,, amino acids, amines,
lactic, acetic and butyric acid), only acetic acid lowers silage DM! {Buchanan-
Smith, 1990}.

In nermally fed animals, as emphasized by Buchanan-Smith (1290), when
determining the impact of fermentation products on palatability, it is important to
separate oro-pharyngeal intake control from that induced by post-ingestive signals
of satiation. The effect of fermentation products on palatability can therefore also
be deduced from a lower initial intake rate of the first meal. Here effects of
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satiation can most likely be excluded. Just a generally reduced intake rate of the
whole meal, as reported for silages when compared to hay and fresh forage by
Dulphy et al. {1975; 1984), does not totally exclude satiation effects.

Intake control af rumen level

Physical aspects. An impartant factor determining voluntary intake of roughages
is the fill of the reticulo-rumen (Balech and Campling, 1962), monitored by
mechanoreceptors in the rumen epithelium {Grovum and Phillips, 1978). Rumen
distension highly depends on retention time of the forage in the rumen, being
mainly influenced by DM disappearance through digestion and passage of
undegraded digesta (Van Vuuren, 1994}. Digestibility of silage, when corrected for
volatile constituents, does not differ from that of fresh herbage (Beever et a/.
1971; Michalet-Doreau and Demarquilly, 1281}, or hay prepared from the same
sward (Beever et af. 1971; Thiago et a/. 19923a). Additionally, fermentation quality
of the silage has no influence on its digestibility {Sharp et a/. 1994; Cushnahan and
Mayne, 1995). The rate of particle size reduction might be lower on silage diets,
because of delayed rumination and a high proportion of pseudo rumination
(Campling, 1966; Deswysen et a/. 1978; Dulphy et a/. 1984). The rumen pool
turnover rate, however is similar {Chiofalo et a/. 1992} or even higher (Thiago et
al. 1992a) with silage than with hay. Moreover, rumen fill is consistently lower in
animals fed silage than in animals fed hay. This holds true for sheep {Chicfalo et
al. 1992), steers {Thiago and Gill, 1986; Thiago et a/. 199258} and dairy cows
(Campling, 1966; Lawlor and O’ Shea, 1967). With diminished preservation quality,
rumen content is further reduced as demonstrated in sheep by Dulphy et a/. {1975)
and Chiofalo et a/. {1992). These findings indicate that, unlike feeds with low
nutritive value (straw), the voluntary intake of silage is not limited by the rumen
capacity. Nevertheless it is possible that, in comparison to hay, a rapid production
of fermentation gasses in the rumen upon silage intake can iead to increased rumen
distension and depress DM (Prates et a/. 1986, Thiago et a/. 1992a). However,
comparing silage with fresh grass, this can not be the cause of lower silage intake,
regarding the large soluble and easily fermentable fraction in fresh grass (Van
Vuuren et a/. 1991).

Chemical aspects. With silage, the increase in concentrations of fermentation
products in the rumen is usually more rapid than with hay (Thiago et a/. 1992a).
This rapid increase originates from ingestion of fermentation products present in
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silage and the more rapid digestion of the silage than compared with hay. The
increase of rumen NH, and VFA, and therewith the decrease of rumen pH and
increase of rumen osmolality will be detected by the chemoreceptors {Martin and
Baile, 1972) respectively osmoreceptors (Gill et a/. 1987) located in the rumen
wall, which then generate signals of satiation (Gill et a/. 1987}. The impact of both
types of receptors on intake control has been clearly demonstrated. Increasing
rumen fluid osmolality depresses maize silage intake in sheep, whereas DM totally
ceases at values of 550 mosmol/i (Phillip et a/. 1981). Both, the depressed DMI
upon rumen infusions of lactic acid and VFA {Thomas et a/. 196156), and the
depressed DMI in cows upon infusions of acetate or propionate salts, compared to
an iso-osmolar control infusion {(Anil et a/. 1993}, indicate a role of chemoreceptors
in intake control at rumen tevel. Furthermore, in dairy cows DM is depressed when
NH, concentrations of >300 mg/l are present in the rumen for a longer period
(Choung et a/. 19290).

The depressed DMI of the meal after intra-rumen infusion of physiological doses
of silage juice (Buchanan-Smith and Phillip, 1986) makes it conceivable that
fermentation products act on chemostatic regutation at rumen level. Thiago et al.
(1992a) reported that he meal size is determined by this type of intake control. The
grass silage fed steers show a shorter duration of the principal meal with lower
DMI, which is accompanied by a faster increase and higher peak concentrations of
NH, and VFA in the rumen, as well as a more rapid pH drop than when feeding
hay. In contrast, Chiofalo et a/. {1992} found lower pH, higher asmolality and VFA
contents in the rumen at the end of a principal meal of hay with a longer duration
and higher DMI than with silage. Similar results have been observed when
comparing wilted and direct cut grass silage fed to dairy cows (Teller et a/. 1989).
These contradictory results of Thiago et a/. (1992a) and Chiofalo et /. {1992) and
Teller et a/. {1989) on the impact of concentrations of fermentation products in the
rumen on DMI indicate that the early satiation observed with poorly preserved
silages is not only the result of chemostatic regulation at rumen level. Probably, the
DMI of good-quality silages is regulated by palatability and chemostatic
mechanisms in the rumen and that of poar-quality silages through combined effects
of low palatability and signals from intake chemostatic mechanisms in intermediary
metaboelism.

Almost all studies described in literature lack detailed studies of rumen
fermentation patterns while closely monitoring intake behaviour. This type of
experimentation might be a method to quantify the impact of single or
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combinations of fermentation products in the rumen on chemostatic intake control
at this level,

Metabolic intake control

Especially with poor-quality silages, concentrations of fermentation products in
the rumen appear not to be the determining factors of meal size and daily DMI
{Teller et af. 1989; Chiofalo et al. 1992). When feeding silage, high amounts of
fermentation products are absarbed from the rumen. These fermentation products
are present in the silage and are formed upon digestion in the rumen. Concerning
the amounts absorbed, it is plausible that control mechanisms at the level of the
intermediary metabolism have also an impact on intake control.

Osmo- and chemoreceptors located in the gut, systemic circulation and liver
detect changes in levels of nutrients or fermentation products, and induce signals
regulating DMI (Baile and McLaughlin, 1987). These feedback signals, are
transmitted by hormones, neuropeptides and neurotransmitters via humoral or
neural pathways to the hypothalamus, the brain area involved in feed intake control
{Morley et a/. 1984). The gut hormones gastrin, secretin and cholecystokinin, all
are secreted upon increasing concentrations of peptides or acids in the proximal
duodenum, inhibit DMI in sheep {Grovum, 1981). Whether the impact of these
hormones is more important during silage intake than in rations without silage has
so far not been studied.

In poor-quality silages, important concentrations of y-amina butyric acid (GABAJ,
occur {Ohshima et a/. 1979). This fermentation product of glutamic acid is also an
inhibitory neurotransmitter affecting silage intake in sheep {Seoane et al. 1984).

Energy supply to tissue cells is another impaortant factor in controlling DMI (Baiie
and Forbes, 1974). In ruminants the absorbed acetate, by directly being oxidized
in the cell, and propionate and butyrate indirectly by being precursors for liver
gluconeogenesis, are the main source of energy supply to metabolism {Van
Houtert, 1993)}. Insulin induced glucose uptake in the cell acts as a satiating factor
depressing DM (Bareilie and Faverdin, 1996). With poor-quality silages containing
low quantities of easily fermentable carbohydrates or lactate, rumen fermentation
pattern shifts towards acetic acid instead of propionic acid (Van Houtert, 1993).
Intake of this type of silage increases the acetic acid load in intermediary
metabolism. The metabolism of acetate in tissue cells yields less energy per moie
oxygen used than that of glucose. The cansequently lower efficiency of oxygen
use might also be a cause of depressed DMI (Ketelaars and Tolkamp, 1992). When
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the amount of VFA absorbed exceeds the uptake by liver and tissue cells, a further
rise in blood concentrations might depress intake by increased osmolality
{Farningham and Whyte, 1993},

Metabolic disregulation. Lower DMI of poorly preserved silages can also be
caused by metabolic disregulation {Howie, 1988). Possible disturbances in
intermediary metabolism associated with silage intake are acidosis, ketosis, NH,
intoxication or intoxication from other products of protein fermentation (e.g.
amines}. Further, a shortage of protein or amino acid supply to intermediary
metabolism, as well as a lack of energy for metabolic functions are possible. The
influence of fermentation products on the incidence of acidosis, ketosis, NH; and
amine intoxication will be discussed later.

Intake being depressed as the result of a shortage of protein or amino acid
supply at metabolic level is deduced from an increase in DMI after duodenal protein
infusions in sheep fed a low protein diet {Egan and Moir, 1964). A shortage of
protein supply being a cause in lowering silage DMI is acceptable, because in poor-
quality silages the flow of rumen undegraded protein to the intestines is low, and
the formation of microbial protein in the rumen is reduced due to an asynchronous
N and energy supply (Thomas and Gill, 1988). In this situation, increased protein
supply to the small intestines through either increasing passage of rumen
undegradable protein by supplementing a poor-quality silage with fishmeal (Veira
et al. 1994), or increasing microbial growth by supplementing the silage with an
easily fermentable energy source, improves intake and N retention {Gill and
England, 1984; Sanderson et al. 1992).

Metabolic disregulation could alsc be caused by an imbalanced supply of
glucogenic (propicnate) and ketcgenic (acetate and butyrate) fermentation
products. This is suggested by Gill et a/. {1988) who reported increased DMI in
sheep upon infusing glucose into the duocdenum while also high rates of acetate
were infused in the rumen.

In conclusion, the DMI of ensiled forage with normal digestibility is probably
controlled by mechanisms at oro-pharyngeal level and by chemostatic control
mechanisms at rumen and metabolic level. With poorly preserved silages it is
supposed that mainly the low silage palatability and control mechanisms at
metabolic level determine its voluntary DMI.
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Silage related factors and individual fermentation products

Significant mathematical relationships exist between silage characteristics,
including pH, DM content, VFA and NHj;, and silage intake. Extensive work has
been carried 10 determine these silage characteristics or fermentation products
responsible for lowering silage DMI, and the different intake control mechanisms
involved.

Dry matter content

Silage DMI is positively related to the silage DM content (Dodsworth and
Campbell, 1953; Jackson and Forbes, 1970; Wilkins ef a/. 1971; Rook and Giil,
1990). Lowering the DM content of lucerne hay to0 250 g DM/kg, however, does
not decrease DMI, whereas no increase in DMI is observed when a low DM (250
g/kg) silage prepared from the same lucerne crop is dried. The DMI remains
significantly lower than that of the hay compared {Thomas et a/. 1961a; Clancy et
al. 1977). These observations indicate that silage moisture content per se (mainly
extra-cellular water) is not a factor limiting intake. Ensiling a forage at higher DM
content limits the rate of fermentation and restricts the amount of fermentation
products formed. The resulting silage will be of better nutritive value (Wilkins et a/.
1971), being more likely the factor improving silage DMI.

Organic acids

Silage acidity (pH). Mathematical regressions show that silage intake is reduced
when the amount of free acids {(acetic plus lactic acid} in silage exceeds 50 g/kg
DM, or when its pH value is below 3.65 {Miettinen et a/. 1991). When correlating
silage pH with DMI, two different trends are present; 1, DMI] decreases with
increased pH value of the silage (Dulphy and Michalet-Doreau, 1981; Demarquilly,
1973), 2, DMI increases with the increased pH value {Wilkins et a/. 1971; Brown
and Radcliffe, 1972; Shaver et al. 1985; Erdman, 1388). The observations of
Dulphy and Michalet-Doreau {1981) and Demarquilly {1973) indicate that silage
acidity is not a cause of the depressed DMI. Here, higher pH values are due to
larger amounts of buffering ammonia and the weaker acetic acid in the silage at the
expense of lactic acid. Controversially, the increased DMI at high pH wvalues
{(Wilkins et a/. 1271; Brown and Radcliffe, 1972; Shaver et al. 198%; Erdman,
1988} can be attributed to the inclusion of wilted and formic acid treated silages
in the range of silages studied. In these type of silages less extensive fermentation
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{less pH decrease) is needed for a proper preservation of the forage.

There is some evidence that a high acidity of the diet lowers DML through
reduced palatability (Grovum and Chapman, 1388). Feeding neutralised silage to
dairy cows increases DMI when the control silage pH is below 4 (Fahran and
Thomas, 1978; Shaver, et a/. 1985; Erdman, 1988; Ndwiga et a/. 1990). These
results indicate that with normal silage pH of about 4.0 acidity does lower
palatability.

The acids ingested during silage eating are generally neutralized by the saliva
produced (Orth and Kaufmann, 1966), which limits the direct effect of silage pH
on rumen pH. This agrees with the findings that in sheep and cows the rumen pH
values are similar upon intake of low pH silages and intake of the same silages
being neutralized with NaHCQ, {Fahran and Thomas, 1978, Ndwiga et a/. 1980)}.
In addition, comparing sheep consuming low pH silage with sheep consuming
neutralized silage, no difference is found in blood and urine variables which indicate
acid stress {Phillip and Hidalgo, 1989). These observations exclude metabolic
acidosis as a cause for depressed DMI of silage .

So, the mathematical relationships found between silage pH (values from 3.8 to
6.0} and intake are more based on the amounts and type of the different organic
acids present in the silage than the silage acidity per se.

Volatife fatty acids. Perception of VFA or by chemoreceptors located in the
rumen wall depresses DMI (Martin and Baile, 1972}. The dose related depression
of DMI upon rumen infusions with acetic, propionic or butyric acid {Ulyatt, 1965)
is probably induced by a decrease in rumen pH. Infusion of the salts of these acids
also decrease DMI! (Simkins ef a/. 1965), indicating their direct effect on
chemostatic intake control at rumen level. In these studies the effect on intake is
only present when high, unphysiological doses are used. The use of more
physiological amounts of the individual VFAs appear to have nearly no effect on
daily DMI. For acetic acid, neither ruren infusion {Phillip et a/. 1981; Mbanya et
al. 1993) nor addition of physiological doses to grass silage {Hutchinson and
Wilkins, 1971) depress its DMI in sheep. However, the acetic acid changed the
daily intake pattern by shortening the duration of the first meal after feeding. Silage
DMI is not lower when physiological doses of propionic acid are infused in the
rumen of dairy cows (Thomas et al. 19615; Mbanya et a/. 1993). For butyric acid,
rumen infusion of doses higher than those ingested by silage neither affects silage
DMI (Huhtanen et a/. 1993}, This study show that the high amounts of butyric acid
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in poor-quality silages, does not cause ketosis which is often observed in dairy
cows fed butyric acid silage (Howie, 1988}. The increase in ketone bodies in the
blood, mainly derives from butyrate metabolization by the liver {Van Houtert,
1983), does not depress DMI (Huhtanen et a/. 1993). Therefore, the incidence of
ketosis when feeding low-quality silages resuits most probably from catabolizing
body fat due to the low DMI than being a direct cause (Van Vuuren et a/. 1995).
The metabolic control of DMI by propionate in the blood goes mainly via the
increased glucose output from the liver (Farningham and White, 1993} and its
subsequent insulin induced uptake in the cell {Sano et a/. 1995; Bareille and
Faverdin, 1996). Increased acetate concentrations in the blood, but also those of
propionate when its supply exceeds the gluconeogenic capacity of the liver, will
depress DMI via increased osmolality (Farningham and Whyte, 1993}.

Lactic acid. Lactic acid is the only fermentation product being positively
correlated with DMI (Wilkins et al. 1971; Demarquilly, 1973). However,
concentrations higher than 100 g lactic acid/kg DM depress DMI probably by
reduced palatability due to the increased acidity (Grovum and Chapman, 1988).
No direct effect on DMI is observed when lactic acid is added to pelleted grass
{120 g/kg DM}, whereas rumen infusions of similar amounts depress intake in
sheep {Morgan and L’Estrange, 1977). Addition of lactic acid to silage to a content
of 120 g/kg DM also reduces DMI in sheep (McLeod et a/. 1870). The intake
depression by lactic acid has been attributed to the decrease of rumen pH, as
perceived by the pH sensitive chemoreceptors in the rumen wall (Bueno, 1975).
In the studies of Morgan and L'Estrange {1977) the reduced DMI could not be
attributed to a decrease in rumen fluid pH. Here the proportion of VFA in the rumen
changed by increasing concentrations of propionic acid at the expense of acetic
acid. This can be explained by propionic acid being the fermentation product of
lactic acid in the rumen (Jaakkola and Huhtanen, 1992). So, the lower intake upon
lactate infusions by Morgan and L'Estrange (1977} is probably due to the increased
flow of propionate to liver as discussed previously.

In conclusion, the organic acids present in silage have little impact on intake
control at oro-pharyngeal level, but effects of acids formed upon silage digestion
are more pronounced on chemostatic control mechanisms in the rumen and
intermediary metabolism. The post ingestive effects of the fermentation products
present in silage can not be separated from those formed upon digestion. Therefore
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they must be considered to be cumulative. At physiclogical concentrations, the
impact of the individual organic acids on reducing DMI are low. However, it is
acceptable that additive effects of the individual acids with other fermentation
products are in cause of depressing silage DMI.

Nitrogenous fermentation products

During ensiling a large part of the plant protein is degraded to peptides and
amino acids. A considerable fraction of the amino acids is fermented into N-
containing products including NH;, amines, and N-containing acids, like a-amino
butyric acid and y-amino butyric acid (Ohshima et a/. 1979}. High concentrations
of these compounds occur in poor-quality silages {Tveit et a/. 1992}. Their toxicity
(NH4; Visek, 1984) or physiological activity in intermediary metabolism (amines:
Joosten, 1988; GABA: Seocane et al. 1984) make a negative effect on DMI
conceivable.

Ammonia. Negative relationships exist between silage NH and sitage DMI when
NH; is expressed on a N basis (Dulphy and Michalet-Doreau, 1981; Miettinen ef
al. 1891). Weak relationship with DM is found when silage NH, is expressed on
a DM basis (Rook and Gill, 1990}, suggesting a low direct effect of NH; on DMI.

In Sheep, NH, does not reduce palatability (Buchanan-Smith, 1990). Whether
NH4 per se reduces intake can also be derived from studies in which NH; is added
to silage or hay. Studies in which ammoniated hay is offered to sheep, no
depression of DMI is observed (Benhamed and Dulphy, 1887). Similar results are
found in studies in which dairy cows are offered ammonia treated maize silage
(Heinrichs and Conrad, 1984). Although total DM! is unaffected, the dairy cows
consume fewer meals during the day, but with higher DMI and higher intake rates.

In the rumen, high peak concentrations of NH, (>480 mg/l) are tolerated
without depressing intake, in sheep consuming ammaoniated hay (Benhamed and
Dulphy, 1987} and in dairy cows being infused intraruminally with a single doses
of urea (Choung et a/. 1990). A chemastatic regulation at rumen level of NH; is
therefore not expected. However, lasting rumen NH; concentrations of 200 mg/l
throughout the day depress intake in cows {Choung ef a/. 1990), indicating
regulation or disturbance beyond the rumen. In intermediary metabolism, NH; is a
toxic agent that is adequately detoxified by the liver into urea (Visek, 1984). In
diets containing easily fermentable protein, the continuing absorbtion of high
amounts of NH; from the rumen may exceed the detoxifying capacity of the liver,
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being about 1.84 mmol/min per kg wet weight in dairy cows (Symonds et al.
1981}. This results in increased plasma NH4 concentrations (Choung et a/. 1990)
which may depress intake through increased osmolality in the circulation (Carter
and Grovum, 1990}, or subclinical intoxication disturbing several hormone systems,
including that maintaining glucose homeostasis (Visek, 1984).

The NH5 content in silage is in general used as an indicator for silage quality and
as a tool for predicting DML. However, the direct effects of NH, on palatability and
intake regulation at rumen level seem to be of no significance.

Amines. These products of protein fermentation are formed during silage
fermentation by decarboxylation of amino acids. Small quantities are present in
well preserved silages, but amounts increase when preservation quality diminishes
(Tveit et af. 1992}). The predominant amines in grass silage are histamine,
tyramine, putrescine, cadaverine, tryptamine and phenyl-ethylamine {Ohshima et
al. 1979; Tveit et al. 1992}, Because of their physiological activity (Joosten,
1988), it has been assumed for several decades that amines negatively affect DMI
of grass silage (Barry et a/. 1970; Hole, 1985; Beever and Reynolds, 1994).
Moreover, a negative relationship exists between NH, plus amine content in silage
and its DMI in dairy cows (Miettinen, et a/. 1991). The effect of amines on DMI
through palatability and influences on intake control mechanisms at rumen or
metabolic level have not been studied in any detail.

A combination of putrescine, cadaverine and GABA added to silage at the rate
of 3.% g/kg DM dees not lower DMI by reducing palatability {Buchanan-Smith,
1890). Neither does adding 1 g of histamine to the daily ration of sheep {(McDonald
et al. 1963), nor adding 3 g to the daily silage ration of heifers {Okamoto et al.
1964) reduce DMI. Additionally, no adverse effect on silage DMI is found when
histamine, tyramine or tryptamine are infused into the rumen in a single dose of 1
g each, or in combination in one single doses of 3 g in total (Neumark et a/. 1964}.
More recent studies show that neither addition 1o the diet, nor rumen infusions of
a combination of putrescine, cadaverine and GABA (2 g/kg DM each) lower DM
by silage fed steers {Dawson and Mayne, 1995). In contrast, intraruminal infusions
of large amounts of amines depress DMI significantly. This is found for putrescine
in dairy cows upon infusing a single dose of 100 g {Lingaas and Tveit, 1992}, and
for GABA in sheep upon infusing a single dose of 40 g {Buchanan-Smith, 1982).
A study on the fate of histamine in the intestinal tract of sheep {Kay and Sjaastad,
1974) shows that histamine is degraded by the rumen microbes and that
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absorption takes place in the lower intestines. Supposing the fate of other amines
is similar to that of histamine, it is possible that upon infusing large amounts of
amines into the rumen, a considerable part escapes from degradation and passes
the rumen to the lower intestines. Whether concentrations of amines comparable
to those appearing in the rumen after consuming a poorly preserved silage act on
rumen chemostatic intake control is unknown.

The impact of amines alone or cambined with other absorbed agents on DM via
metabolic control are evident. Unlike intra-ruminal infusions, infusing formic acid
{40 mi 0.15 M) containing 121 mg histamine into the omasum of sheep depresses
DMI (Neumark, 1967; Neumark and Tadmore, 1968). The increased respiration rate
{Neumark, 1967) and depressed rumen motility {Neumark and Tadmore, 1968)
show the physiological effects in intermediary metabolism. Other indications of
individual amines affecting intermeadiary metabolism are a reduced intestinal motility
in sheep upon intravenous infusion of GABA {Brikas, 1993} and the release of
stress hormones {cortisal and norepinephrine) in sheep induced by tyramine and
phenyl-ethylamine {Forbes et a/. 1994).

In conclusion, the effect of amines on palatability can not be excluded, because
with silage intake, a wider range of different amines is ingested than those studied
by Buchanan-Smith {1990). Although DM! is not depressed by individual amines
added to the diet or infused into the rumen at amounts simulating amine ingestion
during silage intake, their influence on metabolic regulation remains possible.
Probably there are additive effects between the different amines present in silage,
or with other fermentation products as suggested by Buchanan-Smith and Phillip
{1986).

Conclusions

The voluntary daily DM} of extensively fermented grass silage seems to be
depressed trough impaired palatability, a rapid induction of satiation and most
probably also through metabolic disregulation. Negative effects of the individual
fermentation on DMI are mainly found when using high, unphysiological doses.
When their effect is tested at physiological levels, no fermentation product or
group of fermentation products can be indicated as being responsible for the gap
observed between DMI of silage and that of the corresponding fresh or dried
forage. Among the wide range of different fermentation products in the silage
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exists probably additive effects acting on the different intake control mechanisms,
which on their turn are complex and not yet fully understood.

Additicnally, referring to the composition of the NPN fraction in silage, it
contains several compounds {e.g. biogenic amines) that might affect DMI about
which literature lack information.
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