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Food intake and diet selection in sheep: the effect of
manipulating the rates of digestion of carbohydrates and
protein of the foods offered as a choice
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An experiment was designed to investigate whether the degree of synchrony between the rates of
digestion of carbohydrates and N of foods offered as a choice would have an effect, through their
consequences, on the short- and long-term diet selection of sheep. Four foods (Ry, Ry, S; and Sg)
with the same high metabolizable energy, and similar high metabolizable protein contents were
made into pellets. Foods R;, and Ry were based on a rapidly fermentable carbohydrate source and
foods S;, and Sy on a slowly fermentable carbohydrate source; within each source one food (Ry or
S1) had a low, and the other (Ry or Sg) a high, rumen-degradable protein (RDP) content. The foods
within a carbohydrate source were offered either singly or as a choice (R;/Ry or S;/Sp) to eleven
rumen-fistulated mature sheep. The design was two 3 x 3 Latin squares (replicated once) with 5-
week periods; squares consisted of two single foods and their respective choice. Weeks 1, 3 and 5
were considered to be controls, and weeks 2 and 4 used for rumen infusions of either urea or
fructose infused over 4h (10.00-14.00 hours). Food intake (FI) and diet selections (DS) were
recorded daily and every 2h (08.00-16.00 hours) on days 2-5 of each week; rumen pH and NH;,
concentrations were also measured during these time intervals of day 5. As expected, feeding
treatment affected significantly the rumen measurements: rumen NH; concentrations were higher
on foods Ry and Sy, and rumen pH lowest on Ry . Daily FI was lowest on treatments Sy and choice
S1/Su. The mean daily proportion of the low-RDP food in the selected diet was lower when the
carbohydrate source was rapidly (choice Ry /Rp) rather than slowly fermentable (choice S;/Sg); this
was consistent with the experimental hypothesis. Short-term infusions affected further rumen
variables (in the expected directions), irrespective of feeding treatment. However, DS over the 4h
infusion period were unaffected; these short-term DS were consistent with the ones selected over the
longer term (daily). The results suggest that the long-term (daily) diet selection of sheep may be
affected by the degree of synchrony of energy and protein to the rumen. The fact that diet selections
were not altered further by short-term manipulations of these supplies might reflect inadequacies of
the methodology (infusions) adopted here.

Diet selection: Food intake: Rumen: Rumen-degradable protein: Sheep

It has been suggested that one of the objectives of the diet selection of ruminant animals is
to maintain a fit and adaptive rumen (Cropper, 1987; Parsons ez al. 1994; Cooper et al,
1995b). This strategy would be expected to assist the animal in achieving its ultimate goal
of meeting its requirements for energy and nutrients, and would require certain aspects of
the rumen environment to remain at optimal levels or at least within an acceptable range of
conditions. Cooper et al. (1995a,b) hypothesized that the rumen conditions that may have a
significant effect on the diet selection of ruminants would be those related to the con-
sequences of fermentation of rapidly fermentable materials (such as increased acidity and
osmolality) and the hydrolysis of rapidly degradable protein (high concentrations of NH3).
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Some information on how the separate consequences of fermentation of rapidly
fermentable carbohydrates, and rapidly degradable protein affect the diet selection of
ruminants is now available. It has been found, for example, that sheep adjust their diet
selection between two foods of different energy density according to the acidity and
osmolality of the rumen contents (Engku Azahan & Forbes, 1992; Cooper ef al. 1995a,b).
In addition, their diet selection from foods of different rumen-degradable protein contents
appears to be such that they minimize excess of rapidly degradable N (Kyriazakis &
Oldham, 1993; Cooper et al. 1994). It is, however, well established that the rumen
conditions and their possible consequences can be affected by the interactions (degree of
synchrony) between the rates of fermentation of carbohydrates and degradation of protein
(Visek, 1968). It could, therefore, be hypothesized that the diet selection of ruminants from
two foods of different rapidly degradable protein contents could be affected by the rate of
their carbohydrate fermentation. The objective of the experiment reported here was to
investigate this hypothesis in relation to the short- and long-term diet selection of sheep.
The differences in the rate of synchrony between carbohydrate fermentation and
degradation of protein were achieved through dietary manipulations or by infusion of
rapidly fermentable and/or degradable substances.

MATERIALS AND METHODS
Animals and housing

Twelve Scottish Greyface female sheep, aged 20-24 months and weighing 59-1 (SD
7-16) kg were intended to be used. Each animal was fitted with a rumen cannula under
surgical anaesthesia (Oy—halothane general anaesthesia), 6 months before the start of the
experiment. During the experiment the sheep were kept in metabolism cages, placed in a
naturally ventilated room, and given a minimum of 16 h light daily. The sheep had been
given prior experience of the cages, the procedures to be used and the experimental routine
during a 14 d pilot study. They had, however, no prior experience of the experimental
foods. Just before the start of the experiment one animal developed respiratory problems
and had to be excluded from the main part of the experiment.

Foods

Four experimental foods were formulated and made into pellets (Table 1). Two of the
foods were based on a rapidly fermentable carbohydrate source (barley; R foods) and the
other two on a slowly fermentable carbohydrate source (unmolassed sugarbeet pulp; S
foods). Within each pair of foods (R or S) one contained a low and the other a high
concentration of effective rumen-degradable protein (eRDP; Agricultural and Food
Research Council, 1992); the eRDP contents of the foods are denoted by the subscripts L
and H respectively. The high eRDP was achieved by the replacement of part of the
carbohydrate source of the low eRDP foods with a mixture of rapeseed and sunflowerseed
meals, and dried skimmed milk (approximately 3:3: 1 respectively). As a consequence, H
foods contained less of the fermentable carbohydrate source than the L foods. It was
therefore expected that the difference in the fermentability characteristics would be higher
between the L foods than the H foods.

All four foods had relatively high concentrations of metabolizable energy (ME),
protein (MP) and macrominerals (Agricultural and Food Research Council, 1993), so that
consumption of the foods at a level to meet ME requirements would be possible and
also allow MP and mineral requirements to be met. The MP content of the foods was
calculated vsing the system proposed by the Agricultural and Food Research Council
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Table 1. The ingredients and chemical composition (g/kg fresh food) of the four experimental

Joods
Food
Ry Ry So Su
Ingredients (g/kg)
Barley 710 355 - -
Unmolassed sugarbeet pulp - - 654 331
Oatfeed 187 120 o207 140
Rapeseed meal - 200 53 233
Sunflowerseed meal - 180 47 213
Dried skimmed milk - 57 16 67
CMS 20* 70 70 - -
Salt 34 53 20 31
Dicalcium phosphate 139 - 17- -
Limestone flour 82 10-8 - 99
Calcined magnetise 2-3 - 1.7 -
Sodium sulphate 36 - - -
Mineral and vitamin mix} 2.0 2.0 2.0 2.0
Chemical composition (g/kg)

Dry matter 878 882 896 885
Degradability (%) 88.3 89-4 80-8 85.0
ME (MJ/kg)t 9-6 9-6 9-6 9.6
fME (MT/kg)§ 8.5 8.5 8-8 8.6
Crude protein 87 181 102 179
eRDP§ 69 145 76 139
Microbial protein (DMTP)§ 44 54 49 55
Metabolizable protein (MP)§ 53 70 65 78
Neutral-detergent fibre 275 289 378 354
Ash 57 61 188 188
Calcium 95 7-8 131 118
Phosphorus 58 58 6-5 51
Sodium 27 31 1-1 1.6
Sulphur 24 3.0 2.7 37

ME, metabolizable energy; fME, fermentable ME; eRDP, effective rumen degradable protein; DMTP, digestible
microbial true protein.

* Condensed molasses solubles, blended with 200 g cane molasses/kg (Intermol, Cobham, Surrey).

+ Scotmin ewe/lamb mixture (Scotmin Nutrition Ltd, Ayr, Scotland).

} Calculated from standard food tables.

§ Values calculated using the MP system (Agricultural and Food Research Council, 1992) assuming a rumen outflow
rate of 0-05/h.

(1992) and the ME was estimated from standard food tables (see Table 1). The
degradability characteristics of all four foods were determined on three rumen-fistulated
steers, with food samples kept in their rumen for up to 72 h. There were eight incubation
times: 0, 2, 4, 8, 16, 24, 48 and 72 h, and two samples were taken per animal at each
incubation time. The degradability coefficients obtained this way were used to calculate the
eRDP and MP contents of all foods (Table 1), according to the Agricultural and Food
Research Council (1992) system.

Experimental design

Each of the two foods based on the same carbohydrate source (R or S) was offered either
ad libitum singly or as a choice to six (five in the case of the S foods) sheepin a3 x 3 Latin
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square arrangement replicated once (i.e. one Latin square consisted of feeding treatments
Ry, Ry and their choice Ry /Ry, and the other of treatments Sy, Sy and choice S, /Sy); each
of the six possible sequences of the treatments was used. Each of the Latin square periods
was 5 weeks long: the first week was considered to be the period of adaptation on the
feeding treatments. The second and fourth weeks were periods where the infusion
treatments were applied, and the third and fifth weeks were intervals to avoid any residual
(carry-over) effects of the infusion treatments.

The infusion treatments were rumen infusions of either 10 g urea or 50 g fructose
diluted in 1 litre of distilled water, and were administered to the sheep over a 4 h period
(10.00-14.00 hours) on four consecutive days (2-5) of each of the infusion weeks. The
order of application of urea or fructose as infusions was randomized across sheep. Fructose
and urea were chosen as sources of rapidly fermentable carbohydrates and rapidly
degradable N respectively; their levels of infusion were investigated in a preliminary trial
and the ones chosen were those that would cause significant changes to the rumen
environment measured as effects on pH or accumulation of NH; and/or NH,*.

Management and measurements

At the start of the experiment all animals were given a training period of 10 d in which the
two foods to be offered in the Latin square arrangement were offered alone on alternate
days. This regimen was used according to the methodology of Kyriazakis & Oldham
(1993).

The live weight of the sheep was measured on the first day of each Latin square block,
before feeding. Food refusals were removed, weighed and discarded, and fresh food
offered at 08.00 hours each day. On days 2-5 of each week food intake was measured
every 2 h between 08.00 and 16.00 hours, by removing the troughs, weighing and returning
them to the pens. The rumen infusates were administered via a piece of semi-rigid PVC
tubing (i.d. 3 mm) inserted through a rumen cannula bung. On the fourth day of each week
(day 5), samples of about 80 ml rumen contents were withdrawn at 08.00, 10.00, 12.00,
14.00 and 16.00 hours. The 08.00 hours sample was taken before offering the fresh food(s),
but after the restoration of light. To take rumen samples, a stiff piece of tubing was inserted
through the rumen cannula bung, which was adjacent to the infusion tubing but did not
touch it. The rumen content samples were withdrawn using a hand-held pump, and
collected into glass containers. Efforts were made to collect the samples from the same
parts of the rumen-reticulum (different sampling sites) at each sampling time.

Sample processing and analysis
The rumen samples were analysed for pH (used as an indicator of carbohydrate
fermentation) and NHs-N concentrations. The pH of each sample was measured
immediately after sampling using a glass electrode. The rumen contents were then
strained through double-thickness muslin and the NH3-N concentration in the strained
liquid was measured subsequently, using an ion-selective electrode (EIL Analytical
Instruments Ltd, Chertsey, Surrey).

Statistical analysis
Data from days 2—5 only of each experimental week were considered for the analyses of
the food intake and diet selection results. These data were tested for any developing time
trends, and since no such trends were found the means of those 4 d were used for further
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analyses. The whole experiment (i.e. both food series) was considered as a single design
and analysed by the use of the residual maximum likelihood (REML; Robinson, 1987)
since it was imbalanced (unequal numbers of animals per carbohydrate source series/Latin
squares). REML also allowed contemporaneous comparisons to be made within and
between sheep.

Daily food intake and the proportion of the low eRDP (g food Ry, or Sy /kg total food
intake (TFI)) selected were analysed with feeding treatment and infusion treatment as
factors (there were considered to be five such treatments: adaptation, urea, post-urea
fructose and post-fructose). These data were then divided into time intervals (08.00-10.00
hours, (pre-infusion interval), 10.00-14.00 hours (infusion interval), 14.00-16.00 hours
(immediate post-infusion interval) and 16.00-08.00 hours) which were analysed separately,
using the previously mentioned factors. The pH and NH3-N data (collected on day 5 of
each week) were treated in a similar manner to the food intake and diet selection data (i.e.
each sampling time was analysed separately).

The diet selection data were tested for normality and since they met the criteria for
normal distribution they were not transformed by any means for the purposes of the
analyses. The transformed pH values were used in the analyses, but they had to be
untransformed for the calculation of the means.

RESULTS

Data were not collected from three sheep over the last 1-2 weeks of the experiment due to
problems with their cannulas. These sheep were on feeding treatments Ry, Ry /Ry and S;/
Su. Their food intake, diet selection and rumen measurements over these weeks were
treated as missing values. There were no differences between the three non-infusion
treatments (i.e. adaptation, post-urea and post-fructose) in all measurements taken. For this
reason data from these treatments were considered to belong to one treatment, hence called
control (or no infusion).

Daily food intake and diet selection

There were no effects of infusion, or infusion x feeding treatment interactions on the daily
food intake and the diet selection; therefore values presented here are the averages over the
whole 5-week experimental period. Feeding treatment, however, significantly (P < 0-05)
affected food intake: 1604, 1599, 1675, 1428, 1718 and 1488 (SED 124) g/d for treatments
R, Ry, R1 /Ry, S1, Sy and S; /Sy respectively. The effect was thus mainly due to the lower
food intakes on treatments S; and choice S;/Sy.

The mean daily proportion of the low eRDP food in the selected diet clearly tended
(0-1 > P> 0-05) to be lower when the carbohydrate source was rapidly (choice R;/Ry)
rather than slowly fermentable (choice S;/Sy): 396 g Ry, and 611 g S;/kg TFI (SED 118)
for the two food choices respectively (Table 2).

Rumen measurements

The interaction between infusion and feeding treatments was not significant for any of the
rumen measurements taken. There was a significant effect of feeding treatment on rumen
NH; concentrations at all sampling times of the experiment (P <0-001; Fig. 1). As
expected, the NH; concentrations were higher on foods Ry and Sy (high eRDP contents)
than on foods Ry, and S; (low eRDP contents). The NH; concentrations of the animals
offered a choice between two foods were in-between and reflected their diet selections;
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Table 2. The proportion (prop) of the low effective rumen-degradable protein (eRDP) food

selected per kg total food intake (TFI) by sheep given a choice between two foods based either

on a rapidly (R) or a slowly (S) fermentable carbohydrate source which differed in their eRDP
contents: low (food Ry, or S;) and high (food Ry or Sg)t

Time of day (hours)

08.00-10.00 10.00-14.00 14.00-16.00 16.00-08.00 Daily
Prop Ry or S, selected
(g Ry or Sy/kg TFD)}
Prop R 250 396 387 455 396
Prop S, 688 645 662 583 611
SED 114 144 121 131 118
Significance *kk 01> P>0.05 * NS 0-1>P>0-05

* P <005, *¥** P <0.001.
t For details of diets and procedures, see Table 1 and pp. 244-247.
1 The values are means, across infusion treatments, over the whole 5-week experimental period.
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Fig. 1. The NH;-N concentrations (mg/1) of the rumen contents, measured over the period 08.00-16.00 hours (samples
taken every 2 h) of rumen-fistulated sheep given access to: a low effective rumen-degradable protein (eRDP) food
(®, ©), a high eRDP food (A, A) or a choice between the two foods (@, O). The foods were based either on slowly
(®, A, ®) or rapidly (O, A, O) fermentable carbohydrates. The error bars are the standard errors of the difference
between feeding treatments. For details of foods and procedures, see Table 1 and pp. 244-247.

however, they were different between these two feeding treatments (choice Ry/Ryg v.
choice S;/Sy). The effect of feeding treatment on rumen pH was significant only at 08.00
(pre-infusion) and 14.00 hours (end of infusions) sampling times (Fig. 2); the values in Fig.
2 are the averages over the whole 5-week experimental period. Thus, feeding on the low-
eRDP food based on a rapidly fermentable carbohydrate source, food Ry, resulted in the
lowest rumen pH.
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Fig. 2. The pH of the rumen contents, measured over the period 08.00-16.00 hours (samples taken every 2 h) of rumen-
fistulated sheep given access to: a low effective rumen-degradable protein (eRDP) food (@, <), a high eRDP food
(A, A) or a choice between the two foods (@, O). The foods were based either on slowly (@, A, @) or rapidly
©, A, O) fermentable carbohydrates. The error bars are the standard errors of the difference between feeding
treatments. For details of foods and procedures, see Table 1 and pp. 244-247.

The effects of infusion treatments on the rumen NH; concentrations and pH at all
sampling times are shown in Fig. 3. The infusion of urea into the rumen increased NH;j
concentrations whereas that of fructose reduced them; both these effects were highly
significant at sampling times 10.00, 12.00 and 14.00 hours (P <0-001), i.e. during the
infusion. The effect of the urea infusion on NHj concentration persisted for 2 h after the
end of the infusion (16.00 hours sampling time; P < 0-001). Rumen pH was similarly
increased by urea and decreased by fructose rumen infusions (the effects were highly
significant at sampling times 10.00 and 12.00 hours). The effect of the infusions on rumen
pH tended to be more transient than the effect on NH; concentration, since it was not
present 2 h after the infusion had been terminated (16.00 hours sampling time).

Short-term food intake and diet selection

There was no interaction between infusion and feeding treatment on the food intake
consumed and diet selection during each time interval considered. Food intake over the
specific time intervals (08.00-10.00, 10.00-14.00, 14.00-16.00 and 16.00-08.00 hours)
was unaffected by feeding treatment. However the feeding treatment effect seen on the
daily food intake tended to be evident during the latter three time intervals, but not during
the period 08.00-10.00 hours. For example, food intakes over the time intervals 10.00-
14.00 and 14.00-16.00 hours were 236, 214, 253, 203, 204, 214 and 165, 177, 172, 145,
183, 144 g for treatments Ry, Ry, R/Ry, Si, Sy and S; /Sy respectively. However, they
were 176, 199, 202, 226, 221 and 188 g respectively for the time interval 08.00-10.00
hours. Food intake during the 4 h of infusion was significantly affected (P < 0-001) by the
infusion treatment administered (Table 3): this effect was due to the reduction in food
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Flg. 3. The effects of infusion of urea (-A-), fructose (—-O-) or nothing (controls, —O-) over a 4 h period (10.00-14.00
hours) on mean (a) pH and (b) NH;-N concentrations (mg/l) of the rumen contents of rumen-fistulated sheep. Rumen
samples were taken every 2 h over the period 08.00-16.00 hours, and the means are across feeding treatments. The error
bars are the standard errors of the difference between infusion treatments. For details of procedures, see pp. 244-247.

intake caused by the infusion of fructose. The effect of infusion treatment on food intake
was only temporary (i.e. it was not present during the 2 h interval following the infusion).

The diet selection of the sheep, during the time intervals considered, was affected by
the carbohydrate source of the food pair (Table 2). The pattern of the effect was in the same
direction as the one seen during mean daily diet selection; however, no formal comparison
between time intervals were made. The infusions of urea or fructose did not have any
significant effects on the diet selections (proportions of the low-eRDP food in the selected
diet) during any of the time intervals considered.
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Table 3. The effects of infusion treatments, administered between 10.00 and 14.00 hours every
day, on the short-term and daily rate of food intake (g) of sheept

Food intake (g)

Time of day (hours). .. 08.00-10.00 10.00-14.00 14.00-16.00 16.00-08.00 Daily
Infusion treatment}

Control (no infusion) 200 23 160 992 1592

Urea 210 238 171 997 1613

Fructose 201 198 169 956 1524
SED 12.3 12:6 12.7 319 50-4
Significance NS il NS NS NS

**x P < 0.001.

1 For details of diets and procedures, see Table 1 and pp. 244-247.
1 The values are means, across feeding treatments, over the whole 5-week experimental period.

DISCUSSION

The objective of the present experiment was to investigate whether the synchrony (or
asynchrony) between the rates of digestion of carbohydrates and N, would have an effect
(through their consequences) on the diet selection of sheep given a choice between two
foods of different eRDP contents: low and high. The differences in the rates of digestion
were further exaggerated through the manipulation of the rate of carbohydrate fermentation
of the two foods, and the infusion of fructose or urea into the rumen. The effects on diet
selection and food intake were measured in both the ‘long-term’ (daily) and ‘short-term’
(2 h intervals within a day), and will be considered in this order here. First, we will briefly
discuss the results from the animals given access to a single food.

The daily rate of food intake of sheep, whilst on the single foods, was affected by the
kind of food they had access to. It was lowest on the food with the highest inclusion rate of
sugarbeet pulp (650 g/kg), which was also the food with a low eRDP content (food Sp).
This reduced food intake is considered to be a reflection of the properties of sugarbeet pulp:
slow fermentation rates (De Visser, 1993) and importantly, high water-holding capacity
(Kyriazakis & Emmans, 1995); both these properties are considered to be contributors of
high bulkiness. Food intake over the short-term time intervals within a day tended to follow
the same pattern: animals on food Sp tended to consume less food within each time
interval. The only exception was the very first time interval within a day (08.00-10.00
hours). This interval included the events of restoration of light, following an 8 h dark
period (during which sheep tend to consume very little, if any, food (Newman et al. 1994
and our casual observations)) and the offering of fresh food, which stimulates their intake
(Forbes, 1995). It is also worth noting that the food intake of the sheep given a choice
between the two sugarbeet-pulp-based foods (Si. and Sy) also had a reduced rate of daily
food intake, especially in relation to the animals given access to food Sy alone; this was an
outcome of their diet selection (a diet that consisted largely of food Sy). They could have
achieved a higher food intake had they selected a higher proportion of food Sy (see p. 252).
This finding is consistent with our previously expressed view (Cooper et al. 1995b;
Emmans & Kyriazakis, 1995) that the maximization of the rate of food intake (suggested
by Krebs & McCleery, 1984) might not be the sole objective of the diet selection of
ruminants. A similar suggestion to ours, based however on a different hypothesis from the
one we offer here, has also recently been proposed by other authors (Ketelaars & Tolkamp,
1992).
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The daily diet selection of the sheep given a choice between two foods differing in
their eRDP contents was affected by the rate of digestion of the carbohydrates in the foods.
The proportion of the low eRDP selected clearly tended to be lower when the carbohydrate
source of the two foods was rapidly (choice R;/Ry) rather than slowly fermentable (choice
S1/Su). This feeding behaviour is consistent with the experimental hypothesis and the
preliminary indications that animals (1) avoid an excess of eRDP in their diet, if they are
given the opportunity (Kyriazakis & Oldham, 1993; Cooper et al. 1994), but (2) do not
select solely the low eRDP food which clearly limits the growth of the rumen microbes.
The avoidance of excess eRDP could protect them from an excessive load of NH;. This
risk of NH3 escaping into the peripheral circulation is lower when the carbohydrate source
of the foods is a rapidly fermentable one, rather than a slowly fermentable one, since in the
presence of the former, umen NH; resulting from N degradation can be taken up at a
faster rate by the rumen microbes (Oldham et al. 1977; Sinclair et al. 1993, 1995). The
fact that the diet selections by R;/Ry and S;/Sy animals did not result in a certain,
similar level of rumen NH3-N concentration, should not be taken as contradicting the
above suggestions. Rumen NH3-N concentrations do not always correlate with portal-vein
NH; concentrations (Chamberlain & Choung, 1995; Parker et al. 1995), which may be seen
as the ‘signal’ monitored by the animal and ultimately determining its diet selection in
these instances.

We have proposed in the past, that it appeared that ruminant animals (pregnant ewes)
were selecting their diet mainly on the basis of its eRDP: fermentable ME (fME) ratio,
when they were given a choice between two slowly fermentable foods (Cooper et al. 1994).
This in turn could result in an ‘optimal rumen function’. The diets selected by the sheep on
the slowly fermentable food (choice S;/Sy) in the present experiment had an almost
identical eRDP:fME ratio to that in the experiment of Cooper et al. (1994): 114 g
eRDP/MJ fME. However, sheep offered a choice between the two rapidly fermentable
foods (R /Ry) selected a diet with a higher eRDP : fME value (13-4 g/MJ). This perhaps
suggests that the proposed ratio is not a sufficiently adequate description of food
characteristics in terms of diet selection, since it does not provide any information on the
rates of carbohydrate fermentation. As a consequence, it cannot be used as an adequate
measurement of the synchrony between the rates of carbohydrates and N digestion, which
is taken to account for the diet selection of the sheep in the present experiment.

When the results from the daily food intake and diet selection of animals on feeding
treatments S;, Sy and choice S;/Sy are taken together, they suggest that animals might
avoid, to a certain extent, a food (Sy) due to (some) of its properties, in a choice feeding
situation, while they consume considerable amounts of it when it is offered singly. This
suggestion is consistent with previous findings, where animals selected against a urea-
loaded food (Kyriazakis & Oldham, 1993) or a toxic (high in glucosinulates) one
(Kyriazakis & Emmans, 1992), despite the fact that they readily achieved high intakes on
these foods when they were offered on their own singly. Thus, the trade-offs in the feeding
behaviour of animals might be different when they are given access to one food rather than
two foods as a choice.

Given the effect of dietary manipulation (food composition) on the diet selection of
sheep, we were further expecting that short-term (over 4 h) infusions of either urea or
fructose would similarly affect the short-term diet selection of sheep. Following the same
arguments as the ones advanced to account for their long-term diet selection, one could, for
example, hypothesize that the infusion of fructose into the rumen of the animals given a
choice between S and Sy foods, would result in the selection of a higher proportion of the
high eRDP food, Sy in the short run. However, the rumen infusions had no effect on the
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diet selection of sheep, during any of the time intervals considered. This was despite the
effect the infusions had on the rumen conditions measured (pH and NHs-N concentration).
We can offer three possible suggestions to account for this absence of an effect.

First, it is possible that, although rumen conditions were affected by the infusions (Fig.
3b), they had either very slight or no consequences beyond the rumen. This could be of
particular significance with the urea infusions, since the effects of rumen degradation of N
are mainly expected to be perceived beyond the rumen (Parker ez al. 1995). This, however,
seems an unlikely possibility to us, although we did not measure their consequences
beyond the rumen. Infusion of urea into the rumen would have provided approximately
12 g N/h, which is almost double the eRDP supplied by the low eRDP foods (L), and a
50 % increase over the eRDP supplied by the H foods.

Second, it is possible that ruminants are unable to respond rapidly to changes in their
rumen environment, through tactical adjustments of food intake and diet selection.
However, the outcome of such a strategy would be that the animal would be effectively
prevented from achieving the aims of its overall feeding strategy, and it is contrary to the
strategies adopted by animals in achieving other goals through their behaviour. We have
also seen tactical adjustments over similar periods to these observed here both to food
intake and diet selection, when the rumen pH or osmolality was affected by rumen
infusions (Cooper et al. 1995a,b). The food intake adjustments of the sheep to the infusion
of fructose (Table 3) further contradict this hypothesis.

Third, it is possible that the sheep were unable to associate the consequences of the
rumen infusions with either of the foods offered as a choice, and hence they were unable to
adjust their diet selection over the short period of 4 h. Indirect support for this suggestion is
provided by the fact that animals had received a training period of 10 d on the two foods,
which was presumed sufficient to allow them to associate each food with its properties. On
the other hand, each infusion was repeated only four times, and the experimental design did
not allow any prior training for these experiences. This third, and preferred, hypothesis
implies that the question of whether sheep are able to make tactical (short-term)
adjustments in their diet selection in response to the rate of synchrony between the rates of
fermentation of carbohydrates and degradation of protein, would need to be addressed
through a different methodology from the one adopted here. Further indirect evidence for
this hypothesis is also provided by the surprising consistency of the diet selection of the
animals over the different time intervals considered. However, it has recently been
suggested that there might be diurnal differences in diet selection, which mainly reflect the
diurnal rhythm of feeding and rumination, especially the absence of feeding during
darkness (Newman et al. 1994). Sheep appeared to prefer diets based on rapidly
fermentable foods in the morning and slowly fermentable ones just before dark. The
differences between the latter suggestion and our experimental results might lie in the type
of choices offered to the animals: in our case they were unable to select diets with different
fermentation characteristics within the day.

In conclusion, the present experiment suggests that the interactions between the rates
of digestion of carbohydrates and N have an effect on the diet selection, at least in the long
term, of sheep given a choice between two foods of different eRDP contents. Sheep select a
daily diet from two foods of different eRDP contents, which avoids excess of eRDP. This
degree of avoidance depends on the carbohydrate sources in the foods. However, further
manipulation of this degree of synchrony in the rates of digestion of carbohydrates and N,
through short-term infusions, was unable to affect the diet selection of sheep in the short-
term. It is suggested that this was a reflection of the inadequate methodology (infusions)
used to test the experimental hypothesis.
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