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The influence of ammonia, biogenic amines and y-aminobutyric 
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We investigated whether biogenic amines alone, or a combination of NH,, amines and y-aminobutyric 
acid (GABA) influenced grass-silage intake, intake behaviour and rumen liquid content in sheep. Three 
diets were studied: a grass silage preserved with formic acid (4 litres/tonne) (FAS), FAS with 4.9 g 
amineslkg D M  added (FAS + A), and FAS supplemented with a combination of N-components a t  the 
following concentrations: 2.7 g amines, 3.0 g NH, and 5.0 g GABA/kg D M  (FAS + C). The diets were 
offered ad libitum, once daily to six rumen-cannulated Texel wethers in a crossover design. Daily D M  
intake (DMI; g DMjd) tended to be influenced by diet (P = 008). The DMI of FAS +A was similar 
to that of FAS alone, whereas that of FAS+C tended to be higher. The mean rate of ingestion 
(g DM/min) over all feeding bouts tended to be the lowest for FAS + A (P = 0.06). No differences were 
found among the diets concerning intake behaviour during the principal meal. Average intake rate of the 
small meals tended to be the lowest for FAS + A (P = 0.06). Although rumen NH, concentration was 
higher (P < 005) after the principal meal, rumen pH, osmolality, rumen pool size and liquid content were 
not significantly altered by adding amines or the mixture of N-components to FAS. We conclude that 
biogenic amines or N-containing products of protein fermentation in concentrations normally found in 
poor-quality silages do not reduce the intake of well-preserved formic acid-treated silage. A direct effect 
on chemostatic regulation of intake was not observed, but a slight negative effect on silage palatability 
cannot be excluded. 

Grass silage: Voluntary intake: Amines: Sheep 

Ensiling grass may alter the nutritional value of the original herbage considerably. Soluble 
carbohydrates are converted to the preserving organic acids (McDonald et al. 1991), and 
a significant part of the plant protein is degraded into non-protein N (NPN) comprising 
peptides, amino acids (Heron et al. 1986), amines and NH, (Voss, 1967). The generally 
observed lower intake of grass silage when compared with that of hay prepared from the 
same forage, or the lower intake of silages of inferior quality, may be attributed to the 
fermentation products in them (Chiofalo et al. 1992; Thiago et al. 1992). Presumably, they 
reduce intake by lowering silage palatability or by evoking signals of satiation from intake- 
regulating mechanisms located in the rumen or from intermediary metabolism (Gill et al. 
1987; Baile & Della-Fera, 1988). Among the fermentation products, those of protein 
degradation, especially biogenic amines, are suggested to lower silage intake (Buchanan- 
Smith & Phillip, 1986). In a previous experiment we observed that addition of 3 g/kg DM 
of a mixture of four biogenic amines, commonly present in a poorly-preserved silage, to a 
well-preserved grass silage tended to depress intake by lowering palatability (Van 0 s  et al. 
1995~).  Moreover the rumen fluid volume tended to be higher on addition of this relatively 
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low quantity of amines to the experimental diet. However, the results did not allow us to 
judge whether biogenic amines acted on chemostatic intake regulation at the ruminal or the 
metabolic level. 

The aim of the present experiment was to confirm the negative influence of biogenic 
amines on silage intake and to establish their interference with chemostatic intake 
regulation by adding about 5 g  biogenic amines/kg DM to a good-quality silage. 
Additionally, the effect of a combination of NPN components (NH,, biogenic amines and 
y-amino butyric acid (GABA)) on silage intake was studied. GABA was included in the 
combination of NPN tested because of its presence in significant amounts in naturally 
fermented silages (Ohshima et al. 1979), the fact that GABA is found to be a 
neurotransmitter in the central nervous system acting on feed intake control (Seoane et al. 
1984) and the fact that GABA depressed intake in sheep when infused into the rumen or 
intravenously (Buchanan-Smith, 1982). 

MATERIALS A N D  METHODS 

Dietary treatments and feeding 
The basal diet consisted of a formic acid-treated (4 litres/tonne fresh material) grass silage 
prepared from a first cut from a cocksfoot (Dactylis glomerata) meadow. After a 24 h wilt, 
the grass was harvested with a precision-chop forage harvester and ensiled in a clamp silo. 
In the experiment, three diets were studied: the formic acid silage alone (FAS), FAS 
supplemented with 4.9 g biogenic amines/kg DM (FAS +A) and FAS supplemented with 
a combination of NPN components consisting of a total of 2-7 g biogenic amines/kg DM, 
NH, and GABA (FAS+C). Amounts of the individual amines added were fixed for 
FAS + A to achieve an amine content of this silage that was higher than that tested in a 
previous similar study by Van 0 s  et al. (1995 a). For FAS + C the same amounts of amines 
and NH, were added as by Van 0 s  et al. ( 1 9 9 5 ~ )  while the amount of GABA was 
determined from concentrations commonly found in poorly-preserved silages (Ohshima et 
al. 1979). Amounts of each NPN component added to FAS to obtain the diets FAS + A and 
FAS + C are given in Table 1 .  The amines cadaverine, histamine, putrescine and tyramine, 
in hydrochloric form, and GABA were purchased from Sigma Chimie, St Quentin 
Fallavier, France, and the NH, solution (NormapurTM; 200 ml/l) was purchased from 
Prolabo, Paris, France. All quantities of amines given in this study represent the free bases 
and not the hydrochlorides. The amines and GABA necessary to supplement 50 kg fresh 
material of FAS to obtain either FAS+A or FAS+C were dissolved in 1-5 litres water 
before being mixed with FAS. The NH, solution was added undiluted. Additionally, the 
same volume of water without amines or NPN components was mixed with FAS, so that 
the texture and DM content of the control FAS would not differ from the other dietary 
treatments. Every 2 d, portions of 50 kg (fresh material) of the three diets were prepared 
and stored at +4". 

After the refusals of the previous day were collected, the diets were offered ad libitum to 
the sheep in amounts sufficient to ensure refusal of at least 10 %, once daily at 09.00 hours. 

Animals and experimental design 
Six 6-year-old Texel wethers (average live weight 69 kg) were used, each fitted with a 
permanent rumen cannula (75 mm in diameter). Throughout the experiment the animals 
were kept in an experimental room, which was lit for 1 1  h/d. During adaptation periods 
they were housed in individual pens with sawdust for bedding. During experimentation 
they were kept in metabolism cages, in which they were placed 5 d before. During the 
experiment the animals had free access to water and salt blocks. 
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Table 1, Amounts of individual non-protein nitrogen components added (glkg DM) to formic 
acid-preserved grass silage (FAS) to obtain the dietary treatments FAS+ A and FAS+ C 

N source FAS+A FAS+C 

Cadaverine 1.1 0.6 
Histamine 0.8 0.5 
Putrescine 1.2 0.7 

5.0 
3.0 

Tyramine 1.8 1.0 
y-Aminobutyric acid - 

Ammonia - 

The sheep were randomly allocated, two by two, to each sequence of three dietary 
treatments in a crossover design with three periods. Each period in the crossover lasted for 
4 weeks, and consisted of a 2-week period for adaptation to the diet and a further 2-week 
period in which intake behaviour was recorded and measurements on rumen fill and its 
characteristics were carried out. 

Measurements and sampling 
During periods of measurement, samples of the diets were collected daily and analysed for 
DM content. In each period, pooled samples of each diet were stored at -20" until they 
were analysed for fermentation products. 

The DM intake (DMI) was determined daily throughout the experiment, and was 
calculated as the difference between the amount of DM offered and the amount of DM 
refused. Intake behaviour was monitored during five consecutive days by continuously 
weighed mangers, and jaw movements of the sheep were recorded simultaneously by a 
foam-filled balloon placed submandibularly. Air-pressure signals from distortion of the 
balloon were converted into electrical signals by a pressure transducer and were recorded 
by a microcomputer. In an earlier study we described in detail the procedures of recording 
intake behaviour, fitting the intake curve of the principal meal (first meal after feeding), and 
collecting samples of rumen fluid and rumen emptyings (Van 0 s  et al. 1995a). 

During two consecutive days, simultaneously with intake behaviour recordings, rumen 
fluid was withdrawn from the ventral region by peristaltic pump. From 08.30 to 12.00 
hours sampling was carried out continuously (60 ml/h); samples (30 ml) were collected 
every 30 min and additionally at 14.00, 15.00 and 16.00 hours. At the aspiration site the 
fluid was filtered through a nylon bag with a pore size of 0.041 mm. 

Cr-EDTA was used as a marker of the liquid phase to determine rumen fluid volume and 
the turnover rate (Binnerts et al. 1968). On the first day of rumen fluid sampling a single 
dose of 300 ml was introduced into the rumen through the rumen cannula at 07.00 hours. 
Previously, a fluid sample (100 ml) was taken to be analysed for background Cr levels. All 
samples collected were analysed for Cr concentration. The samples collected at 09.00 hours 
just before feeding and at 09.30, 10.00, 10.30, 14.00 and 16.00 hours were additionally 
analysed for NH,-N concentration, pH and osmolality. 

Total rumen fill before (08.30 hours) and after (10.30 hours) the principal meal was 
determined by manually emptying the rumen at given times at 3 d intervals. The complete 
collection of digesta was weighed, briefly mixed (manually) and sampled for DM content 
and amine extraction. Rumen-fluid samples were also prepared to determine pH, NH,-N 
concentration and osmolality. Additional measurements made, and those relating to the 
rumen liquid content, were ad libitum water intake, which was measured during the 5 d of 
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intake behaviour recordings (including rumen fluid sampling days), and saliva production 
during mastication. To measure salivation, a series of ingestive mastication boli (n  10) was 
collected when expelled from the cardia into the reticulum of the emptied rumen (08.30 
hours). These boli were weighed and analysed for DM content. Under the assumption that 
DM content of the bolus reflected the silage DM, the saliva content was calculated as the 
difference between total weight and DM content plus the moisture content of the silage. 
However, it must be noted that salivation rate during intake differs from that during 
rumination or rest (Church, 1976). Therefore, the rate measured in this study cannot be 
extrapolated beyond the time point it was measured. 

To determine a possible overall effect of amines in the diet on body temperature, this was 
measured rectally with a clinical thermometer at 08.30 and 17.00 hours on the days that 
intake behaviour was recorded. 

Chemical analysis 
The DM content of silage, refusals, rumen content and mastication boli was determined by 
oven drying at 80" for 48 h. Silage DM content was corrected for the loss of volatile 
components occurring during oven drying according to the method of Dulphy et ul. (1975). 
Fermentation characteristics of the silages (pH, volatile fatty acids (VFA), alcohols, lactic 
acid, NH,-N, and soluble N) were determined in the juice pressed from the silages, while 
total N and amine concentrations were determined in the fresh material. Full details of 
methods used for analysing silage composition, rumen fluid NH,-N and osmolality are 
described by Van 0 s  et ul. (1995a). The Cr concentration in the rumen fluid samples was 
determined in the supernatant fraction, after centrifugation (20 min, 40 000 g), by atomic 
absorption spectrometry (Perkin-Elmer 23 800, Bois d'Arcy, France) at the wavelength of 
357-9 nm. a-Aminobutyric acid (AABA) and GABA were extracted from the silage using 
the same extraction method as used for the biogenic amines (Van 0 s  et al. 1 9 9 5 ~ ) .  They 
were determined in the supernatant fraction by ion-exchange chromatography pharmacia 
LKB Biochrom Ltd, Roosendaal, The Netherlands; Aminoacid Analyzer alpha plus 41 5 1 ) .  

Calculations 
Liquidpussugf. The volume of the rumen liquid and its turnover rate were determined by 
fitting the model C, = C, x ePkt to the data of the Cr-concentration curve in the rumen fluid 
over the two sampling days. In this model, C, and C, are the marker concentrations at time 
t and time 0 respectively; k is the fractional turnover rate constant (YO per h), and t is the 
time (h) after marker introduction. The parameter k and the rumen liquid volume at to were 
estimated using the Marquardt method of the non-linear (NLIN) procedure of the SAS 
Institute Inc. (1987). 

Statistical analysis 
Data were subjected to ANOVA using the general linear models procedure of the SAS 
Institute Inc. (1987). Because no carry-over effects were observed between periods, effects 
of dietary treatment (2 df), animals ( 5  df) and period (2 df) were tested. Differences between 
diets were compared using Student's t test. 

RESULTS 

Diet composition 
Fermentation quality of the basic silage (FAS) was considered good according to the 
classification of Dulphy & Demarquilly (1981), as indicated by low pH, low acetic and 
butyric acid contents and low proportions of total N content present as soluble N (Nso,) and 
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Table 2. Chemical composition and fermentation characteristics (g/kg DM) of the dietary 
treatments: the formic acidpreservedgrass silage (FAS), FAS after amine addition (FAS+ A )  
and after addition of a combination of nitrogenous components (FAS+ C)  

FAS FAS+A FAS+C 

DM (g/kg fresh weight) 23 1 221 229 
PH 4.0 4.0 4.2 
Crude protein (N x 6.25) 165 169 184 

NH,-N (Yo total N) 8.1 8.0 15.4 
Soluble N (X total N) 50.4 52.2 57.1 

Lactic acid 82.6 75.1 72.8 
VFA 22.3 19.8 22.6 

Acetic acid 19.4 17.6 19.8 
Propionic acid 1.2 0.8 1.2 
Butyric acid 1.7 1.4 1.6 

Alcohols 3.7 3.6 3.3 
Amines 2.4 7.4 5.1 

Cadaverine 0.4 1.5 1.1 
Histamine 0.4 1.1 0.7 
Putrescine 0.4 1.5 1.1 
Tyramine 1.2 3.3 2.2 

y-Aminobutyric acid 2.0 2.1 6.4 
a-Aminobutyric acid 0.1 0.2 0.1 

VFA, volatile fatty acids. 

NH,-N (Table 2). Addition of the different N-components to FAS resulted in the desired 
increase of biogenic amine content in the FAS + A  diet, and the concentrations of different 
NPN components (NH,-N, biogenic amines and GABA) in the FAS+C diet. Adding 
amines did not significantly alter pH and crude protein (CP) content in FAS + A  when 
compared with FAS. Adding the mixture of N-components, however, slightly increased CP 
content and the proportion of Nso, of FAS + C, and its pH value as a result of the buffering 
properties of the added N-components. 

Intake and intake behaviour 
Daily DMI and means of the variables of intake behaviour are given in Table 3. Daily DMI 
were similar for FAS and FAS+A, but tended to be higher for FAS+C (P = 0.08). The 
average rate of intake of the daily ration also tended to be affected by dietary treatment 
(P = 0.06), and was lowest for FAS+A. 

Neither addition of amines alone nor addition of the mixture of NPN components 
significantly altered the intake variables at the principal meal. The amount eaten averaged 
316 (SE 13) g DM. So, tendencies of dietary treatment to affect intake rate of the daily 
ration, originated mainly from influences on the average intake rate of the subsequent small 
meals. This tended to be lowest for FAS +A and highest for FAS + C. The number of small 
meals, however, was not affected by type of diet. Furthermore, neither amines nor 
the combination of NPN components appeared to influence rumination behaviour or 
mastication efficiency, i.e. the amount of DM chewed per min of total mastication. 

Rumen jermentation 
The average NH, concentration in the rumen fluid before feeding was 146 (SE 1 1) mg/l and 
did not differ significantly between treatments (Fig. 1 (a)). After the sheep were fed, rumen 
NH, increased for all diets. This increase was largest for FAS+C, attaining the 

https://doi.org/10.1079/BJN
19960041  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19960041


352 M. V A N  0 s  AND OTHERS 

Table 3. DM intake (DMI),  intake rates and duration of different feed intake activities of 
sheep ofered ad libitum grass silage preserved with formic acid (FAS), FAS supplemented 
with amines (FAS+ A )  and FAS with a combination of nitrogenous components (FAS+ C)* 

(Mean values for six sheep) 

Significance7 
of the Pooled 

FAS FAS+A FAS+C diet effect SED 

Daily DMI (g) I187 1293 1327 0.08 62 

Principal meal 
Intake rate (g DM/min) 3.8 3.6 4 2  0.06 0.22 

Duration (min) 48 53 48 NS 4 
Intake (g) 304 316 330 NS 25 

Intake rate (g DM/min) 6.5 5.9 6.9 NS 0.56 
Initial rate 12.0 11.0 11.9 NS 1.10 
Final rate 3.6 3.2 4.0 NS 0.56 

No. 11.3 I 0 2  11.2 NS 0.63 
Intake rate (g DM/min) 3.4 3.1 3% 0.07 0.17 

Small meals 

Rumination 
Duration (min/kg DMI) 310 336 320 NS 21 
Lag timef 168 145 152 NS 20 

Efficiency (g DM/min) 1.74 1 64 1-78 NS 0-08 

Mastication 
Duration (min/kg DMI) 578 620 565 NS 27 

SED, standard error of the difference between means (8 df). 
* For details of diets and procedures, see Table 2 and pp. 348-350. 
t For tendencies (0.05 < P < 0.10) probabilities are given. 
1 Start of first rumination after silage distribution (min). 

concentration of 478 mg NH,/1 at 90 min after feeding. This NH, concentration was 
significantly higher ( P  < 0-05) than those measured for FAS and FAS +A at 90 min after 
feeding. At further sampling times, rumen NH, decreased slowly for all diets, but with 
FAS + C ,  the silage with the greatest NPN fraction, rumen NH, always remained slightly 
higher than in FAS and FAS + A. 

Rumen fluid pH (Fig. 1 (b)) before feeding was significantly higher with FAS + C. After 
feeding, rumen pH decreased and remained relatively constant with a mean value of 646 
(SE 0.06) for the remainder of the sampling period without significant differences between 
diets. 

Time courses of rumen fluid osmolality (Fig. l(c)) were similar for the three dietary 
treatments. Before feeding, osmolality was low and averaged 261 (SE 5 )  mosmol/l. After 
feeding rumen osmolality increased to an average of 325 (SE 6) mosmol/l for all three diets, 
and then decreased during the sampling period. 

Rumen Jill and characteristics of rumen contents 
Details regarding the contents of the reticulo-rumen obtained after manual emptyings 
before (08.30 hours) and after the principal meal (10.30 hours) are presented in Table 4. At 
both times the diets did not apparently influence the total rumen pool size, nor its DM or 
liquid content. 

The rumen fluid was also analysed for pH, NH, content and osmolality at both times 
that the rumen was emptied. Results (not shown) agreed with those measured for 
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Fig. I .  Diurnal changes in (a) ammonia concentration, (b) pH and (c) osmolality in rumen fluid from sheep offered 
ad libitum grass silage preserved with formic acid (FAS, O), FAS after addition of amines (FAS+A, 0 )  or a 
combination of nitrogenous components (FAS +C, A). (t), Point of silage distribution to the sheep. 

determining the patterns of pH, NH, and osmolality in the rumen fluid. With all dietary 
treatments, no biogenic amines were found in the rumen content sampled at 08.30 hours, 
and only traces were found at 10.30 hours (< 35 mg/kg DM for putrescine and 
< 19 mg/kg DM for other biogenic amines). 

No diet influences were found on rumen liquid volume and turnover rate, estimated by 
the Cr-EDTA marker (Table 5).  The rumen volume before feeding estimated with the Cr- 
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Table 4. Content of the reticulo-rumen before (08.30 hours) and after (10.30 hours) the 
principal meal*, in sheep ofleered ad libitum grass silage preserved with formic acid (FAS), 
FAS supplemented with amines (FAS+A)  and FAS with a combination of nitrogenous 
components (FAS+ C)t 

(Mean values for six sheep) 

Significance 
of the Pooled 

FAS FAS + A FAS + C diet effect SED 

08.30 hours 
Wet wt (kg) 9.0 9.6 8.8 NS 0.41 

Fluid (litres) 8.1 8.6 8.0 NS 0.35 

Wet wt (kg) 10.5 10.7 10.6 NS 0.41 
DM (g/kg) 112 109 110 NS 4.6 
Fluid (litres) 9.3 9.5 9.4 NS 0.34 

DM (g/kg) 98 101 91 NS 3.9 

10.30 hours 

.- 

~ E D ,  standard error of the difference between means (8 df). 
* First meal after feeding. 
t For details of diets and procedures, see Table 2 and pp. 34&350. 

Table 5 .  Rumen volume (litres) estimated by Cr-EDTA marker and rumenpuid turnover rate 
(% per h) in sheep ofered ad libitum grass silage preserved with formic acid (FAS), FAS 
supplemented with amines (FAS+ A )  and FAS with a combination of nitrogenous components 
(FAS+ c>* 

- 
Significance? 

of the Pooled 
FAS FAS+A FAS+C diet effect SED 

Rumen volume (litres) 9.1 9.8 10.1 NS 0.70 
Turnover rate of the liquid phase 6.33 7.26 7.60 NS 0.39 
(% per h) 

SED, standard error of the difference between means (8 df). 
* For details of diets and procedures, see Table 2 and pp. 348-350. 
t Inclusion of daily DM intake as covariable in the model for ANOVA. 

EDTA marker, however, was a little higher than that calculated from the characteristics of 
the rumen content determined by manually emptying the rumen at 08.30 hours (Table 4). 
A significantly (P c 0-05) higher silage DMI for FAS+C during days when rumen fluid 
was sampled, resulted in a significantly higher liquid turnover rate with FAS + C. Including 
DMI as a covariate in the model for ANOVA on data of liquid turnover rate eliminated 
the diet influence related to DMI (Table 5). 

With these low DM silages, water intake was very low (150 (SE 25) ml/d), and was not 
affected by dietary treatment. Furthermore, diet did not seem to influence saliva production 
during ingestive mastication at the beginning of the first meal, which averaged for all diets 
850 (SE 1.4) g/kg fresh silage ingested. 

Finally, adding biogenic amines or a combination of N-components to FAS did not 
significantly affect the normal body temperature of the sheep, which averaged 38.8 (SE 0.14)” 
for both morning and evening measurements on all diets. 
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DISCUSSION 

Silages 
The quantities of tyramine, histamine, putrescine and cadaverine in FAS +A were similar 
to quantities detected in medium-to-poorly preserved silages that led to significantly lower 
intakes than a good quality silage (Tveit et al. 1992; Van 0 s  et al. 1995~). The 
concentration of the NPN fraction in FAS+C was similar to that seen in low- 
fermentation-quality silages, namely with high NH, content and relatively high 
concentrations of biogenic amines (Tveit et al. 1992; Van 0 s  et al. 1995~) and GABA 
(Ohshima et al. 1979). 

Intake and intake behaviour 
The tendency for biogenic amines to reduce silage DMI observed by Van 0 s  et al. (1995~) 
was not observed in the present study, even though higher amounts of amines were added 
than in the previous experiment. Regression analysis of the relationship between levels of 
fermentation products in silage and silage intake has shown that silage intake may be 
negatively correlated with the combination of NH, and amines in the silage when the total 
concentration of both exceeds 1.6 g/kg DM (Miettinen et al. 1991). However, Van 0 s  et 
al. (1995~) concluded that NH, per se was not an intake depressor and, therefore, 
interactive effects between NH, and other N-containing fermentation products may be 
responsible for the observed lower intake of poorly preserved silages. The results of the 
present study did not support this hypothesis. On the contrary, DMI of FAS + C tended 
to be even higher than that of FAS. 

It must be noted that DMI of FAS in the present study was lower than that of the control 
silage preserved with formic acid in the study of Van 0 s  et al. (1995~) (50 Y. 65 g/kg 
metabolic weight (W".")). This could be attributed, possibly, to a lower digestion rate or 
a higher overall content of fermentation products, especially that of lactic acid (Morgan & 
L'Estrange, 1976), which was 21 g/kg DM in the study of Van 0 s  et al. (1995~) v. 83 g/kg 
DM in the present study. Possibly, the slight negative effects of the biogenic amines on 
DMI observed by Van 0 s  et al. (1995a) were hidden by this low intake. On the other hand, 
DMI of FAS in the present study was not lower than that of the same type of silages used 
by Dulphy et al. (1984), and it was within the range of values predicted using equations 
based on silage pH and NH, content or pH and lactic acid (Wilkins et al. 1971). Moreover, 
daily DMI of FAS covered largely the daily energy and protein requirements of the sheep 
for maintenance (Andrieu et al. 1989). Silage intake appears to be controlled mainly by oro- 
pharyngeal factors (taste, smell) and chemostatic regulation (satiation) and not by rumen 
fill (Gill et al. 1987). The similarity between the dietary treatments in the amount eaten and 
the period of time spent eating during the principal meal indicated that with FAS + A and 
FAS + C the state of satiation was reached at the same time as that for the control diet FAS. 
Similar intake rates at the very beginning of the principal meal, when food intake cannot 
be inhibited by satiation, as well as during the principal meal, suggested that neither 
biogenic amines in FAS + A  nor the combination of NPN-components in FAS + C lowered 
palatability of the silage. This did not agree with the results of Van 0 s  et al. (1995 a) which 
showed a slight negative influence of lower quantities of biogenic amines on palatability 
during both the principal meal and the small meals. This difference in extent of amines 
affecting palatability is possibly due to the higher overall content of fermentation products 
of FAS in the present study, or to the sheep getting accustomed to the taste of amines. The 
latter could be possible, because four of the six sheep that were also used in the previous 
study of Van 0 s  et al. (1995 a) showed, in the present study, slightly higher DMI and intake 
rates during the principal meal than the new animals. Nevertheless, the tendency towards 
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lower intake rates during the small meals of FAS + A  in the present study does not totally 
exclude negative effects of biogenic amines on palatability. 

In agreement with the findings of Van 0 s  et a!. (1995 a), no further influence of the added 
NPN-components were observed on either rumination behaviour or chewing efficiency. 

Rumen $ll and characteristics 
Of the rumen fluid variables measured only the concentration of NH, was affected by diet, 
with the highest concentration observed with FAS + C during the first hour after the 
principal meal. In other studies using sheep (Benahmed & Dulphy, 1987) and dairy cows 
(Choung et al. 1990) no intake depressions have been observed even with NH, 
concentrations in the rumen reaching peak values of 450 mg/l. 

The decrease after peaking was observed to be slightly larger with FAS + C .  This might 
indicate an increased rate of microbial synthesis as a result of the better N:digestible 
organic matter ratio in FAS+C (Russell & Hespell, 1981). With this dietary treatment a 
higher flow of microbial or dietary protein to the lower intestines can be expected with may 
enhance DMI of FAS+C (Charmley & Veira, 1990). On the other hand, the NH, con- 
centration in the mmen on FAS appeared not to be limiting for microbial synthesis (Russell 
& Hespell, 1981). Therefore, the faster decrease of rumen NH, concentration could also be 
the result of increased rates of absorption across the rumen wall (Morris & Payne, 1970). 

Rumen pH and osmolality followed the patterns which are normally observed after 
silage feeding (Van 0 s  et al. 1995~). The post-feeding increase of fermentation metabolites 
in the rumen increased osmolality and decreased pH, both inducing signals of satiation at 
the ruminal level (Phillip et al. 1981). Similarity of the patterns of both variables for all diets 
may indicate that biogenic amines, either alone or in combination with NH, and GABA, 
did not alter concentrations of metabolites in the rumen to such an extent that they could 
depress DMI. 

The suggested higher rumen liquid volume as a consequence of amine addition (Van 0 s  
et al. 1995a) was not observed in the present study. Neither amines nor the combination 
of NPN-components affected total rumen pool size, the liquid content or the factors 
measured that might have influenced rumen liquid balance. Biogenic amines did not affect 
the rate of salivation at intake, which was found to be stimulated by tyramine in rats (Okina 
et al. 1993). Rumen fluid turnover rate seemed to be higher for FAS+C, but this was 
merely the result of a higher DMI (Warner & Stacy, 1968) rather than the effect of the 
supplemental N-components. The rumen fluid turnover thus remained unaffected by 
dietary treatment itself, when fluid turnover rate was expressed relative to DMI. The traces 
of biogenic amines in the rumen are not expected to interfere directly in chemostatic 
regulation of intake. Physiological effects of amines on intake are possible when significant 
concentrations are present in the circulation (Joosten, 1988). The highly physiologically 
active histamine appears not to be absorbed from the mmen (Kay & Sjaastad, 1974). So, 
assuming no absorption from the rumen of other types of amines, the ingested amines can 
only enter the circulation after passing the rumen and being absorbed in the lower 
intestines. A higher amine passage could be expected with the higher liquid passage with 
FAS+C, but the higher DMI of this silage indicated that the amount of amines that 
eventually passed the rumen was too low to have negative influences on intake via this 
route. The rapid degradation in the rumen of the ingested biogenic amines (Van 0 s  et al. 
1995 b), however, will largely prevent this amine passage. Additionally, Van 0 s  et al. 
(19956) found that the degradation rate increased when the animals were adapted to diets 
with a high biogenic amine content. This possibly explains the controversial findings of 
Buchanan-Smith & Phillip (1986) who observed reduced intake after infusion of biogenic 
amines into the rumen. In their study the experimental sheep were fed on a high-DM 
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lucerne (Medicago sativa) silage in which biogenic amine content was probably low (Voss, 
1967). The rumen microflora in those sheep may not have been able to degrade the infused 
amines rapidly, resulting in an increase of the amount that passed the rumen. 

However, it must be considered that the high NPN fraction in poorly preserved silages 
could be an indirect cause of the lower intake. With this type of silage, when rumen NH, 
content is high and is combined with a relatively low energy supply to the rumen micro- 
organisms or to metabolic processes, subclinical NH, poisoning may be a cause of lower 
intake (Chamberlain & Choung, 1993). 

In conclusion, it can be stated that neither biogenic amines nor the combination of the 
major NPN compounds present in poor quality silages affected DMI of the formic acid 
treated silage to which they were added. In the sheep adapted to the experimental diets, no 
direct effects of NH,, biogenic amines and GABA were found on variables that indicate 
interference with chemostatic intake control. However, a minor effect of biogenic amines 
on palatability cannot be excluded. 
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