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FOREWORD

The world's population is presently increasing by about 85 million per year and most of this increase
is taking place in developing countries. Clearly more food of every type will be required to meet the current
needs and future expansion of the populations in these countries. While there is considerable debate
amongst human nutritionists on the need to include protein of animal origin in human diets, it is well
established that it is easier to obtain a balanced diet where animal protein provides a significant proportion
of total proteins consumed. Increasing the production and availability of animal protein in developing
countries is therefore of considerable importance if the human populations of such countries are to be
adequately fed.

Over the past few decades, many developing countries have tried to transfer not only technology,
but also whole systems including animals, feeds and buildings from developed countries in order to meet the
escalating demands for livestock products from their expanding and increasingly urbanized populations. They
financed these activities by exporting primary products, or by borrowing. In recent years, these practices
have become increasingly unsustainable, leading in a number of instances to clearance of forests to produce
land for grazing, over-grazing of these and existing lands, and increased production of methane and carbon
dioxide with resultant environmental consequences. It is clear therefore that more appropriate, sustainable
and "environmentally friendly" systems of livestock production need to be implemented to alleviate the above
problems. Central to this is finding ways of maximizing the efficiency of current livestock production systems
so that all existing resources (and particularly the feeds) are used as efficiently as possible. This will require
a matching of livestock production systems to the available feed resources, and here the challenge for the
developing countries is not only to establish the nature, quantity and quality of the resources which are
available to feed their own indigenous animals, but also to develop feeding strategies which take account of
both seasonal fluctuations in feed availability and quality, and in individual animal requirements. Given the
enormous variations which exist in the developing world with respect to the available feed base and livestock
production systems, the widespread transfer of feeding systems from dissimilar environments is unlikely to

be efficient in terms of economics or productivity. Most situations will therefore have to be tailor-made for
individual systems, which in turn requires research and the application of research findings which take into
account the circumstances of each country, climatic region and even the individual farmer.

For many years, the Animal Production and Health Section of the Joint FAO/IAEA Division of
Nuclear Techniques in Food and Agriculture has supported the FAO's overall programme on animal feed
resources management by encouraging research into the causes of the low level of animal productivity that
exist in many developing countries and into the search for solutions. As part of these efforts, the Division
gives high priority to work aimed at defining the nutritional requirements of ruminant livestock and at
evaluating and improving locally available potential sources of feed. This publication contains the results of
a five year Co-ordinated Research Programme aimed at assisting animal nutritionists in tropical and
subtropical developing countries in their efforts to develop feeding systems for ruminant livestock through
studies on the feeds available and how they may be manipulated to improve the efficiency with which they
are used by such animals for productive processes. It is hoped that these papers, presented at the final
Research Co-ordination Meeting held in Vienna, from 30 March to 3 April 1992, together with those of the



Research Agreement holders who contributed to the programme by providing advice on experimental
protocols and analysis of data, will help to stimulate further research and application of nutritional principles
for the improvement of livestock production systems in developing countries.
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Abstract

ANIMAL STRATEGIES FOR COPING WITH INADEQUATE NUTRITION.
Ruminants like other animals can respond to inadequate nutrition by seeking out food, exercising selection amongst available

foods, using such body tissue reserves as they may have and by modulating metabolism. Useful progress has been achieved in assessing
the capability of different sizes of herbivore to forage effectively using modelling techniques. By relating digestive capacity and digestive
processes to scaled animal size, one can see that large herbivores have a foraging advantage over smaller equivalents when diet quality
is poor. Also, hind gut fermenters of a given size have an advantage over foregut fermenters. Ruminants can select amongst available
foods to balance dietary protein: energy provision in relation to their needs. Whether they do so in relation to rumen function and/or
tissue requirements is not yet certain. The amounts of body fat and protein which can be stored for use in times of adversity is
substantial and provides the opportunity for using tissue storage of nutrients to buffer against nutritional inadequacy in areas where
food supply fluctuates with season. The efficiency with which ruminants use absorbed nutrients changes with nutrient balance. Recent
studies suggest that the activity of the sodium pump (a major energy using process) can be influential in determining energetic
efficiency. In this specific area and in general there may be important interactions between genotype and nutrition which require future
attention in order to make the response of ruminants to nutritional inadequacy more predictable.

1. INTRODUCTION

Nutrition can be inadequate, either through being insufficient (undernutrition) or inappropriately
balanced in relation to the animal's needs (malnutrition). It is, of course, possible to have a combination of
the two with an animal receiving too few nutrients in total and those nutrients also being incorrectly
balanced.

Where an animal is in an environment where feed resources are scarce it has two broad strategies
to follow. The first is to strive to gain adequate nutrition by seeking it out; the second is to buffer the
adversity of the prevailing lack of feed resource by using its own body tissue reserves to sustain life and/or
to remedy, if possible, imbalances in the nutrient provision from food which is available. The first of these
strategies is only possible if the animal has the capability to sense the qualities of resources which are on
offer and to select from a variety of resources those elements which are most useful. The second strategy
is only possible if reserves of appropriate tissue are present.

In another sense, animals faced with inadequate nutrient require to make metabolic adjustments in
order to ameliorate nutrient imbalances, or to facilitate the use of tissue reserves. These issues are germane
to the regulatory processes whereby the strategic options can be accommodated.

Within this paper we shall deal with some parts of each of these issues, largely dealing with studies
which have been conducted in the course of this co-ordinated research programme.



2. STRATEGIES TO OBTAIN FOOD

That animals are capable of concerted action to achieve a diet by selection is undeniable. Such an
action will be structured in relation to the cost of the effort required to gain the diet and to the animal's
demand for nutrients and energy . The balance between cost of effort and the associated benefit is
encompassed by theories about optimal foraging. Classical models of optimization may need modification
to account for the complex diet selection behaviour of large herbivores, including ruminants [1].

The drive of grazing herbivores to achieve, if possible, adequate energy status is likely to be
paramount. Comparison of the relative abilities of ruminants and of hind gut fermenting herbivores to
achieve adequate energy intakes when available feeds are of low quality has been addressed by considering
size-scaling rules which might apply to the physical structure of the mouth, of the fermentation area of the
gut (rumen or hind gut) and of the size of the animal's body [2, 3]. Within the model of [3] physical limits
were considered to be the sole regulator of intake of poor quality forages. Maximal potential intake of dry
matter from food was taken to be that which is allowed by clearance of digesta, microbial biomass and
residues from the site of fermentation. When this model was applied to simulate digestion and intake in
ruminants, predicted voluntary intake and digestion were found to agree well with empirical data explaining,
respectively, 61 and 70 per cent of variants in observed values. Since the data used for testing purposes
covered a wide range of animal weights and forage qualities, these results suggest that such a modelling
approach is a useful means for integrating the influences of both the animal and of the forages which the

animal eats into a coherent prediction of capacity for ingestion of poor quality feeds. The interactions
between animal weight, diet quality (defined by the proportion of potentially digestible cell contents and cell
wall within the diet, and their rates of digestion) and intake of metabolizable energy seem to be reasonably
predictable in a broad sense. Thus, retention time of food in the digestive tract was shown by regression to
scale with W°'27. The time taken to reduce large fibre particles to a size suitable for passage was also found
to scale with W°'27. The implication of these scaling rules is that the longer retention of digesta by larger
ruminants increases their digestive efficiency relative to that of small animals and would therefore permit
them to survive better on lower quality foods. An interesting prediction from the model is that hind gut
fermenters (equines) appear to have an advantage (at a given weight) over ruminants in having the potential
to consume larger amounts of food and of digestible energy (albeit that digestibility of the food itself may
be lower). This would place them at a competitive advantage in an environment where food quality is
particularly low. Thus large hind gut fermenters appear to have the greatest capacity to ingest poor quality
feeds to sustain energy intake and small ruminants the least, with large ruminants being intermediate. The
model suggests that maximum intake of metabolizable energy scaled with W^' 7, which is rather greater than
the scaling of maintenance which is normally taken to be W°'73. This scaling relates to animals at a similar
degree of maturity; scaling of intake in relation to weight develops as the animal grows [4].

Within the animal's drive to achieve a satisfactory intake of metabolizable energy we can ask whether
there is the capability to select amongst various feeds which may be on offer to balance nutrient:energy
provision. Milne [1] addressed the question as to whether diet selection is altered by the metabolic state of
the animal and concluded that whilst fatness of sheep has been found to reduce herbage intake, and lactation
to stimulate herbage intake (mainly through increases in grazing time rather than in the bite rate or bite
mass) the effect of physiological state on diet selection has not been studied to any great extent in the
ruminant animal.
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TABLE I. FOOD CONSUMPTION, DIET SELECTION AND BODY COMPOSITION OF MALE PIGS
FROM 9-16 kg WEIGHT, OFFERED SINGLE FOODS OF LOW (L) OR HIGH (H) PROTEIN
CONTENT AND THEN GIVEN THE CHOICE OF BOTH FEEDS WHILE THEY GREW FROM 19-33
kg WEIGHT. BETWEEN 16-19 kg WEIGHT THE PIGS WERE GIVEN EXPERIENCE OF BOTH
FEEDS BY PRESENTING THEM, SINGLY, IN ALTERNATING FASHION [5]

A

Group Treatment Single Choice Single
Food: L Food: H

Food composition(/kg DM):

CP(g) 134 - 278

ME (MJ) 15.4 - 16.2

Period 1 (9-16 kg LW):

Food intake (g/d) 749 - 666

Weight gain (g/d) 386 - 591

Period 2 (19-33 kg LW):

Initial body composition

Empty body (kg) - 18.27

Protein (kg) - 2.73

Lipid (kg) - 2.97

Food intake (g/d) - 1266

Weight gain (g/d) - 1006

CP in diet selected (g/kg) - 263

Final body composition:

Empty body (kg) - 31.88

Protein (kg) - 5.13

Lipid (kg) - 3.82

Choice

-

-

-

-

17.51

2.80

1.92

1244

807

192

31.89

5.27

3.58

B

s.e.d.

21

17

0.52

0.084

0.075

71

70

15

0.47

0.20

0.54

We have clear evidence that physiological state (degree of fatness during growth) has a major
influence on diet selection in pigs (Table I, [5]). Here it is clear that young pigs, made either relatively fat
or relatively thin, by feeding single diets of low or high protein: energy density will make distinctly different
selections between those feeds when they are offered as a choice. A particularly important issue is that the
choice seems to be directed by the animal's innate drive to achieve a particular body composition at a given
stage of maturity. Thus the selections made by these pigs were directed by their body composition and by
their inherent growth path. Determination of the same principles in ruminants is complicated by the
involvement of the rumen in modifying the nature of nutrients which are derived from food. There is also
the complication that ruminants will normally be selecting amongst foods which are of much lower
digestibility and nutrient density than those employed in the experiment (Table I) with pigs. So one might
expect that diet selection may be influenced by bulk considerations.



A first step to explore the ability of ruminants to make dietary selections in order to minimize
nutritional inadequacy is to see if they can make structured choices amongst relatively digestible feeds which
differ in nutrient density. We reported some of our initial studies to a previous meeting of this Research
Co-ordination Group [6]. Subsequently we have shown that sheep will make structured choices amongst
various combinations of pairs of foods (which differed in food protein: ME ratio) [7]. In order to check
whether such structured selections were made in relation to the animal's requirements for growth, we have
now progressed to monitor diet selection, food intake and net rates of deposition of major carcass
constituents (fat, protein) in growing lambs offered a choice between a variety of feeds which differed in
dietary crude protein:ME ratio [8]. The performance of animals offered a dietary choice was compared with
that of similar sheep offered single diets spanning a range of dietary protein concentrations (Table II). The
data clearly show that, when offered the opportunity to select between a food of high crude protein density
and one of lower crude protein density, a particular selection was structured in relation to the protein content
of the alternative food. The outcome of those choices was that the crude protein content of the diet selected
(as a combination of the two freely acceptable feeds) was moderated in such a way that under all
circumstances where a choice was allowed, daily protein accretion (in the carcass) was similar to the highest
rate which was achieved with any single food. Thus it seems reasonable to propose that the sheep were able
to select a diet from a pair of foods which matched their requirements and, importantly, also to avoid an
excess of dietary protein consumption when given the opportunity.

TABLE II. FOOD INTAKE, DIET SELECTION AND GROWTH OF SUFFOLK X SCOTTISH MULE
LAMBS OFFERED FOODS RANGING FROM LOW (L) TO HIGH (H) CP CONTENT EITHER
SINGLY, OR AS A PAIR, IN WHICH ONE FOOD WAS H AND THE OTHER ONE OF THE LOWER
PROTEIN FOODS [8]

Food:

Food composition (/kg):

CP(g)

Estimated ME (MJ)

Single food:

Intake (g/d)

Weight gain (g/d)

Protein gain (g/d)

Food pair (with H):

Total intake (g/d)

Total diet CP (g/kg)

Weight gain (g/d)

Protein gain (g/d)

L

78

11

1658

273

27

1974

131

424

45

A

109

11

1706

326

32

1915

133

381

40

B

141

11

1782

412

44

1873

158

411

46

C H

172 235

11 11

1775 1683

418 396

45 41

1989

178

407

50

s.e.d.

93

34

3.5

95

6

37

7

In addition to the range of treatments shown in Table II, we offered another food in association with
the high protein diet. This was made from diet L, but including also 21 g urea per kg dry matter. From the

selection of that food in relation to diet H (not shown in the Table), there is a tentative suggestion that the
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sheep chose to avoid an excess of rumen degradable protein when they could. Clarification of the extent to
which diet selection for protein in ruminants is geared, to an extent, in relation to the maintenance of
effective rumen function (which would seem to be a sensible option) and to the avoidance of excessive rumen
ammonia absorption (which would be a consequence of high levels of urea feeding) deserves attention.

Provisional consideration of the relationship between net protein deposition in the carcass and
estimated metabolizable protein supply from the diet when either single or choice feeding applied (Table
II) suggests that the relationship between metabolizable protein intake and net protein retention was
consistent across all feeds (including the single urea feed and urea plus high feed combination). The slope
of the relationship between net protein deposition and metabolizable protein input, however, was low, at
around 0.2. Thus one can question whether selection was, in part, constrained or directed by protein demands
which were other than those simply for growth. Perhaps the demands on sulphur-containing amino acids for
wool growth have an influence on the profile of amino acids available for growth which is substantial, even
though in these animals, wool growth was only a small proportion of overall protein gain.

Given the above it would seem reasonable to conclude that ruminants have a capability to make
selections amongst available feeds in relation to their needs. They also have the capability to avoid an excess
of an abundant nutrient. Their drive to achieve an adequate intake of a balanced diet in an environment
where foraging for low quality feeds is the order of the day is, in concept, a reasonable expectation, although
the constraints of the biological cost of achieving a balanced selection and the constraints which apply to
digestion with poor quality feeds remain to be described in appropriate terms which allow thorough
prediction.

3. USE OF BODY RESERVES TO COMBAT NUTRITIONAL INADEQUACY

Ruminants, as other animals, have the capacity, when adequately nourished, to sustain substantial
reserves (especially of fat, protein and major minerals in bone) which can be drawn on during nutritional
adversity. Such nutritional adversity may come about simply through a reduction in the availability of
feedstuffs (eg. during seasonal changes) or where physiological demand is enhanced and either the capacity
to eat or the availability for feed cannot keep pace (eg. during late pregnancy or, especially, early lactation).

Material present in body tissues might be considered to be "labile" or "a potentially available store"
where it can be lost with little or no deleterious effect on the functional integrity of the animal. The potential
of such labile reserves to sustain an animal in times of adversity will depend on the mass of the labile
"reserve" and the rate at which it can be made available for metabolism.

The mass of fat in the body can obviously be considerable but is clearly not unbounded. In mature
sheep nourished sumptuously on a selection of feeds of high nutrient density, we have seen that body lipid
can amount to 55 per cent of the (wet) body (up to 80 per cent of the dry body; [9]). Similar substantial
levels of fatness have been seen in sheep [10]. Where nutrition does not constrain growth (ie. genotype can
be fully expressed) accumulation of body lipid bears an allometric relationship with body protein [11]. Few
data are of a kind which allow this proposition to be tested in ruminants but those of [12] (Figure 1) give
some justification for cattle. For illustration, Figure 1 shows not only the data from [12] but also the range
in body fat which we have seen in dairy cows culled from the Edinburgh School of Agriculture, Langhill herd.
The mass of fat in the body was, at a minimum, slightly less than 40 kg and at a maximum, almost 300 kg.

11
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Fig. 1. A relationship between total body protein and total body lipid in steer fed ad libitum (data from
Moulton, Trowbridge and Haigh, 1922). The hatched area indicates the range of values in total body
protein and total body lipid found in cows culled from the Edinburgh School of Agriculture Langhill
herd [12].

The proportion of body fat which can be considered labile is probably very high. Animals can
become very thin indeed and yet maintain body integrity, provided that membrane bound lipids are not
disrupted. The extent to which fat stores will be mobilized will depend, of course, on the balance between
available nutrition and metabolic demand. Where metabolic demand has been high through substantial foetal
burden during pregnancy, rates of body fat mobilization, expressed as a fractional rate, have been as high
as 0.016/day [13].

An estimate of the rate at which body fat could be mobilized in dairy cows was made [14] from
estimates of venous palmitate flux (using 9, 10 - 3H - palmitate). From those data a fractional rate of
mobilization of 'labile' fat could be estimated at 0.064 d"1 - a very high potential rate of loss.

The size of the potentially labile protein reserve in the body is less easy to estimate than is that for
fat. Using a nitrogen depletion/repletion technique in milking cows it has been estimated that potentially
labile protein in the fully protein replete body is around 0.2 of total body protein [15]. We can confirm this
from studies with rats during lactation where, under circumstances of severe protein undernutrition or
malnutrition, minimal maternal protein mass has been -0.8 of that in the fully replete animal [16, 17].

During protein malnutrition, and especially during general undernutrition, the food-processing organs
as well as skeletal muscle are a major location for loss of body protein. Carcass (muscle) 'reserves' of protein
can also come into play as a reservoir of material to facilitate the cyclical developments of tissues during the
reproduction cycle. Thus, for example, growth of the mammary gland during late gestation is substantially
at the expense of carcass protein [13].

12



That rate at which protein can be lost from potentially labile reserves can be considerable. In our
studies with rats we have explored the influence of the state of depletion of body protein 'reserves' at
parturition on the ability of animals to sustain effective lactation on diets which are either adequate or

inadequate in protein:energy proportions.

In a first experiment [17] multiparous rats were offered either a Low (L; 65 g CP/kg DM) or a High
(H; 215 g CP/kg DM) diet for the second half of gestation and were then assigned, factorially, either to
another low protein diet (L2) in lactation, or to diet H. Carcass composition was measured in culls at the
start of lactation and after 13 days. In a second experiment [18] the same dietary treatments were applied
and 3H-phenylalanine [19] was used to measure fractional synthesis rates of protein in muscle
(gastrocnemius) and in the mammary gland. Fractional rates of degradation of protein were estimated by
difference between synthesis and net change in protein mass. Some of the data are in Table III.

TABLE III. CHANGES BETWEEN THE START (DAY 1) AND END (DAY 13) OF LACTATION IN
MATERNAL PROTEIN MASS AND FRACTIONAL RATES OF SYNTHESIS (FSR; d'1) AND
DEGRADATION (FOR; d'1) IN MUSCLE (GASTROCNEMIUS) AND MAMMARY GLAND OF RATS
SUSTAINED ON HIGH (H; 215 g CP/kg DM) OR LOW (L; 65 g CP/kg DM) PROTEIN DIETS IN
GESTATION AND THE SAME HIGH, OR A DIFFERENT LOW (1̂ ; 90 g CP/kg DM) PROTEIN
DIET IN LACTATION [17, 18]

Day of lactation

Prior dietary treatment

Carcass protein (g)

Gastrocnemius muscle:

FSR

FDR

Mammary gland:

Protein (g)

FSR

1

H

44.6

0.044

-

2.1

0.589

L

39.4

0.034

-

1.8

0.608

HH

44.1

0.049

0.047

4.1

0.916

LH

42.6

0.048

0.035

4.3

0.824

13

HL2

35.2

0.033

0.058

1.8

0.589

LL2

35.3

0.039

0.043

1.6

0.593

In comparison with the degree of maternal protein repletion at parturition with diet H in pregnancy,
the animals which had been undernourished with protein during gestation were only 0.88 replete. Adequate
feeding with protein (diet H) in lactation did, however, allow substantial replenishment as well as the
maintenance of adequate lactation (as measured by pup growth in standardized litters). Substantial protein
underfeeding during lactation could, however, reduce maternal protein mass to only 0.79 of the fully replete
state.

The loss of protein from muscle was a consequence of both a slight reduction in fractional rate of
protein synthesis and an enhanced rate of protein degradation. The latter was the more dominant influence.
Across the whole of the lactation period the net rate of muscle protein loss was as high as 0.025 d .
However, this hides what appears to be a biphasic process. From other studies in which we have used similar
feed treatments, but have monitored the loss of body protein more regularly through lactation [20] net
fractional rates of loss of protein have been estimated at 0.25 d"1 for a very rapidly labile protein element.
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Substantial depletion of this part of labile protein coincides with a dramatic reduction in lactational
performance. Simultaneously with the loss of this very labile tissue we can identify from the data a larger,

slowly replenishing tissue pool functioning with a fractional rate of replenishment of ~ 0.004 d"1. This very
readily labile protein mass would seem to signal a regulatory system which allows lactational output to be
maintained at the expense of maternal protein up to the point at which the most readily labile protein is
depleted. Biological priorities are then such that maternal protein integrity is maintained and lactational
support of the next generation is sacrificed.

3.1. Strategic use of tissue protein reserves
The magnitude of the major 'reserves' of both lipid and of protein, and the rates at which they can

be released are such that there are practical opportunities to use these capacities of nutrient storage to allow
animals to cope with predictable fluctuations in nutrient provision or availability. A 40 kg ruminant would,
if fat were capable of being mobilized at rates up to 0.03 d"1 (which seems reasonable from above), be able
to maintain its energy demand by use of body fat provided there was at least 6 kg fat in the body. Survival
on 'normally replete' fat 'reserves' would, at this rate, be sustainable for 6-8 weeks. An animal of this size
might have a labile protein reserve of the order of 1 kg. Mobilization of labile reserve at 0.03 d"1 would just
match basal endogenous losses [21] and it might be argued that protein integrity would be sustainable on,
essentially, no food protein input, for up to 30 days if potentially labile 'reserves' were fully depleted. Under
such circumstances the major demand on mobilized protein would, however, be to provide glucose precursors
to meet obligatory demands for glucose and actual rates of protein loss would reflect this.

These estimates for extreme conditions indicate the significance of body reserves as short term
buffers against nutritional adversity.

Exploitation of reserves of body fat in particular is well established. Thus, with current dairy cow
genotypes in temperate areas there is frequently an expectation that body condition (body fat) will be lost
in early lactation to be replenished in later lactation in preparation for the next lactation cycle. The extent
to which such reserves are replete or deplete influences intake of available food and responses to different
categories of nutrient [22]. Metabolic modifications associated with the loss of body tissue in early lactation
include redistribution of blood flow (enhanced towards gut and mammary gland, reduced towards kidney and
muscular tissue), reduced lipogenesis and enhanced lipolysis in adipose tissue, reduced oxidation of glucose
(sparing glucose for priority functions, especially lactose synthesis), probably reduced amino acid oxidation,
slightly reduced tissue protein synthesis (in peripheral tissues) and enhanced tissue protein degradation [23].
It would be rational to adopt analogous approaches to the management of feeding in areas where there is
large seasonal variation in supply of feed resources.

32. Imbalanced nutrition: metabolic consequences
Where nutrient provision is out of balance with the annual's natural (genetically determined)

demand for nutrients, then it is obvious that metabolism must adjust in order for the animal to cope. Where
metabolizable protein.-metabolizable energy ratio is lower than is needed for an animal to grow body tissue
at the rate and composition which is genetically determined, then surplus energy-yielding nutrients will either
be deposited in fat (making the carcass fatter than 'normal') or oxidized. Examples of this are seen here in
[5] and [8] (Tables I and II) for pigs and ruminants respectively. In the ruminant animal the form of energy-
yielding nutrient - especially the balance between aminogenic, glueogenic and lipogenic nutrients - has raised
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continuing controversy about the extent to which nutrient imbalance leads to energetically inefficient
disposition of nutrient [24, 25, 26].

At the core of these discussions are questions about influences on the efficiency with which acetate
is used in the ruminant animal. We have indicated previously [6] that the activity of the acetate - acetyl CoA
substrate cycle can vary according to diet. That work has subsequently been extended to study acetate
metabolism in adipocytes from growing sheep offered diets of high or low protein concentration, where the
main carbohydrate source of the diet was either barley or sugarbeet feed [27]. Diets based on sugarbeet feed
were associated with higher blood plasma acetate concentrations and higher rates of conversion of acetate
to CO2 by adipocytes than were barley based diets. A higher dietary protein level was associated with high
rates of acetate incorporation into lipid. These results are consistent with amtno acid supply to the animal,
facilitating acetate incorporation into lipid. More recent work suggests that the involvement of acetate in
energy expenditure via the sodium pump could be an important part of the overall influence of nutrient
balance on acetate utilization [28].

Table IV shows the influence of (calculated) metabolizable protein:metabolizable energy ratio in the
diet on percentage inhibition of respiration in liver snips by ouabain. This is a measure of the contribution
of the sodium pump to overall respiration by the cell and the results suggest that dietary nutrient balance
may be modulating activity of the sodium pump such that, where there is imbalance, pump activity (and
therefore associated heat production) is enhanced, with consequent reduction in energetic conversion of
nutrients to animal products.

TABLE IV. EFFECTS OF DIETARY PROTEIN ON ACTIVITY OF OUABAIN-SENSITIVE NA +, K+,
ATPASE ACTIVITIES IN LIVER SNIPS FROM SHEEP [28]

Diet

Diet:

Estimated ME (MJ/kg DM)

eRDP/fME1 (g/MJ)

UDP (g/kg DM)

% inhibition of respiration in liver
by ouabain

1

8.5

4

6

23.6

2

8.5

4

47

21.3

3

8.5

4

88

18.6

1 eRDP/fME = effective Rumen Degradable Protein per MI fermentable ME according to IDWP 1992.

This concept of the sodium pump being responsive to nutrient balance is intriguing. In a separate
study we have looked at the activity of the Na+, K+, ATPase system in relation both to diet and genotype
in erythrocytes from dairy cows [29].

Table V shows the influence of different combination of genotype on ouabain sensitive Na + , K+,
ATPase activity (measured in this study using uptake of ^Rb"1" - a radioactive analogue of K+). Intriguingly,
pump activity was greatest for the combination of high genetic index animals and high nutrient density food,
or low genetic index animals and low nutrient density food, suggesting that the balance between available
nutrients and the genetically determined demand for those nutrients, is an important issue determining the
efficiency with which available nutrients might be used.
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TABLE V. INFLUENCE OF GENOTYPE AND DIET ON SODIUM PUMP ACTIVITY (MEASURED
AS OUABAIN-SENSITIVE ^RB* UPTAKE) IN ERYTHROCYTES OF HIGH OR LOW GENETIC
INDEX DAIRY COWS OFFERED DIETS CONTAINING EITHER 0.8 OR 0.55 DM AS FORAGE
(REMAINDER AS CONCENTRATE) IN THE WHOLE DIET [29]

Genetic Index

Forage as proportion

CGI1

Ouabain-sensitive R

of total DM

.b+ uptake 2

High

0.8

813

100

0.55

852

127

0.8

504

132

Lower

0.55

558

88

Cow Genetic Index - a genetic index of fat + protein (kg) yield in females. Current average CGI for the
UK herd is -500.

2 Relative to High/0.8 = 100.

4. CONCLUSION

Animals have several strategies to accommodate inadequate nutrition. Intuitively, we might expect
that animals will be driven to seek resources (especially nutrition) from the environment. Their capacity to
find what they are seeking will be limited by the constraints of the environment and the cost of achievement.
But it does seem clear that ruminants, like non-ruminants, are able to make structured selections amongst
available feeds where the dietary variable is protein:energy ratio.

The capacity for tissue reserves of fat and protein to be used as buffers against nutritional adversity
is substantial. While the magnitude of fat reserves is greater than those for protein, both fat and protein in
replete stores can be expected to sustain animals against adversity over quite long periods of time. In
temperate zones such strategies are built in to some conventional management practices. It would be
appropriate in areas of the world where nutrient supply fluctuates substantially with season, to find strategies
for establishing reserves of fat and protein within animals that could be used to help sustain animals
effectively when feed resources are seasonally scarce.

With animal strategies to cope with nutritional adversity there need to be tactics which allow
metabolic adjustments to accommodate current imbalances in nutrition. The regulation of nutrient use in
the ruminant animal hi the context of nutritional imbalance still has many unknown elements. We raise here
some suggestions that the activity of the sodium pump - a major contributor to cellular metabolism - could
be implicated in some of the long-standing debates about efficiency, especially of acetate use in the ruminant
animal. In addressing issues of nutrient balance, however, one must remember that balance is meaningful
only hi relation to the genetically determined 'nutritional drive' of the animal in question.
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Abstract

EFFECT OF PROTEIN SUPPLEMENTATION DURING ENERGY UNDERNUTRITION.
Work has been earned out on the protein nutrition when energy intake is low or fluctuating This has led to a greater

understanding of the ability of the animals to utilize body fat, not only for survival during periods of limited exogenous energy, but
also for growth when protein supply allowed a positive protein balance. Both lambs and heifers have been shown in practice to be
able to gain weight while in substantial negative energy balance With steers on mtragastnc infusion a live weight gam calculated from
N balance of well in excess of 1 kg/d with no exogenous energy input has been demonstrated It has also been shown that the response
to increasing protein supply is not altered substantially by simultaneous infusion of exogenous energy—yielding nutrients It would seem
that within limits, animals can tolerate wide fluctuations in exogenous energy supply and maintain growth provided fat stores are
available and protein supply maintained

1. INTRODUCTION

In 1986 [1] we reported on some work using the intragastric nutrition technique with which it was
demonstrated that fasted animals but otherwise in good condition discriminated very clearly between types
of nutrients given. When protein was infused into the abomasum to meet their maintenance protein need
it was not partly oxidised to provide energy nutrients but rather was utilised efficiently as a source of amino
acid to reduce the negative protein balance at fasting and even to attain positive protein balance. The
practical consequences of this observation was that animals, even in substantial negative energy balance
should be able to gain weight when a protected source of protein was given provided that such animals had
sufficient stored body fat to mobilise. This hypothesis was clearly demonstrated in a comparative 92 d
slaughter experiment in which lambs were given straw based diets and fishmeal as a source of undegraded
protein [2], Lambs, while losing several kg of fat, still gained lean tissue and thus live weight and carcass
weight. A more practical type experiment has recently been performed [3] in which lambs downgraded for
being overfat were so to speak defatted on straw and fishmeal diet and either gained weight or did not lose
live weight at the same time as they achieved acceptable grading standards.

In many developing countries where animals experience a fluctuating supply of nutrients, animals
are offered for sale at the end of the wet season when prices are often depressed due to market oversupply
and inadequate facilities for storing meat in the dry season. In the dry season on the other hand only a few
animals are offered for sale and prices are high. From the above observation it should be possible to let
animals which have achieved slaughter weight to enter 2-3 months into the dry season when the feed
available is inadequate for maintenance provided a small amount of undegraded protein is given. A practical
consequence for some Scottish farmers occurred as a result of the Chernobyl accident. Due to radioactive
materials the becquerel count in the meat was unacceptable. When the count reached an acceptable level
the lambs were overfat and rejected by the meat trade. A straw fishmeal treatment ensured that the lambs
achieved a suitable degree of fatness without loss, and even more important for the farmers, there was a gain
in carcass weight.
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2. ENERGY UNDERNUTRITION IN CATTLE

2.1. Heifers
The work so far had been carried out with sheep and while the same phenomenon could be expected

to apply to cattle an experiment has been carried out with overfat heifers [4] to see if it was possible to
achieve carcass weight gain or avoid weight loss during a period in which the fat was removed to achieve
acceptance by the meat trade and grading standards. Two groups of 12 cattle were used and the results from
the last group when the amount of fish meal gives daily was held constant at 400 g/d are given in Table I.
Sugar beet pulp at 200 g/d was mixed with the fishmeal to make it more palatable. The heifers received
straw ad libitum at the same time as the small supplement of fish meal was given in two equal feeds per day.
It can be seen that the heifers receiving the supplement maintained weight. Their carcass weights were not
significantly different from the controls slaughtered at the beginning but they achieved grading standards.
On the other hand, the unsupplemented cattle lost about 50 kg live weight and about 25 kg carcass weight.

TABLE I. EFFECT OF FEEDING OVERFAT HEIFERS ON STRAW OR STRAW SUPPLEMENTED
WITH 0.53 kg/d OF A MIXTURE OF FISHMEAL AND SUGAR BEET PULP

Treatment

Initial
slaughter

Control

Control +
fishmeal

Initial weight
(kg)

496

500

494

Final weight
(kg)

496

451

494

Gain
(kg/d)

_

-0.75

0

Intake of
straw

(kg DM/d)
_

3.0

4.1

Fish and sugar
beet pulp

(kg DM/d)
_

0

0.53

Carcass
weight

(kg)

267

241

262

22. Steers
In order to investigate further the extent to which cattle respond to increasing levels of protein [5]

an experiment was carried out with two steers maintained on intragastric nutrition. They were given
increasing amounts of casein but no energy supplements and the N balance was measured. The results are
shown in Figure 1.

It can be seen that the steers which were given no energy-yielding nutrients responded to protein
addition by increasing N balance. In fact, the extent of the positive N balance achieved would be equal to
a liveweight gain of more than 1.0 kg/d. Even expressed on an energy basis the casein at the highest level
would provide no more than about 25% of estimated energy maintenance.

3. EFFECT OF EXOGENOUS ENERGY

The results in the work so far showed essentially that the accepted theory summarized by Balch [6]
may not be altogether correct. This theory postulates that energy supply increases response to protein. The
higher the exogenous energy supply the higher the N balance in response to protein. Balch [6] also showed
that at a maintenance energy supply the N balance would never be positive. In the work here, it can be seen
that provided there was sufficient endogenous energy, animals could attain N balance equal to a liveweight
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gain of about 1 kg/d. This discrepancy is likely to be a result of the microbial protein supply. At energy
intake at or about energy maintenance the microbial protein produced would not be sufficient to attain
positive protein balance. From the data obtained from the use of protected protein or protein sources which
are less degradable such as fish meal, it can be seen both from the practical observations with lambs and
heifers and from the intragastric nutrition work that endogenous fat can easily substitute for exogenous
energy.
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In order to further test this hypothesis some young sheep were prepared for intragastric nutrition
and given either no energy or 250 kJ/d of a mixture of volatile fatty acids. Casein was subsequently infused
into the abomasum of both groups of animals and N balance determined. The results are given in Figure
2. It can be seen that while the energy given at zero protein infusion reduced N excretion as expected, after
about the second increment of protein there were no differences in N balance whether exogenous energy
was supplied or not. These results thus further emphasise the importance of endogenous energy and that the
expression of requirement as protein energy ratio (PER) may have to be revised at least in ruminants.

In a further larger scale trial with 7 sheep it was shown that while fat sheep showed no differences
between two levels of exogenous energy (250 and 560 KJ/kg W°'75) there were differences observed in the
lambs which were less fat with the less fat lambs responding positively to energy supply by increasing N
balance.

4. CONCLUSIONS

While many questions relating to fat utilization still remain unanswered, it would seem from this
work that ruminants given a fluctuating supply of nutrients have possibilities for using their fat stores which
hitherto were unknown. When exogenous energy supply is less than energy maintenance the animals would
normally lose both fat and lean tissue since microbial protein is insufficient to meet tissue maintenance
needs. However, if protected protein is given they can readily utilize their fat stores to fuel growth. This

can have great interest as mentioned before in areas when many animals are marketed at the end of wet
seasons. It may also be of interest to examine whether fat humps in Zebu cattle or camels or fat tails in
sheep can be utilized to fuel growth since in many areas the value of these tissues is considerably lower than
carcass meat in spite of a higher energy value. Fat stores are utilized very efficiently to fuel growth and since
they can be relatively easily manipulated more work should be carried out also to compare fat storage with
other methods of feed preservation.
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Abstract

STRAW BASED SUPPLEMENTATION IN A LOW INPUT FEEDING SYSTEM FOR ZEBU HEIFERS.
The first experiment was to determine the effect of supplementation on straw utilization. Two levels of urea (0 and 2%)

and 4 levels of legume (0,5,15 and 30%) in straw-based diets were tested with 8 wethers in a Latin square design. Organic matter
digestibility (OMD) and dry matter intake (DMI) of straw and diets increased (P<0.01) even at the lowest levels of supplements (U2

Lg and UQL5). Urea in combination with legume was effective only at the lowest level of legume (U2 Lg). Rumen NH3 levels (mg/100
ml) with all supplemented diets (range 10.3 to 22.1) were higher (P< 0.01) than that of UQ LQ (4.3). Diets had no effect on pH (range
6.4 to 6.7). In the 2nd experiment indigenous heifer calves (62.4 ± 0.6 kg. and 180 ± 35 days old) were continuously grazed on natural
herbage under coconut (G), G plus rice straw ad libitum (GS) and GS plus supplements (GSS), using a randomized complete block
design with 3 replicates. Supplements and their intakes (g/head/d) were: urea (29), molasses (146), rice polishings (125) and vitamin-
mineral mix (15). Average daily weight gains (g/head/d) and total gains (kg/ha/yr) increased (P<0.01) from G (9.0 and 18.6) through
GS (42.0 and 91.2) to GSS (106.0 and 231.6), respectively. Total herbage DM yields (kg/ha/yr) increased (P<0.01) from G (3883)
through GS (4187) to GSS (5033). There was a consistent trend from G through GS to GSS in reaching at a younger age (months)
the 1st oestrus (28.8, 28.3 and 25.8), conception (36.8, 36.0 and 31.9) and calving (nil, 40.6 and 37.9), respectively in association with
an opposite trend in LW (kg/head) at 1st oestrus (79.0, 101.6 and 128.8) and calving (nil, 154.0 and 158.3), respectively. Calves born
in G, GS and GSS were nil, 1 and 5, respectively. Conclusions were that utilization of straw can be improved by supplementation and
that cattle production in a low input-output system can be improved by introducing straw or more significantly, straw plus low levels
of appropriate supplements.

1. INTRODUCTION

Approximately 65% of farmers in Sri Lanka own less than 1 ha of land [1]. The availability of land
limits both the quantity and quality of cultivated forage for ruminant production. Due to poor breeding
facilities to up-grade the local stock, cattle are mostly low producing indigenous Zebu types. With an
extremely low price paid to the producer (0.15 $ US/litre) for milk, dairying is only marginally profitable.
Thus it is mostly a secondary source of income for which farmer inputs are often minimal. Nevertheless,
cattle are a socio-economically useful resource for farmers in agricultural production systems in Sri Lanka.

In a land-limiting situation, 0.5 million ha of coconut land represent a potential grazing resource.

Most of it in fact is being grazed with negligible, if any, use of recommended improved pastures. The
botanical composition of natural herbage [2] and utilization of cultivated pastures under coconut in Sri Lanka
[3, 4, 5] have been reported while the utilization of coconut land for ruminant production has been well
documented [6]. However, utilization of natural herbage under coconut for ruminant production in Sri Lanka
has not been described.

Increased irrigation facilities with paddy cultivation is a major reason for pressure on land for
grazing while straw produced from paddy cultivation is being mainly burnt for disposal. The straw could be
utilized for ruminant animal production. However, it is likely to be of limited use without adequate
supplementation. Therefore, the main objectives of this study were to determine the effect of supplements
on the utilization of straw, and the usefulness of straw in a production system simulating low input local
farming conditions of grazing natural herbage with indigenous cattle under land limiting conditions.
Accordingly, two experiments were conducted.
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2. MATERIALS AND METHODS

2.1. Experiment 1
Eight wethers weighing 32.2 ± 3.1 kg were fed 8 diets in a factorial experiment using a Latin square

design. Diets consisted of rice straw with 2 levels of urea (0 and 2%) and 4 levels of Gliricidia maculata
(0,5,15 and 30%). Diets and their notations are presented in Table I. Urea solution was uniformly mixed with
straw at the rate of 0.5 I/kg straw. Edible leaves and petioles of Gliricidia maculata were also mixed
uniformly with straw while all animals received 15 g/head/d of a complete vitamin-mineral mixture. Rations
were fed at 0800 h and 1600 h and at 10% above the previous day's intake. Each of the 8 periods on the
different diets consisted of 21 days adaptation and 8 days experimental.

Proximate and cell wall compositions were determined according to AOAC [7] and Goering and van Soest
[8], respectively. Digestibilities were determined using the total collection method. Samples for rumen fluid
pH and NH3 measurement were obtained daily 4 h after the morning feed using an oesophageal tube. NH3

was determined following steam distillation.

TABLE I. DIETS AND THEIR NOTATIONS

Urea

0
0
0
0
2
2
2
2

Supplement (%)1 Diet notation

Legume2

^"^n n
n ^

15 U0L15
an T T Tn^^v)
0 U2Lo
5 U2L5
15 U2L15
-2T1 TT T~*v/ W2*-^3/)

On a dry matter basis. The balance consisted of rice straw.
Edible leaves and petioles of Gliricidia maculata.

22. Experiment 2
The experiment was conducted on a 30-year old coconut plantation in southern Sri Lanka at an

elevation of 50 m above sea level. Planting distance was 8.4 x 8.4 m with a density of 137 palms/ha. Annual
rainfall and the mean annual temperatures were 1250-1750 mm and 29.7°C, respectively. Treatments were:
continuous grazing of natural herbage (G); G plus unprocessed, unsupplemented rice straw offered ad
libitum (GS); and GS plus supplements (GSS). The supplements were urea, molasses, rice polishings and
a vitamin-mineral mixture. Urea and molasses were sprinkled as a solution on straw at the rates of 25 g and
125 g per kg straw, respectively. The intakes of these two supplements were calculated using the straw intake.
Rice polishings and the vitamin-mineral mixture were given separately at rates of 125 and 15 g/head/d,
respectively.

A randomized block design with 3 replicates was used. The animals were indigenous heifers of Zebu
type 180 ± 35 days of age, weighing 62.4 ± 0.6 kg. and they were purchased from farmers of the area.

Paddocks were 0.5 ha each and were set-stocked with 3 heifers (6/ha). No fertilizer was applied. All
animals were dewormed at the beginning and vaccinated against haemorrhagic septicaemia and foot-and-
mouth disease, while external parasites were controlled using acaricides at regular intervals. Each paddock
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had an open shed with unpaved floor and a cadjan roof in which straw was offered ad libitum in GS and GSS
treatments.

Herbage yields were determined using 2 m x 3 m enclosures. Botanical composition was determined
using a l m x l m quadrante thrown 75 times randomly in each 0.5 ha padlock at each sampling. For
detection of heat, in addition to normal observations, a vasectomized bull was used. Blood and where
applicable milk samples were taken every 10 days for progesterone determination by RIA for confirmation.
Records on oestrus, conception, and calving data were kept.

3. RESULTS

3.1. Experiment 1

3.1.1. Proximate and cell wall composition, digestibility and dry matter intake of straw and diets
Proximate and cell wall compositions are given in Table II, while organic matter digestibility (OMD)

and dry matter intake (DMI) of rice straw and diets are in Table III. Proximate and cell wall composition
data are within the normal range for rice straw and Gliricidia maculata.

TABLE II. PROXIMATE AND CELL WALL COMPOSITION OF RICE STRAW AND GLYRICIDIA
MACULATA (g/kg DM)

Item

Rice straw

Gliricidia maculata

DM

914

245

CP

37

238

Total Ash

172

84

NDF

728

423

ADF

423

244

ADL

54

72

Leaves and petioles.

TABLE III. DIGESTIBILITY AND INTAKE OF RICE STRAW AND RATIONS

Diet

UrtLrt

0 5

U0L15

LJni-OQ

U2L0

U2L5

U2L15

U2L3o

Organic

digestibility

Straw1

412a

467b

504d

498d

463b

482C

SOT0

510d

matter

fg/kg DM)

Total Diet

412a

473b

519C

548e

463b

488C

522cd

542de

Straw

574a

673b

848e

721cd

690^

727"1

880e

715e"

Dry matter

g/dav

Total Diet

574a

708bc

998d

1030d

690b

765e

1035d

1021d

intake

%live

Straw

1.8

2.1

2.6

2.2

2.1

2.3

2.7

2.2

weight

Total Diet

1.8

2.2

3.1

3.2

2.1

2.4

3.2

3.2

Digestibility of straw in diets fed with legume was calculated assuming an OMD of 613 g/kg DM for legume.
a.b.c. values within each column not bearing a common superscript are different (P<0.01). Means compared using Duncan's New

Multiple Range Test.
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OMD of straw in diets fed with legume was calculated assuming an OMD of 613 g/kg dry matter
(DM) for legume. OMD and DMI of straw and diets increased (P<0.01) with the lowest levels of
supplementation, either with urea or legume (U0L0 vs U0L5 or U2L0). Urea in combination with legume was
effective only at the lowest level of legume (U2L5) and that too was affected on the utilization of straw, but
not on that of the diet. Without urea (U0 diets) legume alone increased (P<0.01) OMD and DMI of straw
and diets up to 15% inclusion, but at 30% level only the OMD of diet increased (P<0.01) while the DMI
of straw decreased (P<0.01).

3. 1.2. Rumen fluid pH and NH3

Results of the rumen fluid pH and NH3 are presented in Table IV. pH remained at normal levels
with no effect (P<0.05) due to dietary treatments, although it was the lowest (6.4) with U0L30. Dietary
treatment affected (P<0.01) the rumen NH3 concentration which was lowest with U0L0 and highest with the
highest combination of supplements (

TABLE IV. RUMEN FLUID pH AND NH3

Diet notation

U0L0

U0L5

U0L15

UoLjo

U2L0

U2L5

U2L15
U

2L30

pH

6.8

6.8

6.7

6.4

6.9

6.9

6.8

6.7

NH3 (mg/100 ml)

4.3a

10.3b

18.5cd

20.2de

16.2C

13.0b

18.3cd

22.1e

a' 'c Values bearing different superscripts are different (P<0.01).

3.2. Experiment 2

3.2.1. Liveweights of animals
Results are summarized in Table V. Closely matched initial mean liveweights (LW) of the treatment

groups (range 61.9 to 63.0 kg), differed significantly (P<0.01) between treatments at the end of one year
(range 65.5 to 100.5 kg). LW gains increased significantly (P<0.01) from G through GS to GSS.

3.2.2. Intake of straw and supplements
Results are presented in Table VI. During the first month, there was no significant difference in the

straw DM intake between the GS and GSS. However, the straw intake in both treatments increased
considerably by the last month, that of the GSS increasing nearly three-fold and being higher (P<0.01) than
that of GS. Mean straw DM intake of GSS (1171 g/head/d) was also higher (P<0.01) than that of GS (574
g/head/d). Annual mean intakes of urea, molasses, rice bran and the vitamin-mineral mixture in GSS were
29, 146, 125 and 15 g/head/d, respectively.
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TABLE V. LIVEWEIGHT DATA1

LW (kg/head)

LW gain

Parameter

Initial
Final

kg/ha/yr

g/head/d

G

62.4
65.5

18.6a

9.0a

GS

63.0
78.2

91.2b

42.0b

GSS

61.9
100.5

231.6e

106.0e

Mean values of 3 replicates.
a,b,c values within each row bearing different superscripts are different (P<0.01).

TABLE VI. INTAKES OF STRAW AND SUPPLEMENTS AND YIELD AND PROXIMATE
COMPOSITION OF HERBAGE1

Parameter

Straw DM intake

(g/head/d):

Herbage DM yield

Total

Initial

Final

Proximate composition

(g/100 g DM):

G

First month

Last month

Annual mean

(kg/ha/year) 3883a

(kg/ha/month)2 812a

(kg/ha/month)3 451a

of herbage

DM 23.4a

CP 10.2a

CF 28.6a

Ash 8.2a

GS

418a

1100a

574a

4187b

839a

593b

23.2a

9.0b

33.0b

9.7a

GSS

650a

2063b

1171b

5033

%9b

685b

22.1a

10.6a

28.7a

9.5a

Values given are means of 3 replicates.
First monthly yield after grazing.
Last monthly yield after grazing.

a,b,c values within each row bearing different superscripts are different (P<0.01).

3.2.3. Herbage yields, proximate and botanical composition
Initially the yield of herbage DM in GSS was higher (P<0.01) than those of the other treatments

(Table VI). Final DM yield of G was lower (P<0.01) than those of GS and GSS. In all treatments, monthly
DM yields decreased from the initial to the final month. While the decrease was 45% in G, it was similar
and only 29% in GS and GSS. The total DM yields differed (P<0.01) between treatments, increasing from
3883 kg/ha/y through to 5033 kg/ha/y for GSS.

CP contents of herbage were lower (P<0.01) in GS compared to G and GSS while the opposite was
true for CF. The DM and ash contents were not affected by treatments. The most predominant species
common to all treatments were Axonopus compressas, Axonopus affinis, Chrysopogon aciculatus and
Desmodium triflorum.
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TABLE VII. OESTRUS, CONCEPTION AND CALVING DATA1 FROM ANIMALS WITHOUT
STRAW (G), WITH STRAW (GS), WITH STRAW AND SUPPLEMENTS

fy

Treatment

G GS GSS

First oestrus

No.3

Age (mo)

LW (kg)

First conception

No.3

Age (mo)

LW (kg)

First calving

No.3

Age (mo)

LW (kg)

8

28.8

79.0

1

36.8
129.2

-

-
.

9

28.3

101.6

5

36.0

133.5

1

40.6
154.0

9

25.8

128.8

9

31.9

154.3

5

37.9
158.3

Age (mo)

LW (kg)

Gestation

Length (days)

Calves born

Male
Female

Total4

LW (kg)

40.6
154.0

270

1
-

1

13.0

37.9
158.3

273

2

3

5
13.6

Not statistically analyzed due to insufficient and/or unequal data from replicates on 1 Feb. 1992.
2 Each treatment had a total of 9 animals (3/rep. x 3 reps.)
3 No. out of a total of 9 animals/treatment.
4 Total No. of calves to be born by Sept. 92 on confirmed conceptions are 1 in G, 5 in GS and 9 in GSS.

3.2.4. Reproduction
Data on first oestrus, and on conception and calving to 1 February 1992 are presented in Table VII.

No statistical analysis were carried out on the data for reproductive measurements because they were
incomplete at the time of writing. All the heifers except one on treatment G had shown their first oestrus.
There were no calves born in G while there were 1 and 5 in G and GSS, respectively. By September 1992,
there will be 1 calf born in G, 5 in GS and 9 out of 9 animals calving in GSS, with one cow in GSS expected
to calve for the second time by then. Supplementation increased the weight of heifers at first oestrus and
conception and there was a trend for GSS heifers to be younger at first oestrus and conception than heifers
hi the other treatments.
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4. DISCUSSION

4.1. Experiment 1
The increased intake of straw in response to N supplementation (Table III) could have been due

to the straw's low CP content of 3.7% (Table II), since intake of diets was adversely affected at low CP levels
[9]. According to Devendra [10] DMI of straw increased with urea supplementation while Donefer et û/.[ll]
and Orskov and Grubb [12] reported higher DMI due to N supplementation of NaOH treated rather than
untreated straws. Further, it is possible that OMD and DMI of straw and total diets increased with 15%
supplementation of legume due not only to the effect of N, but also to the readily-fermentable fibre, since
further supplementation of urea-supplemented, untreated straw with 15% sugar beet pulp had similar effects
[13]. Decreased DMI of straw at 30% legume supplementation with or without urea may have been due to
factors other than digestibility of straw, since digestibility did not change (Table III). Others have also
reported an increased DMI of straw by sheep following supplementation with Gliriddia maculata [14]. DMI
of the diet was highly and positively correlated with OMD (r=0.96, P < 0.01). The correlation between DMI
and OMD of straw was less (r = 0.82, P < 0.01) due mainly to a decreased DMI at similar OMD when
legume was increased from 15 to 30%.

Indications are that the legume was a good source of rumen NH3 (Table IV). Doyle [15] reviewed
the NH3 requirements for microbial growth and reported an optimum range of 5-28 mg/100 ml rumen fluid.
Hence, the OMD of U0LQ ration with 4.3 mg NH3/100 ml may have been adversely affected through
sub-optimal microbial activity.

Based on the OMD and DMI, the best diet for maximum utilization of straw was UQL15 while the
one for higher levels of production was UQL30. In the absence of legume, urea (U2LQ) increased (P<0.01)
OMD of straw and diet, and their DMI.

42. Experiment 2
The liveweight gain (LWG) of the cattle on all treatments was low, with the animals without straw

being just above maintenance level. A linear decline in liveweight gain/head with increasing stocking rates
under coconut has been reported [16, 17]. With cross-bred indigenous calves on improved, well-managed
pasture under coconut, a liveweight gain of 305 g/head/d has been reported [5], LWG on native pastures

under coconut with a stocking rate of 1 calf/ha [18] was 43.7 kg/ha/yr, comparing more closely with the
results of this study.

Due to supplementation, the intake of straw increased significantly (P<0.01) in GSS. This is in
agreement with previous reports in which the intake increased as a result of increased digestibility due to
supplementation of roughages [11, 19]. Higher liveweight gains in GS and GSS were not only due to the
provision of straw, but casual observation indicated that animals in G spent the longest time grazing while
those on GSS were mostly resting, thereby conserving energy for production, having probably obtained their
requirements from supplemented straw.

The higher herbage DM production with GS and GSS may have been due to decreased grazing
pressure resulting from availability of straw or straw and supplements as well as re-circulation of some of
the nutrients and organic matter put into the system through straw and supplements. In G, there were no
inputs of nutrients or organic matter into the system. These effects on the yield of coconuts are being studied
separately. Based on the proximate composition (Table VI) the herbage in G and GSS was superior to that
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of GS. This may be due to the interacting effects of grazing pressure and nutrient recirculation through straw
and/or supplements fed to cattle.

The effects of supplementation of roughages on the nutrition and reproduction of ruminants under
conditions prevailing in developing countries have been highlighted [20]. Such results have been reviewed [21]
and are generally in agreement with present findings. The birth weights of 13.0 -13.6 kg of 50% Jersey calves
in this study were lower than similar calves from cows on improved pastures at a state-owned location nearby
[22].

The present study aimed at determining/demonstrating the long-term effects of minimum inputs
assumed to be socio-economically acceptable to small farmers under the conditions described in the
introduction. Long-term benefits due to feeding of straw or straw and minimum supplements compared to
the existing feeding practices through early conception, calvings and lactations are evident from the results.
The first generation of 50% Jersey calves hi the study was kept out of the paddocks, but brought in at the
time of milking mainly for let-down. Thus, different nutritional regimes were maintained at a constant
set-stocking throughout. Hopefully, with the adoption of the demonstrated feeding practices as a first step,
these results point to the direction in which to proceed with improved calves which are often in demand by
the farmers.

Observations on behaviour indicate the importance of providing straw not only as a source of energy
but also to conserve the energy of ruminants grazed on unproductive pastures. Under prevailing conditions,
it is recommended that straw is always kept for extensively grazed indigenous cattle, at least using night
paddocks for that purpose.

5. CONCLUSIONS

Utilization of straw can be improved by supplementation with N. Urea is useful only when the
availability of legume for rations is limited (5%). Legume alone can improve the utilization of straw and of
the total ration up to 15%, beyond which at 30%, only the utilization of the total ration can be improved,
but not that of straw.

Cattle production under land-limiting, low input-output systems of rearing can be improved by
introducing straw alone or, more significantly, together with low levels of supplements. The major effects of
improved nutrition are expected later through the improvement in the reproductive performance of the cattle.
Therefore, to determine and demonstrate to the farmer the hidden major economic benefits through
reproduction, nutrition studies of this nature should be of a longer duration.
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Abstract

UTILIZATION OF CASSAVA LEAF (MANIHOT ESCULENTA. CRANTZ.) IN CONCENTRATE MIXTURES FOR SWAMP
BUFFALOES IN THAILAND.

A study was made to evaluate dried cassava leaf (Manihot esculenta. Crantz) as a protein supplement in diets for buffaloes.
Five swamp buffaloes aged 2.5 years, (average liveweight 249 ± 6.1 kg) were randomly allotted to five concentrate mixtures containing
0, 15, 15, 22.5 and 30g/kg dry matter (DM) dried cassava leaf containing 11.8-13.9% crude protein, 11.3-13.0 MJ metabolisable
energy/kg DM, 9.7-18.4% neutral detergent fibre acid, 6.9-13.9% acid detergent fibre. The buffaloes were given urea-treated rice straw
CUTS') ad libitum and one of the concentrate mixtures during each of five measurement periods according to a 5 x 5 Latin square
design. Each period had a 21-d preliminary interval followed by a 7-d collection interval while the animals were in metabolic crates.
Digestibilities of nutrients and N-balances were higher when cassava leaf was present in the concentrate mixtures, being highest for
the 7.5% cassava leaf mixture. The ammonia and total VFA concentrations in rumen fluid and total volatile fatty acids (TVFA) and
blood urea concentrations did not differ significantly between treatments. As the level of dried cassava leaf increased, the price of the
mixtures decreased markedly. Dried cassava leaf therefore proved to be a good supplement for ruminants during seasonal dry periods
when other feed supplies were not abundant. Incorporation of the dried cassava leaf in the concentrate up to 30% DM, and possibly
higher, could reduce the cost of diets for buffaloes relative to diets containing other protein sources such as soyabean meal.

1. INTRODUCTION

Cassava (Manihot esculenta, Crantz.) is an important cash crop in Thailand. The products (worth
16,600 million Baht hi 1989-90) have been exported to the European Economic Community (EEC) for many
years. However, the EEC has reduced the importation of cassava from Thailand and the price has
consequently fallen from 0.89 Baht to 0.62 baht per kg in recent years. The government and the private
sector have been trying to find alternative outlets for cassava. Cassava chip is a good source of readily
fermentable carbohydrate [1] but its protein content is rather low.

Cassava leaf, as a crop-residue from cassava production, contains about 25% crude protein [2, 3].
Dried cassava leaf has been successfuly used as a supplement for ruminants fed straw-based diets [3-5]. In
addition, Wachirapakorn and Wanapat [6] reported that dried cassava leaf had a lower protein degradability
than dried leucaena leaf, dried kenaf leaf and dried water hyacinth, each of which was considered a good
source of escape protein for ruminants.

The objective of this experiment was to evaluate cassava leaf as an alternative to soybean meal in
concentrate mixtures in terms of intake, digestibility and nitrogen utilization hi swamp buffaloes.

2. MATERIALS AND METHODS

Five swamp buffaloes, 3.5 year old and with an initial weight of 245 kg, were randomly allocated to
5 dietary treatments according to a 5 x 5 Latin Square design. The animals were vaccinated, dewormed and
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injected with vitamins AD and E prior to commencement of the experiment and housed in individual pens
with drinking water available at all times. They were given free access to urea-treated rice straw (UTS) as
a roughage source and supplemented with concentrate (~ 12%CP) at a 40:60 ratio twice daily during a 21-day
preliminary period. Later, they were housed in individual metabolism crates with drinking water available
at all times to enable a 7-day collection of faeces and urine. During this period, the animals were fed 90%
of their voluntary intake of UTS during the pre-trial period in two portions at 0800 and 1500 h.

Animals were bathed and cleaned after collection of feed refusals, and faeces and urine were
collected before the new feed was given each morning. Ten percent of faeces were stored frozen until
chemical analyses were done. Sulphuric acid (50 ml) was added daily to the urine collecting plastic tank (20
litres) to prevent nitrogen loss, and 100 ml of urine were collected and stored frozen until nitrogen analyses
were done. Apparent digestion coefficients were calculated.

Representative samples of feed and faeces were analyzed for dry matter (DM), ash, crude protein
(CP) [7] and fiber components [8]. Nitrogen concentrations in faeces and urine were analyzed [7].

Rumen fluid (50 ml) was sampled using a stomach tube connected to a suction pump. pH was
measured immediately, after which the sample was acidified by adding 6M HC1 and stored pending analysis
for ammonia N and total volatile fatty acids [10]. Blood samples were obtained at the same time as rumen
fluid samples and analyzed for blood urea nitrogen (BUN) [10].

Data were analyzed by SAS according to Steel and Torrie [11] and treatment means were compared
by using Duncan's New Multiple Range Test.

3. RESULTS AND DISCUSSION

The chemical composition of the concentrate mixtures and UTS are given in Table I. Crude protein
contents of concentrate mixtures were similar but the fibre constituents increased as the percentage of
cassava leaf increased in the concentrate mixtures. Crude protein content and fiber fractions (NDF, ADF)
of UTS were 6.4, 75.8 and 55.5% respectively which were similar to values reported previously [12, 13].

Table II shows the dry matter intake (DMI) and digestibility of the diets given to the swamp
buffaloes when offered UTS at 90% of their voluntary intake of UTS in the pre-trial feeding period. It was
found that DMI were similar between treatments. Animals receiving the concentrate with 7.5% cassava leaf
had highest values of DM, OM, CP, NDF and ADF digestibility. These digestibilities tended to decrease as
cassava leaf content increased in the concentrate mixtures, but the differences were not significantly different.
NDF and ADF digestibility in diets with cassava leaf were markedly higher (P< 0.05) than those of the
control but were not different (P> 0.05) from each other. However, digestibilities of nutrients of diets 2, 3,
4 and 5 were higher than that of concentrate diet 1. The basal concentrate mixture had readily- fermentable
carbohydrate from cassava chip and soyabean protein which has high degradability. These components may
have affected rumen pH and microbial activity in the rumen [1, 14].

Nitrogen balances in all treatments were positive and consistent with growth rates of the buffaloes
in excess of 0.5 kg/day (Table III). However, animals receiving the mixture with 7.5% cassava leaf had higher
(P< 0.05) values for N absorption and N retention than the other mixtures containing cassava leaf. The N
utilization of concentrate mixture 1 was lowest, probably because the protein in the mixture was provided
by soyabean meal which is highly degradable in the rumen, thus also affecting digestibility of the whole diet.
Thammasaeng [15] found that N retention in growing swamp buffaloes fed high energy diets was lower than
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TABLE I. COMPOSITION (WET BASIS) AND CHEMICAL COMPOSITION OF CONCENTRATE
MIXTURES AND UREA-TREATED RICE STRAW (UTS)

Item

Cassava chip
Broken rice

Soybean meal

Cassava leaf
Urea

Limestone

Sulphur

Salt

Price, Baht/kg

ME, Meal/kg DM*

Chemical analysis (%DM)

DM

OM

CP

NDF

ADF

0

66.3
15.0

16.5
0.0

0.5
0.9

0.02

0.9
4.2

13.0

88.9

94.7

12.6

9.7

6.9

% cassava leaf in concentrate mixture

7.5 15 22.5 30

61.3

16.5
12.4

7.5

0.5

0.9
0.02

0.9
3.9

12.5

89.0

93.6

13.9

13.2

9.5

56.2

18.2

8.3

15.0

0.5

0.9

0.02

09

3.6

12.1

89.2

94.2

11.8

14.8

8.9

51.0

20.0

4.1

22.5

0.5

0.9
0.02

0.9

3.4

11.7

89.6

93.9
12.7

15.8
11.1

46.1
21.5

0.0
30.0
0.5
0.9

0.02

0.9

3.1

11.3

89.2

92.8

12.2

18.4

13.9

UTS

-

-

-

-

-

-

-

-

-

-

55.0

85.9
6.4

75.8
55.5

CL = cassava leaf
* According to NRC

TABLE II. PERIOD 2. FEED INTAKE AND DIGESTIBILITY OF DIETS IN SWAMP BUFFALOES

Item 0
% cassava leaf in concentrate mixture

7.5 15 22.5 30 ± SEM

Total daily dry matter intake

kg
%BW

g/kg W.75
Digestibility, %

DM

OM

CP
NDF

ADF

7.4
2.4

98.8

70.2a

73.6a

56.6a

60.4ab

57.3ab

7.2

2.3

100.2

76.7b

79.2b

68.9b

69.2b

67.0b

7.3
2.3

96.1

74.1ab

76.7ab

58.4d

65.5ab

61.6ab

7.1

2.3

97.4

73.2ab

76.5ab

59.4a

65.1ab

60.2ab

7.3
2.3

95.9

72.1ab

75.0ab

58.8a

66.0ab

62.7ab

0.2

0.05
2.1

1.5

1.5
2.8
2.5
2.4

Values on the same row with different supersetipts diffei (P<005)
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TABLE III. N ABSORPTION AND RETENTION (G/D) IN SWAMP BUFFALOES FED UREA-
TREATED RICE STRAW (UTS) AND SUPPLEMENTED WITH CONCENTRATE MIXTURES
CONTAINING INCREASING PERCENTAGES OF CASSAVA LEAF

Item

N intake

N in faeces

N in urine

N absorbed

N absorbed % of
N intake

N retained

N retained % of
N intake

0

83.0

49.7

22.7

33.3

40.1

10.6

12.8

% cassava leaf in

7.5 15

90.1

37.0

22.8

53.1

58.9

30.3

33.6

79.9

44.9

13.2

35.0

43.8

21.8

27.3

concentrate mixture

22.5 30

82.7

44.9

19.3

37.8

45.7

18.5

22.4

82.5

45.1

13.7

37.4

45.3

23.7

28.7

± SEM

1.7

2.0

2.1

3.5

3.2

3.2

3.5

TABLE IV. RUMEN AMMONIA AND TVFA CONCENTRATIONS AND PLASMA UREA NITROGEN
(BUN) IN SWAMP BUFFALOES FED UTS AND SUPPLEMENTED WITH CONCENTRATE
MIXTURES CONTAINING INCREASING AMOUNTS OF CASSAVA LEAF

Item

Ammonia-N,
(mg/l/h)

-2h

Oh

2h

4h

6h

mean

TVFA (mmol/)

PUN (mg N/1)

0

34.6ab

36.6

72.9

26.7^

63.4ab

46.8

82.3

34.6

% cassava leaf in concentrate mixture

7.5 15 22.5 30

25.4a

27.5

70.1

23.7ab

71.2ab

43.6

69.3

34.2

3Q.9*b

30.1

82.2

15.0a

36.8a

39.0

78.1

26.8

36.2ab

46.7

99.3

24.9ab

65.6ab

54.6

82.2

26.5

46.6ab

40.2

64.1

43.7"

85.8b

56.1

73.6

33.1

± SEM

6.0

8.0

11.0

5.7

13.5

ab Values on the same row with different superscripts differ (P<0.05).

in those fed low energy diets. Further studies are required to determine whether levels of cassava leaf higher
than 30% cassava leaf are possible. N utilization in the concentrate mixture containing 30% cassava leaf was
not significantly different from the other mixtures. Since cassava leaf was less degraded in the rumen it would
have provided escape protein directly to animals in comparison with the control concentrate mixture. That
utilization in concentrate mixture 2 was more efficient than in other mixtures was probably due to the
inclusion of both degradable protein and escape protein sources contained in this mixture.
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Ammonia-N and total VFA production in the rumen of swamp buffaloes fed UTS and supplemented
with concentrate are given in Table IV. They were not significantly different between treatments and the
values were in the normal ranges [16,17]. Rumen ammonia concentrations were probably adequate to meet
microbial N requirements throughout the day. BUN values were also similar between treatments.

The results obtained from this experiment could have a great impact on livestock production in
Thailand especially in the north-east where the dry season is lengthy and feed resources are scarce. The
utilization of dried cassava leaf either offered directly, or incorporated in concentrate mixtures can provide
essential nutrients during the period when feed is scarce and can reduce the cost of concentrate supplements.

4. CONCLUSIONS

Cassava leaf can be included in concentrate mixtures for feeding to swamp buffaloes at up to 30%
in the mixture (and possibly higher) without adverse effects on nutrient utilization. The acceptance
(ingestibility) by the animals was satisfactory.

N utilization of concentrate mixtures which contained 7.5 - 30% cassava leaf by swamp buffaloes did
not differ significantly. However, the use of cassava leaf in concentrate mixtures can reduce the price of
concentrates thus reducing the overall cost of production.
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Abstract

DEVELOPMENT OF FEEDING STRATEGIES FOR IMPROVING RUMINANT PRODUCTIVITY IN THE REPUBLIC OF
KOREA.

An experiment was carried out to study the influence of the treatment of soybean oil meals by extrusion on the nitrogen
metabolism of sheep. The effects of dietary nitrogen supplementation from four sources upon rumen fermentation, microbial protein
synthesis in the rumen and utilization of nitrogen in the post-ruminal digestive tract was studied in a 4 x 4 Latin square experiment
using sheep with rumen and duodenal cannulae. The sources of nitrogen in the four diets were (a) urea, (b) untreated soybean oil
meal (SBM), (c) soybean oil meal extruded at 150° C (ESBM) and (d) soybean oil meal with 60% fresh blood and extruded at 150' C
(ESBMB).

The digestion of the nutrients was not significantly different between urea and SBM, ESBM, and ESBMB. Nitrogen
retention for SBM, ESBM and ESBMB was significantly increased as compared with urea (P<0.05), but nitrogen retention for the
soybean oil meal was not affected by extrusion or by the addition of fresh blood. Rumen pH, total VFA concentration, rumen liquid
dilution rates and rumen volume were not significantly affected by source of protein, but rumen ammonia contents for the urea group
and SBM group were increased as compared with ESBM and ESBMB. Nitrogen flow and NAN flow passing at the duodenum for
the SBM group were significantly improved compared with those for the urea group (P<0.05). Nitrogen flow and NAN flow were
improved by extrusion and by the addition of fresh blood but there were no significant differences between ESBM and SBM or
between ESBM and ESBMB. The efficiency of bacterial nitrogen synthesis, expressed as g bacterial N synthesized per kg OM
apparently or truly digested in the rumen was similar for all treatments.

1. INTRODUCTION

A gradual increase in the size of the national dairy herd in the Republic of Korea, together with its
enhanced genetic potential for milk production, has challenged animal nutritionists to formulate rations for
higher-producing cows. However, there is a lack of information in the Republic of Korea on the
degradability and feeding value of locally-available feedstuffs. Heat treatment of grains substantially
decreased solubility of protein, and extruding of feedstuffs may generate sufficient heat to provide partial
protection of protein. There is limited research concerning the effect of heat treatment on intestinal protein
supply in ruminants. Nishimuta et al. [i] demonstrated that heat treatment of soybean meal for 4 h at 149°C
increased the quantity of amino acids presented to the abomasum of steers. Stern et al. [2] also found that
whole soybeans extruded at 132°C and 149°C increased the availability of total essential amino acids in the
small intestine of dairy cows compared with diets containing whole soybeans. In contrast, McMeniman and
Armstrong [3] found that heating soybeans did not increase total flow of protein to the duodenum of cattle.
The aim of the present project was to study the protein degradability of locally available raw materials and
to find ways to protect protein from rumen degradation. As a preliminary to the major part of the work
reported here, a range of different treatments for modifying the degradability of soybean meal were assessed
in situ. The research in the final year studied the effects of mixing fresh blood with soybean meal produced
by twin extrusion upon nitrogen utilization in vivo.
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2. MATERIALS AND METHODS

2.1. Experimental animals and diets
In order to determine the optimum temperature and the appropriate amount of pig blood to add

to soybean oil meal, a preliminary experiment was carried out with four levels of extrusion temperatures (0,
125,150, and 165°C), and five levels of fresh blood added to soybean oil meal (0,15, 30, 60, and 90% of the
SBM).

Four Corriedale lambs (50 kg bodyweight) fitted with both a rumen cannula and T-type cannula in
the proximate duodenum were used as the experimental animals in a 4 x 4 Latin square arrangement of
treatments with 28-day periods. The sheep were randomly allocated to four treatments: urea, soybean oil
meal (SBM), soybean oil meal extruded at 150°C (ESBM), and soybean oil meal with 60% fresh blood and
extruded at 150°C (ESBMB). These treatments were included in pelleted diets of 80% grain and 20%
chopped rice straw. The ingredients and chemical compositions of the experimental diets are shown in Table
I. Each test soybean product supplied approximately 52% of the total dietary protein. The experimental diets
were offered every 2 h by an automatic feeding system to maintain steady-state conditions in the
gastrointestinal tract. Lighting was continuous throughout, and water was available at all times.

22. Determination of digesta flow
A solid and a liquid phase marker were used to measure duodenal digesta flow and ruminai passage

rates of liquid and solid phase digesta. Ytterbium chloride (YbCl 6H,0) as the solid marker and 2-14C-Cr
EDTA [4] as the liquid marker were used. Each dietary period consisted of 28 days. The sheep were allowed
a 10-day adaptation period followed by collection of faeces and urine over 5 days. Infusion of marker started
on the first day of the period. Samples of duodenal digesta were taken at 6 h intervals from day 16 for 48
h in order to determine solid phase flow rate as well as for the determination of the bacterial marker
(diaminopimelic acid) and chemical components. Samples of ruminai digesta were collected at 6 h intervals
from days 18 for 24 h for the determination of ruminai bacterial marker. Samples of ruminai digesta without
radioisotope were taken at 2-8 h intervals (2, 4, 8,12, 16, 20, 24, 32, 40, 48 h) from day 19, for 48 h in order
to determine solid dilution rate.

From day 21 to day 26, 2-14C-Cr EDTA (10.5/iCi/100ml/day) was infused continuously into the
rumen. On day 25, samples of duodenal digesta were taken at 6 h intervals for 48 h for the determination
of liquid phase passage rate.

Samples of ruminai digesta were also taken at 2-8 h intervals (2, 4, 6, 8, 12, 16, 20, 24, 32, 40, 48 h)
from day 27 for 48 h after infusion of isotope was stopped for the determination liquid dilution rate. The
flow rate of true digesta was calculated by using the two-marker system of Faichney [5], i.e.:

R (reconstitute) = digesta 14C-digesta Yb
filtrate Yb - filtrate 14C

True digesta 14C = digesta YB + R x filtrate Yb
1 + R

True digesta flow = I/true digesta 14C

The proportion of bacterial nitrogen in duodenal digesta N was calculated using the following equation:

N in the rumen bacteria x PAPA in duodenal digesta
DAPA in rumen bacteria N in duodenal digesta
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TABLE I. COMPOSITION OF EXPERIMENTAL DIETS

Item

Yellow maize

Wheat bran

SBM

ESBM

ESBMB

Urea

Maize starch

Molasses

Rice straw

Tricalciumphosphate

Salt

Vitamin and Mineral
mixture*

Crude protein

Ether extract

Crude fiber

NFE**

Crude ash

Ca

P

Gross energy

Urea

41.8

13.9

-

-

-

2.0

13.15

5.7

20.0

0.9

0.3

0.4

14.9

2.4

9.4

61.7

5.8

0.7

0.3

3.8

SBM

Ingredient composition, % as fed

41.8

13.9

15.8

-

-

-

-

5.8

20.0

0.9

0.3

0.4

Chemical composition, % as fed

14.7

2.0

9.9

59.1

6.5

0.6

0.4

Kcal/g

3.9

ESBM

41.8

13.9

-

15.8

-

-

-

5.8

20.0

0.9

0.3

0.4

14.9

2.2

9.6

59.4

5.5

0.6

0.4

3.8

ESBMB

41.8

13.9

-

-

13.4

-

-

8.1

20.0

0.9

0.3

0.4

14.9

2.0

9.7

59.8

6.6

0.7

0.4

3.9

« Contains the following in kg Vit A, 4,000,000 IU, Vu D3, 8,000,000 IU, Vit E, 40,000,000 IU,
Mn, 8,000 mg, Co, 160 mg, Antioxidant, 2,000 mg

** Nitrogen free extract.
SBM = Soybean oil meal
ESBM = Soybean oil meal extruded at 150° C
ESBMB = Soybean oil meal extruded at 150" C with 60% (W/W) blood

23. Analytical procedures

The stored rumen fluid was thawed and strained through four layers of cheesecloth. Separation of
rumen bacteria was conducted according to Siddons et al. [6]. Duodenal samples from a sheep in a period
were composited and homogenized in a blender after thawing and centrifuged at 2400 g for 20 min. The
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separated liquid and solid phases and whole digesta were lyophilized, and ground to pass a 1 mm screen, and
then kept for OM, N, diaminopimelic acid (DAPA), and marker analysis in a P,05 desiccator. Proximate
analysis was conducted by the procedures of AOAC [7], and rumen fluid was analyzed for VFA
concentration by gas chromatography on a Packard 439 with 10% SP 1200/1% phosphoric acid on 80 to 100

mesh chromosorb W/AM. The internal standard component was crotonic acid. A Biotronic 5001 amino acid
analyzer was used to measure the concentration of DAPA as bacterial marker and amino acids with
performic acid oxidation [8]. Ytterbium was analyzed by atomic absorption spectrometry (Perkin-Elmer
2380). The radioactivity of 14C was determined using a liquid scintillation counter. Data were analyzed by
the General Linear mode of SAS.

3. RESULTS AND DISCUSSION

The degradability of dry matter and N of soybean oil meal in the preliminary experiment was
decreased significantly (P<0.05) as the extrusion temperature and the mixing percentage of fresh blood
increased. On the basis of the results from the preliminary experiment, the treatment chosen for further
evaluation was soybean oil meal extruded at 150°C and mixed with 60% fresh blood.

The apparent digestion of the nutrients was not affected by the nitrogen source, extrusion treatment,
or blood treatment (Table II).

TABLE II. THE EFFECT OF EXTRUSION TREATMENT ON THE APPARENT DIGESTIBILITY

OF NUTRIENTS

Diets

Digestibility of:

Dry matter

Organic matter

Crude protein

Ether extract

Crude fiber

NFE

Gross energy

Urea

78.4

80.0

80.1

84.5

54.0

83.8

79.1

SBM

79.0

80.9

81.8

81.0

58.7

85.6

79.8

ESBM

80.8

82.7

83.8

84.7

61.1

85.8

81.8

ESBMB

78.2

80.1

80.3

84.0

55.7

83.8

79.4

SE*

1.90

1.76

2.03

2.38

3.39

1.35

1.64

* Standard error.

Mir et al. [9, 10] observed that there were no differences in the digestibilities of DM, N, and crude
fibre between the heat-treated soybean oil meal compared with treatment with 150% blood at 70°C.
Goedeken et al. [11] and Waltz et al. [12] also demonstrated there was little difference in the digestibility
between soybean oil meal and blood meal.

Nitrogen retention for the SBM group was significantly improved as compared with the urea group
(P<0.05). However, there were no differences between soybean oil meal, extruded soybean oil meal and
extruded soybean oil meal treated with 60% fresh blood (Table III). This result was similar to others showing
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TABLE III. THE EFFECT OF EXTRUSION TREATMENT ON NITROGEN RETENTION OF RAMS

Diets

Nitrogen

Intake (g/d)
Excretion (g/d)

Feces

Urine

Balance (g/d)

% of intake

Urea

26.5

4.8

13.9b

7.3a

29.4a

SBM

26.0

4.7

lO.Oa

11. 4b

43.7b

ESBM

26.8

4.3

12.4ab

lO.lab

37.7ab

ESBMB

26.6

5.1

12.2ab

9.3ab

34.7ab

S.E.*

1.07

0.41

0.74

0.97

2.76

a,b, Means with different letters in the same row are significantly different (P<0.05).

TABLE IV. THE EFFECT OF EXTRUSION TREATMENT ON RUMINAL FERMENTATION
CHARACTERISTICS, DILUTION RATE, AND LIQUID OUTFLOW RATE OF RAMS

Item

PH
NH3-N (mg/dl)

Total VFA (mM/1)
VFA's, molar %

Acetate

Propionate
iso-Butyrate

n-Butyrate

iso-Valerate

n-Valerate
Dilution rate (%/h)

Liquid

Solid

Rumen volume (1)

Rumen liquid
outflow (ml/h)

Diets

Urea

6.3

28.1d

75.5

52.1a

31.1b
0.2a
13.3

1.9a

1.0

6.5
3.7a
6.1

535.5a

SBM

6.2

22.3c

80.3

53.8b

30.6b
0.2a
12.2

2.4a

1.0

6.8
3.8a
6.7

638.2b

ESBM

6.4

18.2b
78.5

58.6c

21.5a
0.5a
13.9
3.7b

1.0

6.5
4.2ab
6.9

659.7b

ESBMB

6.2

15.3a
73.3

60.3c

19.4a
1.2b
16.1

2.1a

1.2

6.8
5.7b
6.4

632.4b

S.E.*

0.24

1.59

7.77

0.37

1.58
0.20
1.37
0.44

0.12

0.58
0.45

0.50

35.61

a,b, Means with different letters in the same row are significantly different (P<0.05).

that there were no differences in N retention between soybean meal and either the extruded soybean oil meal
at 120°C [10] or heat-treated SBM with fresh blood [13].

Analyses of several ruminai variables are shown in Table IV. Rumen pH, total VFA concentration,

liquid dilution rate, and rumen volume were not effected by diet, while there were significant differences
between diets in NH3-N concentration, acetate and propionate, solid dilution rate and rumen liquid outflow
rate. Rumen ammonia N concentrations (mg/dl) were 28.05, 22.25, 18.24, and 15.34 for urea, SBM, ESBM
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TABLE V. THE EFFECT OF EXTRUSION TREATMENT ON FLOW RATE AND DIGESTION OF
ORGANIC MATTER IN THE RUMEN AND POSTRUMEN OF RAMS

Diets

Nitrogen

Intake (g/d)

Flow to (g/d)

Duodenum

Feces

Digestion in (g/d)

Rumen

Postrumen

Microbial flow at
duodenum (g/d)

Truly digested OM
in rumen (g/d)

Digestion of intake
in rumen (%)

Apparent

True

Total GI tract

Urea

971.3

484.0a

193.1

487.2b

300.9

186.3

673.5e

50.2b

69.4b

81.1

SBM

958.6

514.4b

179.2

444.2a

335.2

193.9

638.1b

46.4b

66.6b

81.2

ESBM

956.7

535.8b

161.7

420.9a

374.1

183.8

604.7a

44.0a

63.21a

83.1

ESBMB

954.3

536.5b

185.2

417.8a

351.3

179.8

597.6a

43.8a

62.62a

80.5

S.E.*

19.28

9.27

15.30

14.83

19.60

10.08

14.56

0.88

18.56

1.71

a,b,c Means with different letters in the same row are significantly different (P<0.05).
OMADR = organic matter apparently digested in the rumen.
OMTDR = organic matter truly digested in the rumen.

and ESBMB, respectively. These results indicate that rumen NH3-N was significantly reduced by both
extrusion and blood treatment. This corresponds with the tendency toward a lower rumen ammonia N
observed with the processed protein source diets. Several reports have demonstrated reductions in rumen
NH3-N for diets with heat treated protein [14], roasting [15], extrusion treatment [16, 17], heat treatment
after addition of fresh blood [13] and blood meal [12].

The molar percentage of acetate in total VFA was 52.1, 53.8, 58.6, and 60.3 for the urea, SBM,
ESBM and ESBMB treatments respectively, while the molar percentage of propionate was 31.80, 30.53,
21.53, and 19.39, respectively. Propionate proportions for the urea and SBM group were significantly higher
than those for the ESBM and ESBMB groups, while acetate proportions for the ESBM group were
significantly higher than those for the urea and SBM groups (P<0.05). Thus, there was a tendency toward
increased acetate and decreased propionate in the rumen with processed protein source diets. There are
some other reports of increased acetate and decreased propionate proportions when protected protein diets

with extruded SBM [16], heat treated SBM and rapeseed oil meal [13] and blood meal [12] were fed to
ruminants. On the other hand, there are also other reports indicating that the molar percentages of volatile
fatty acids in the rumen were unaffected by heat treatment of proteins [14, 15, 18, 19].

Solid dilution rate for the ESBMB group was significantly higher than in the SBM group, but there
was no difference between the SBM and ESBM groups or between the ESBM and ESBMB groups. Rumen
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TABLE VI. THE EFFECT OF EXTRUSION TREATMENT ON FLOW RATE AND DIGESTION OF
NITROGEN IN THE RUMEN AND POSTRUMEN OF RAMS

Diets

Nitrogen

Intake (g/d)
Flow to (g/d)

Duodenum

Feces

Urine

Absorption, g/d

Duodenal flow/intake

NAN flow in duodenum
(g/d)

Bacterial

Non-bacterial

Bacterial/NAN

Digestion in (g/d)

Postrumen

% of intake

% of duodenal flow

Microbial flow in
duodenum (g/d)

% of escaped N

% of escaped N from
SBM

Bacterial N synthesis

g/kg OMADR

g/kg OMTDR

Urea

26.5

21.1a

4.8

13.9

16.3a

0.8a

17.7a

15.7

2.1a

0.9c

16.3a

64.7a

77.5a

16.7

14.5a

0.0

32.4

23.6

SBM

26.0

24.6b

4.7

10.0

19.9b

0.9ab

23.7b

17.9

5.7b

0.9c

19.9b

76.6b

Sl.Ob

18.7

32. Ib

17.6a

36.3

25.2

ESBM

26.8

27.2bc

4.3

12.4

22.7bc

l.lbc

25.3bc

15.5

9.4c

0.6b

22.9c

87.7c

85.1c

16.5

42.7c

29.2b

36.4

25.7

ESBMB

26.6

29.3c

5.1

12.2

24.3c

l.lc

26.8e

14.9

12.4d

0.6a

24.3c

91.4c

82.7bc

15.0

52.8d

40.3c

37.0

25.5

S.E.

1.07

1.03

0.41

0.74

1.02

0.04

1.66

0.83

0.98

0.04

1.02

3.67

1.73

0.46

2.82

3.21

2.71

1.32

a,b,c Means with different letters in the same row are significantly different (P<0.05).

liquid outflow rates for the urea, SBM, ESBM and ESBMB groups were 535.5, 638.2, 659.7, 632.4 ml/h,
respectively. This represented a significant decrease in the rumen liquid outflow rate in the urea group.

Organic matter digestion was affected by the source of protein (Table V). Duodenal flow of OM
and digested OM in the rumen for the SBM, ESBM, and ESBMB diets tended to be higher than the urea
diet (P<0.05). However, microbial OM flow in the duodenum was very similar between the treatments.

There was a difference between the treatments in OM digestion after correction for bacterial mass
in duodenal flow. Truly digested OM in the rumen for the urea, SBM, ESBM and ESBMB groups were 69.4,
66.6, 63.2, and 62.6% respectively. This indicates that OM digestion in the rumen can be reduced by the
extrusion and blood treatment of the diets and corresponds with the tendency toward a reduced OM
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digestion in the rumen observed with protected protein diets [2]. However, the result is in contrast to data
reported by Waltz et al. [12] indicating that postruminai OM flow in diets with blood was decreased.

Nitrogen intake, duodenal N flow, microbial flow, and the efficiency of bacterial N synthesis are
shown in Table VI. Total N intake was similar in all treatments. Flow of total N and non-ammonia-N (NAN)
to the duodenum was lowest for sheep fed the urea diet, suggesting greater degradation of dietary N than
the other sources of protein (P<0.05). Total flow at the duodenum for the urea, SBM, ESBM, and ESBMB
groups were determined as 17.7, 23.7, 25.3, and 26.8 g/day, respectively. This difference suggests a greater
supply of nonbacterial NAN flow in the form of undegraded protein. This result is in line with observations
of higher N flow to the duodenum of lambs fed soybean meal which had been heated at 149°C for 4h [20],
dairy cattle fed extruded whole soybean heated at 132°C and 149°C [2], and steers fed roasted soybean meal
heated at 145°C [21].

Dietary escape from rumen fermentation for the urea, SBM, ESBM, and ESBMB groups was 14.48,
32.05, 42.71, and 52.76% respectively. Undegraded nitrogen in this experiment is similar to other reports [2,
6, 21-23, 25].

The efficiency of bacterial protein synthesis expressed as g bacterial N synthesized per kg OM
apparently digested in the rumen of sheep was not significantly different between the urea and soybean oil
meals group. Bacterial N synthesis/kg OM truly digested in the rumen for urea, SBM, ESBM and ESBMB
was estimated as 23.6, 25.2, 25.7, and 25.5 g, respectively. In this experiment, the efficiency of bacterial
protein synthesis was not affected by the extrusion treatment or by the addition of blood. This was a similar
result to other reports [13, 24-26].

Microbial protein synthesis depends on the ruminai NH3-N concentration [2, 27, 28, 30], the ratio
of roughages and grains [29, 30], physical properties of feed [31], and other factors. Efficiency of bacterial

N synthesis in this experiment was lower than reported by Stern et al. [2], but it was similar value to that
reported by Waltz et al. [12] and Yoon [13].

A general conclusion is that extrusion and fresh blood treatment of soybean oil meal improved total
N, non-ammonia nitrogen (NAN) and dietary N flow to the duodenum, as well as N digestion in the
intestine. However, the combination of extrusion treatment and blood treatment, significantly increased NAN
supply to the duodenum in comparison with untreated soybean meal.
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Abstract

NITROGEN SUPPLEMENTATION OF MAIZE AND SORGHUM SILAGE FOR GROWING CATTLE.
Two series of experiments were carried out to investigate the effect of different nitrogen (N) sources, and different strategies

of supplementation on dry matter intake (DMI), liveweight gain (LWG) and some parameters of rumen digestion in growing cattle
consuming a basal diet of maize silage or sorghum silage. Several strategies were evaluated in a first group of trials to maintain the
ammonia N concentration to levels recommended for maximum intake and digestibility. The addition of 5 kg of urea per ton of fresh
material in the silo was evaluated in two trials and resulted in a deterioration of silage quality without effects on LWG, DMI or the
utilization of silage in the rumen. A second strategy was to mix a high N concentrate with the silage, but no positive effects were
observed, probably because a large proportion of the diet was consumed a few hours after offering. A third approach consisted of
offering the concentrate as a single portion 8 h after silage, or in two portions (one in the morning and one in the afternoon) or
combined with urea-molasses blocks. None of the treatments prevented a fall in ammonia N in the period 12-24 h after silage feeding.
It was concluded that these strategies were not successful in raising the ammonia N during the critical periods and did not improve
DMI or LWG. A second group of trials was carried out to study the influence of fish meal (FM) as a source of by-pass protein on
silage intake (SI) and LWG. Five experiments were carried out and positive but variable effects of this supplement on LWG were
observed. A combined analysis of these results was carried out relating the responses in SI and LWG per unit of FM to the LWG
of the control group without FM, and a close relationship was found. Large responses were observed in animals with low LWG, but
as LWG in animals on the control diets without FM increased, the responses to the supplement were proportionally reduced. The large
increases in LWG in the first case were related to increments in SI up to a point, but afterwards were independent. Substitution effects
were not observed even at these levels in contrast to those found with rumen degradable supplements.

1. INTRODUCTION

Dual-purpose systems in Venezuela and other tropical American countries are mainly sustained on
pastures. These systems are usually located in high precipitation areas, but there is still a dry season that
varies from 3 to 6 months. Milk production and growth rate during the dry season decrease on most farms
or are maintained by using concentrate. An alternative to overcome the scarcity of pasture during this season
is the use of maize silage or sorghum silage, but these resources have a low content of nitrogen that could
be a constraint for rumen microbial growth and for the balance of nutrients required by the animal [1, 2].

Two series of experiments were carried out to investigate the effect of different nitrogen sources and
strategies of supplementation on intake and liveweight gain (LWG) of growing cattle and some parameters
of rumen fermentation of animals consuming a basal diet of maize or sorghum silage.

2. MATERIALS AND METHODS

The methodology used in feeding trials with growing animals and in rumen fermentation studies with
fistulated animals was similar and is described below.

2.1. Growing Animals
Completely randomized designs were used with 5 or 6 animals per treatment in experiments with

4 or 3 treatments, respectively. The experiments had a duration of 10 to 12 weeks. In some experiments two
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factors were evaluated with a factorial 2x2 design. In these cases the main effects of each factor are
presented separately if the interaction was not significant. The animals were Brahman x Holstein and in some
cases Brown Swiss were used. Partially covered individual pens were used and silage or complete diets were
offered ad libitum. Feed intake was recorded daily and liveweight gain (LWG) weekly.

22. Rumen Digestion Trials
Latin squares with 3 x 3 or 4 x 4 designs and 17-day periods were used. Rates of digestion of silage

dry matter (DM) and fiber were estimated using the nylon bag technique [3], samples being incubated for
6,12, 24, 48 and 72 h during the last 3 days of each period. A sample of the silage from each trial was oven-
dried at 65°C for 48h, ground through a 3mm screen and 5g placed in each bag. Rumen liquor samples were
taken at 0, 1, 2, 3, 4, 6, 9, 12 and 22h after feeding on day 15, filtered through cheese cloth, the pH
measured, and two samples of 30 ml acidified with a few drops of 97% H2SO4 and frozen. The samples were
analyzed for volatile fatty acids (VFA) and ammonia nitrogen following the methodology described by
FAO [4],

Samples of silage and concentrate in all trials were dried at 65°C for 48h, ground through a 1mm
screen and analyzed for crude protein and ash [5], acid or neutral detergent fiber (ADF, NDF) [6], calcium
[7] and phosphorus [8]. In some trials, silage was also mixed in a blender with water (1 part silage with 4
parts water) for 5 min; filtered through cheese cloth and then analyzed for pH, VFA and ammonia N.

3. RESULTS AND DISCUSSION

3.1. Chemical Composition of Silage
The chemical composition of the silages evaluated is presented in Table I. The average DM content

of maize silages was 21.5% which is low compared with recommended values for temperate countries
(28-35%) [18, 19]. One reason is that the forages were harvested at the milky stage of grain ripening as a
delay in harvesting towards medium to hard dough grain decreases the quality of leaves and stems. The
protein contents were variable and also lower than temperate values, but were similar to those found in pre-
vious studies [2], implying that some source of nitrogen (N) supplementation is needed to meet the
requirements of growing cattle. The fiber content was high as in other grasses grown in the tropics. This is
partly a consequence of the low content of grain, which is often below 30% [20], compared to average values
of 50% in temperate conditions. Calcium and phosphorus contents were slightly higher than those found in
temperate regions [18, 21, 22].

There were fewer measurements with sorghum silage but the chemical composition was similar to
maize silage, indicating a need for supplementation with N sources when offered to growing cattle.

32. Supplementation with Degradable Nitrogen

Two trials were carried out to evaluate the influence of the addition of urea at the time of ensiling
maize on LWG and dry matter intake (DMI), and the characteristics of rumen fermentation. Five
kg/urea/ton of fresh maize crop were added and the silo was sealed for at least 3 months. In the first trial
[14] the silage was supplemented with 1.3 kg/day of a concentrate with 25.5% crude protein (CP) containing
maize meal, sesame meal, urea and minerals, and offered to growing animals. The addition of urea during
ensiling did not influence DMI or LWG of animals (Table II).
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TABLE I. CHEMICAL COMPOSITION OF MAIZE SILAGE AND SORGHUM SILAGE (g/100g)

Dry matter Crude
Protein

Ash ADF NDF Ca Refs

SORGHUM
21.8
24.7

20.0
MAIZE

20.5
20.8
17.7
23.0
24.5
23.7

20.3
-

7.7
9.0

7.0

6.2
9.2

9.1
4.2
7.3
8.5
6.6
7.2

11.7
12.2

14.3

10.4

11.0
10.3
11.3
10.0

11.0
8.3
10.6

-
-
-

55.0
46.9
46.4
51.7

-
-

58.4
56.2

71.3
68.4

74.4

-
68.6

-
-

67.2
62.1

81.2
72.9

0.52
0.48

0.67

0.59
0.49
0.52
0.60
0.40
0.35

-
0.90

0.34
0.36
0.29

0.33
0.24
0.24
0.34
0.30
0.31

-
0.30

[9]
[10]

[11]

[12]

[13]
[13]
[12]
[14]

[15]
[16]
[17]

TABLE II. INFLUENCE OF THE ADDITION OF UREA DURING ENSILING ON INTAKE,
LIVEWEIGHT GAIN AND FERMENTATION PARAMETERS

Experiment 1 [14]

Silage SEM Urea-silage Silage

Experiment 2 [15]

Urea-silage SEM

FEEDING TRIAL

Silage intake
(kgDM/lOOkgLW/day)

Total intake
(kgDM/lOOkgLW/day)

Liveweight gain (kg/day)

Consumption time
(min/day)

1.78

2.52

0.54

341

1.67

2.43

0.49

357

0.055NS

0.063NS

0.069NS

12.7NS

1.81

2.14

0.59

363

1.79

2.15

0.49
386

0.032NS

0.043NS

0.045NS

14.9NS

FERMENTATION TRIAL

PH
Ammonia N (mg/l)

Volatile fatty acids (molar

Acetic

Propionic

Butyric

Silage DM Degradation
rate (Tl/2, h)

6.8

122
6.9
132

0.02**

7.5NS

6.9

167

6.8
203

0.01NS

17.4NS

proportion, %)

73.3

15.8
11.0
65.1

72.7

14.5

13.8

64.6

0.42NS

0.36*

0.34**

1.41NS

76.2

15.3
9.3

64.9

74.4

13.4

12.3

62.3

0.43*

0.59*
0.45**

62.8NS

*P<0.05
"P<0.01
NS = not significant
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Fig. 1. Influence of urea in silage on rumen ammonia N concentration.

The same feeds were also given to fistulated dry cows, with the level of concentrate adjusted to the
same level i.e. 30% of the diet. The urea in the silage increased pH, ammonia N and butyric concentration
of the rumen liquor, but there was no effect on the rate or extent of silage digestion in nylon bags. The
pattern of ammonia N concentration in the rumen is shown in Figure 1; only a small increase throughout
the day was obtained with the addition of urea during ensiling.

In the second trial [15] the maize ensiled without urea was sprayed with a solution containing 50 g
urea/animal/day in the trough and both silages were supplemented with 0.3 kg/day of fish meal (FM) or
1.3 kg/day of the same concentrate as used in the first trial. The main effects of the urea treatments (Table
II) on the quality of the silage were very similar to those of the first trial. In both experiments, the addition
of urea to the silo increased pH (5.2 vs. 4.1), ammonia N (1.14 vs. 0.18% of DM) and butyric acid
concentration (4.0 vs 0.2% of DM) in comparison to the silage without additive. These deleterious effects
prevent any positive influence on animal response from the increase in silage N. Smaller increments in
butyric acid have been observed in temperate countries [23] and the difference is possibly caused by the
smaller proportion of grain in tropical maize crops [20] and the lower digestibility of vegetative parts due
to higher temperatures [24]. The lower proportion of digestible organic matter cannot prevent the elevation
in pH with urea and the butyric fermentation at high pH. It may be concluded from these two trials that the
use of urea as an additive for ensiling is not recommended in tropical conditions.

The mixture of concentrate and silage as a further alternative to extend the period of time that the
degradable N was consumed did not improve animal performance (Table III). The pattern of consumption
was established by observations every 15 min for 24h over three separate days during the last three weeks.
Fifty percent of the diet was consumed during the first 5h after offering the silage and 75% was eaten within
the first 8h. These results explain the similar pattern of ammonia N observed when concentrate was given
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TABLE III. INFLUENCE OF THE OFFER OF CONCENTRATE SEPARATED OR MIXED WITH
MAIZE SILAGE ON INTAKE, LIVEWEIGHT GAIN AND RUMEN DIGESTION [14]

Treatment

Separated Mixed

**P<0.01;
NS = not significant

SEM

FEEDING TRIAL

Intake (kgDM/lOOkg LW/day)

Liveweight gain (kg/day)

Consumption time (min/day)

FERMENTATION TRIAL

PH
Ammonia N (mg/1)

Volatile fatty acids(molar proportions,%)

Acetic

Propionic

Butyric

Silage DM degradation rate (Tl/2,%)

2.42

0.49

348

6.8

131

73.1

15.4

11.6

64.8

2.53
0.54

350

6.9

123

72.9

14.9

12.2

64.9

0.070NS

0.065NS

12.8NS

0.021NS

7.5NS

0.43NS

0.36NS

0.34**

1.41NS

separately or mixed, because the consumption of the supplement in a short period of time was not avoided

by mixing.

Another strategy evaluated [9, 10] was to offer the 1.3 kg/day concentrate of the first trial in the
afternoon, 8h after the offer of sorghum silage in the morning, or to divide the ration and offer half in the
morning and half in the afternoon. The control treatment consisted of giving all the supplement with the
silage in the morning, while a fourth treatment was to offer 1 kg/day of concentrate in the morning plus a
molasses-urea block available all day. The characteristics of rumen fermentation in the first three treatments
were also evaluated with rumen-fistulated growing heifers. The results (Table IV) showed no differences
between treatments and DMI and LWG. There was a second peak in ammonia N concentration in the
afternoon when concentrate was offered at this time, but in the last 12h of the day the concentration was
similar in all treatments. The diurnal pattern of block intake was evaluated during three different days
(Figure 2) and showed that the consumption of blocks was largely in the afternoon, after the main meal of

silage.
None of the strategies evaluated in these trials increased the ammonia N concentration during the

last 12 h of the day to levels recommended as optimum for maximum intake and organic matter digestion
in the rumen (150-200 mg/1) [25]. Other alternatives should be studied, such as giving the concentrate more
frequently or offering legume forage as a slow releasing source of N [26], to maintain a high level of
ammonia N throughout the day. However, Leng [25] has recently pointed out that the optimum rumen
ammonia N concentration could be as low as 100 mg/1, and this aspect should be re-examined to establish
if the utilization of these diets would benefit from further protein supplementation.
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TABLE IV. INFLUENCE OF THE FREQUENCY AND TIMING OF CONCENTRATE OFFER ON
INTAKE, LIVEWEIGHT GAIN AND RUMEN DIGESTION

Supplementation strategy
Time of offer:

Amount (kg/day):
0800h 1600h 0800& 1600h 0800h+UMB

1.3 1.3 1.3 1.0

SEM

1.80
2.74
0.71

FEEDING TRIAL

Intake (kgDM/lOOkgLW/day)

Silage 1.80 1.78 1.93

Total 2.50 2.43 2.64
Liveweight gain (kg/day) 0.74 0.79 0.77
FERMENTATION TRIAL

pH 6.6 6.6 6.6

Ammonia N 112 102 116

Volatile fatty acids (molar
proportions,%)

Acetic 73.5 73.0 73.3

Propionic 18.7 17.8 18.1

Butyric 8.0 8.1 8.6
Silage DM degradation rate 65.1 67.1 65.1

,h)

I.087NS

0.168NS
0.066NS

0.04NS

II.3NS

1.46NS

0.51NS

0.23NS

1.24NS

10

8

Minutes

_t_
3-6

Silage feeding
0800h

6-9 9-12 12-15 15-18 18-21 21-24

3h Periods
Fig. 2. Time of block consumption during the day.

33. Supplementation with by-pass protein

Several experiments were carried out to evaluate the influence of fish meal (FM) as a source of
by-pass protein on DMI and LWG. The results are summarized in Table V.
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TABLE V. INFLUENCE OF NITROGEN SUPPLEMENTATION ON INTAKE AND LIVEWEIGHT

GAIN

Treatment Initial weight(kg) Intake
(kgDM/lOOkgLW/day)

Maize S.+ 1.5 C 270

Maize meal (MM)

MM + 10% FM

MM + 20% FM

Sx

Maize S. + 143

Tl: 2 C with MM

T2: Tl + 0.3 kg FM

T3: 1 C with
MM,SBM,U

T4: T3 + 0.3 kg FM

Sx

Maize S. + 1.3 C 203

MM + U

MM + SBM

MM + FM

Sx

Maize S. + 125

Tl: 2 C with Canavalia

T2: Tl + 0.3 kg FM

T3: 2 C with SBM

T4: T3 + 0.3 kg FM

Sx

Sorghum S. + 190

Tl: Mineral mixture

T2: 0.3 kg FM

T3: 1.0 C

T4: T2 + T3

Sx

C kg/day of one of the above concentrates S

Silage

1.22

1.33

1.57

0.076*

1.03

1.23

1.58

1.61

0.072**

1.76

1.85

1.82

0.056NS

1.31

1.37

1.35

1.32

0.079NS

1.54

1.56

1.44

1.39

0.11NS

silage, FM fish meal, U

Total

1.71

1.82

2.02

0.075*

2.24

2.48

2.18

2.31

0.078*

2.28

2.37

2.31

0.057NS

2.52

2.71

2.61

2.75

0.074NS

1.54

1.70

1.90

1.97

0.11*

urea,

Liveweight
gain(kg/day)

0.23

0.49

0.61

0.048**

0.37

0.75

0.39

0.65

0.049**

0.60

0.70

0.78

0.043*

0.63

0.75

0.60

0.74

0.030**

0.02

0.35

0.35

0.67

0.068**

Refs.

[12]

[12]

[13]

[2]

[11]

SBM soybean meal
*P<005, "P<001, NS = not significant.

55



In the first two trials [12] the control diets were deficient in N and a large response in both DMI
and LWG was observed when FM was included in the ration. Lower responses in LWG and no effects on
silage intake were observed when the control supplements had adequate levels of N [2, 13]. A further trial
[11] was conducted, supplementing a low quality sorghum silage plus 50 g urea/ animal/day in the feeding
trough with 0.30 kg/day FM, 1.00 kg/day of a concentrate based on maize meal and sources of degradable
N or the combination of both supplements. The control diet was silage with salt and a mineral mixture. The
LWG obtained with the low level of FM was equal to that observed with a higher level of a highly-
degradable concentrate, and when both supplements were given together the response was double. Similar
responses have been obtained by Suva et al. [27] with ammonia-treated cereal straws and Meyreles et al.
[28] with sugar cane. The additive effects could partially be explained by the supplements supplying amino
acids to the animal in different ways; FM increases the flow of dietary amino acids to the intestine while the
concentrate stimulates microbial protein synthesis.

TABLE VI. INFLUENCE OF CONCENTRATES WITH UREA, FISH MEAL (FM) AND SOYBEAN
MEAL (SBM) ON SOME PARAMETERS OF RUMEN DIGESTION [13]

PH
Ammonia N (mg/1)

Volatile fatty acids (molar proportions, %)
Acetic

Propionic

Butyric
Silage DM degradation rate (T 1/2, h)

Urea

6.7
144

70.5

18.8
10.8

57.5

Concentrate

SBM

6.7
121

71.3

17.2

11.5
64.2

FM

6.7
107

71.9
15.6
12.6
61.0

SEM

0.03NS
5.7*

0.72NS
0.69NS
0.78NS
ll.ONS

* P < 0.05
NS = not significant

The effect of FM on the degradation rate of silage and rumen ammonia N concentration was studied
by offering rumen-fistulated dry cows the same diets as those used in the feeding trial where different sources
of nitrogen were compared [13]. The results showed that the rate of digestion was similar in the three
treatments and the ammonia N concentration was lower in the diet with FM (Table VI). Even when 30 to
40% of its N is degraded, fishmeal probably leaves the rumen quickly and contributes little to the ammonia
N pool.

An analysis of the results shown in Table V was carried out, relating the responses in intake and
LWG per 100g FM supplement to the LWG of the control group receiving a concentrate without FM
(Figs. 3 and 4).

For comparative purposes the responses to conventional concentrates in other trials conducted in
this Institute with growing animals consuming maize or sorghum silage and summarized in Table V were
also included. The results show a close relationship between the LWG response to FM and the LWG from
the control diet. Large responses were observed in animals with low LWG, but as LWG on control diets
increased, the responses to fishmeal were appreciably reduced to values slightly higher than those obtained
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Fig. 3. Influence of the type of supplement on liveweight gain.
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Fig. 4. Influence of the type of supplement on silage consumption.
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with rumen degradable concentrates. The variable responses obtained with FM contrast with the fairly
uniform LWG responses of about 20 g/lOOg supplement of conventional concentrates, independent of the
growth rate of the control treatment. In only one experiment was silage alone supplemented with FM [11]
and the line of Figure 3 seems to be displaced to the left with these diets of lower digestibility. The
explanation for similar increases to FM in the latter trial when concentrate was given and higher LWG's
were achieved could be because energy consumption was increased and the protein requirements were also
greater. The magnitude of the LWG response to by-pass protein at a higher plane of nutrition depends on
there being a greater demand for those amino acids provided by FM.

The large increases in LWG with FM were related to increments in silage intake although these
were generally associated with lower levels of supplementation with FM. However, substitution effects were
not observed even at high levels of FM, in contrast to those found with conventional concentrates (Figure
4). The absence of substitution effects is related to the low rumen load associated with the by-pass protein
supplement and to the different sites of digestion of the supplements rather than to effects on the extent of
silage digestion.

4. CONCLUSIONS

Maize and sorghum silages in tropical conditions have low N concentrations and need to be
supplemented with this nutrient to meet the requirements of growing cattle. The silage is consumed within
a few hours of being offered to animals and the levels of ammonia N fall for the most part of the day to
values below those recommended. The strategies evaluated to overcome this deficiency (the addition of urea
to the silage, the use of complete diets of silage and concentrate or the delay in the offer of concentrate)
were not successful in raising the ammonia N during critical periods and did not improve intake or LWG.

The use of FM as a source of by-pass protein had a positive but variable effect on LWG. It was very
large in animals with low growth rates and decreased as the performance of the control group without FM
improved. Silage intake increased in the first case and was not affected in the second. The supplementation
of conventional concentrates with carbohydrates and nitrogen sources quickly degraded in the rumen had
smaller effects on LWG and depressed silage intake.
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Abstract

UTILIZATION OF FISHERY BY-PRODUCTS AS SUPPLEMENTS FED WITH ROUGHAGES TO RUMINANTS
Fishery by-products can be used for feeding ruminants, the main ones being fish meal, fish oil, and fish or fish viscera silage

Sources of raw materials are discussed and attention drawn to the fact that on a worldwide basis large quantities of potential raw
materials, mainly in the form of by-catch fish and fish viscera, are not utilized

Results of three experiments are presented where grass silage was fed ad libitum with fish meal or fish viscera silage as
supplements to growing bull calves Liveweight gains in Expenment 1 were 598 and 531 g/head/day respectively, for animals fed 350
and 700 g fish viscera silage/head/day, but 850 and 975 g for animals fed 200 and 400 g fish meal/head/day Animals fed fish viscera
silage ate 12% less grass silage dry matter In Expenment 2 the relationship between hveweight gains g/head/day (Y) and fishmeal
supplementation g/head/day (X) could be expressed by the equation Y = 445 0 + 1 616 x - 0 001281X2

Liveweight gains in Experiment 3 were 471, 838 and 914 g/head/day for animals fed 0, 200 and 400 g fishmeal/head/day
respectively, and 358 g for animals fed 400 g fish viscera silage/head/day Intake of grass silage dry matter was reduced by 9% for the
animals fed the fish viscera silage No differences were observed in dry matter digestibility between treatments in Expenment 3

It is concluded that the lower growth rate observed when fish viscera silage is fed with grass silage compared to fish meal
or the control is due to reduced intake of grass silage dry matter and possibly reduced nutrient utilization The improved growth rate
observed when grass silage is supplemented with fish meal occurs without an increase in dry matter digestibility or an increase in intake
of grass silage dry matter which points to changes in rumen metabolism or tissue metabolism of the animals

1. INTRODUCTION

Feeding of ruminants in Iceland depends on grass, either as pasture or conserved in the form of hay
or silage. At a geographic location in the North Atlantic close to the Arctic circle, the growing season is too
short to allow growing of grain to any extent. This means that carbohydrate feeds are in short supply and
have to be largely imported. Protein feeds are, however, in abundant supply due to a thriving fishing industry,
ranking among the ten largest in the world in terms of fish meal and fish oil production. Agricultural policy
in Iceland has always emphasized the use of homegrown feeds and by-products from the agricultural and
fishing industries for production of milk, meat and wool from ruminants.

The predominant fishery by-product used for animal feed is fish meal. Fish silage is only a minor
component and fish oil is mainly used for human consumption. Fishery by-products may be considered to
arise from three main sources: Firstly, certain species of fish are mainly caught for the manufacture of fish
meal and oil. In Iceland on average between 110 and 150 thousand tons of fish meal from capelin are
produced yearly [1]. Secondly, the yield of edible flesh from commercial processing of fish for human
consumption is about 40%, the remaining 60% being by-products in the form of heads, skin, bones and
viscera [2]. The viscera organs (including liver and gonads) amount on average to 15% of the total
bodyweight of the common gadoid species caught in the North Atlantic, but this ratio may increase to 25%
at certain times of the year depending on feeding conditions and stage of the reproductive cycle [3]. And
finally, large amounts of fish are caught as by-catch fish in certain fishing operations. By-catch fish and fish
viscera are to a large extent discarded at sea as facilities on board fishing vessels and economic incentives
have not been favourable for salvaging these raw materials. In Iceland alone, in excess of 100,000 tons are
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discarded in this way [4] and it has been estimated that on a world basis by-catch fish might be equivalent
to 10% of the total harvest of marine fish [5]. It should be a challenge to utilize this untapped source at least
as feeds for animals.

Fish meal has been used in Iceland for decades as a supplement for sheep grazing poor pastures
during autumn and winter. Similarly, feeding fish meal to ewes at tupping time has been a common practice.
In the last decade the use of fish meal in compound feeds has increased and at present fish meal is
practically the only protein feed used in concentrate feeds for ruminants. The majority of fish meal used for
ruminants is produced from filetting offal. This type of fish meal contains little fat and is an excellent source
of minerals.

Other fishery by-products have been used in much smaller quantities. Salted herring or capelin has
been used for sheep during winter, and fish silage is used by some farmers for cattle and sheep. Fish oil,
especially cod liver oil, is used quite commonly in small quantities as a vitamin supplement.

The process of ensiling may be used for both whole fish and various fish offals [2,4,6]. The raw
material is chopped and acids added to lower the pH to approximately 4.2. Autolysis due to enzymes present
in the fish tissues takes place and the silage stabilizes in a few days and can be stored for considerable
periods of time at normal environmental temperatures. If the fat content of the raw material is high the fat
may be removed by skimming or centrifugation. Several acids can be used either alone or in mixtures, such
as formic acid, propionic acid, lactic acid and sulphuric acid. Antioxidants are often added with the acids.
The ensiling process is simple and may be applied to small quantities at the location where raw materials

are available.
Research at our institute has aimed at maximizing the utilization of roughages in ruminant

production. The study of fish protein is an integral part of the research to achieve that goal. In this paper
a brief account is given of some of the results obtained in experiments where different fish proteins were fed
with grass silages to growing beef bulls.

2. MATERIALS AND METHODS

The experimental animals were in all cases Galloway Icelandic cross spring-born bull calves, weaned
off pasture an average age of six months and liveweight of 160-205 kg. After adaption to housing and feeds
the experimental periods lasted 147, 140 and 175 days in experiments 1, 2 and 3, respectively. Each
experimental unit consisted of four calves, fed as a group, with two replicates per treatment. The grass silage
was fed twice a day ad libitum together with a mineral supplement and the only other supplements were the
experimental supplements fed at a flat rate throughout the experimental period.

The chemical composition of the feeds and in vitro dry matter digestibility of the grass silages are
shown in Table I. The grass silage in all the experiments came from the same timothy/fescue sward. The
grass was early cut, precision chopped and preserved with formic acid. The fermentation quality of the silages
was good. The fish meals used were from filetting offal and therefore of rather high ash content. The fish
meals had been dried in a direct flame dryer at a high temperature. The fish viscera silage was made from
fish viscera collected on board trawlers at sea. The raw material was acidified with approximately 3% formic
acid containing antioxidant. On shore, the silage was heated for 1-2 min at 85-90°C, centrifuged to partly
remove the fat and then evaporated at 80°C for 3-4 h to form a semiliquid concentrate.
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TABLE I. CHEMICAL COMPOSITION AND DRY MATTER DIGESTIBILITY (DMD) IN VITRO OF
FEEDS USED IN EXPERIMENTS 1, 2 AND 3

Item % in DM

DMa% CP2 Fat Ash DMD in vitro

Silage Experiment 1

Silage Experiment 2

Silage Experiment 3

Fishmeal Experiment 1

Fishmeal Experiment 2

Fishmeal Experiment 3

Fish viscera silage Experiment 1

Fish viscera silage Experiment 3

24.1

22.1

23.2

91.5

89.2

92.2

48.9

49.0

16.7

17.7

16.8

67.1

73.2

66.7

71.3

70.4

6.1 27.1

3.1 23.6

7.6 23.1

9.0 12.9

11.2

71.8

69.8

73.2

1 DM = Dry matter
2 CP = Crude protein

In Experiment 1, fish meal and fish viscera silage were compared at two levels (122 vs 245 g
CP/head/day) of crude protein (CP) supplementation, achieved by feeding at the low level 200 and 350 and
at the high level 400 and 700g of the fish meal and fish viscera silage, respectively.

In Experiment 2, fish meal was fed at graded levels of 0, 200, 400 and 600 g/head/day (0,130, 260
and 390 g CP/head/day).

In Experiment 3, fish meal was fed at graded levels of 0, 200 and 400 g/head/day (0, 123 and 246
g CP/head/day), and in addition there was a fourth treatment where fish viscera silage was fed at 400
g/head/day (138 g CP), comparable to the lower level of fish meal feeding. During the latter part of this
experiment four animals at a time, one from each treatment, were moved to digestibility stalls. After one
week adaption to the stalls, faeces was collected for seven days. The animals were fed ad libitum in the same
way as in the experimental pens. This was repeated for four animals of each treatment.

3. RESULTS AND DISCUSSION

The results of Experiment 1 are presented in Table II. This experiment reveals large differences
in liveweight gain and intake of grass silage between the fish meal and fish viscera silage groups. Increased
levels of fish meal supplementation resulted in increased liveweight gains (850 and 975 g/head/day for
animals fed 200 and 400 g fish meal/head/day), whereas increased levels of fish viscera silage
supplementation tended to reduce liveweight gains (598 and 531 g/head/day for animals fed 350 and 700 g
fish viscera silage/head/day). The animals in the fish viscera silage groups ate on average 12% less silage
on a body weight basis than the animals in the fish meal groups.

The results of Experiment 2 are presented in Table III. Liveweight gain increased with increased
rate of fish meal supplementation (from 444g/head/day for animals without fishmeal to 955g for animals
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TABLE II. LIVEWEIGHT GAIN AND INTAKE OF GRASS SILAGE IN EXPERIMENT 1

Item

Initial liveweight

Final liveweight

Liveweight gain, g/head/day

Silage intake kg/head/day

Silage kg DM/100 kg liveweight/day

Mean

Relative proportion

FVS1 g/day FM2 g/day SEM3

300 700 200 400

193 192 195 194

281 270 320 337

598a 531a 850b 975C 29

16.5a 15.3a 19.7b 20.7b 0.43

1.67a 1.60a 1.84b 1.88b 0.038

1.64 1.86

88 100

FVS = Fish viscera silage, 2 FM = Fish meal, 3 SEM = Standard error of the mean. Number of replicates = 2.
a> '° Means in the same row bearing a different superscript letter are different (P < 0.05)

TABLE III. LIVEWEIGHT GAIN AND INTAKE OF GRASS SILAGE IN EXPERIMENT 2

Item

Initial liveweight

Final liveweight

Liveweight gain g/head/day

Silage intake kg/head/day

Silage kg DM3/100 kg liveweight/day

Relative proportion

0

193

255

444a

17.0a

1.67a

100

FM1 g/day

200 400

197

298

722b

18.7b

1.67a

100

201

324

888°

19.5C

1.63a

98

600

199

333

955C

19.3bc

1.60a

96

SEM2

36

0.17

0.016

FM = Fish meal
2 SEM = Standard error of the mean. Number of replicates = 2.
3 DM = Dry matter
a,b,c Means ;n the same row bearing a different superscript letter are different (P < 0.05)

fed 600g fish meal/head/day), but the response became smaller at the higher levels. The relationship
between liveweight gain in g/head/day (Y) and level of fish meal fed in g/head/day (X) could be adequately
described by a second degree polynomial of the form:

Y = 445.0 + 1.616x - 0.001281X2 (R2 = 0.97)

The intake of grass silage dry matter in relation to body weight was not affected by fish meal
supplementation at the levels used in this experiment.

The results of Experiment 3 are presented in Table IV. The results of this experiment in terms of
liveweight gain and grass silage dry matter intake in response to fish meal supplementation confirm the
results obtained in Experiments 1 and 2. The liveweight gains of the calves fed fish viscera silage
(358g/head/day) were considerably lower than that obtained for the calves fed fish meal (838 and
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TABLE IV. DRY MATTER DIGESTIBILITY IN VIVO, LIVEWEIGHT GAIN AND INTAKE OF
GRASS SILAGE IN EXPERIMENT 3

Item

Initial liveweight kg
Final liveweight kg

DM*^ digestibility in vivo %
Liveweight gain g/head/day
Silage intake kg/head/day
Silage kg DM4/100 kg liveweight/day
Relative proportion

FM1 g/day
0 200 400

185

258
72.4

471a

17.3a

1.81b

100

184

314

74.4

838b

20.1b

1.87b

103

189

330

74.8

914b

19.8b

1.78b

98

FVS2 g/day
400

182

238
73.4
358a

14.8a

1.64a

91

SEM3

0.77
52

0.63

0.028

1 FM = Fish meal 2 FVS = Fish viscera silage
3 SEM = Standard error of the mean. Number of replicates = 2, except for digestibility where number of replicates = 4.
4 DM = Dry matter
a'b-c Means in the same row bearing a different superscript letter are different (P < 0.05)

914g/head/day for the animals fed 200 and 400g fishmeal/head/day), and even tended to be lower than the
liveweight gains of the calves fed grass silage alone (471g/head/day). Intakes of grass silage dry matter in
relation to body weight was approximately 9% lower for the calves fed fish viscera silage than the calves fed
fish meal or grass silage alone, a result similar to that obtained in Experiment 1. No significant differences
were observed in dry matter digestibility of the diet between treatment groups in this experiment.

The results of this study agree with the results of Gudmundsson [7] and Offer and Husain [8] who
reported lower growth rates and feed utilization in growing cattle fed fish silage compared with cattle fed
fish meal. The basal diet in the former work [7] was hay and grass pellets but in the latter [8] barley grain
and barley straw. As there were no differences in dry matter digestibility of the diets where fish viscera silage
and fish meal were used as supplements, the reason for the lower growth rate of the animals fed fish viscera
silage in this study seems to be the lower feed intake observed, and most likely reduced utilization of
nutrients. Reduced feed intake due to feeding of fish silage has been reported in other studies [8-10], but
the reason for it remains to be clarified.

The autolysis during the ensiling process involves extensive proteolysis and lipolysis [11]. The
majority of nitrogen in fish viscera silage may be present as low molecular compounds , such as small
peptides, amino acids, amines and even ammonia. Although rumen microbes utilize nitrogen from fish viscera
silage better than urea for cellulose digestion [12], the overall nitrogen utilization is liable to be inefficient
when nitrogen in the roughage (in this case grass silage), is also of a highly soluble nature.

Fish fat contains high levels of polyunsaturated fatty acids [13] and due to lipolysis a large proportion
may be present as free fatty acids in fish silage [11]. Free polyunsaturated fatty acids may affect microbial
metabolism and infusion of lipids from fish viscera silage has been shown to alter the molar ratio of volatile
fatty acids in the rumen of sheep [14].

The use of fish viscera silage for ruminants appears at present to be rather limited. Further study
of the ensiling process will have to include methodology to arrest autolysis of the raw material at a suitable
stage if fish silage is going to be used for ruminants. The most likely methods seem to be the application of
heat [15] or formaldehyde [16].
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The results of Experiments 2 and 3 show that the increased growth rate due to fish meal
supplementation is obtained without an increase in the intake of grass silage when intake is expressed in
terms of silage dry matter in relation to body weight. As dry matter digestibility of the basal grass silage is
not affected by fish meal supplementation, the response in growth rate could be due to changes in rumen
metabolism or changes in tissue metabolism, or most likely a combination of both. Similar results to those
reported here were obtained by Gill et al [17] who also reported significant changes in the body composition
of steers fed grass silage supplemented with fish meal compared to steers fed silage alone. The calves in the
experiments reported here had gained liveweight on average between 800 and 900 g during the six months
suckling period on pasture. The results show that similar growth rates could be continued for a period of
140 to 175 days on a diet consisting of good quality grass silage and a supplement of 200 to 400 g of fish
meal per day.

It should, however, be kept in mind that growth responses to fish meal supplementation may be
quite variable. Not only do responses depend on the quality of the basal diet, but also the sex, age and weight
of the animal. Also, the properties of fish meals differ depending on raw materials used and processing. Fish
meals from fish offals, like the ones used in the experiments reported here, contain more ash and therefore
minerals than fish meals produced from industrial fish. Storage of raw materials for fish meal production is
probably at present the most important factor affecting quality [15]. Fish is a highly perishable material and
spoilage due to enzymatic proteolysis and lipolysis and microbial break down will soon occur if fish is stored
for any length of time without preservation. Proteolysis affects the rumen degradability of protein [18],

making it more degradable. Drying may be another crucial step in the processing of fish meal. The effect
of heat on the final product depends on the residence time in the dryer and the temperature in the material
during drying. Adverse heat treatment may lead to damage of amino acids and increased formation of
disulphide bridges [19]. Whereas moderate heat treatment may reduce rumen degradability of protein without
affecting intestinal digestibility, heat damage may render fractions of the protein both undegradable and
indigestible. Fish meal may contain variable amounts of fat depending on raw material and efficiency of fat
removal during processing. As mentioned above for fish viscera silage polyunsaturated fatty acids may affect
rumen metabolism.
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PROTEIN DEGRADABILITY OF FEEDSTUFFS AND ITS
EFFECT ON SHEEP AND GOAT PRODUCTIVITY

S. ECONOMIDES, M. HADJIPANAYIOTOU
Agricultural Research Institute,
Nicosia, Cyprus

Abstract

PROTEIN DEGRADABILITY OF FEEDSTUFFS AND ITS EFFECT ON SHEEP AND GOAT PRODUCTIVITY.
Dry matter and crude protein degradability of the main ruminant feeds were estimated using dacron bags. Formaldehyde

treatment of soybean meal was the most effective protective agent reducing degradability. Fractional outflow rate of small particles
from the rumen was affected by high temperatures in summer in sheep but not in goats. Feed intake and digestion coefficients of
lambs for acid detergent fibre (ADF), and neutral detergent fibre (NDF) were higher than those of kids which had higher starch and
nitrogen digestion coefficients. The fractional outflow rate of small particles from the rumen (% h) was higher in lambs than in kids
and it increased with increasing liveweight. The effect of feedstuffs with low degradability, such as fish meal and formaldehyde treated
soybean on the milk yield of sheep and goats was inconsistent and variable.

1. INTRODUCTION

Chios sheep and Damascus goats are the main breeds in Cyprus. They are characterized by high
milk yields and high prolificacy. Their requirements for nitrogen, particularly in early lactation are high, and
intensive studies are therefore being carried out to better define these requirements.

Information on protein degradation in the rumen is required by the new protein evaluation systems
that have been proposed to replace digestible or crude protein in feeding standards [1, 2]. The quantity and
quality of protein reaching the small intestine during early lactation affect milk yields, and protein sources
which are of low degradability in the rumen should be an effective source of dietary protein for providing
amino acids to the small intestine. Several processing treatments have been used to reduce degradability of
dietary protein in the rumen [3j. The extent and rate of degradation of dietary protein in the rumen is
affected by the fractional outflow rate of small particles from the rumen. Increasing the fractional outflow
rate of small particles from the rumen decreases dry matter and crude protein degradability of protein
supplements significantly [4], Many factors affect the outflow rate of small particles from the rumen and
therefore the same factors affect the extent and rate of protein degradation in the rumen. The objectives of
this work were to measure protein degradability of ruminant feeds, to investigate protective agents reducing
protein degradability in the rumen, to investigate factors which affect fractional outflow rate of small particles
of protein supplements from the rumen, and finally to measure animal responses to protein supplements of
varying degradability.

2. MATERIALS AND METHODS

2.1. Degradability of feedstufl's and protective substances reducing degradability of protein in the
rumen
Dry matter (DM) and crude protein (CP) degradability of 5 concentrates and 6 roughages used in

ruminant diets were determined using dacron bags placed in the rumen of sheep or goats. Similarly barley,
oats and vetches used for grazing or hay making were cut at 5 stages of growth, and their DM and CP
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degradability were determined. The following procedure was followed to estimate DM and CP degradability
of different feedstuffs:

2.1.1. Rumen degradation studies
2.1. la. Animals

Three mature Chios ewes or 3 mature Damascus goats fitted with permanent rumen cannulae, were
used. They weighed on average 65 kg and were 18 to 36 months old.

2.1. Ib. Housing and Diets
Animals were kept in individual pens with concrete floors bedded with wood shavings. Each animal

was offered a maintenance diet composed of roughage (25-50%) and concentrate (75-50%). The material
on test was included in the diet of each animal at the rate of 0.1 to 0.2 kg. The same diet was fed for at least
10 days before placing the dacron bags with the material on test into the rumen.

2.1. le. Dacron bags in the nimen
Nylon material with So/im pore size (HSO 13, Henry Simon Ltd, P.O. Box 31, Stockport, England)

was used for the bags. The dimensions of the bags were 140 x 90 mm and about 5 g dry sample for
concentrates or protein supplements or 3 g for roughages (ground to pass through a 3 mm sieve) were placed
in each bag. Bags were then anchored from the top of the cannula using 25cm nylon tubing. Bags were
incubated in the rumen for 2, 6, 16, 24, 36, 48 and 72 h. Three bags were incubated per interval in each
animal. The mean of the three bags per incubation interval was used for calculations.

Upon withdrawal of bags from the rumen, they were rinsed with tap water and stored in a deep
freezer at -18°C. Thawed samples were then washed in a washing machine with cold water for three
consecutive 5-min periods. Wet bags with samples were dried at 65°C for 24 h in one oven and for another
24 h at 65°C either in the same or in another oven. After dry matter determination, total nitrogen levels
(Kjeldahl) were made on samples ground to pass through a 1 mm sieve.

Forage samples from common vetch, barley and oats cut at successive stages of growth were freeze-
dried prior to the procedure for estimation of degradability.

2.Lid. Formaldehyde treatment of soybean meal
Soybean meal (SBM) was sprayed with 3.75% (0.3g), 7.50% (0.6g) or 11.25% (0.9g) of 40% (w/v)

formaldehyde at the rate of 80 ml per 100 g of SBM.
Formaldehyde treated SBM was stored in double polyethylene bags for 1 or 5 days. Bags were

opened and the material was spread onto a plastic sheet to a depth of 2 cm and exposed to air for 72h.
Treated and untreated samples of SBM were then incubated for 8 or 24 h in the rumen of 3 goats for the
determination of dry matter and crude protein degradability.

2. Lie. Formaldehyde treatment of large quantities of soybean meal
The solution of 40% (w/v) formaldehyde (3 1 diluted in 77 1 of water) was sprayed onto 1 ton of

SBM while it was fed into a vertical mixer. After further mixing for approximately 10 min; the sprayed SBM
was packed into sealed double polyethylene bags. Bags were opened after 48 h and SBM was poured onto
a plastic sheet to a depth of 3 - 5 cm and allowed to air equilibrate for 72 h. Formaldehyde-treated soybean
meal was then processed in the concentrate mixtures like the untreated soybean meal.

Face masks and gloves were used during the processing of soybean meal with formaldehyde.
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2.1. If. Treatment of SBM with other protective agents
Sodium hydroxide solution was sprayed onto the SBM while it was mixed in a conventional kitchen

mixer (2 or 4 g NaOH per 100 g SBM), Alcohol (96%) was used at 3 rates (82.5, 166 and 250 ml per 100
g SBM), and wine at the rate of 250 ml per 100 g SBM. SBM was soaked for 30 min. in the above solutions
at room temperature. After soaking the mixture was drained through dacron material (pore size 36/^m). In
all cases treated SBM was dried (50°C), weighed in dacron bags, and incubated at various (0, 2, 5,8, 24 and
48 h) intervals in the rumen of 3 dry non-pregnant Damascus goats.

Pig blood collected in plastic cans containing sodium citrate was added to SBM (0.5, 1.0 or 1.5 1 per
kg SBM). Dried treated samples of SBM (65°C) sprayed with blood and samples of untreated SBM and
dried blood were incubated for 8 or 24 h in the rumen of goats.

Soybean meal was mixed with different quantities of bentonite (1:1, 2:1, 4:1, and 6:1) at two levels
of water (1 or 0.5 1 per kg mixture). The well-mixed wet material was dried in an oven (60°C) before being
placed in dacron bags and incubated in the rumen of 3 goats (2, 4, 6, 8 16 or 24 h).

22. Factors affecting fractional outflow rate (FOR) of small particles from the rumen: the effect of
temperature
The FOR of Cr-mordanted SBM from the rumen of 5 dry sheep and 5 dry goats was measured in

winter (January) and summer (July) in two successive years. The animals were offered the same feed during
winter and summer. This was composed of a concentrate mixture containing 14% crude protein (65%) and
barley hay (first year) or straw (second year) (35%) to meet maintenance requirements (LWT kg0'75 x 0.37
MJ). Feed was offered twice daily at 08.30 and 14.30 h. Animals were housed and fed individually in concrete
pens bedded with wood shavings and had also free access to water. SBM was treated with sodium dichromate
(138 g Na2.Cr2O7.2H2O kg-1 SBM ground through a 1-mm screen) as described [5]. At the end of a 10-day
preliminary period and at 13 h on the first day of the 7-day experimental period each animal was dosed with
50 g Cr-treated SBM using a stomach tube and a funnel fitted at one end of the tube. The dry matter was
poured into the funnel in small portions and directed into the rumen by pouring warm water.

Rectal grab samples were taken before and 18, 22, 26, 42, 46, 50, 66, 70, 74, 90, 94, 98,114 and 122 h
after dosing with Cr-treated SBM. The faeces were dried in an oven at 100°C for 48 h. 500 mg of dried and
ground (1 mm sieve) faeces were burnt at 550°C. The ash was dissolved in 20 ml acid mixture (1:1 mixture
of KC1 solution 3.8 g KC1 in 1 1 of 3MHC1 and 3M HNO3) and analyzed for Cr on an Allied Analytical
Systems S12AA/AE Model Atomic Absorption Spectrophotometer as outlined [6], The mean hourly
fractional outflow rate (% per h) of Cr-treated SBM from the rumen was calculated from a regression
equation of log faecal Cr concentration and time [7], Only the decreasing marker concentration portion of
the faecal marker excrement curve was used for regression analysis. In addition to FOR measurements, feed
and water intake, rumen pH and NH3 concentration were measured. Environmental temperatures prevailing
during the experiment (minimum and maximum daily temperatures) were also recorded.

23. Feeding sheep and goats with protein supplements of various degradability
2.3.1. Tlie effect of fish meal, soybean meal and fonnaldehyde treated soybean meal on the milk yield of

sheep and goats
Four trials (2 with sheep and 2 with goats) were conducted to study the effect of protein supplement

on milk yield and milk composition. The protein supplements i.e. untreated SBM, formaldehyde treated SBM
(3 1 of 40% formaldehyde diluted with 77 1 of water and sprayed on 1 ton of SBM), or fish meal were
incorporated in the SBM (untreated soybean meal), FSB (formaldehyde treated soybean meal), or FM (fish

71



meal) concentrate mixtures (9 mm cubes), respectively. Animals were allocated after weaning to one of the
three concentrate mixtures on the basis of stratified milk yield and liveweight and were fed to meet energy
requirements for maintenance [8] and milk production [9] divided by 0.62. Animals were milked twice daily
and milk samples were taken once weekly for fat (Gerber) and nitrogen (Kjeldahl) determinations.
Degradability of concentrate mixtures was estimated using dacron bags.

2.3.2. Studies with growing lambs and kids
Fifteen male lambs and 15 male kids weaned at 35 and 49 days of age, respectively, were used. They

were placed in individual concrete pens bedded with wood shavings. Lambs were 43 days old and weighed
16.5 kg and kids were 57 days old and weighed 17.0 kg at the commencement of the trial. Lambs were
offered a concentrate mixture consisting of whole barley grain and the remaining ingredients (soybean meal,
wheat bran, minerals and vitamins) pelleted in 5 mm cubes and mixed with the whole grains. Kids were
offered the same concentrate mixture with all ingredients ground and pelleted in 5 mm. Both concentrate
mixtures had 16% crude protein. The concentrate mixture was offered ad libitum. In addition each lamb or
kid was offered daily O.lkg of lucerne hay. Five lambs (average liveweight 20 kg) were used to measure the
fractional outflow rate of small particles from the rumen. Another 5 lambs of the same liveweight were used
to measure the digestibility of the diets. Fractional outflow rate and digestibility were measured again at 27
and 34 kg. The degradability of the diets was also estimated using 3 sheep.

The same procedures were followed to measure fractional outflow rate, digestibility and degradability
of the diet with kids at 20 and 27 and 34 kg liveweight. The techniques for the estimation of degradability,
and fractional outflow rate were as described above. Proximate constituents of the feedstuffs were
determined as outlined by [10] and acid (ADF) and neutral (NDF) detergent fibre as described
previously [11].

3. RESULTS AND DISCUSSION

3.1. Degradability of feedstuffs and protective substances reducing degradability of protein in the
rumen
The dry matter (DM) and crude protein (CP) degradability of 5 concentrate and 6 roughage

ruminant feeds are presented in Table I. SBM treated with formaldehyde had lower DM and CP
degradabilities than untreated SBM. Corn grain had lower CP degradability than that of barley grain. DM
and CP degradabilities of urea treated barley straw were higher than those of untreated barley straw. Sudex
hay had the lowest CP degradability. Table II presents DM and CP degradabilities of the three most
important grazing plants, i.e. barley, oats and vetches. DM and CP degradabilities were reduced with
advancing stage of growth. DM and CP degradabilities of the legume common vetch were higher than those
of oats and barley while DM and CP degradabilities of barley were higher than oats.

Increasing levels of formaldehyde reduced DM and CP degradabilities of formaldehyde-treated SBM
incubated in the rumen for one or five days. The lowest level (0.3 g of 40% formaldehyde diluted in 77 ml
of water to treat 100 g of SBM) resulted in a satisfactory decrease of CP degradability and therefore higher
levels of formaldehyde may not be justified. In addition there was no significant effect of storage (1 or 5
days) on DM or CP degradabilities. The reduction in CP degradability of formaldehyde-treated SBM is in
agreement with other reports [12, 13].
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TABLE I. DRY MATTER (DM) AND CRUDE PROTEIN (CP) DEGRADABILITY OF COMMON
FEEDSTUFFS

Concentrates
Corn
Barley
Wheatbran
Soybean meal
Soybean meal
(Formaldehyde-treated)
Roughages
Barley straw
Barley straw
(urea treated)
Barley hay
Lucerne hay
*Sudex hay
Lucerne meal

24h
70
81
73
72
59

34
53

62
64
43
-

Dry matter
48h
85
84
77
91
74

-
-

-
-
-
-

72h
-
-
-
-
-

59
71

75
69
58
85

24h
66
94
91
63
33

7
73

74
80
35
-

Crude protein
48h
83
95
92
90
56

-
-

-
-
-
-

72h
-
-
-
-
-

28
83

82
85
50
81

Sorghum cross with Sudangrass.

TABLE II. DRY MATTER (DM) AND CRUDE PROTEIN (CP) DEGRADABILITY OF COMMON
VETCH, OATS AND BARLEY CUT AT 5 STAGES OF GROWTH

Species
Stage of Date of
cutting cutting

Vicia saliva (common vetch)
Branching
Preflowering
Flowering
Pod formation
Early maturity

Avena saliva (oats)
Stem elongation
Boot stage
Heading
Milk
Early maturity

Hordeum vulgäre (barley)
Stem elongation
Boot stage
Heading
Milk
Early maturity

10.3
24.3
4.4

14.4
5.5

10.3
24,3
4.4

14.4
5.5

10.3
24.3
4.4

14.4
5.5

CP
%

26.7
21.1
21.5
18.1
14.5

14.3
11.0
7.2
7.0
5.5

16.8
10.3
9.0
6.9
6.8

Degradability (%)

DM CP

24h 72h 24h 72h

83
82
79
78
69

77
69
64
56
46

74
70
69
62
51

87
85
80
80
76

88
79
74
66
58

84
79
77
70
63

91
90
89
87
85

87
80
68
61
56

83
76
73
66
60

94
91
89
88
88

93
86
70
66
61

89
82
79
69
66
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The presence of bentonite resulted in a significant decrease in the amount of rumen ammonia up
to 4:1 ratio of bentonite to SBM. On the other hand the presence of bentonite reduced DM and CP
degradabilities only during the first 8 h of incubation. The finding that there was a significant decrease in
the level of rumen ammonia by treating SBM with bentonite is in agreement with the reduced ruminai
NH3-N concentration found in sheep fed concentrate diets supplemented with bentonite [14].

The most promising protective agent for SBM was formaldehyde. However, the additional cost of
materials and labour for applying the protective agent on the protein supplement, handling difficulties and
possible side effects on human health (formaldehyde) must be considered in relation to the expected
improvement in the quality of protein. Although protein degradation information is important, animal
response data are essential in the final evaluation of protein supplements of varying degradability.

3.2. Factors affecting fractional outflow rate (FOR) of small particles from the rumen. The effect of
temperature on FOR
Goats consumed less feed in Year 2 than in Year 1, while sheep consumed similar quantities of feed

in Year 1 and 2 (Table III). Water intake was higher (P<0.05) in Year 2 than in Year 1. Sheep consumed
significantly more water (P< 0.001) than goats (3.0 vs 1.76 I/day) and water consumption was significantly
higher (P<0.01) in summer than in winter (3.19 vs 1.58 I/day). Sheep drank significantly (P< 0.001) more
water in summer, while goats tended to consume more water in summer than in winter. Sheep drank more
water in Year 2 than in Year 1, while goats had similar water intakes in both years.

TABLE III. THE EFFECT OF TEMPERATURE ON THE FRACTIONAL OUTFLOW RATE OF
SMALL PARTICLES FROM THE RUMEN

No. of animals

Feed intake
(g DM/kg °'75/day)

Water intake
(I/day)

Ambient
temperature

Minimum

Maximum

Fractional Outflow
Rate (% h)

Year 1 Year 2

Winter Summer Winter Summer

Sheep Goats Sheep Goats Sheep Goats Sheep Goats SD

4 4 4 4 5 5 5 5 -

37 38 37 38 36 34 37 35 0.93

1.59 1.28 3.37 2.17 1.92 1.47 4.94 2.12 0.589

4.0

13

4.2

4.0

13

5.5

24

36

4.3

24

36

6.2

7.0

15

4.4

7.0

15

5.2

23

38.5

5.8

23

38.5

5.3

-

-

0.8
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Minimum and maximum temperatures (°C) in Year 1 were 4 and 13°C in winter and 24 and 36°C
in summer respectively, and in Year 2, 7 and 15°C in winter and 23 and 38.5°C in summer, respectively.

The fractional outflow rate of small particles from the rumen of sheep and goats was similar in Year
1 and 2 (Table III). FOR was higher in goats (P<0.05) than in sheep (4.7 vs 5.5%h). FOR was higher in
summer (P<0.05) than in winter (5.4 vs 4.8%h). FOR was similar for goats in Year 1 and 2, while sheep had
higher FOR in Year 2. DM degradability of straw incubated in the rumen of sheep and goats in both seasons
in Year 2 was similar between species of animals and seasons and ranged from 44 to 48% at 48 h and 52
to 54% at 72 h of incubation.

The mean fractional outflow rate was similar to the values of 5.4% and 5.7% for dry sheep and
goats, respectively [15], but higher than the values of 2.44 - 3.68 for dry sheep and 3.21 - 43.4% h for goats
[16]. In earlier studies [16, 17] the effect of species (sheep or goats), roughage: concentrate ratios,
physiological state (lactating or dry animals) and level of feeding on FOR were investigated. Only the level
of feeding had a significant effect on FOR. With increasing feeding level FOR also increased which is in line
with the results of others [17].

FOR was higher in summer than in winter indicating that FOR was affected, by the higher summer
temperatures, since dry matter intake was similar in both seasons. Moreover, FOR in goats was similar in
both years while sheep had higher FOR in Year 2 associated with the higher level of water intake. It seems
that in sheep higher ambient temperatures resulted in higher water intake and higher FOR, while in goats
higher temperatures had no effect on water intake or on FOR.

33.1. The effect of fish meal, soybean meal and formaldehyde-treated soybean meal on the milk yield of
sheep and goats
Effective degradability of formaldehyde treated soybean meal mixture (FSB) was lower than SB and

FM mixtures. (FSB=49; SB=54.4; FM=58.2%). Milk yield, and the fat and protein content of milk were not
affected by protein source in either sheep or goats (Table IV). Ewes produced milk of higher fat and protein
contents than goats.

In an earlier study [18], suckling ewes on the fish meal diet produced more milk than ewes on the
soybean meal diet, while suckling goats on the two diets produced similar milk yields. Both ewes and goats
were in negative energy balance. The superiority of fish meal as a protein supplement for milk production
has also been recognized in ewes [19], while in other experiments this superiority was not demonstrated [20]
and attention was drawn to the determination of protein degradability of different batches of protein
supplements used in ruminant diets. Moreover, practical milk production trials have often failed to reveal
any change in milk yield when proteins expected to differ in degradability have been used [21]. Furthermore,
feeding formaldehyde treated soybean meal to lactating cows resulted in higher milk yields [13], whereas no
positive response to feeding protected supplements was reported by others [22]. It may be concluded that
the effect of feeding protein supplements with varying degradability on the milk yield of either sheep and
goats or cows is inconsistent.

332. Studies with growing lambs and kids
Effective degradability of CP was 67 and 69% for kids and lambs at 5% FOR, and 58 and 62% for

kids and lambs at 8% FOR. This indicates that more undegradable protein was reaching the small intestine
of kids per 100 g dietary protein.
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TABLE IV, PERFORMANCE OF LACTATING CHIOS SHEEP AND DAMASCUS GOATS GIVEN
THREE PROTEIN SUPPLEMENTS

Diet

Trials 1 and 2

No. of animals

Days in lactation

FCM yield (kg/day)**

Fat%

Protein (%)

Trials 3 and 4

No. of animals

Days in lactation

FCM (kg/day)**

Fat%

Protein (%)

SB

7

2.34

5.51

5.58

24

1.82

5.34

5.89

Sheep

FSB

7

(53±4)

2.38

5.99

5.79

24

(74± 9)

1.90

5.52

5.94

FM

7

2.40

4.99

5.48

24

1.80

4.88

5.93

SB

7

2.01

4.42

4.34

24

2.20

4.37

4.10

Goats

FSB

7

(66± 5)

2.28

4.73

4.12

24

(106±8)

2.19

4.42

4.16

FM

7

1.94

4.16

4.36

24

2.04

4.00

4.36

SE*

0.13

1.50

1.01

0.48

0.82

0.81

* SE for treatment comparisons between trials.
** FCM (6% fat) = milk yield (0.45±0.09 x fat %) for sheep.

FCM (4% fat) = milk yield (0.41±0.147 x fat %) for goats.

TABLE V. DIGESTION COEFFICIENTS FOR LAMBS AND KIDS AT 20 AND 34 kg LIVEWEIGHT

Dry matter
Nitrogen

ADF
NDF
Starch

20
74.0
73.6
33.7
57.0
88.8

Lambs
34

76.0
76.5
37.0
56.6
89.5

20
75.0
76.5
21.8
45.0
89.8

Kids
34
78.0
78.5
29.5
51.0
92.4

SE

0.47
0.47
1.67
1.28

0.43

The digestibility of the diets for lambs and kids at 20 and 34 kg liveweight are presented in Table
V. Digestion coefficients were significantly higher (P<0.01) at 34 than at 20 kg liveweight. Although nitrogen
excreted in the urine was higher (P<0.01) at 34 kg liveweight, nitrogen balance was higher at 20 kg
liveweight. The digestion coefficient of nitrogen for kids was significantly higher (P<0.01) than lambs (77.1
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TABLE VI. FRACTIONAL OUTFLOW RATE OF SMALL PARTICLES FROM THE RUMEN OF
LAMBS AND KIDS AT 20 AND 27 kg LIVEWEIGHT

Lambs

Feed intake (kg/day)
Water intake (I/day)

Ambient temperature (°C)
Minimum
Maximum
Fractional outflow
rate (% h)

20kg
0.78
1.90

12
23

6.7

27kg
1.08
2.50

7
18

7.6

Kids

20kg
0.67

1.45

6
14

5.9

27kg
0.93
1.95

9
17

6.0

SE

0.043
0.097

0.005

vs 69.7%), but digestion coefficients of lambs for ADF (25.7 vs 35.40%) and NDF (46.1 vs 56.8%) were
significantly higher (P<0.01) than kids. The digestion coefficient of starch for kids was higher (P<0.01) than
lambs (91.1 vs 89.2%). Fractional outflow rate of small particles from the rumen of lambs was significantly
higher (P<0.01) than kids and was also higher with increasing liveweight (Table VI). Feed and water intakes
of lambs were significantly higher at 20 and 27 kg (Table VI).

In earlier studies mature sheep and goats responded similarly to whole cereal grain feeding [23] but
the daily gain of growing kids was better on a pelleted concentrate mixture than whole grain feeding, while
the form of diet had no effect on the daily gain of growing lambs [24]. Moreover lambs consumed more feed
and grew faster than kids.

The better performance of kids on the pelleted diet may be attributed to the lower CP degradability
of the diet, and the higher nitrogen and starch digestibilities as shown in the present study. More amino acids
and starch were available for absorption, leading to higher performance compared to the whole grain feeding.
On the other hand, fiber digestion was lower in kids leading to longer retention times of digesta in the rumen
and lower fractional outflow rates from the rumen. Consequently, feed intake of kids was lower than that
of lambs which grew significantly faster than kids. It may therefore be concluded from the present study and
other comparative studies between lambs and kids [9, 23, 24] that there are species differences in the
physiology of digestion during the growing-fattening period which disappear in mature sheep and goats.
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Abstract

SOME EFFECTS OF PROTEIN IN THE DIET OF ANGORA GOATS
A series of studies was earned out on the protein nutrition of Angora goats The efficiency of microbial protein synthesis

in the rumen of goats given a mixture of grass hay and barley ranged from 18-20g N per kg truly digestible organic matter in the
rumen The rumen degradabihty of dried protein supplements (sunflower meal, cottonseed meal, soybean meal and poultry manure)
was estimated using the dacron bag technique A comparison of mohair yield and quality from goats given diets supplemented with
these protein supplements showed some small differences in mohair quality In another experiment the provision of both sunflower
meal and poultry manure gave some benefits in mohair quality compared to a basal diet without either supplement

1 INTRODUCTION

Angora goats are mainly raised on the Central Anatolian plains of Turkey. The primary product of
the goats is mohair with meat and milk production being a secondary consideration. For much of the year
the goats graze poor-quality pastures and cereal stubbles. The grazing season generally starts at the beginning
of April and ends towards the end of November. In winter the average temperature of the area is -8°C and
the minimum temperature can go as low as -25°C, with snow for three months of the year. As a consequence
the goats are housed from November through to April and fed grass hay and cereal straws, with a small
supplement of 150-200g grain daily.

The number of Angora goats in Turkey has declined dramatically in recent years. While there were
six million in 1960, the number had declined to 1.5 million in 1988 [1]. As a result there has been a fall in
the exports of mohair from 4,910 tonnes in 1975 to 148 tonnes in 1990 [2]. While the reduction in the number
of goats may be in part the result of a decline in the area of grazing land available and the prohibition that
prevents goats grazing in the bushy area of Turkey, low prices and low yields of mohair may also be to
blame Higher fleece weights and staple lengths are reported from U.S.A. and South Africa. Although this
may be because of genetic differences [3], nutritional, climatic and management factors may also play a part.

There has been a limited amount of research carried out on the effect of nutrition upon mohair yield
and quality [4] and the reproductive performance of Angora does [5]. These reports emphasize that low
productivity and poor mohair quality are due to poor nutrition and management. Success in increasing
mohair production depends on good nutrition. In particular, it is necessary to ensure an adequate supply of
rumen degradable nitrogen to meet microbial requirement. Ration formulation is dependent on reliable
estimates of the extent to which the N-fraction of locally-available feeds is degraded in the rumen. There is
little information on the nutritive value of locally-available feedstuffs, although such materials have become

more important in the feeding of Angora goats.
The objectives of the research reported here were to investigate the degradability of feed protein

and the efficiency of microbial protein synthesis in the rumen of Angora goats; to describe the degradability
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of various protein-rich supplements in the rumen of Angora goats; to measure the effects of protein source
upon the yield and quality of mohair and the reproductive performance of Angora does, and to measure the
effects of graded levels of protein in the diet upon the quality of mohair production from Angora does.

2. MATERIALS AND METHODS

2.1. Degradability of feed protein and the efficiency of microbial protein synthesis in the rumen
Two Angora does (3 years old, 33 and 30 kg liveweight) were fitted with rumen and abomasal

cannulae. Three different diets (Table I) were offered in turn. The daily ration was divided into two equal
parts and given at 09.00 and 16.00h.

TABLE I. AMOUNTS OF FEEDS OFFERED DAILY; AMOUNTS OF DM, OM AND NITROGEN
ENTERING THE ABOMASUM; PERCENTAGE OM AND PROTEIN DEGRADABILITY OF THE
RATIONS IN THE RUMEN; AND RUMEN NH3-N LEVELS OF ANGORA DOES FED THREE

RATIONS

RATIONS

Amount offered (g/d)

Grass hay

Barley

Sunflower seed meal

Urea

Total

DM

OM

CP

Amount entering
abomasum fg/d")

DM

OM

Total-NAN

Total MN

OM digestibility (%)

Protein degradability

I

455

200

-

2.5

657.5

598.5

558.5

59.3

303

272

9.3

7.8

52

82

II

455

200

20

-

675

614.4

573.1

58.5

320

281

8.9

8.5

51

90

III

455

200

-

-

655

596

556

52.2

316

278

7.2

6.9

50

83

NH3-N(mg/l) 120 140 142
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From day 9 onwards, 6g PEG M.W. 4000 (10 ml 60% PEG) and Ig Cr2O3 covered with filter paper
were given into the rumen at the 16.00h feed. On days 16 and 17, samples of abomasal contents were
collected and analyzed according to methods described by McAllan and Smith [6, 7]. The microbial marker
2,6-diaminopimelic acid (DAPA) was determined by the method of Czerkawski [8].

22. Degradability of protein supplements in the rumen of Angora goats

2.2.1. Animals and diets
Five rumen cannulated Angora bucks (about 4 years old, average weight 45kg) were kept on two

different diets. These two diets were a basal diet consisting of grass hay (Ikg/day), barley (0.5kg/day) and
a mineral mixture (0.02kg/day), and the basal diet supplemented with urea (0.019kg/day) and Na2SO4

(0.003kg/day). The ration was divided into two equal parts and offered to the animals at 09.00 and 16.00h.

2.2.2. Dacron bag measurements
The dried protein supplements - sunflower meal (SFM), cottonseed meal (CSM), soybean meal

(SBM), and poultry manure (PM) - were ground through a laboratory mill with a 2.5 mm screen. Five g of
the prepared materials were weighed into dacron bags. The incubation times were 2, 4, 8, 16, 24 and 48 h.
All bags inserted into the rumen of an individual goat were removed at one time. After removal they were
hand washed and left under running water for 16 h. The bags were allowed to drain and then dried to
constant weight at 65°C.

Chromium-mordanted soybean meal (Cr-SBM) was prepared according to the method of Ganev et
al. [9] and used to determine fractional outflow rate from the rumen. Some 30g Cr-SBM was introduced into
the rumen of each goat on the basal diet. Samples of digesta were then obtained from the rumen after 0,
1, 2, 4, 6, 12, 14, 16, 18, 20, 24, 36, 48 and 72 h. The digesta samples were freeze-dried and 200 mg of each
pelleted. The pellets were activated in the research reactor at 10 n/cm neutron flux for 5h and 51Cr activities
were counted by multi-channel analyzer (Canberra 35 Plus). The JCr counts/10 min were plotted against
sample collection time on semi-log paper. The statistical analysis was based upon regression analysis. The
k values obtained were used to estimate the effective degradability of protein supplements.

23. Effects of protein supplements upon the productive traits of Angora does

2.3.1. Effects of protein source upon the yield and quality of mohair and the reproductive performance of
Angora does
One hundred and twenty Angora does (2-2.5 years old and 29-33 kg live weight) were allocated at

random in equal numbers to four treatments. The does were housed in yards throughout the year-long
experiment (April 1990 - May 1991), with each treatment group being split between two yards. All animals
received a basal diet of grass hay, bran and barley plus a mineral-vitamin mix. To this basal diet was added
soybean meal (28 g/head/day), sunflower meal (36 g/head/day), cottonseed meal (32g/head/day) or dried
poultry manure (42g/head/day). These all provided an additional 1.82 g rumen degradable nitrogen
(RDN)/head/day so that all concentrate mixtures were isonitrogenous.

The does were shorn hi April and their greasy fleece weight recorded. The following measurements
of mohair yield and quality were made; clean fleece weight, clean mohair yield, fineness, medullated and
kempy fibre, fibre elasticity, strength, staple length and ondulation. In addition, birth weight, conception rate,
parturition rate (expressed as a percentage of animals conceiving), twinning rate and kid mortality were
recorded.
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TABLE II. DEGRADABILITY CHARACTERISTICS OF PROTEIN SUPPLEMENTS AND
EFFECTIVE PROTEIN DEGRADABILITY (Pe) ESTIMATES WHEN ANIMALS WERE FED A
BASAL DIET (A) AND BASAL DIET SUPPLEMENTED WITH UREA OR NA2SO4 (B)

Degradability

Washing
Loss
a (g%)

A

B

A

B

c (1/h)

A

B

Pe* (g/%)
A

B

Sunflower
Seed Meal

30

39

36

32

45

0.031

0.039

52

57

Cotton
Seed Meal

21

46

50

43

45

0.096

0.074

75

78

Soybean
Meal

33

43

48

38

52

0.014

0.043

52

49

Poultry
Manure

27

42

42

36

45

0.011

0.084

73

71

* The equation Pe = a + bc/(c + k) was used to estimate effective degradation of protein supplements.
k is the rate constant from the outflow rate measurement of Cr-SBM (k = 0.045±0.02 1/h, average
of 5 goats).

2.3.2. The effects of (he level of inclusion of sunflower meal and poultry manure in the diet upon the quality
of mohair from Angora does
Fifty Angora does (3 years old and 30-33 kg live weight) were shorn and individually penned. They

were fed a basal diet of grass hay, bran, barley and a mineral-vitamin mixture. The quality of the mohair
from the does receiving the basal diet was compared to that from does receiving the same diet supplemented
with either sunflower meal or poultry manure providing 3 or 6% CP in the diet. Diets containing the poultry
manure were not supplemented with the mineral-vitamin mixture. The diets were fed for five months, after
which mohair samples were assessed for the measurements of quality described above.

3. RESULTS AND DISCUSSION

3.1. Degradability of feed protein and the efficiency of microbial protein synthesis in the rumen
The results are shown in Table I. The OM digestibilities of the three diets were not different and

the degradability of the protein was over 80% in all three diets. The rumen NH3 levels for the diets were
similar, the values being above the recommended levels of 50-120 mg NH3/L [10].

The mean values for the efficiency of microbial-N synthesis in the rumen for diets I, II and III were
27, 29 and 25 g N per kg apparently digestible OM and 19, 20 and 18 g N per kg truly digestible OM in the
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TABLE III. MEAN VALUES FOR MOHAIR CHARACTERISTICS AND SOME REPRODUCTIVE
PARAMETERS OF ANGORA DOES GIVEN DIETS SUPPLEMENTED WITH SBM (GROUP 1), SFM
(GROUP 2), CSM (GROUP 3) AND PM (GROUP 4) ELEVEN MONTHS AFTER START OF
EXPERIMENT

Meant SE

Group

Mohair characteristics

Greasy fleece wt (kg)

Clean fleece wt (kg)

Clean mohair yield (%)

Fineness (microns)

Medullated and kempy fibre (%)

Fiber elasticity (%)

Breaking strength (g)

Staple length (cm)

Ondulation (in 10 cm)

Reproductive parameters

Conception rate (%)

Parturition rate (%)

Twinning rate (%)

Kid mortality (%)

Birth weight (kg)

Sex ratio of kids
F/M + F %

1

3.4± 0.1

2.61 0.1

78.1± 0.1

33.3± 0.6

0.111 0.06

26.1± 0.3

36.1± 0.7

16.5± 0.4

2.0± 0.1

86.9

87.1

0

4.2

2.2± 0.1

41.8

2

3.4± 0.1

2.6± 0.1

78.1± 0.1

34.8± 0.5

0.26± 0.10

26.8± 0.4

35.7± 0.6

16.1± 0.5

2.0± 0.1

78

86.4

0

2.6

2.3± 0.2

39.6

3

3.5± 0.1

2.7± 0.1

78.3± 0.1

33.5± 0.5

0.18± 0.10

25.8± 0.6

35.9± 0.6

16.0± 0.4

2.1± 0.1

93.5

90.4

0

2.6

2.0± 0.1

50.0

4

3.3± 0.1

2.5± 0.1

77.8± 0.1

35.7± 0.1

0.35± 0.07

25.7± 0.3

34.4± 0.5

14.0± 0.5

2.0± 0.1

79.3

86.1

0

3.1

2.1± 0.1

40.9

TABLE IV. MOHAIR CHARACTERISTICS OF ANGORA DOES GIVEN DIETS SUPPLEMENTED
WITH 0,3 AND 6 CP % (SFM), OR 3 or 6 CP % (PM) (GROUPS 1, 2, 3, 4 AND 5 RESPECTIVELY)

Mohair Characteristics

Fineness (ura)

Medullated and kempy fiber (%)

Fiber elasticity (g)

Breaking strength (g)

Staple length (cm)

Ondulation (in 10 cm)

1

28.1± 0.4

1.10± 0.08

30.1± 0.1

20.2± 0.2

8.2± 0.1

2.1± 0.1

2

30.1± 0.5

0.87± 0.07

30.2± 0.2

31.1± 0.1

9.6± 0.3

2.2± 0.1

Mean± SE

3

30.6± 0.5

08.0± 0.07

30.1± 0.1

33.2± 0.2

10.5± 0.1

2.1± 0.1

4

30.5± 0.2

0.85± 0.04

31.01 0.1

32.11 0.1

9.21 0.2

2.01 0.1

5

30.41 0.3

0.861 0.06

301 0.23

32.61 0.3

10.31 0.2

2.01 0.1

83



rumen respectively. Reported values for the efficiency of microbial-N synthesis in the rumen of steers and
sheep have shown considerable variations (20-50 g N per kg apparently digested OM) [7, 11, 12]. These
results suggest that diets supplemented with urea or sunflower meal supported a slightly higher efficiency
of microbial protein synthesis than the unsupplemented diet.

3.2. Degradability of protein supplements in the rumen
Table II shows the degradation characteristics of the protein supplements when incubated in the

rumen of goats given two diets. Supplementation with urea and Na2SO4 increased the b and c values of
soybean meal and poultry manure. Thus the effective degradability values (Pe) of soybean meal and poultry
manure were substantially increased by supplementation while Pe for sunflower meal and cottonseed meal
were unaffected.

33. Effects of protein supplements upon the production traits of Angora goats

The effects of supplementation with soybean meal, sunflower meal, cotton seed meal and poultry
manure upon the yield and quality of mohair are shown in Table III. Poultry manure appeared to reduce
the staple length of the fibre (P< 0.05) in comparison to the other supplements. The only other difference
between the supplements was in the medullated and kempy fibre percentage (P<0.02), with poultry manure
associated with the highest and soybean meal the lowest value. The yield of mohair was high in comparison
to other reports [3, 5]. The reproductive parameters, also shown in Table HI, did not differ significantly

between treatments.
The effects of supplementation with sunflower meal and poultry manure upon mohair quality are

shown in Table IV. Both supplements seemed to give some benefits, with staple length and breaking strength
being increased (P<0.05) and the percentage of medullated and kempy fibres being reduced (P<0.05)
compared to the control treatment. The effects of protein supplementation upon the staple length of mohair
has been reported previously [4].

In conclusion, it seems that protein supplementation improves some aspects of mohair quality. The
cheapest source of protein is poultry manure, although the use of this particular supplement is not as

beneficial as the oilseed meals.
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Abstract

EFFECTS OF SUPPLEMENTATION WITH DIGESTIBLE FIBRE ON THE DIGESTION AND INTAKE OF TRITICALE
WHOLE-CROP AND MEADOW HAYS BY SHEEP

Three experiments were earned out to assess the effect of digestible fibre on the intake of whole-crop tnticale treated with
urea (Expenment 1) and natural meadow hays (Experiments 2 and 3) by sheep In Expenment 1, eighteen lambs were assigned to
the diets (1) whole-crop tnticale, (2) whole-crop tnticale + 150 g corn gluten feed (CGF), and (3) whole-crop tnticale + 300 g CGF
Whole crop tnticale was harvested at the mature stage and ensiled with urea (609 g kg 1 dry matter) Intake was measured for six
weeks after a two week adaptation penod

Urea was almost completely hydrolyzed and controlled mould growth Intake of the basal feed was not significantly affected
by the low level of CGF supplementation (23 9 versus 22 6 g day1) However, intake of tnticale silage was significantly reduced in diet
3 (23 9 versus 19 0 g day1) Liveweight gam increased (P< 005) from 36 9 g (diet 1) up to 94 8 and 116 7 g (diets 2 and 3, respectively)
Organic matter digestibility of whole-crop tnticale was significantly reduced in diet 3 (P<005) In Expenment 2, twenty ewes were
used in a feeding study The ewes were assigned to diets (1) hay + casein, (2) hay + casein + citrus pulp, low level, (3) hay + casein
+ citrus pulp medium level, and (4) hay + casein + citrus pulp, high level The feeding tnal was earned out for 7 weeks Daily intake
of hay dry matter (DM) was not significantly reduced while total DM intake steadily increased (P<005) with citrus pulp
supplementation Organic matter digestibility of the hay was not affected by low and medium levels of citrus pulp supplementation
but it was significantly reduced (P<0 05) when citrus pulp was fed at the highest level. In Expenment 3, twenty female lambs were
used in a 10-week growth study The lambs were allocated to the diets (1) hay + 235 g soybean meal (SBM), (2) hay + 150 g SBM
+ 150 g lucerne pellets, (3) hay + 125 g SBM + 300 g lucerne pellets, and (4) hay + 70 g SBM + 450 g lucerne pellets
Supplementation of the basal diet with 150 g lucerne pellets significantly increased total DM intake (P<0 05) Further increments of
lucerne had no effect on DM intake Although the growth rates of lambs fed lucerne-supplemented diets was higher than those fed
the control diet, the differences were not statistically significant The in sacco kinetics of hay samples was also studied in Expenments
2 and 3 In both, the exponential model adopted to describe degradation kinetics adequately fitted the data In Expenment 2, the
potential DM degradability was unchanged by citrus pulp supplementation However, the rate of DM degradation was significantly
(P<005) improved when citrus pulp represented about 9% of the diet DM Notwithstanding the higher values for rate of DM
degradation on lucerne-supplemented diets, no significant differences over the basal diet were found in Expenment 3

1. INTRODUCTION

The northeast region of Portugal has a Mediterranean climate, as does most of the country. The dry
season occurs between May and September. During this period, the rainfall is very scarce or sometimes fails
completely. As a consequence, the quantity and quality of feed on offer for ruminants markedly declines and
the nutrient supply is reduced.

The effects of this scarcity of nutrients are more pronounced on small ruminants (sheep and goats)
since these are mainly fed on stubbles, spontaneous plants of uncultivated areas and common lands, as well
as on leaves nibbled from bushes and trees. As supplements, these animals normally receive nothing but low
quality hay and/or wheat straw. Since the lambing season takes place between September and December,
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the large demand for nutrients in the last third of the pregnancy coincides with the period when feed
availability and quality are poor. Therefore, efficient utilization of low quality hays and cereal straws should
be considered as a means to overcome the major limitations to production of this system[l].

This paper describes three experiments designed to identify the effects of three sources of digestible
fiber on the intake of whole-crop triticale treated with urea (Experiment 1) and meadow hays (Experiments
2 and 3) by sheep. Two additional studies were made with fistulated sheep to measure the effects of the
supplements used in Experiments 2 and 3 on the degradation characteristics of the roughages and on rumen
fermentation. Although improvement in the amount and the balance of nutrients made available from rumen
fermentation of low-quality hays and cereal straws is mainly needed for pregnant and lactating ewes, two of
the experiments reported here were carried out with growing lambs since facilities were not available for
controlled feeding experiments with ewes in late pregnancy or lactation.

2. MATERIALS AND METHODS

2.1. Experiment 1

2.1.1. Whole-crop triticale and its treatment
Whole-crop triticale was cut at a mature stage during the second week of June 1989. The dry matter

(DM) content of the forage at harvest was 64.2%. Part of the crop was dried in the field, baled and stored
under cover. The remainder was harvested with a forage harvester and packed into silos of 1 ton capacity
using urea for preservation and upgrading purposes. Urea prills were applied at ensiling (60 g kg"1 DM).
Silos were opened after the reaction had proceeded for 90 days. The top layers were aerated 24 h prior to
feeding to allow diffusion of ammonia to the open air.

2.7.2. Animals
Eighteen weaned lambs (9 males+9 females) from a local breed were used. Their initial liveweight

was 31.8± 2.1 kg and 25.4± 1.5 kg for males and females, respectively. The lambs were 4.5 months old. Prior
to the beginning of the experiment the animals were dewormed.

2.1.3. Diets, design and management
The males and the females were each divided into three groups according to their body weight and

individually penned within a barn. One animal from each group was then randomly allocated to one of the
following diets:

(1) whole-crop triticale
(2) whole-crop triticale + 150 g corn gluten feed and
(3) whole-crop triticale + 300 g corn gluten feed.

The animals were given supplements of corn gluten feed (CGF) once daily at 08.00 h. Whole-crop
"silage" was offered ad libitum with fresh food being introduced in the morning after CGF and in the
afternoon at 16.00 h. Refusals were collected daily before the morning feed and weighed. They were allowed
to represent 15-20% of the forage offered. Individual intakes were measured during 6 weeks after a 2 week
adaptation period. The lambs also were given 20 g of a mineral-vitamin supplement daily which was mixed
with CGF. This supplement provided per kg 140 g Ça, 140 g P, 25 g Mg, 5 400 mg Zn, 3 600 mg Mn,
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720 mg Cu, 680 mg Fe, 45 mg I, 27 mg Co, 2.7 mg Se, 180 000 IU vitamin A, 90 000 IU vitamin D3 and 135
mg vitamin E, as declared by the manufacturer. Water was available at all times.

During the 5th week, all male lambs from each treatment were transferred to metabolism crates to
measure digestibility of the diets by total collection of faeces. The procedures were as previously
described [2].

2.1.4. Chemical analyses
Samples of the silage and the CGF offered as well as the refusals of silage were taken twice each

week, bulked and subsampled for chemical analysis. The dry matter concentration was determined by oven-
drying at 65°C for 24 h. Dried samples of feeds, refusals and faeces from the digestibility trial were ground
to pass a 1-mm screen prior to chemical analyses [2]. Total nitrogen and unhydrolyzed urea were determined
on fresh samples of whole-crop triticale [2]. The data on chemical composition of feeds are shown in Table I.

TABLE I. CHEMICAL COMPOSITION OF FEEDS USED IN EXPERIMENT 1 (% DM)* AND DM
LOSS (DML, %) OF TRITICALE AFTER 48 H OF INCUBATION IN SACCO

Whole-crop triticale, untreated
Whole-crop triticale, ensiled with 6% urea
Corn gluten feed

Ash

3.8
5.6
7.3

Crude
Protein

3.1
12.7
21.1

NDF

76.8
68.4
36.3

Starch

5.8
11.0
24.6

DML

53.7
63.0

-

* Each value is the mean of 6 observations.
NDF: neutral-detergent fibre.

2.1.5. Dry matter loss in sacco
Samples (4 g) of untreated (hay) and urea-treated (silage) triticale were milled (4 mm) and

incubated for 48 h on two separate occasions in the rumen of three fistulated non-lactating cows (610 kg
mean liveweight) using the nylon bag technique [3]. The cows were fed daily 4 kg meadow hay, 2 kg lucerne
pellets and 1.5 kg commercial concentrate (6.7,17.8 and 16.2% crude protein on DM basis, respectively) in
two equal meals at 08.00 and 20.00 h. After incubation, the bags (15 x 9 cm, 40-50 urn pore size) were
washed in tepid water in a domestic washing machine for 30 min, dried in a forced-air drying oven at 65°C
for 24 h, weighed and dry matter loss (DML) recorded (Table I).

2.7.6. Liveweight changes
Lambs were weighed at weekly intervals throughout the experiment. Daily liveweight gain was

calculated by linear regression of the liveweight on time.

2.2. Experiment 2

2.2.1. Animals
Twenty ewes from the Ile-de-France breed, in early pregnancy, were used. Twelve ewes were in their

second pregnancy and eight in the first. Their initial average weight (mean ± standard deviation) was 64.2
± 4.8 kg. The animals were dewormed before mating. Three mature rams weighing 68 kg on average were
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used in an additional digestibility and incubation study. They were fitted with permanent rumen cannulae
(50 mm diameter).

2.2.2. Diets, design and management
The ewes were selected by parity and weight, individually penned within a barn and assigned to the

following diets at random:
(1) hay + casein (HC),
(2) hay + casein + citrus pulp, low level (HC+CPL),
(3) hay + casein + citrus pulp, medium level (HC+CPM), and
(4) hay + casein + citrus pulp, high level (HC+CPH).

A representative batch of hay from meadow pastures in northern Portugal (Table II) was selected
for this trial. Prior to feeding it was coarsely chopped and offered ad libitum twice daily (08.00 and 16.00 h)
with refusals representing 15-20% of the amount offered on the previous day.

Casein was fed to all animals as the main source of rumen degradable nitrogen (RON). It was
offered in the morning prior to the fresh meal of hay in amounts estimated to cover the rumen requirements
for RDN [4]. The amount offered to each animal was adjusted at weekly intervals according to actual hay
intake.

Citrus pulp was given daily in amounts estimated to represent 10 (L), 20 (M) and 30% (H) of total
dry matter intake. It was mixed and offered with the casein supplement. The amount offered to each animal
was adjusted weekly.

2.2.3. Digestibility and incubation study
The diets given to the ewes were offered to three rumen-fistulated male sheep according to a

Youden square design [5]. The levels of casein and citrus pulp used in these diets were the average levels
actually recorded during the feeding study. The animals were fed at an estimated 1.30 x energy maintenance.
The procedures followed for digestibility measurements were as referred to above [2].

Preparation of samples from the feeding and the digestibility trials and chemical analysis were
performed as described for Experiment 1. The main data on chemical composition of feeds are given in
Table II.

TABLE II. CHEMICAL COMPOSITION (% OF DRY MATTER) OF FEEDS USED IN
EXPERIMENTS 2 AND 3*

Experiment 2
Meadow hay
Citrus pulp
Experiment 3
Meadow hay
Lucerne pellets
Soya bean meal

Ash

6.8
7.4

7.5
13.9
6.3

Crude protein

6.4
9.1

6.5
19.5
49.2

NDF

67.0
23.7

67.3
44.7
20.6

ADL

5.5
2.4

-
-
-

' Each value is the mean of 9 observations.
NDF: neutral-detergent fibre; ADL: acid-detergent lignin.
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Mineral and vitamin supplementation, water availability and intake records were as described for
Experiment 1. The feeding trial lasted for 7 weeks after a 2 week adaptation period.

During the digestibility study, 2 g samples of ground (4 mm) hay were incubated in the rumen to
measure DML [3]. The procedure previously described [1] was followed without weights to anchor the bags.
Each bag (40-50 /an pore size) measured 9x6 cm. Samples were incubated for 3, 9, 18, 24, 36, 48, 60, 72,
96 and 120 h. Rumen liquor was sampled at 0, 1, 2, 4, 6, 8 and 12 h after the diet was given at 08.00 h on
two non-consecutive days during the incubation period. The pH of the liquor was immediately measured and
the liquor then frozen at -20°C for subsequent analysis for ammonia nitrogen.

2.2.4. Liveweight changes
Initial and final weights of the ewes were the average weights on two consecutive days prior to

feeding at the beginning and the end of the study.

23. Experiment 3

2.3.1. Animals
Twenty female lambs, seven-months old, were used. Eight Ile-de-France lambs and twelve crossbred

(Ile-de-France x local breed) were included. Their mean initial liveweight was 39± 2.3 kg. Prior to the
beginning of the experiment the animals were given an anthelmintic drench.

The same rumen-fistulated sheep described above were used in an additional digestibility and
incubation study.

2.3.2. Diets, design and management
The lambs were selected by genotype and weight, individually penned within a barn and allocated

to the following diets at random:

(1) hay + 235 g soybean meal (SBM),
(2) hay + 150 g SBM + 150 g lucerne pellets
(3) hay + 125 g SBM + 300 g lucerne pellets
(4) hay + 70 g SBM + 450 g lucerne pellets.

Meadow hay was selected with similar characteristics as the hay used in Experiment 2 (Table II).
The lucerne pellets were from a commercial batch of artificially dried lucerne. Roughage processing, feeding,
water availability and intake records were as described for Experiment 1. The experiment lasted for 10 weeks
after a 2-week adaptation period.

2.3.3. Digestibility and incubation study
Diets 1, 3 and an all-lucerne pelleted diet were offered to the three rumen-fistulated male sheep

according to a Latin square design. The animals were fed at an estimated 1.21 x energy maintenance. The
procedures followed were as those previously described.

2.3.4. Measurements
Preparation of samples and chemical analyses were as previously described. The main data on

chemical composition of feeds are given in Table II.

91



Samples (2 g) of ground (4 mm) hay were incubated in the rumen of the rams during the
digestibility study to measure DML as described for Experiment 2. Samples of ground lucerne pellets were
also incubated when the animals were given the all-lucerne diet to measure DM and nitrogen disappearance.

2.3.5. Liveweight changes
The lambs were weighed every seven days prior to feeding. Daily liveweight gain was calculated by

linear regression analysis of liveweight on time.

2.4. Statistical analyses
Data from the production experiments and from the digestibility study of Experiment 1 were

examined by analysis of variance of a randomized block design while those from the digestibility and
incubation studies of Experiments 2 and 3 were analyzed using a Youden square design and a Latin square
design, respectively [5]. Differences between treatment means were examined by least significant differences.

3. RESULTS

3.1. Experiment 1
Visual appraisal of the ensiled forage showed that urea was effective in controlling mould growth.

The amount of unhydrolyzed urea just after the silos were opened was lower than 5% of the urea applied.

TABLE III. MEAN DAILY DMI (g kg"1 LIVEWEIGHT) AND LIVEWEIGHT GAIN (g day"1) OF
LAMBS, RECEIVING DIETS WITH INCREASING AMOUNTS OF CORN GLUTEN MEAL

Diets

Whole-crop triticale

Whole-crop triticale + 150 g corn gluten feed

Whole-crop triticale + 300 g corn gluten feed

Standard error of means

Total diet

23.9a

27.1a

27.7a

1.09

Intake

Whole-crop
triticale

23.9a

22.6ab

19.0b

1.03

Live-weight
gain

36.9a

94.8b

116.7b

7.9

Mean values with different superscripts within a column are significantly different (P< 0.05)

TABLE IV. EXPERIMENT 1. ORGANIC MATTER DIGESTIBILITY (%) OF TOTAL DIETS AND
OF THE WHOLE-CROP TRITICALE*

Whole-crop triticale

Whole-crop triticale

Whole-crop triticale

Diets

+ 150 g

+ 300g

corn gluten feed

corn gluten feed

Standard error of means

Total diet

63.5a

66.7a

65.4a

1.6

Whole-crop triticale

63.5a

63.1s

58.7b

1.9

* Organic matter digestibility of corn gluten feed was assumed to be 83% [1].
Mean values in the same column with different superscripts are significantly different (P<0.05)
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All sheep consumed CGF readily. The low and the high levels of CGF represented 16.5 and 31.2%
of total dry matter intake (DMI), respectively. DMI and liveweight gain were not influenced by sex.
Therefore, the data given in Table III are pooled values. CGF did act as a supplement when offered at a rate
of 150 g day"1' since intake of basal feed was not significantly affected. However, when the lambs were given
300 g day"1 CGF, intake of triticale silage was significantly reduced (P<0.05). Growth rates were in line with
published estimates [6].

The organic matter digestibility of whole-crop triticale (Table IV) was not affected by the low level
of CGF supplement but it was significantly reduced when CGF was fed at a rate of 300 g day"1 (P<0.05).

32. Experiment 2
All ewes consumed the supplements readily. Casein represented 7.5,7.0, 5.7 and 6.1% of total DMI

for diets HC, HC + CPL, HC + CPM and HC + CPH, respectively. The actual intake of citrus pulp was
9.1, 17.8 and 25.7% of total DMI for diets HC + CPL, HC + CPM and HC + CPH, respectively, which
was somewhat lower than the intended level of intake, particularly for the medium and high levels of
supplementation. Daily DM intake of hay was not significantly reduced (P<0.05) while total DMI steadily
increased with citrus pulp supplementation (Table V). The effect of supplementation on live-weight change
of the ewes was similar to its effect on total DMI.

TABLE V. MEAN DMI (g kg"1 LIVE-WEIGHT) AND LIVE-WEIGHT CHANGE (kg) OF EWES
RECEIVING HAY-CASEIN (HC) DIETS SUPPLEMENTED WITH INCREASING AMOUNTS OF
CITRUS PULP (CP)

HC

HC

HC

HC

Diets*

+ CPL

+ CPM

+ CPH

Standard error of means

Total diet

18.5a

20.0ab

21.9bc

23.8C

0.75

Intake

Hay

17.1a

16.8a

16.8a

16.2a

0.57

Liveweight change

0.32a

3.38b

5.10bc

6.90C

0.74

* See text for details on diet composition .
Mean values with different superscripts within a column are significantly different (P<0.05).

TABLE VI. ORGANIC MATTER DIGESTIBILITY (%) OF TOTAL DIETS AND OF THE HAY*

Diets**

HC

HC + CPL
HC + CPM

HC + CPH
Standard error of means

Total diet

54.9a

56.2a

58.5a

58.2a

0.57

Hay

50.7b

49.1b

48.8b

42.8a

0.59

* Organic matter digestibility of casein and citrus pulp were assumed to be 100 and 85% [7].
** See text for details on diet composition.

Mean values with different superscripts within a column are significantly different (P<0.05).
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The organic matter digestibility of the hay was not affected by low and medium levels of citrus pulp
supplementation (Table VI) but it was significantly reduced (P<0.05) when citrus pulp was fed at the highest
level.

The equation used to describe the kinetics of hay DM degradation in sacco [3] adequately fitted the
data. It accounted for 98.4-99.5% of the variation within each set of data. Potential DM degradability, as
measured by "a + b" parameters, was unchanged by citrus pulp supplementation (Table VII). However, the
rate of DM degradation was significantly improved when citrus pulp represented about 9% of the diet DM
(diet HC + CPL; P<0.05).

TABLE VII. EFFECT OF CITRUS PULP SUPPLEMENTATION ON THE RUMEN DEGRADATION
CONSTANTS OF DRY MATTER OF MEADOW HAY

Diets a + b h-1)
HC
HC + CPL
HC + CPM

HC + CPH
Standard error of means

69.5a

68.0a

73.1a

67.1a

0.56

3.2a

4.2b

3.0a

3.0a

0.13

Mean values in the same column with different superscripts are significantly different (P<0.05).
* Dry matter disappearance in the rumen was estimated by the equation p = a + b(l-e"ct) [3] where p = actual disappearance after

time t; a = intercept of the degradation curve at time zero; b = fraction degraded when sufficient time for digestion in the rumen
is given; c = the rate constant of the degradation of fraction b; and t = time of incubation.
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Fig. 1. Rumen diurnal N-NH3 variation.

94



The diurnal pattern of rumen pH was similar on all diets, falling to its lowest values 2-4 h after
feeding then rising again. Although diets supplemented with medium and high levels of citrus pulp were
associated with lower rumen pH values, the differences compared to the control diet were only significant
for samples taken 0, 4 and 6 h post-feeding.

The levels of NH3 in the rumen (Figure 1) increased sharply after feeding, peaked at about 2 h, then
fell progressively, reaching minimum values of about 4 mg/100 ml prior to the next feed. Ruminai ammonia
concentrations of the animals receiving citrus pulp- supplemented diets remained consistently lower than
those of the control diet but the differences were only significant for samples taken 8 h post-feeding
(P<0.05).

33. Experiment 3

The supplements were readily accepted by the lambs and no refusals were observed throughout the
trial. The actual intake of SBM represented 20.4, 14.8, 7.8 and 5.3% of total DM intake for diets (1), (2),
(3) and (4), respectively, while that of lucerne pellets was 11.9, 23.7 and 35.1 for diets (2), (3) and (4),
respectively. Supplementation of the basal diet with 150 g lucerne pellets significantly increased total DMI
(P<0.05). Further increments of lucerne had no effect on total DMI (Table VIII) whereas intake of hay was

TABLE VIII. MEAN DAILY DRY MATTER INTAKE (g kg'1 LIVEWEIGHT) AND LIVEWEIGHT
GAIN (g day'1) OF LAMBS

Diets

Hay + 235 g soya-bean meal (SBM)

Hay + 180 g SBM + 150 g lucerne

Hay + 125 g SBM + 300 g lucerne

Hay + 70 g SBM + 450 g lucerne

Standard error of means

Total diet

26.6b

29.0a

28.9a

30.0a

0.53

Intake

Hay

21.2a

21.0a

19.8b

17.5C

0.34

Liveweight gain

85.0a

102a

114a

119a

13.6

TABLE IX. EFFECT OF LUCERNE SUPPLEMENTATION ON RUMEN DEGRADATION
CONSTANTS OF DRY MATTER OF MEADOW HAY

Diets (Feeds ratio, DM basis)

Hay + soya-bean meal (SBM) (80:20)

Hay + SBM + lucerne (68:8:24)

Lucerne (100)

Standard error of means

Degradation constants for lucerne*

Dry matter

Nitrogen

a + b

74.2a

69.7a

76.8a

2.75

76.1± 1.21

94.5± 0.32

c(% h'1)

2.6a

3.2a

3.7a

0.35

6.8± 0.82

5.9± 0.43

' Mean ± standard deviation for 3 animals fed the all-lucerne diet.
Mean values in the same column with different superscripts are significantly different (P<0.05)
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significantly reduced (P < 0.05). The growth rate of the lambs fed lucerne-supplemented diets was higher than
that of animals fed the control diet. However, the differences were not significant.

The exponential model adopted to describe the degradation kinetics of the hay samples also showed
good fit to the data. The percentage of the variation accounted for by the equation varied from 96.6 to
99.6%. Samples incubated in the rumen of sheep fed lucerne-supplemented diets showed higher values for
rate of DM degradation (c values; Table IX) although these values were not significantly different from the
observed with the basal diet (P>0.05).

During the incubation study the digestibility of the diets mentioned in Table IX was also measured.
The organic matter digestibility (OMD) of lucerne was 54.1% while OMD of the hay was 50.9 and 50.3%
when supplemented with SBM alone or with SBM + lucerne pellets, respectively. The OMD of SBM was
assumed to be 88% [7].

4. DISCUSSION

4.1. Experiment 1

Whole-crop small grain cereals give high potential DM yields under Mediterranean environments
when nitrogen and rainfall are not limiting [8]. To achieve this potential, they should be produced in a
one-cut system and harvested at late stages of development [8]. However, at these stages, the nitrogen
content and organic matter digestibility are low and limit the nutritive value of forage crops when offered
to ruminants as the sole feed. To take full advantage of the high potential DM yield, treatment with urea
through ensiling can be an attractive possibility due to the preservative and upgrading potential of this
chemical.

The results reported here seem to confirm previous findings [9,10]. The preservative properties of
urea were evident since no signs of deterioration were observed throughout the experiment and the "silage"
was well accepted by the lambs. The upgrading effect on digestibility, assessed by DML after 48 h incubation
in sacco, was 9.3 percentage units which falls within the range of values observed with cereal straws following

treatment with a similar level of urea [1]. Hay making of whole-crop small grain cereals harvested at mature
stages of growth does not appear to be the most appropriate method of conservation, not only because the
success of the technology is dependent upon the occurrence of a period of fine weather, but also because
important losses of grain may occur as revealed by the starch figures for untreated (hay) and urea-treated
("silage") material shown in Table I.

The voluntary intake of triticale ensiled with urea observed in this experiment was high. Treating
whole-crop wheat cut at the soft-dough stage with 67 g urea kg"1 DM, Deschard et c/.[10] achieved intakes
on 40 kg lambs which were about 28% lower than these reported here. Although OMD of the wheat crop
used by these authors was higher (69%), its DM content was only 45%. This fact may explain the difference,
since low DM contents result in pungent silages when urea or ammonia are applied and animals may refuse
them.

Corn gluten feed acted as a supplement when offered at a rate of 150 g day"1 (16.5% total DMI)
since intake of basal feed was not significantly affected. However, when fed at 31% of the dietary DM, CGF
depressed OMD and intake of the forage crop without significant improvement in liveweight gain of the
lambs. The negative associative effect on OM digestibility of whole-crop triticale may have resulted from the
level of dietary carbohydrates rapidly digested in the rumen. From Table 1 it can be estimated that starch
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represented about 15% of dietary DM when CGF was offered at the highest level. It has been shown that
starch from CGF is not only more soluble than starch from the original corn, but it is also degraded in the
rumen at a rate 2.5 times greater [11]. Moreover, most of the sugar fraction of the crop may have remained
unchanged since treatment with urea is very efficient in preserving the soluble sugars of the original
crop [12, 13].

4.2. Experiments 2 and 3
The main objective of these experiments was to examine whether the intake by sheep of a typical

meadow hay from northeast Portugal supplemented with degradable nitrogen could be increased further
through supplementation with sources of digestible fibre and nonstarch polysaccharides [14, 15].

Citrus pulp is a by-product known to have moderate levels of fibre (NDF) that is easily digestible
and relatively high levels of pectins and sugars which ferment rapidly in the rumen. In Experiment 2, citrus
pulp enhanced the degradation of hay DM when given as 9% of dietary DM. However, hay intake was
unchanged and the effect on degradation rate disappeared at higher levels of citrus pulp. Medium and high
levels of citrus pulp resulted in reduced pH values 1 to 4 h after feeding which may have reduced cellulolysis
[16]. In addition, the ammonia levels in the rumen liquor (Figure 1) may have been lower than required to
support maximum microbial degradation [14] during part of the day, particularly for the diets with medium
and high levels of citrus pulp. The diets, having higher potential digestibility, also have higher requirements
for RDN. These arguments may explain the 6 percentage unit reduction observed in OMD in vivo for
meadow hay at the highest dietary level of citrus pulp (Table VI). The calculation has been made on the
assumption that the digestibility of citrus pulp was not affected by combining it with hay.

Although liveweight changes and the body condition of ewes closely followed total DMI (Table V),
it is not known whether this is simply the result of a higher intake of nutrients or the result of a better
balance of nutrients made available from rumen fermentative digestion of citrus pulp diets. When low quality
fescue hay was supplemented with citrus pulp at a dietary level of 25%, Highfïll et al [17] observed an
increase in the flow of microbial organic matter to the lower tract compared to diets given at the same or

at higher intakes and supplemented at the same dietary level with soybean hulls or a corn-soybean meal
mixture. If this was the case in our study, more amino acids and glycogenic energy might have been available
which would benefit pregnant sheep, particularly those in more advanced stages of pregnancy [14].

Lucerne may represent an attractive source of digestible fibre to supplement low quality grass hays
and cereal straws. Even though its cell wall is more lignified than grass cell walls at similar stages of
maturity, it digests at a faster rate [18]. This may increase the number of fibrolytic microbes floating free in
the liquid phase of the rumen allowing a faster colonization of the more refractory fibrous feeds. In this way,
the degradation rate of the basal feeds may be increased [14]. In addition, lucerne has a significant content
of pectins which are readily fermented in the rumen.

The batch of lucerne pellets selected for Experiment 3 can be considered as being of moderate
digestibility (OMD = 54.1%; NDF digestibility = 45.0%). In spite of this, the rate of lucerne DM
degradation was 2.6 times greater than that of hay. When the hay was incubated in the rumen of sheep fed
lucerne-supplemented diets, its degradation rate was improved, although not to an extent sufficient to reach
statistical significance. The stimulatory effect of lucerne on degradation rate did not result in any increase
in hay intake. Indeed, the intake of hay was reduced above 150 g lucerne day"1 while total DM intake and
lamb performance remained essentially constant above this level. It should be noted that lambs fed on hay
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supplemented only with SBM reached reasonably high DM intakes and liveweight gains. If the effect of
lucerne on degradation rates did occur as expected during the growth study, then its magnitude was not great
enough to prevent a drop in hay intake. Other supplements may permit such hays to be used more efficiently
for growing sheep.

5. CONCLUSIONS

Whole-crop triticale and other small-grain cereals may make an important contribution to ruminant
feeding in Mediterranean areas during the dry season. When harvested at late stages of growth in a one-cut
system, the dry matter yield can be very high if environmental conditions are not limiting [8]. Urea treatment
by ensiling appears to be a promising method to take advantage of these high dry matter yields, since it both
preserves and upgrades the nutritive value of these crops. When offered alone to growing lambs, whole-crop
triticale promoted an energy intake above maintenance requirements. Further investigations into the
techniques of urea application are required to achieve consistent improvements in the nutritive value of
whole-crop small-grain cereals.

The degradation rate of meadow hay was stimulated in some diets by citrus pulp and artificially-
dried lucerne supplementation. Although the intake of hay was not increased, it remained at high levels in
most of the diets. It may be concluded that these supplements offer potential to be used as strategic
supplements [19] aimed to optimize the rumen environment for fibre degradation.
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Abstract

UPGRADING OF STRAWS AND DEVELOPMENT OF FEEDING SYSTEMS FOR SHEEP BASED ON STRAW
The studies involved utilization of cereal straws as the mam feed for sheep in Tunisian conditions The report concerns the

evaluation of Tunisian cereal straws and the optimization of straw treatments under dry climate conditions The varieties studied
showed little differences with respect to many parameters, but effects of type of cereals and regions were significant Quality of straw
on the farm was often affected by contamination by weeds and grains Correlation between grain production and fibre constituents
was not significant Chemical analysis and enzymatic solubility determination failed to show differences between varieties When dry
matter content was more than 90%, adding a small quantity of water before ammonia treatment decreased losses from treatment to
feeding and increased in vivo organic matter digestibility (OMD) Increasing the level of ammonia from 3 to 5% had no effect on
OMD Ammonia treatment was more effective when it was added to chopped rather than baled straw probably due to a better
distribution of urea The OMD's of untreated and of chopped or baled straws treated with ammonia were 48 3, 62 4 and 54 4%,
respectively

1. INTRODUCTION

Cereal straws are characterized by a low crude protein (CP) content and a high content of fibre.
Extensive research has shown that these characteristics vary considerably and depend on many factors.
Coxworth et al. [1] quoted twelve factors that influence the nutritive value of crop residues. They believed
that the most important were maturity, fertilization, irrigation and climate. Theander and Aman [2] attributed
these variations to soil fertilization, climate and cutting length of the straw. They found that CP content may
vary from 3.9 to 9.0% of dry matter (DM) for barley straws, and from 2.4 to 5.8% of DM for wheat straws.
Neutral detergent fiber (NDF) content may be higher than 85% [3, 4] and less than 80% of DM respectively
[5-7]. These differences in chemical composition of cereal straws maybe associated with their degradability
[4, 6, 8-11]. Variations in the chemical composition and in vitro digestibility of different varieties of rice straw
were attributed to genetic and environmental factors that may affect the growth of the plant [12]. Other
workers [13, 14] attributed these variations to leaf:stem ratio. Previous research in Tunisia showed that the
relatively low fibre content of crop residues was attributed to weed and grain contamination of the straws [7].

The findings of Tuah et al. [9] that the effect of ammonia and urea treatments on digestibility of
straws was greatest when corresponding values of the untreated straws were low must be evaluated more
precisely. Previous work [7] showed clearly that treatment conditions such as temperature and sampling could
partially explain the variability of the results observed by the above mentioned authors. Many factors
influence the treatment effect on straws, such as temperature and humidity. Temperature directly influences
the losses of ammonia from treatment through to animal feeding [7]. Ammonia treatment had little effect
when the DM content of straws was very high [15, 16] and the initial humidity of straws has a great effect
on digestibility [15-18].

The objectives of the experiments described here were to study the chemical composition and
nutritive value of Tunisian cereal straws in relation to species, variety and region, and to establish if
moistening of straw before ammonia treatment increased digestibility.
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2. MATERIALS AND METHODS

2.1. Evaluation of Tunisian cereal straws

2.1.1. Straws and harvesting conditions
During harvesting in July 1989,108 samples of cereal straws were collected and stored in plastic bags

for analysis. Hard wheats, soft wheats and barley (three varieties of each), were studied. Each variety was
cultivated in three replicates. The choice of varieties was based on their grain production. Plots received the
same quantity of fertilizer and cultivation. The samples were collected from three regions with different
annual rainfalls, namely 451,311 and 602 mm in Beja, Kef and Sejnene, respectively (north of Tunisia). The
samples from Beja and Kef regions were free of grains and weeds and the samples from Sejnene were kept
as collected. Cutting length was similar in all batches.

2.12. Chemical analyses
DM, crude protein (CP), crude fibre (CF) and minerals were determined [19]. Neutral detergent

fibre, acid detergent fibre (ADF) and acid detergent lignin (ADL) were also determined [20].

2.1.3. Nutritive value
There exist many methods for determining the nutritive value of animal feeds (i.e. in vitro and in

vivo methods). In this study, the number of samples was important and we used a rapid method [21]. It
consisted of determining the organic matter fraction solubilized during 24 h in a buffer solution (pH = 6.9)
containing the enzyme. The latter was a fungal cellulase (Onozyka R 10). In each range, a standard forage
was introduced (oat-vetch hay) in order to correct for differences between runs.

22. Effect of moistening previous to ammonia treatment on the nutritive value of cereal straw

2.2.1. Straw

The variety of hard wheat straw "Karim" was used and came from the Lafereg Experimental Station
of INRAT (north of Tunisia) where mean annual rainfall was 600 mm. The straw was stored in bales with
a mean weight of 15 kg. The initial DM was 88% and NDF and N contents were 74% and 3.7% of DM,
respectively.

2.2.2. Treatment
Four stacks of 500 kg each were covered with a plastic sheet and treated with anhydrous ammonia.

Two stacks were treated at rates of 3 and 5% on a DM basis. The others were treated at the same levels,
after previous increase of humidity up to 20%. The moistening was done by watering successive layers during
the building of the stacks. The length of storage under plastic sheets was two months.

2.2.3. Nutritive value of straw
Eight adult rams, with a mean weight of 54 kg at the beginning of the trial were placed in metabolic

cages during five successive periods of 31 days.

23. Statistical analysis
Results of chemical composition and enzymatic solubility were analyzed using analysis of variance.

The effect of cereal (hard and soft wheats and barley, variety) and region were studied. The correlation
between organic matter solubility and chemical composition was calculated.
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3. RESULTS

3.1. Evaluation of Tunisian cereal straws

3.1.1. Straws from Beja
The chemical composition and organic matter solubility (OMS) of these straws are shown in Table I.

The high DM contents of samples (92.4 - 96.3) were due to the high temperature during harvesting. There
was no variation in CP content. Means were 3.2% DM for soft wheat straws, 3.1% DM for hard wheat
straws and 3.1% DM for barley straws. Means of CF contents were 41.8, 44.1 and 45.1% DM for the same
straws, respectively. Barley straws had higher fibre contents than to wheat straws, but differences were not
significant. Values of OMS were 30.8% and 30.5% for barley and soft wheat straws respectively, and only
26.8% for hard wheat straws.

TABLE I. EFFECT OF CEREAL AND VARIETY ON CHEMICAL COMPOSITION AND ORGANIC
MATTER SOLUBILITY (OMS) OF STRAWS FROM BEJA (g/100 g DM)

Cereal

Soft wheat

Hard wheat

Barley

SEM1

Significance of
effect2

Variety

Byrsa

Tanit

Salambo

Razzak

Karim

INRAT 69

Martin

Rihane

Roho

cereal

variety

interaction

DM

93.5

93.7

93.4

93.6

93.3

95.1

96.3

92.4

93.1

1.05

NS

NS

NS

OM

92.8

93.0

93.2

93.1

92.8

93.9

93.8

94.0

93.9

0.26
**

NS

NS

CP

3.98

2.87

2.92

3.21

3.07

3.14

2.86

2.92

3.50

0.37
*

NS

NS

CF

43.0

39.9

42.5

45.4

43.2

43.8

45.1

46.9

43.3

1.52

*

NS

NS

NDF

79.1

80.3

82.0

80.1

80.5

81.6

81.4

80.7

72.7

2.00

NS

NS

NS

ADF

52.4

54.1

54.4

50.8

53.2

53.8

53.9

51.5

47.7

1.51

NS

NS

NS

ADL

7.8

6.9

7.4

6.8

7.0

8.3

7.3

6.3

6.4

0.45

NS

NS

NS

OMS

32.2

32.7

26.7

27.9

26.7

25.9

28.8

28.9

34.8

1.98
*

NS

NS

Standard error of the mean.
" NS = not significant;
' (P< 0.05); " (P< 0.01); *** (P< 0.001).

3.7.2. Straws from Kef
The chemical composition and OMS of these samples are presented in Table II. As mentioned

above, DM contents of straws often exceeded 90%. The species effect was not significant for CP content.
Means of CF were 46.5%, 45.8% and 44.5% DM for soft wheat, hard wheat and barley straws, respectively.
Means of CP contents were higher for the barley straws than soft and hard wheat straws (4.1% DM vs 3.1
and 2.9% DM). Respective NDF contents were 78.9, 83.2 and 83.5% DM with no significant differences
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TABLE II. EFFECT OF CEREAL AND VARIETY ON CHEMICAL COMPOSITION AND ORGANIC
MATTER SOLUBILITY (QMS) OF STRAWS FROM KEF (g/100 g DM)

Cereal

Soft wheat

Hard wheat

Barley

SEM1

Significance of
effect2

Variety

Byrsa

Tanit

Salambo

Razzak

Karim

INRAT 69

Martin

Rihane

Roho

cereal

variety

interaction

DM

92.8

89.9

88.4

95.8

91.5

87.5

91.1

91.6

91.0

1.0

NS

NS

NS

OM

93.6

94.7

94.5

94.8

91.5

87.5

95.1

96.0

95.8

0.4
***

*

***

CP

2.62

3.16

3.49

3.48

2.52

2.75

4.51

3.50

4.46

1.3
***

NS

NS

CF

47.3

45.8

46.5

44.6

45.9

47.1

44.6

46.2

43.0

1.3

NS

NS

NS

NDF

82.1

84.1

83.4

83.3

83.5

83.9

78.7

80.3

77.9

1.6
***

NS

NS

ADF

56.9

56.7

55.0

57.0

54.3

55.8

51.8

52.2

50.2

1.7
***

NS

NS

ADL

9.1

8.7

8.7

8.5

7.9

8.4

6.4

6.3

4.9

0.6
***

NS

NS

OMS

32.6

28.6

26.2

27.4

24.8

28.2

38.8

34.7

36.3

2.3
***

NS

NS

Standard error of the mean.
NS = not significant;
* (P< 0.05); " (P< 0.01); '" (P< 0.001).

TABLE III. EFFECT OF CEREAL AND
MATTER SOLUBILITY (OMS)

Cereal

Soft wheat

Hard wheat

Barley

SEM1

Significance of
effects2

Variety

Byrsa

Tanit

Salambo

Razzak

Karim

INRAT 69

Martin

Rihane

Roho

Cereal

variety

interaction

VARIETY ON CHEMICAL COMPOSITION AND
OF STRAWS FROM SEJNENE

DM

88.3

85.0

85.5

88.8

91.4

89.9

89.1

90.3

89.4

1.3
*

NS

NS

OM

88.6

89.0

89.1

88.9

89.2

89.6

87.9

89.4

89.5

0.6

NS

NS
***

CP

4.29

5.02

4.09

4.69

3.22

4.81

6.41

5.81

5.57

0.6
*

NS

NS

CF

34.4

34.1

35.7

34.4

36.3

34.2

31.3

34.2

30.0

1.1
*

NS

NS

(g/ioo g

NDF

73.3

72.0

75.3

72.8

75.4

73.7

67.5

71.4

69.8

1.5
*

NS

NS

DM)

ADF

46.8

45.5

45.5

45.9

49.6

45.5

36.8

43.6

39.2

1.8
***

NS

NS

ORGANIC

ADL OMS

6.7

5.8

6.6

5.9

5.8

6.3

6.1

5.7

5.3

0.4

NS

NS

NS

34.2

37.4

30.7

31.8

33.2

31.4

34.0

34.6

36.5

1.6

NS

NS

NS
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between the three types of cereal. The ADL contents varied between cereals and varieties. Means were 5.8%
DM for barley straws and 8.8% and 8.3% DM for soft and hard wheat straws respectively. Means of values
for OMS were 36.6, 29.1 and 26.8% for barley, soft and hard wheat straws respectively.

3.1.3. Straws from Séjnène
Results are presented in Table III. Again, the differences in chemical composition and OMS of

varieties from the same cereals were not significant. The CP contents were 4.4% DM for soft wheat straws,

TABLE IV. EFFECT OF CEREAL AND REGION ON CHEMICAL COMPOSITION AND ORGANIC
MATTER SOLUBILITY (OMS) OF DIFFERENT CEREAL STRAWS (g/100 g DM)

Cereal

Soft wheat

Hard wheat

Barley

SEM1

Significance of
effects2

Region

Beja

Kef

Séjnène

Beja

Kef

Séjnène

Beja

Kef

Séjnène

Cereal

Region

interaction

DM

93.5

90.4

86.3

94.0

91.6

90.0

84.1

91.2

89.7

1.0

NS
***

OM

93.0

94.3

88.9

93.3

91.3

89.3

93.9

96.7

88.9

0.5
***

***

***

CP

3.25

3.09

4.47

2.89

2.92

4.24

3.09

4.16

5.93

0.4
***

***

***

CF

41.8

46.5

34.7

44.1

45.9

35.0

45.1

44.6

31.8

0.7

NS
***

***

NDF

80.4

83.2

73.5

80.7

83.5

74.0

78.0

78.9

69.6

0.9
***

***

NS

ADF

53.6

56.2

45.9

52.6

55.7

47.0

50.9

51.4

39.8

0.9
***

***

NS

ADL

7.4

8.8

6.4

7.4

8.3

6.0

6.7

5.9

5.7

0.3
***

***

***

OMS

30.5

29.1

34.2

26.8

26.8

32.1

30.8

36.6

35.1

1.1
***

***

***

Standard error of the mean.
' NS = not significant;

* (P< 0.05); *' (P< 0.01); *** (P< 0.001).

TABLE V. CORRELATION BETWEEN ORGANIC MATTER SOLUBILITY (OMS) AND
CHEMICAL COMPOSITION OF DIFFERENT STRAWS

OMS
CP
CF
NDF
ADF
ADL

OMS CP CF
1.00 0.47 - 0.37

1.00 - 0.70
1.00

NDF
-0.57
-0.73
0.76
1.00

ADF
-0.52
-0.70
0.73
0.86
1.00

ADL
-0.56
-0.46
0.46
0.58
0.65
1.00
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4.2% DM for hard wheat straws and 5.9% DM for barley straws. The fibre contents were lower than those
described earlier and the NDF content was 75.4% DM for Karim and Salambo varieties.

The effect of region was highly significant as shown in Table IV. The OMS and CP contents in
samples from Sejnene were higher than in samples from Beja and Kef. Contamination by weeds and grains
can partly explain these differences.

Correlations between OMS and fibre constituents (NDF, ADF ADL) (Table V) indicated that a
decrease in these fractions explained the increase in the soluble fraction of organic matter. The correlation
with CF was lower than that obtained with NDF content.

32. Effect of moistening previous to ammonia treatment on the nutritive value of cereal straw

3.2.1. Effect of ammonia and moistening on chemical composition of straw
The increase in CP content of straw after treatment was substantial but the effect of ammonia level

was not significant. In the same way, NDF and CF were not affected by increasing the ammonia level.
Nevertheless, moistening the straw previous to treatment decreased the NDF content significantly (Table VI).

TABLE VI. EFFECT OF WATER ADDITION AND AMMONIA LEVEL ON CHEMICAL
COMPOSITION OF STRAW (g/100 g DM)

Treatments

Untreated straw

3 % ammonia

Without water

With water

5 % ammonia

Without water

With water

SEM1

Effect significance

Ammonia

Water addition

DM

88.1

86.0

84.7

90.0

86.2

1.45

11.3***

6.9 ***

OM

90.9

92.0

92.0

92.2

91.6

0.72

0.1 NS

0.9 NS

CP

3.9

9.4

9.8

8.8

11.2

0.52

2.1 NS

21.8 NS

CF

40.5

44.8

46.1

45.9

46.5

2.17

0.5 NS

0.5 NS

NDF

72.9

73.1

71.3

74.7

69.1

0.00

0.2 NS

6.2 ***

Standard error of the mean.
2 F-value followed by level of significance: "*(P <.001); "(P <.05); NS: not significant.

Ammonia treatment significantly improved organic matter digestibility (Table VII). Ammonia level
affected only the digestibility of NDF. The greatest improvement was obtained with 3% ammonia when straw
was previously moistened. Under these conditions, the increase of OM and CP digestibilities were 16.3 and
28.7 respectively. Without moistening, they were only 10.1 and 14.9 units. This important effect of water at
3% ammonia was not observed at 5% ammonia.
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TABLE VII. EFFECT OF WATER ADDITION AND AMMONIA LEVEL ON IN VIVO
DIGESTIBILITY OF STRAW (g/100 g)

Treatments

Untreated straw
3 % ammonia
Without water

With water
5 % ammonia

Without water

With water
SEM2

Significance

Ammonia
Water addition

DM1

45.7

54.8
62.1

58.9
59.7
2.42

l.ONS

22.5***

OMD1

48.3

58.4

64.6

62.1
63.1
2.29

2.0NS
19.9***

CPD1

21.2

36.1

49.9

47.8
41.0
3.93

1.1 NS
6.4**

CFD1

58.5

70.9
75.4

73.9
73.2
2.42

0.2 NS

4.8**

NDFD1

45.7

66.2

69.2

69.2
72.3
2.76

10.3**
9.6 ***

DMD: dry matter digestibility; OMD: organic matter digestibility; CPD: crude protein digestibility,
CFD: crude fibre digestibility, NDFD: neutral detergent fibre digestibility.

; see Table VI.

TABLE VIII. EFFECT OF WATER ADDITION AND AMMONIA LEVEL ON FAECAL CP
CONTENT AND INDIGESTIBLE CP CONTENT OF STRAW

Treatments

Untreated straw
3% ammonia
Without water
With water

5% ammonia
Without water

With water
SEM3

Effect Significance3

Ammonia

Water addition

Faecal (%DM)

CP

5.8

11.3
12.4

12.9

15.0
0.23

» *«
79.6

* **
48.2

ICP1

30.7

60.1
47.8

45.9
66.1
1.2

2.6 NS
9.8*"

Straw (g/kg DM)

DCP2

8.3

33.9

48.8

42.1

34.5
1.43

3.35 NS
***

43.3

1 ICP: indigestible crude protein.
1 DCP: digestible crude protein.
1 see Table VI.

105



3.2.2. Effect of ammonia level and moistening on faecal nitrogen content and indigestible crude protein
content of straw
CP content of faeces and indigestible CP content of straw were significantly increased when the

ammonia level was increased (Table VIII). Moistening decreased the indigestible CP by 12.3 points when
straw was treated with 3%, but it was increased by 20.2 units when straw was treated with 5% ammonia.

4. DISCUSSION

4.1. Evaluation of Tunisian cereal straws
In this study, there was no great variation in chemical composition and enzymatic solubility between

cereal straws. Differences between hard and soft wheats and barley were not large and the chemical
composition of varieties of the same cereal were similar in most cases. The varieties chosen were selected
only for their high yield of grain and this selection was for varieties with a short stem. This probably led to
a uniform chemical composition. In contrast, results of Walli et al. [10] reported that the chemical
composition of different varieties from the same cereal varied considerably.

The effect of region appeared to be significant as was also shown by Erikson et al. [22]. They
reported that the chemical composition of straws can vary as a function of region and year, whereas the
effect of agronomic factors was less pronounced.

Straws from Sejnene were characterized by relatively high CP contents. The contamination by weeds
and grains explained these differences and the present results confirm those presented earlier [7]. However,
these values may vary considerably [2, 10, 11, 23]. In general, barley straws contained more CP than wheat
or rice straws. Mattson and Erikson (cited in [2]), analyzed 49 and 8 samples of barley and wheat straws
respectively and reported that CP contents varied from 3.9 to 9.0% of DM and from 4.9 to 5.9% of DM,
respectively. The authors attributed these variations to soil fertilization and cutting length. Similar variations
were observed in our results, barley straws contained more CP than wheat straws. However, the variability
was much smaller than found in other investigations. Probably the chemical composition of the straws was
related to the date of harvesting and differed with climatic conditions. Patel et al. [24] reported that CP
content decreased from 5.9% of DM to 3.6% of DM at two weeks before harvesting and the crude fibre
from 39.9% of DM to 43.5% of DM over the same period. These statements were later confirmed [25].

Climatic conditions could be one of the factors affecting quality of cereal straws. Anderson and
Anderson [26] reported that when grain maturation was interrupted for reasons such as dryness or hail, the
nutrients remained in the stem. In these conditions, CP content of straws could be higher and fibre
constituents lower. These conditions are frequent in March and April under the conditions prevailing in
Tunisia. The effect of rainfall can also influence the quality of straws. Generally, it appears that straws from
dry regions have a higher nutritive value than straws from high rainfall regions [27]. The present results did
not confirm this, since the straws from the region where the rainfall was lowest had the highest NDF

contents (more than 80% of DM). Other results [28] have indicated that CP contents were higher for straws
from irrigated zones in comparison to the same straws from dry zones. These differences could be related
to the sampling methods and this is often neglected. Other factors such as cutting length and stem/leaf ratio,
also can influence the quality of straws.

The differences in chemical analysis and enzymatic solubility between different varieties of cereal
straws was not evident. Consequently, other parameters have to be studied, such as the degradability in the
rumen and in vivo measurements such as voluntary intake and digestibility.
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42. Effect of moistening prior to ammonia treatment on the nutritive value of cereal straw
The effect of moisture content on OM digestibility was more pronounced at the rate of 3%

ammonia, whereas the proportion of indigestible CP was greatest at the rate of 5% ammonia. Increasing the
ammonia level had no effect on in vivo digestibility of OM. However, some results have shown that
digestibility increased with increasing levels of ammonia [16, 17, 29, 30]. The ambient temperature during
treatment and length of storage under plastic sheets may explain these differences.

The improvement of CP content of treated straw was accompanied by a better utilization of the
nitrogen fraction. However, this improvement may still be limited because the nitrogen added was essentially
in soluble form. Under these conditions, the effect of addition of water on digestibility was favourable at the
rate of 3% ammonia. An important fraction was excreted in the faeces. This result was similar to that
reported elsewhere [31, 32].

Treatment with ammonia at the rate of 5% was not more efficacious than treatment with 3%. When
the DM of straw was higher than 90%, the addition of a small quantity of water before treatment improved
digestibility. The positive effect of moistening on OM and CP digestibilities could be more pronounced when
associated with appropriate supplementation.
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Abstract

PREDICTION OF MICROBIAL YIELD FROM THE RUMEN USING URINARY EXCRETION OF PURINE DERIVATIVES
AND STUDIES OF THE KINETICS OF LABELLED PURINES

The rate of outflow of microbiai cells from the rumen and the excretion of total punne metabolites (xanthme, hypoxanthme,
une acid and allantom) are strongly correlated The potential for use of urinary punne metabolites to predict microbiai yield from
the rumen has been recognized for more than 20 years but, probably because of the uncertainties of any prediction, the method has
seen little use Uncertainties include the nucleic acid (punne) content of microorganisms leaving the rumen (affected by specific growth
rate), the intestinal digestibility of microbiai purines, and the percentage net recovery of absorbed purmes as urinary metabolites (the
latter is compromised by endogenous de novo synthesis of purines, and by excretion of metabolites via the gut).

In this paper, the processes of endogenous synthesis and catabolism of purines are reviewed in the light of published
information and of new results obtained by isotope tracer methods during this Coordinated Research Programme and the potential
for the use of punne metabolites in unne for a prediction of microbiai yield from the rumen are reassessed It is concluded the method
deserves further consideration, and can be used in certain types of comparative study

1. INTRODUCTION

Microbiai protein in digesta flowing from the rumen to the intestines supplies the majority of the
amino acid requirement of ruminants, and various methods have been used to estimate the microbiai yield
in rumen digesta outflow. These methods are imprecise [1], tedious and expensive to implement. Thus, any
method which might obviate some or all of these deficiencies deserves further consideration.

In ruminants, the predominant source of potentially absorbable (exogenous) nucleic acids is the
rumen microbiai biomass which is also the major protein source for the ruminant host. In 1954, McDonald
[2] suggested that the microbiai protein present in digesta leaving the rumen might be determined on the
basis of analysis of the nucleic acids that are present in rumen microorganisms. In most mammals, allantoin
is the main product of purine catabolism, and the principal purine derivative in urine. Topps and Elliot [3]
foresaw a role for the measurement of urinary excretion of allantoin and uric acid as an indicator of rumen
biomass and efficiency of protein utilization in ruminants. These workers noted the close correlation between
the ruminai concentration of nucleic acids and the rate of urinary excretion of allantoin plus uric acid, but
did not appear to use this information to predict rumen microbiai outflow. Some years later, McAllan and
Smith [4] also suggested that nucleic acid concentrations in the rumen digesta could be used to predict
microbiai N concentration in the digesta, recognizing from their earlier work [5] that non-microbial nucleic
acids had a short half-life in the rumen and would therefore contribute minimally to the total nucleic acids
in the digesta.

Rys and co-workers [6] were among the first workers to draw attention to the possible role of
urinary purines as an index of intake and rumen fermentation. These workers assumed that 18% of the

microbiai N leaving the rumen was in nucleic acids [7], and that 25% of the N in these nucleic acids
appeared in urinary allantoin [8], and thus argued that microbiai N outflow rate from the rumen was given
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by urinary allantoin N excretion rate divided by 0.045 (18% x 24%). This factor is, however, dependent on
many factors and is a potential source of error in any prediction.

Vercoe [9] demonstrated that digestible dry matter (DM) intake and urinary allantoin excretion in
cattle and buffaloes were closely correlated. We have obtained a similar relationship [10] for sheep (Figure
1). It is reasonable to assume that these relationships stem from the generally close correlation between
digestible DM intake and microbial yield of protein and nucleic acids from the rumen, combined with a
second association between entry of nucleic acids into the intestines and excretion of purine metabolites in
the urine. Other workers have demonstrated linear responses in urinary excretion of allantoin to stepwise
increases in rates of intra-duodenal infusion of RNA in sheep [11-13], and in our laboratory we demonstrated
a stepwise increase in excretion of urinary purine derivatives when increasing increments of adenine were
administered intravenously in sheep.
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Fig. L Relationships between urinary allantoin excretion (Y: g/d) and digestible dry matter
intake (X, kg/d) of sheep, cattle and buffalo given forage based diets. The regression equations
for each species are:

Sheep: Y = -0.312 + 3.62X(r2 0.72); réf. [10]
Cattle: Y = 3.72 + 2.43X(rl 0.66); réf. [9]
Buffalo: Y = 2.86 + l.MXfr2 0.53); réf. [9].

Unfortunately, the recovery of total purine derivatives in urine in response to these infusions is not
quantitative, varying from 30% to 90%, with allantoin (the major purine derivative) itself contributing a
variable percentage of the total purmes. As there does not appear to be any endogenous allantoinase in
mammals, the allantoin that is not excreted via the kidney is presumably transferred into the gut, but factors
affecting the fractional excretion via the kidney or into the gut are poorly understood.

Probably for these reasons, scientists have made little use of the purine prediction technique,
apparently preferring to estimate microbial yield from the rumen by means of techniques based on
measurement of digesta flow (using non-absorbable gut markers, and specific microbial markers such as S,
15N or D-alanine). Another reason for the low usage may have been uncertainty about variation in the
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amounts of urinary purine derivatives arising from endogenous purine turnover. In any event, there are few
reports of the use of the purine technique for estimating yield of rumen microbial biomass, despite the
potential advantages of this technique over those in common use (e.g. the absence of surgically implanted
cannulas and the relatively simple techniques for estimation of allantoin and other purine derivatives).
Certainly, compelling reasons for rejecting the method have not been reported.

Many studies in the last decade have helped our understanding of purine metabolism in ruminants
[11-15], but few workers have investigated purine metabolism at the molecular level. Notably, there has been
little use of tracer techniques to help elucidate and quantify the pathways of purine turnover in ruminants.
Accordingly, at the University of New England, and as a contribution to this Coordinated Research
Programme, we have undertaken a series of studies with the objective of further developing our knowledge
of purine metabolism in ruminants, and better understanding the reasons for the range in urinary recoveries
of metabolites from intestinally absorbed nucleic acids.

In this paper, we review current knowledge of purine synthesis and metabolism as depicted in Figure
2 and describe some of our kinetic studies using labelled purines and labelled allantoin. The possibility of
using the excretion of purine metabolites as an index of microbial N flow from the rumen is also discussed.

Dietary
Nucleic
Acids de novo

Synthesis
0

Synthesis
176

Catabolism

Tissues

V
mg purine -C/d

77
Renal Excretion

Fig. 2. A model of purine transaction in ruminants. Values (mg purine C/d) are means of estimates
for four sheep given straw based diets supplemented with formaldehyde treated casein.

2. THE ORIGIN AND FATE OF NUCLEIC ACIDS IN RUMINAL DIGESTA

Nucleic acids in the rumen can be associated with feed, microbial or endogenous materials.
Complete ruminai degradation of feed nucleic acids, or a knowledge of the amount of dietary purines
reaching the intestines, is essential to enable any relationship between urinary excretion of purine derivatives
and exogenous purine absorption to be used to estimate microbial flow to the intestines. Smith and McAllan
[5] found that the ratio of RNA:DNA in rumen fluid was similar to that in rumen bacteria and was
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independent of the diet, indicating that negligible amounts of dietary nucleic acids are present in rumen fluid.
These workers also found that pure nucleic acids added to the rumen were rapidly degraded.

Later, McAIlan and Smith [16] conducted experiments in which purine bases, nucleosides and
nucleotides were incubated in vitro with whole bovine rumen contents, and found that virtually no traces of
these compounds were left in the incubating medium after 4 h. Purine bases such as adenine were degraded
to varying extents, with xanthine being the most resistant. In contrast, Jurtshuk et al. [17] reported that
adenine was neither decarboxylated nor deaminated after in vitro incubation with a washed cell suspension
of bovine rumen bacteria, and Smith and co-workers [18] have shown that non-microbial RNA may
contribute up to 15% of the RNA entering the duodenum of young steers receiving equal amounts of hay
and concentrate. On balance it seems that non-microbial nucleic acid contributes an insignificant portion of
the total nucleic acid outflow from the rumen.

2.1. Variations in the nucleic acid content of rumen microorganisms
In the prediction of rumen microbial outflow, the purine content of mixed ruminai bacteria must

be known. Prediction would be easier if a constant factor were universally applicable, but this is unlikely to
be so. The nucleic acid content of bacteria varies according to the growth conditions [19] and the amounts
of DNA and RNA depend largely on growth rate [20] with the RNArprotein content increasing with specific
growth rate [21]. Variations are probably greater in isolated pure strains grown in vitro, than for mixed
bacteria in the rumen where the majority of RNA-N : total N ratios are in the range 6.5-8.5% [20]. Higher
values occur soon after feeding, and in fauna-free animals. DNA-N : total N ratios are somewhat lower and
probably more stable at about 6.5% (20). Different bases (adenine vs. guanine) apparently also contribute
differentially to allantoin synthesis [20].

3. INTESTINAL DIGESTION OF NUCLEIC ACIDS

Nucleic acid bases, nucleosides and nucleotides in duodenal digesta undergo variable degrees of
degradation by pancreatic ribonuclease and other enzymes secreted into the gut lumen [see 20]. The products
are absorbed from the gut as purine nucleosides and the free bases [21], along with presumably, liberated
phosphate and free sugars. Once absorbed from the gut, these purine products may be either degraded or
incorporated into nucleic acids [22-24] (see Figure 2). It seems unlikely that lower metabolites such as uric
acid and allantoin are able to be absorbed from the gut to participate in such processes [15, 25].

4. SYNTHESIS OF PURINES IN THE RUMINANT HOST

Synthesis of purine ribonucleotides in the ruminant host can occur via two distinctly different
processes, often referred to as the de novo and the 'salvage' pathways (26). The 'salvage pathway1 utilizes

preformed purines of both endogenous and exogenous origin. For purine anabolism de novo, the starting
material is 5-phospho-ribosyl-l-pyrophosphate (PRPP) on which a purine ring is built using amino acids and
other molecules. The activated (PRPP) molecule is also of importance in the salvage pathway and is a
precursor of the pyrimidine nucleotides [26].

Studies of the salvage pathway using 15N- or C-labelled intermediates have shown that free purines
and their corresponding nucleosides are reused in nucleotide and nucleic acid biosynthesis in vertebrates
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(Figure 3). PRPP can be combined with adenine and guanine under the influence of nucleotide
pyrophosphorylases to yield AMP and GMP respectively [26].

Another less important salvage pathway involves the combination of ribose-1-phosphate with purine
bases to form the respective purine nucleosides. This reaction is catalyzed by nudeoside phosphorlyases (ED
2.4.2.1) [27]. Hypoxanthine can be salvaged, as also can xanthine, the latter only at a very low rate.
Subsequent products of purine catabolism are not salvageable and thus proceed along the catabolic route
towards uric acid and allantoin. The energetic cost of the formation of a mole of purine mononucleotides
via salvage is 2 ATP [26]. In contrast, the formation de novo of guanylic acid (GMP) and adenylic acid
(AMP) requires a total of 8 and 7 high energy phosphate bonds respectively [26].

In humans, up to 90% of the free purines formed may be recycled by the salvage pathway and are
essential to purine economy [26]. This is hardly surprising given the considerable energetic advantage of the
salvage pathway over de novo synthesis. In rats, and presumably ruminants, exogenous purine (and
pyrimidine) bases and their corresponding nucleosides are also incorporated into tissues such as gut, liver
and skeletal muscle [28] by the routes shown in Figure 2.

5. DEGRADATION OF PURINES IN THE RUMINANT HOST

Purine degradation has been studied extensively. Cellular DNA is strongly conserved and tends to
have a low turnover rate. In contrast, some types of RNA (e.g. messenger RNA) are rapidly turned over.
DNA and RNA are hydrolyzed by nucleases and diesterases to oligonucleotides and then to
mono-nucleotides and nucleosides. The latter maybe reutilized hi nucleic acid synthesis, or further degraded.
Glycosidic linkages between purine bases and sugar units are cleaved to yield free purine bases and these
too, may be salvaged, or degraded further and excreted.

Adenosine monophosphate (AMP) and adenine can be degraded enzymatically eventually yielding
hypoxanthine which is hi turn oxidized by the flavoprotein enzymes, xanthine dehydrogenase (EC 1.1.1.204)
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or xanthine oxidase (EC 1.2.3.2), to xanthine and then to uric acid [29]. Guanine nucleosides and their free
bases (after deamination) enter the pathway as xanthine which is then converted to uric acid [26]. Uric acid
is further catabolized via uncase (EC 1.7.3.3) with the release of CO2 and the formation of allantoin which
is the major end product of purine degradation in ruminants (Figure 3).

The intestinal mucosal cells are the first possible site for degradation of absorbed purines. In cattle,
intestinal tissue is rich in xanthine oxidase which increases the potential for irrecoverable degradation of
absorbed purines and reduces the potential for purine synthesis from exogenous purine bases [30]. In
contrast, the intestinal mucosa of sheep has only traces of xanthine oxidase activity [31] which limits mucosal
degradation of absorbed purines and increases the potential for their utilization via the salvage pathway.

Once hi the blood, purine products are subject to degradation by xanthine oxidase and uricase. Chen
and co-workers [14] showed that xanthine oxidase was absent from sheep plasma but present in cattle
plasma. These authors found uricase to be absent from bovine blood but present at very low levels in sheep
blood.

In sheep, given the absence or low activity of catabolic enzymes in extrahepatic cells and blood [31],
it is probable that purine derivatives in portal blood exist predominantly as hypoxanthine, xanthine and, to
a much smaller extent, uric acid. The liver of sheep, however, contains high levels of xanthine oxidase and
uricase [12] and is the major site for purine catabolism to allantoin which is therefore likely to be the
predominant purine derivative in peripheral blood.

6. RELATIONSHIPS BETWEEN PURINE ABSORPTION AND EXCRETION IN URINE

It is clear that purine absorption from the gut and urinary excretion of purine derivatives are closely
related. However, if such relationships are to be used for predictive purposes, any variability occurring under
different conditions must also be known or predictable.

Various workers [12, 13, 32, 33] have argued that relationships between urinary excretion and
absorption of purines are curvi-linear. Chen and co-workers [12] hypothesized that non-linearity occurs
because purines are synthesized de novo when absorption of precursors from the gut is low, and these are
added to urinary purines of exogenous origin. They advanced a model to describe their data obtained from
sheep nourished intragastrically and infused into the gut with different amounts of a microbial (single cell)
preparation.

In this model, the increase in the urinary excretion of purine derivatives (Y; mmol/d) with increasing
level of absorbed exogenous purines (X; mmol/d) was described by the following equation:

Y = bx+cW°'75exp(-kx)
W°'75 represents metabolic body weight (kg), and these authors argued that the co-efficient (b=0.84)
obtained when this model was fitted to their data, implied that 16% of the absorbed plasma purine
derivatives were lost via routes other than urinary excretion. The rate constant (k = -0.25) described the
replacement of endogenous de novo synthesis of purines by the salvage of preformed purines, and the
coefficient (c=2.06 mol/d) represented excretion of endogenous purine derivatives when absorption was zero.
Chen and co-workers [12] argued that the negative exponent (k = -0.25) allowed for the likelihood that the
contribution of de novo synthesis of purines to the total purine excretion is reduced by feedback occurring
as the availability of absorbed (exogenous) preformed purines increases, i.e. the contribution of purines
synthesized de novo decreases as absorption increases. They further argued that the contribution of de novo
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synthesis becomes vanishingly small when absorption of purines reaches 8.3 mmol/d - the value expected
when a 40 kg sheep is fed a maintenance energy ration. This hypothesis seems reasonable for mammals in
general, as the de novo formation of adenylate and guanylate is known to be controlled by three regulatory
enzymes that are allosterically inhibited by AMP, GMP or adenylate concentrations (26), and thus de novo
synthesis can be expected to cease once levels of AMP, GMP and adenylate are adequate. The results of
Condon and others [34] also support this hypothesis: they found that sheep receiving a normal supply of
exogenous purines from the rumen microbes did not incorporate intestinally infused labelled glycine (a
precursor for de novo synthesis) into their tissue nucleic acids.

If the hypothesis is true, a corollory is that the complication of determining the endogenous
contribution to the excretion of urinary purine derivatives will largely be removed when animals are on diets
that supply more than their maintenance energy requirements.

Whilst this model and the associated assumptions seem generally plausible, it should be recognized
that the hypothesis concerning feedback control of de novo synthesis has not been experimentally verified.
Why mammals in general, or ruminants in particular, need to synthesize any purines de novo remains
questionable. However it has been suggested [35] that most animal cells satisfy their purine requirements
by both de novo and salvage synthesis. In animals on sub-maintenance diets, the salvage pathways will use
purine catabolites from tissues as a major source of intermediates for resynthesis of purines, and no de novo
synthesis would be required if this process were reasonably efficient (see Figure 2). Thus, the level of
metabolic activity of various tissues may affect the relative levels of purine excretion and catabolism and the
net release of purine derivatives into the salvageable pools, and would therefore modify the model. However,
when intragastrically fed animals were given supplements of protein and energy to alter metabolic activity,
there were no major changes in purine excretion [36, 37]. Requirements for purines by developing fetal
tissues could be a major drain on the dam's salvageable purines, and may provide an explanation for why
the de novo pathways have been conserved throughout evolution.

After accounting for the contribution of endogenous purines to total excretion, Chen and co-workers
[12] calculated that the recovery of infused purines in urine as total purines after 24 h ranged from about
50-70% when animals were infused intragastrically with 5 to 25 mmol microbial purines/d. When corrected
for the calculated true digestibility of the microbial nucleic acid concentrate (91%), the recovery increased
to 56-76%. Kahn [38] reported that when sheep were infused intravenously with adenine, the net recovery

(as urinary allantoin plus uric acid) was on average 73% and did not differ as infusion levels
rose from 0-5.3 mmol/d for animals on a basal diet that provided for about 5 mmol/d of exogenous purines,
i.e. total 5-10.3 mmol purines/d (see Table I). These recoveries are not easily reconciled with an average net
recovery of absorbed purines of 98% in two lambs abomasally infused with a microbial mixture (36), and
thus more work is needed to elucidate the non renal routes of excretion of purine derivatives.

The urinary recoveries of an absorbed (unlabelled) purine load reported by various workers [12, 36] and
Kahn [38] were substantially higher than those reported for labelled purines [24,33]. When mixed rumen bacterial
cultures labelled with [8-!4C] adenine were administered to the rumen of sheep, recovery of the total absorbed
radioactivity in urine after 24 h was 21% [24] and 5% [23]. In a study from our laboratory [38] in which
recoveries of an intravenous load of adenine averaged 73%, urinary recovery of 14C from intravenously
administered 14C-adenine over the same 24 h period amounted on average to only 9%. The difference in recovery
between labelled and unlabelled adenine derivatives in these studies implies that absorbed labelled purine
molecules or their products enter a large tissue pool with a low turnover rate and thus have a low probability
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TABLE I. EXCRETION (mmol/d) OF PURINE DERIVATIVES (ALLANTOIN PLUS URIC ACID)
AND PERCENTAGE RECOVERY OF 14C IN URINE, IN THE 24h AFTER INTRAVENOUS
ADMINISTRATION OF 14C-ADENINE (20/aCi)*

Level of
Adenine

Entry

(mmol/d)

5.0

6.8

10.3

Net Recovery

Allantoin

Mean
a4.3
a4.6
b6.9

SE

0.10

0.21

0.59

(mmol/d)

Uric

Mean
a0.4
a0.4
b0.7

Acid

SE

0.01

0.04

0.06

Percentage Recovery (24 h)

Allantoin + Uric Acid

Adenine entry*

94

73

73

Mean
a6.3
b8.5

C12.4

14C

SE

0.50

0.62

1.41

* The sheep were fed a straw-based diet supplemented with formaldehyde-treated casein and were also intravenously infused
with unlabelled adenine at each of 3 levels. (Values are means of four sheep per treatment).

** Adenine entry was given by the sum of adenine infusion and estimated absorption of purines, the latter obtained as the
product of assumed microbial yield from the rumen (based on digestible organic matter intake) purine content of rumen
microbes (8%) and intestinal digestibility (85%) [20].

a,b,c Different letters within columns indicate significant differences (P<0.05) using the Duncan's Multiple Range Test.

of being excreted within 24 h of their arrival in blood; conversely the probability of incorporation into tissues
is high (see Figure 2).

Various tissues may contain part of this pool. For example, Murray [39] reported a pool size for
adenylate nucleotides of 1.3 pmol/ml of red blood cells (RBC) in humans, whilst other workers [40] reported
values (pmol/ml RBC) for purine nucleotides in rabbits of 1.5-1.9 for adenine, 0.25-0.35 for guanine and
0.04-0.06 for hypoxanthine. Muscle tissues contain a large fraction of the purine pool even though nucleic acids
represent only 0.1-0.2% of their mass.

7. THE CONTRIBUTION OF ENDOGENOUS PURINES TO URINARY PURINE EXCRETION

As discussed already, urinary purine derivatives are derived from degradation of purines that have
been synthesized from endogenous (via de novo or salvage pathways in host tissues) and exogenous
(microbial) sources. One method of studying the relative importance of the net endogenous contribution is
to eliminate the flow of purines to the intestine.

In a simple experiment, Rys and co-workers [6] observed that allantoin excretion fell markedly in
sheep over successive days of fasting to a constant low value. Likewise, Antoniewicz and Pisulewski [11]
found the excretion of allantoin declined rapidly as the hay diet of wethers was replaced by gastric infusion
of purine-free nutrients over a period of 10 days. Meanwhile the excretion of creatinine remained stable and
the reduction of the allantoin-N:creatinine-N ratio was therefore solely a function of reduced allantoin
excretion.

With lambs intragastrically nourished by purine free nutrients, a urinary excretion value of 150
mmol/kg \V^' per day for endogenous purine derivatives (allantoin, uric acid, xanthine and hypoxanthine)
was reported [12]. This value is in close agreement with the 164 obtained in lambs also nourished by
intragastric infusion [36] but somewhat lower than the 220 obtained in sheep fed purified diets [13]. These
values, however, are higher than the value obtained for fasted sheep [6], indicating that endogenous purine
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metabolism may be affected by the level of nutrient absorption and consequent metabolic activity in the host
tissues.

8. CHANGES IN THE PROPORTIONS OF PURINE DERIVATIVES IN URINE

A further problem associated with prediction of purine absorption from urinary excretion of purines
is that the proportions of allantoin, uric acid, xanthine and hypoxanthine may vary with the level of exogenous
purine absorption, or perhaps other factors. Chen and co-workers [12] found that increasing the load of
exogenous purines results in an increase in the proportion of urinary purine derivatives excreted as allantoin,
and suggested that an explanation for this may relate to the sites of derivative formation in the body.

In sheep, all extra-hepatic cells contain only trace amounts of xanthine oxidase whereas the blood
contains no xanthine oxidase and only traces of uricase [31]. Endogenous purine products can be degraded
in the tissue to hypoxanthine, plus small amounts of xanthine and uric acid. Further catabolism of these
derivatives to allantoin requires passage through the liver where high levels of xanthine oxidase and uricase
exist [14]. The circulatory system is such that these endogenous derivatives may be filtered from the blood
before being carried to the liver. In contrast, exogenous purine derivatives formed from absorbed purine
products are carried to the liver in the portal blood. The major site of degradation of these derivatives is
likely to be the liver where they will readily form allantoin. If there are different sites of catabolism for
endogenous and exogenous purine products, it is predictable that a greater proportion of urinary purine
derivatives will appear as allantoin as the exogenous purine load increases.

Despite these suggestions, the results currently available are conflicting. We did not find a difference
in the allantoinrallantoin plus uric acid ratio which was constant across differing levels of adenine absorption
(mean 91%), whereas much lower ratios of allantoin:total purines were obtained by Lindberg and co-workers
[41] as shown in Figure 4.

0.9-

2 0.7-
c

l °'6

^0.5-

0.4-

0.3-
8 10 12 14 16

Purine Excretion (mmol/d)
18 20

Ratio of allantoin: total purines, Chen [12]
Ratio of allantoin: total purines, Lindberg [41]
Ratio of allantoin: allantoin + uric acid, Kahn [38]

Fig. 4. Variations in the reported ratio of allantoin: total purines in ruminant urine with
increasing rates of urinary purine excretion.
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Because the proportion of allantoin in total purine derivative excretion may be affected by the
amount of purine absorbed, and perhaps breed of animal and other factors, excretion of all urinary purine
derivatives, rather than just allantoin, should be used as an estimator of purine absorption from the
intestines. Methods of analysis include colorimetric methods and HPLC [42].

9. NON-URINARY EXCRETION OF PURINE METABOLITES

To use the excretion or urinary purine derivatives as a predictor of the outflow of microbial protein
from the rumen, it is necessary to know the proportion of absorbed purines excreted via non renal routes
and whether this is a constant or not. As there is thought to be no allantoinase in ruminant tissues, the other
route of loss of purine metabolites is almost certainly into the gut. Chen and co-workers [12] concluded that
approximately 16% of allantoin excretion did not occur via the urine in intragastrically fed sheep and this
was therefore either excreted into the gut, or incorporated into tissues; whether this figure can be applied
to conventionally fed sheep is not certain. There is evidence that in sheep [15] and humans [43], purine
derivatives occur in saliva at concentrations greater than in plasma indicating that allantoin is actively
transported. Allantoin is also present in bile of the dog [44].

9.1. Purine metabolites in saliva and gut secretions
Assuming a salivary flow of 10 1/d, Chen and co-workers [15] estimated that the amount of purine

derivatives secreted in the saliva would account for about 10% of that excreted in the urine. Kahn [38]
reported that 2.5% of the C that was derived from intravenously administered 14C-adenine entered the
saliva in a 24 h period and, assuming the same salivary flow rate, this amounted to 27% of the 14C excreted
in urine during the same period.

Purine products and derivatives that are recycled to the rumen via the saliva are likely to be rapidly
degraded [15, 16, 20] and thus likelihood of their reappearance in urine will be very low. Allantoin entering
the gut is rapidly degraded to glyoxylate and urea and the latter is completely converted to ammonia and
CO2 by bacterial urease [see 20]. Infusion of allantoin into the rumen or abomasum of normally fed sheep,
or into sheep and steers nourished by intragastric nutrition, did not change the levels of urinary excretion
of purine derivatives [15].

Uric acid also enters the gut and is degraded via allantoin. In 1954, Belasco [45] showed that both
allantoin and uric acid can be used as sources of N by rumen bacteria in vitro. Thus purines may make a
significant contribution to the total quantity of endogenous N recycled. Estimates of allantoin production and
of urinary excretion and transfer to the gut following intravenous injection of 14C-aIIantoin have been made
in our laboratory during the present contract, and are currently being evaluated, but no other direct estimates
of transfer to the gut appear to have been reported. Preliminary data indicate that the specific radioactivity
(SR) versus time curves for allantoin, obtained after intravenous injection of 14C-allantoin, contain at least
two major exponential components, indicating that either allantoin exists in sheep in more than one
compartment, or there is recycling via some product of allantoin metabolism in the gut or in body tissues.
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10. A WORKING MODEL FOR THE METABOLISM OF PURINES IN SHEEP

A model describing the major pathways of purine metabolism in ruminants is given in Figure 2. The
quantitative values were obtained from our tracer studies in sheep. The experiments that provided these
values are described below.

[U-14C]-adenine was administered intravenously to sheep given a straw-based diet supplemented with
formaldehyde-treated casein. Twenty-four hours after the tracer was administered, 13% had been excreted
via the urine and the amount in blood plasma was negligible. When known losses as 14CO2 were also
accounted for, the total recovery was 19% of the tracer administered. The known CO2 would have been
produced during hepatic catabolism of uric acid to allantoin (conversion of 1 mol adenine to allantoin
releases 1 mol CO2 and one-quarter of the tracer passes to allantoin) and from fermentation of purines after
entry into the rumen in saliva (assumed to be totally degraded).

The recovery (19%) of adenine-C via these known processes falls short of the 48% of administered
tracer that passed through blood bicarbonate in the same period. It is hypothesized that this unaccounted
CO2 was not formed in host tissues and was most likely formed by microbial degradation of purines in the
bile, gastric or other secretions after entry into the gut. It was assumed here that fermentation in the gut will
release all the carbon from recycled purines as CO2. Inclusion of this component increased the total recovery
of C-adenine carbon to 64% of that administered. It is further hypothesized that the remaining radioactivity
(36%) was present in tissue purine pools. This latter value lies between values reported previously, i.e. 25%
[23] and 47% [24].

11. CONCLUSIONS

Necessary conditions for satisfactory prediction of rumen microbial outflow from urinary excretion
of purine metabolites include the following:
(a) There should be no net storage or release of endogenous purines.
(b) The ratio of renal:non-renal excretion of purine derivatives should be substantially constant.
(c) There should be no interaction between the rate of absorption of non-purine nutrients (e.g. protein

and energy) and tii&net excretion of purine metabolites. (The available evidence [36,37] suggests any
effects of this kind are probably negligible.)

(d) In animals that urinate irregularly, collection over several days may be required to provide a
reasonably precise estimate of the average rate of renal excretion of total purine metabolites. The
use of ratios such as allantoin (or total purine derivatives) excretionxreatinine excretion, may help
overcome this problem.

In addition to these conditions, it is necessary to use several factors in order to predict rumen
microbial outflow from urinary excretion of purine metabolites. These factors include:
(i) The percentage of purine N in the total N of rumen microorganisms. This is normally about 8%,

but the variations which occur with specific growth rate, diet, and other rumen conditions will make
predictions uncertain.

(ii) The apparent digestibility of microbial purines in the small intestine. This is normally 85-90%.
(iii) The relationship(s) between amount of absorbed purines and net renal excretion of total purine

metabolites (or allantoin). Available evidence suggests that 80-90% of the theoretical recovery is
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found in urine; the remainder probably enters the gut. At below-maintenance levels of feeding,
derivatives from de novo synthesis of purines may cause extraneous purine absorption to be
over-estimated, and this needs to be accounted for. However, we suggest that net accretion or loss

of tissue purines may also alter the relationship. If allantoin alone is to be used as a urinary index,

a separate relationship may be required, as the ratio, allantoinrtotal purine derivatives may not be
constant.

It is unlikely that one universal relationship can be used to enable prediction of microbial yield from
the rumen. For example, relationships obtained from non-pregnant, non-lactating animals to predict microbial
yield from the rumen have as yet not been experimentally verified as being suitable for either pregnant or
lactating animals. However, it may be possible to develop the urinary purine metabolite prediction for use
under particular circumstances. For example, the method might be used if it were suspected that mineral
insufficiency was causing low microbial growth in the rumen. Correction of the insufficiency could be

expected to markedly increase microbial outflow from the rumen, and so increase urinary excretion of the

microbial purine catabolites. In this role, the method could provide a powerful diagnostic tool, especially
when an individual animal is used as its own control.

Prediction should also be possible on the basis of relationships between exogenous purine absorption
and net flux of allantoin (or total purines) through the blood pool (estimated by tracer dilution techniques).
Prediction on the basis of blood concentrations of purine derivatives may also be a possibility as flux rates

and concentrations of metabolites are often directly correlated.
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Abstract

PREGNANCY NUTRITION AND LAMB BIRTH WEIGHT STUDIES INVOLVING VERY PROLIFIC SHEEP
One hundred and sixty seven ewes heterozygous for the Booroola fecundity gene (FecBFec+) were pasture fed in two groups

(H and L) for the first 49 days of pregnancy Each group was further divided into H and L groups for days 50-99 of gestation and all
ewes were run together for the final third of pregnancy

Birth weights of lambs born to H ewes in early pregnancy were 0 27 kg and 0 25 kg (P< 0 05) heavier than from L ewes
lambing to mating cycles 1 and 2 respectively, with the regression coefficient being 46 and 76 g lamb birth weight/kg ewe liveweight
change for the two lambing groups respectively Mid-pregnancy nutrition did not significantly affect Iamb birth weights

This indicates that there is some potential to influence birth weight and hence survival of lambs by modifying early
pregnancy nutrition, and is of particular importance m prolific flocks where lamb birth weights are commonly below three kg and in
which the ability to feed to ad-libitum levels in late pregnancy is compromised by reduced abdominal space available for the rumen

1. INTRODUCTION

The development of high fertility genotypes has been the objective of research in the sheep

industries in most countries during the past four decades because of the supposed advantages to efficiency
of food utilization likely to be achieved. A major problem, still not overcome, is the inevitable increase in
numbers of lambs lost by starvation-exposure as a consequence of low birth weight. The cause is probably

largely straightforward: an inability of the ewe to maintain a rate of nutrient intake to match foetal nutrient
demand during the period of rapid foetal growth in late pregnancy. The extent to which foetal growth during

early-and mid-pregnancy may be influenced by maternal nutrition therefore becomes more critical. Earlier

reviews were dominated by the absolute importance of late pregnancy nutrition, but more recently evidence
began to accumulate for significant effects of nutrition during early- and/or mid-pregnancy [1-4]. This paper
describes an experiment in which effects of early- and mid-pregnancy nutrition on subsequent birth size was

investigated in highly prolific sheep maintained at pasture.

2. MATERIALS AND METHODS

Two hundred and sixteen mixed age Booroola Merino-Coopworth crossbred ewes, mean body weight
54 kg, all of which were heterozygous (FecBFec+) for the Booroola fecundity gene were used. They were
synchronized using controlled internal drug releasing devices (CIDR; Carter, Holt Harvey, Hamilton, New
Zealand) containing 0.3 g progesterone. Approximately half were artificially inseminated with semen from
Booroola-Coopworth rams between 48-53 h after CIDR withdrawal and the remainder joined with rams of
the same genotype 30 h after CIDR removal. From this time until 51 d after mating the ewes were run with

harnessed rams with coloured raddles to detect and mate ewes returning to oestrus.

The ewes were divided into equal sized groups on the basis of age, breed, liveweight and previous
fecundity and subjected to one of two pastoral nutritional treatments, the first (H) aimed at providing for
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a 3 kg increase in body weight and the second (L) at maintaining body weight by week 7 of pregnancy
(period 1). Between 7 and 14 weeks (period 2) the H and L groups were further subdivided on the basis of
age, breed, liveweight and litter size, predicted from an ultrasound scan 49 days after CIDR removal. One
group was offered pasture to increase body weight by 3 kg (H) the second to maintain body weight (L).
During late pregnancy all groups were offered sufficient pasture to meet estimated nutrient requirements
for maintenance of body weight and foetal growth [5], The sheep were maintained on ryegrass (L. perenne)
white clover (T. repens) swards. Drought conditions meant that ewes were supplemented with pasture silage
during the early pregnancy phase. Ewe liveweight was measured weekly and lamb birth weight, sex and litter
size were recorded within 12 h of parturition.

Birth weight analyses involved a least squares model in which the individual lamb birth weight was
the dependent variable. Main effects tested included: early-pregnancy nutrition, mid-pregnancy nutrition, litter
size, lamb sex, ewe age, ewe breed, mating liveweight and day of birth.

A covariate analysis was also performed in which birth weights were first corrected for lamb sex,
birth rank, birth date and ewe mating weight. The covariates for the corrected birth weights were ewe live
weight changes from 0-49, 50-98, and 99-144 days after mating.

3. RESULTS

Of the 216 ewes, 109 conceived at first oestrus, 58 conceived at the second and 16 at the third
oestrus after CIDR withdrawal. The data were analyzed as two sections: a) 109 ewes conceiving to first
oestrus (lambing group 1); and b) 58 ewes conceiving to second oestrus (lambing group 2). The remainder
were removed from the experiment.

The actual liveweight changes achieved did deviate from those anticipated: in lambing group 1 the
change in live weight during period 1 was 3.7 ± 0.20 and 2.38 ± 0.17 kg respectively in H and L groups and
in period 2, 0.85 ± 0.31 and 0.42 ± 0.26 kg for H and L groups respectively. During late pregnancy all
groups increased in weight by approximately seven kg. In lambing group two, liveweight changes were
4.24 ± 0.24 and 2.92 ± 0.26,1.11 ± 0.61 and 0.71 ± 0.41 kg in H and L groups respectively during early and
mid-pregnancy. During late pregnancy liveweight increase averaged 4.5 kg in all groups.

The average litter sizes were (221/109 =2.03 and 152/58 = 2.62) and average birth weight 3.15 and
3.42 kg for lambing groups 1 and 2 respectively.

The effect of maternal nutrition on lamb birth weight during each nutritional period is expressed
as the regression of ewe liveweight change on lamb birth weight in Table I.

This showed a consistent effect of ewe liveweight change during early pregnancy on lamb birth
weight but no effect during mid-pregnancy. During late pregnancy the anticipated effect of nutrition was seen

TABLE I. EFFECT OF EWE (MATERNAL) LIVEWEIGHT CHANGE ON LAMB BIRTH WEIGHT

Pregnancy
Period

Early

Mid

Late

Lambing Group 1
b

46
25

111

SE

17
24

16

Significance

P < 0.05
NS

P < 0.01

b
76
5
14

Lambing Group 2
SE

34
16
17

Significance

P < 0.01
NS

NS
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in the relationship between birth size and liveweight for early lambing ewes but not in the ewes lambing in
group 2.

The least squares means of lamb birth weights are shown in Table II and confirm a statistically
significant (P< 0.05) reduction in lamb birth weight from L ewes in early pregnancy but a non-significant
reduction in L ewes in mid-pregnancy.

TABLE II. LAMB BIRTH WEIGHTS (KG) FOR HIGH AND LOW PLANE EWES IN EARLY AND
MID-PREGNANCY

Pregnancy

Period

Early

Mid

Lambing

High

3.30

3.24

Group 1

Low

3.03

3.09

Lambing Group 2

Significance

P< 0.05

NS

High

3.55

3.46

Low

3.30

3.39

Significance

P< 0.05

NS

4. DISCUSSION

The finding of sensitivity of lamb birth weight to maternal nutrition during early pregnancy in these
prolific ewes is of considerable practical significance. The low plane of nutrition reduced lamb birth weight
by 0.27 and 0.25 kg in ewes lambing in groups 1 and 2, respectively. On the basis of the studies of
relationships between birth weight and survival in flocks of normal fecundity in New Zealand [6,7] such birth
weight reductions would lead to reductions in lambs weaned per lamb born of between 4 and 7%, which is
considerable. The effect is even more significant for lambs from large litters: lambs lighter than three kg at
birth are at particular risk of dying from starvation/exposure [7], In this study triplets weighed 2.86 kg and
3.04 kg in lambing groups 1 and 2 respectively, and quadruplets 2.42 kg and 2.44 kg respectively. A change
in birth weight of the magnitude achieved, albeit caused by a seemingly small ewe liveweight modification,
is likely to be even more critical to the survival of lambs born in litters of three or greater.

The slope of the relationship in early pregnancy between lamb birth weight change per unit change
in ewe liveweight is about 40% of that observed in late pregnancy. In highly fecund ewes in which abdominal
space available for the rumen is likely to be reduced in late pregnancy [8] the ability to alter lamb birth
weight by variation in late pregnancy could be limited. Nutritional manipulation of such ewes during early
pregnancy may therefore be of particular importance.

The size of the effect was large in relation to both the degree of nutritional deprivation imposed and
to the general level of nutrition of these sheep. It is probably not necessary to involve direct effects of
nutrition in the explanation. Indeed, there is evidence that embryonic development is influenced by the
constituents of uterine secretions especially uterine proteins [9,10] and uterine secretory activity is controlled
by pregnancy hormones, progesterone and oestrogen [11]. Moreover, Parr et al [2] have shown that under-
nutrition in the first 21 days of gestation resulted in 8% smaller and developmentally retarded embryos at
day 21.

This is one of few studies in which the numbers of ewes needed to test the practical significance of
theories concerning the interaction between early pregnancy nutrition and birth size have been used. Even
so, the results are not unequivocal. Nevertheless, they do suggest that early pregnancy nutrition may play a
significant role in the final birth size of litters from fecund ewes. As such they serve to stimulate work to
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allow us to understand the mechanisms involved to enable treatments to increase birth size which, through
its effect on survival, is one of the major disincentives to more widespread farming of prolific sheep.
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Abstract

THE EFFECT OF DIFFERENT FEEDING STRATEGIES ON PRODUCTION PERFORMANCE AND ENERGY BALANCE
IN THE PROLIFIC DMAN EWES

Between seven and eight Dman ewes were used during three successive production cycles differing in the feeding strategy
The ewes' performance in terms of lambs and milk production was determined during each cycle, and energy balance trials were
conducted during physiological stages of each cycle While the amount of feed offered in cycle 1 was totally consumed, voluntary intake
m late pregnancy was depressed by 40% in cycle 2 and by 12% m cycle 3 In cycle 2, ewes had 45% larger Utter sizes and 68% higher
milk production when compared to the performances during cycles 1 and 3. Negative energy balance was found during pregnancy in
cycles 2 and 3 and during lactation m all three cycles indicating mobilization of body reserves The highest mobilization was observed
in late pregnancy of cycle 2 and in early lactation of cycles 1 and 3

With the different feeding strategies adopted in the present study, some recommendations for feed utilization are proposed
to farmers keeping prolific Dman ewes

1. INTRODUCTION

Increasing the level of feeding of ewes to meet their extra requirements during late pregnancy is a
common practice in sheep husbandry. This practice is necessary for the successful completion of pregnancy
and it may also affect milk production during early lactation [1]. There exists, however, a fair amount of
ambiguity in the literature as to the optimal feeding standards during pregnancy for prolific breeds. If the
food supply is inadequate, then ketosis (commonly known as pregnancy toxaemia) may develop, particularly
if the ewe is carrying a number of foetuses [2]. Several authors have shown, however, that clinical symptoms
similar to those of pregnancy toxaemia may also appear in overfed ewes [3]. Both cases involve mobilization
of body reserves to meet the substantial demands for foetal growth in prolific breeds, either because of an

insufficiency of food or because of the loss of appetite due to physical and/or metabolic limitations frequently
observed in late pregnancy. The aim of the present experiment was to study the effects of different feeding
strategies in the Dman ewe, known for its prolificacy, during three successive production cycles (pregnancy-
lactation). Energy balance was investigated in order to observe the extent to which body reserves were
utilized for foetal growth and milk production.

2. MATERIALS AND METHODS

2.1. Experimental protocol and diets
Between six to eight Dman ewes were used in the present study during three successive production

cycles. A different feeding strategy was utilized in each cycle. Prior to mating the ewes were synchronized
with two prostaglandin F2 injections at 10-day intervals before a natural insemination with a marked Dman
ram. After mating, the ewes were put in individual metabolism cages and fed twice daily at 09.00 and 17.00 h.
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The diet comprised of 2/3 chopped lucerne hay and 1/3 barley grain. Ten grams of a mineral and vitamin
supplement was fed daily and all ewes had free access to water.

Three different feeding strategies were imposed during the study and the levels of feeding offered
to ewes were based on maintenance energy requirements (MEm) recommended by INRA [4]:
(a) First production cycle: The ewes received 300 g of barley and 600 g of lucerne hay daily corresponding
to about 1.5 x MEm. This feeding level was maintained during the whole cycle.
(b) Second production cycle: The ewes were offered 500 g of barley and 1000 g of lucerne hay daily
corresponding to about 2.5 x MEm. This resulted in an ad libitum level of feeding for most of the production
cycle.
(c) Third production cycle: The ewes were offered 200 g of barley and 400 g of lucerne corresponding to
MEm during the second and third months of pregnancy and after weaning. During the first month of
pregnancy, the last two months of pregnancy and lactation, the ewes were offered 400 g of barley and 800
g of lucerne hay corresponding to 2 x MEm.

Throughout each cycle, the periods of study were chosen to meet five successive physiological stages:
early pregnancy (82nd-100th day), late pregnancy (124th-142th day), early lactation (llth-25th day), late
lactation (50th- 68th day) and the post-weaning period. Nutrient balance measurements were made on each
ewe for seven days at each physiological stage.

22. Measurements

A weighed amount of the diet was distributed to ewes three days prior to and seven days during the
digestibility trial. The uneaten feed was removed and weighed daily. Faeces were collected daily, weighed
and 10% was dried and added to a composite dried aliquot for each ewe. Faecal and diet dry matter (DM)
were determined by drying the samples at 105°C for 24 h. The gross energy (GE) of the diet and faeces were
determined on l g of pelleted sample in an adiabatic bomb calorimetric.

Metabolizable energy (ME) of the diet was calculated from measured digestible energy (DE)
according to NRC [5] using the equation: ME = DE x 0.82. An indirect calorimetry system of the open
circuit type was used to measure the ewes' oxygen consumption and to estimate total heat production (HP)
using the McLean [6] equation: HP (kcal/d) = O2 (In-Out) x Flow (STPD) 4.89.

Retained energy was determined by subtracting heat production from ME intake. The GE value of
the milk was estimated from the percentage of DM and fat [7] and the net energy deposited in the gravid
uterus was estimated from the time course of energy deposition during pregnancy reported in the study of
Theriez et al [8].

Milk production was estimated by the lamb suckling technique. During the third and ninth weeks
of pregnancy, milk production was estimated on 7 consecutive days by weighing the lamb(s) before and after
suckling three times per day at 8 h intervals. Throughout the study the body weights of the ewes were
determined weekly.

3. RESULTS AND DISCUSSION

3.1. Feed intake and liveweight variations
In cycle 1, the amount of feed offered was totally consumed regardless of physiological stage

(Table I).
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TABLE I. DRY MATTER INTAKE VARIATIONS WITH PHYSIOLOGICAL STAGE AND FEEDING
STRATEGY DURING THREE PRODUCTION CYCLES

Periods

At mating

Early pregnancy

Late pregnancy

Early lactation

Late lactation

After weaning

First cycle

815

788

806

808

800

793

Production cycle

Second cycle

1313C± 51

1027ab± 32

944a± 40

1134bc± 59

1267e! 18

974a± 57

Third cycle

840b± 70

518a± 10

760b± 60

716b± 39

835b± 131

520a± 11

Dry matter intake expressed in g/animal/day (Average ± SE).
' ' Means with different superscripts in the same column are different (P< 0.05)

TABLE II. BODY WEIGHTS (kg) OF EWES DURING DIFFERENT PHYSIOLOGICAL STAGES
AND FEEDING STRATEGIES IN THREE PRODUCTION CYCLES

Periods

At mating

(%)*

Early pregnancy

(%)*
Late pregnancy

(%)*
At lambing

(%)*
Early lactation

(%)*
Late lactation

(%)*

After weaning

(%)*

Production

First cycle

30.5 ± 1.37
(100)

32.2 ± 1.46

(106)
35.9 ± 1.44

(118)

30.4 ± 1.08

(100)
30.0 ± 0.79

(98)
28.2 ± 0.91

(93)
32.4 ± 0.74

(107)

cycle

Second cycle

35.9 ± 0.94
(100)

41.3 ± 0.85
(115)

46.0 ± 0.97
(128)

38.9 ± 1.55
(108)

37.0 ± 0.57
(103)

36.2 ± 0.73
(101)

39.7 ± 0.35
(110)

Third cycle

29.3 ± 4.19
(100)

30.5 ± 1.32
(104)

35.7 ± 3.21
(117)

31.5 ± 1.45

(107)
29.8 ± 1.26

(101)
28.7 ± 0.76

(99)

29.5 ± 0.86
(100)

(%) Within each production cycle, the % body weight change during the cycle is compared to the weight at mating.

The ewes started the cycle in poor body condition, gained approximately 5.4 kg during pregnancy
and returned to then- original weight after parturition. Body tissue mobilization occurred during early
lactation with weight loss continuing into late lactation, indicating that a marked deficiency in dietary
allowance had occurred. After weaning the ewes were able to recoup the body reserves mobilized during
lactation (Table II).

In cycle 2, feed intake varied considerably with physiological stage. While at mating the amount of
feed offered was totally consumed, during early and late pregnancy feed intake was reduced by 33% and 40%
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respectively. After lambing, feed intake increased progressively to reach the level recorded at mating and was
approximately enough to maintain body weight. After weaning, feed intake was reduced to the level observed
in late pregnancy. The changes in feed intake in cycle 2 reflect changes in the intake of the lucerne part of
the diet since the ewes nearly always consumed all of the barley offered. It seems likely that the feed intake
of the ewes during this cycle was affected by their body condition. In fact, at mating and during the early
stages of pregnancy the ewes consumed all the feed offered when the demands for pregnancy were negligible.
This resulted in the deposition of considerable quantities of fat in maternal tissues. This was especially
evident in the abdominal cavity. Large amounts of fat deposited in this region have been reported to
contribute to physical compression of the rumen. In late pregnancy, the reduction of lucerne intake was likely
the result of the combined effect of the development of the gravid uterus and the abdominal fat on the
rumen volume.

In cycle 3, feed intake was variable because of the feeding strategy adopted during this cycle. In early
pregnancy and after weaning, the level of feeding offered (1 x MEm) was totally consumed. In late pregnancy
and early lactation, the ewes showed about a 12% reduction in feed intake from the ration offered (2 x
MEm). However, this depression of intake was less than that observed in late pregnancy of cycle 2. The
present results suggest that in cycle 2, when ewes were fed at MEm in the early stages of pregnancy, no body
fat deposition occurred. This may provide the explanation for the improved appetite of the ewes for lucerne
in late pregnancy and early lactation of this cycle.

The body weight of the ewes in cycle 3 varied in the same direction and to the same extent as the
body weight variation observed in cycle 1 (Table II).

3.2. Gestation and lactation performance
The results of gestation and lactation performances throughout three successive production cycles

are shown in Table III. Concerning prolificacy, ewes in cycle 2 showed an average of 45% larger litter size
when compared to cycles 1 and 3. It seems likely that the higher level of feeding practised in cycle 2 (ad
libitum), especially in the early stages of pregnancy, had an important effect on embryo survival. It should
be noted that 50% of the ewes in cycle 2 had litter sizes higher than two, while in cycles 1 and 3 only 10%
of the ewes were in this category. Consequently the conceptus weight was 60% higher in cycle 2. Comparison

TABLE III. GESTATION AND LACTATION PERFORMANCE DURING THREE SUCCESSIVE
PRODUCTION CYCLES

Production cycle First cycle Second cycle Third cycle

Gestation

Prolificacy 1.86a 2.63b 1.503

Conceptus weight (kg) 6.2a ± 0.65 9.8b ± 1.49 6.2a ± 0.35

Total lambs weight (kg) 3.7a ± 0.34 5.8b ± 0.73 3.4a ± 0.22

Individual lamb weight (kg) 2.01a ± 0.15 2.21a ± 0.11 2.26a ± 0.13

Lactation

Milk yield (g) 657a ± 32 1103b ± 56 683a ± 42

a b' Means with different superscripts in the same row are different (P< 0,05)
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of the average total lamb weight per litter indicated that in cycle 2 the ewes produced 55% more foetal
tissues than in cycles 1 and 3. Individual lamb weights were comparable for the three production cycles
indicating that the higher litter size shown in cycle 2 did not affect the individual lamb weight at birth.
However, this improvement in litter size was not without cost; three out of eight of the ewes showed
symptoms of pregnancy toxaemia.

Greater milk yields were obtained in cycle 2; an average of 68% more milk was produced when
compared to the two other cycles. This higher milk yield in cycle 2 may be the result of the feeding strategy
utilized. In fact, all the ewes gained weight during pregnancy and had good udder development. However,
a further factor encouraging yield was the greater number of lambs suckling.

3.3. Energy balance
The data related to energy balance during the three successive production cycles are shown in Table

IV. In cycle 1, significant differences hi metabolizable energy intake (MEI) were found. These differences
were the result of the effect of the physiological state on digestibility since the ewes consumed the same
amount of feed regardless of the physiological stage. In cycle 2, the differences in MEI were the result of

the combined effect of variations in feed digestibility and level of feeding with physiological stage since the
ewes were fed ad libitum. In cycle 3, the variations in MEI with physiological stage were more attributed to
the feeding strategy adopted during this cycle.

TABLE IV. ENERGY BALANCES DURING DIFFERENT PHYSIOLOGICAL STAGES AND
FEEDING STRATEGIES IN THREE PRODUCTION CYCLES

Physiological stage
Energy balance parameters EP LP EL LL AW

Metabolizable energy intake
First cycle
Second cycle
Third cycle
Heat production
First cycle

Second cycle
Third cycle

First cycle

Second cycle
Third cycle
Energy balance

First cycle

Second cycle
Third cycle

142C

140b

92a

87a

116a

94a

Conceptus
2.7a

3.5a

2.6a

52.3°
20.5e

-4.6a

124a

104a

116b

101b

133b

119b

energy

ll.lb

13.9b

10.3b

11.2b

-42.9s

-13.3a

134b

165e

142e

107"

135b

125b

52.3a

66.3a

50.7a

-25.3a

-36.3a

-33.7a

136b

176e

139e

1070

133b

114b

Milk energy

41.6b

62.2a

48.1a

-12.6a

-19.2b

-23.13

133b

1273

99s

98b

110a

96a

35e

17e

3a

EP = Early pregnancy, LP = Late pregnancy, EL = Early lactation, LL = Late lactation, AW = After weaning.
** The energy balance parameters are expressed in kcal/kg metabolic weight (kg'
a> >c Means with different superscripts in the same row are different (P< 0.05)
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Total HP of the ewes varied significantly with physiological stage and the feeding strategy of each
cycle. In cycle 1, gestation and lactation induced an increase by 16% and 23% in HP respectively when the
feed intake was held constant. During cycle 2, HP was influenced by changes in feed intake as well as
physiological stage. However, similar values of HP were obtained in late pregnancy and lactation which were
15% higher than HP obtained in early lactation and after weaning. The data of HP in cycle 3 indicate that
the increase by 28% in HP in late pregnancy and lactation, in comparison to HP values obtained in early
pregnancy and after weaning, was more related to the feeding strategy adopted during this cycle. Modyanov
[10] reported a 24% hi heat production during late pregnancy and 40% during lactation, indicating that the
highest HP was obtained in early lactation. This was not the case of the present study where comparable
amounts of HP were obtained in late pregnancy and early lactation, indicating that the energy requirements
for the conceptus development is as important as the energy requirements for milk production in prolific
sheep.

Energy balance (EB), representing maternal body tissue gain or loss, was significantly affected by
physiological stage and the feeding strategy utilized for each cycle. In cycle 1, a positive EB was obtained
during gestation indicating that the amount of feed offered (1.5 x MEm) was satisfactory for optimal
performance. However, a negative EB was shown during lactation and maternal body tissue mobilization had
occurred for milk production. Maternal body reserves contributed to milk production by about 40%.

In cycle 2, a positive EB was shown in early pregnancy only, a negative EB occurring in late
pregnancy and during lactation, indicating that maternal body tissue mobilization had occurred to meet the
energy requirements for foetal growth and milk production. The highest maternal body tissue mobilization
was observed in late pregnancy which was about 42% of the ME of feed intake. Maternal body reserves
contributed to milk production by about 43%. The data of EB in cycle 2 suggest that the feeding strategy
had affected pregnancy and led first to an accumulation of excess energy in maternal body tissues to a level
at which appetite was affected. This sequence was followed by an energy deficit as the fetuses grew towards
the end of pregnancy. It has been shown that ewes in good body condition in early pregnancy tend to
mobilize body tissues for foetal growth [10] in late pregnancy, especially when they are carrying more than
two foetuses.

In cycle 3, a negative ER was obtained during the whole cycle, except after weaning. The negativity
of EB in early pregnancy was small and resulted from the limited level of feeding used during this period.
However, the negative EB shown in late pregnancy and during lactation was important, indicating that
maternal body reserves were mobilized in order to meet the requirements of foetal development and milk
production. The highest mobilization of body reserves was obtained during lactation which contributed 58%
to milk production.

4. CONCLUSIONS

The feeding strategies of cycles 1 and 3 showed less maternal tissue mobilization during pregnancy
and lactation. However, limited performances were obtained with small litter sizes and low milk yields. In
cycle 2, with flushing and ad libitum feeding, the ewes showed better performance during gestation and
lactation. This unproved performance, together with the feeding strategy employed, proved too much for
some ewes and resulted in the occurrence of pregnancy toxaemia.
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As a result of the experience gained from the different feeding strategies utilized in the present study
some recommendations may be made to farmers dealing with these prolific ewes.

Animals should be fed ad libitum at mating and during the first month of pregnancy to achieve high
ovulation rates and promote embryo survival and placental growth. During the second and the third month
of pregnancy, feed MEm in order to avoid fat ewes and the occurrence of pregnancy toxaemia. Then, feed
1.5 to 2 x MEm in the last two months of pregnancy according to the litter size of the ewes and avoid bulky
feedstuffs during this period.

During lactation, ewes should be fed to appetite with good quality feed in order to promote milk
production for ewes nursing more than one lamb. After weaning, feed 1 to 1.5 MEm in order to recoup the
maternal body reserves mobilized for lactation.
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Abstract

STUDIES ON FEEDING SYSTEMS FOR THE DEVELOPMENT OF PRODUCTION STRATEGIES FOR GOATS IN
BANGLADESH.

The nutritive values of feeds and their effect on the growth of goats were investigated for the development of feeding and
management strategies in Bangladesh. Goats are mostly raised by landless farmers and in the farm situation suffer from chronic
parasitic infestation. Regular deworming resulted in increased growth rates. Goats utilized grasses that were harvested before the
monsoon more efficiently and supplementation of Mashkalai bran increased liveweight gain to 57 g/d. The annual herbage mass
production appeared to be low. There was no economic advantage in feeding supplements to achieve a target weight in this overstocked
and heavily grazed land.

1. INTRODUCTION

The provision of sufficient feedstuffs is likely to be the most limiting factor in increasing ruminant
livestock production in Bangladesh. In this cereal crop-dominated system, very little effort can be given to
improve livestock production and the use of land to grow pasture is not economically feasible. Consequently,
livestock survive on native grasses growing on fallow land and embankments and the wide variety of plants
and crop residues available. Moreover, fluctuation of feed supply during the monsoon and dry seasons means
that animals live at subsistence levels and their productivity is greatly impaired.

In the present circumstances, goats constitute an integral part of the farming system for small
farmers to whom they have intrinsic value for maintaining their livelihood. In spite of their importance there
is a gap between the actual and potential productivity of goats. This can be narrowed by the provision of
improved husbandry and feeding. However, under the prevailing farming systems, the formulation of
conventional balanced diets and intensive management systems are inappropriate.

There have been few detailed studies on the utilization of available feedstuffs by goats. In addition,
there is a dearth of information on potential for the growth of goats and the availability of feeds at different
season of the year. Such studies would allow development of strategies for feeding and production systems
at the farm level. This report describes a series of experiments that address a number of these problems.

2. MATERIALS AND METHODS

2.1. Study 1
The experiment was started with a survey of farm households and determination of nutritive values

of feedstuffs for goats. A total of 200 households in the northern and southern parts of Bangladesh was
surveyed. The data collection was carried out with a questionnaire on systems of goat farming, their
productivity, methods of feeding and constraints for rearing goats. The most common forages and crop
by-products used for feeding goats were selected for determination of their nutritive value.
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Rumen degradability studies of the tree leaves and crop residue were conducted in the rumen of
two fistulated cows [1]. In vivo digestibility of the tree leaves and crops residues were conducted with the 8
wether goats of 12.3 (± 0.43) kg liveweight. Half of them were cannulated and offered twice a day, 20%
more feed than consumed on the previous day for a period of 17 days of which the final seven days were the
collection period. Samples of rumen fluid and blood were collected from the cannulated goats prior to
morning feeding during the last two days of the feeding period and used for the determination of rumen
ammonia and blood plasma urea-N levels. After the feeding trials all the goats and another four goats of
similar weight and age were offered feed at 2h intervals for 12 days and slaughtered; the rumen contents

were collected for determination of apparent DM retention time [2].

22. Study 2

Two experiments were conducted. The first experiment was carried out in a village situation. Ten

male and 10 female kids, approximately 15 days old and 2.3 (± 1.06) kg liveweight, and 20 two-tooth does
of 17.6 (± 3.65) kg liveweight were used. They were divided equally into 2 groups. One group of 5 male and
5 female kids and 10 does were drenched against internal parasites every month while the other group acted
as controls. Grab faecal samples were taken every month and 15 days after drenching, and faecal eggs were
counted by the Stoll method [3]. Liveweight of the goats was recorded every fortnight prior to the morning
feed. The types of feeds offered were also recorded and representative samples collected for chemical
analysis.

In the second experiment, two feeding trials were conducted, one before the monsoon (I) and the

other before the dry season (II). Eighteen castrated goats of 11 (± 1.36) kg initial liveweight and

approximately 4 months of age were randomly allocated to 3 groups of 6 goats in each trial and offered fresh
grasses (A), fresh grasses + Jackfruit leaves (B) and fresh grasses + 100 g Mashkalai bran (C). Based on
what farmers can afford, 100 g of supplements were offered in the morning for supplying extra nutrients.

Each trial comprised 10 days adjustment followed by 60 days ad libitum feeding. Digestibility trials

for each diet were conducted on two occasions during the experiment. The animals were weighed prior to
the morning feed on a weekly basis. Representative samples of feeds, refusals and faeces were collected for
chemical analyses. Rumen degradability of the feed types was determined using the dacron bag technique
[2] in 2 fistulated cows on 2 occasions in each trial period.

23. Study 3

Twenty male (castrated) and 20 female goats of approximately 6 (± 1.96) kg liveweight were included
in a grazing study. They were randomly allocated into 2 groups of 24 and 16 to be grazed at different

stocking rates and 2 feeding groups in a 2 x 2 factorial design. Each group was further sub-divided equally
into 4 groups and each goat allocated to 0.05 ha of land. The treatments were: 6 goats/ha fed wheat bran
(I), and 6 goats/0.05 ha not given wheat bran (II); 4 goats/0.05 ha fed wheat bran (III) and 4 goats/0.05 ha
given no supplementation (IV). Goats were tethered within the allocated plot during the day. Within each
plot, 1 m2 of land was fenced and all the grasses cut to ground level every fortnight to measure grass yield
and composition. During periods of feed scarcity grasses were cut from the adjoining areas and offered to

the supplemented groups. Herbages were also cut and fed to the groups during the inclement weather. The
goats were weighed at 2 week intervals and the trial was continued until the goats weighed 15 kg (male) and
12 kg (female) live weight.
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3. RESULTS AND DISCUSSION

3.1. Study 1

3.1.1. Evaluation of feeds and performance of goats
The productive performance of goats raised by the farm households surveyed is shown in Table I.

The birth weight, growth rate and lactation performance were low compared to many other breeds of goats
[4] but their reproductive performance was high as reported in other studies [5, 6].

TABLE I. PERFORMANCE OF GOATS IN VILLAGE CONDITIONS

Parameters

Age of 1st kidding (months)

Kidding interval (days)

Number of kids born/parturition

Birth weight (kg)

Mature weight (kg)

Market weight (kg)

Market age (month)

Growth rate (g/d)

Milk yield/d (kg)

Lactation period (months)

Average value

12

209

2

0.75

15

12

9

25

0.2

2

± SE

±0.9

±52.0

±0.1

±0.06

±0.7

±2.3

±2.9

±15.1

±0.05

±0.12

The names of the feedstuffs, their percent use in feeding goats and their digestibility are given in
Table II. Goats are tethered along the roadside and the crop fields for grazing and offered tree leaves and
crop by-products mostly during the monsoon, flood and dry seasons, which are considered as the periods of
feed scarcity.

The majority of goats are raised in crop-cattle-goat-poultry farming systems. Major constraints in
rearing goats were found to be the availability of feeds and prevalence of diseases. Despite these, 93% of
the farmers considered goat raising to be profitable due to less investment, care and generation of secondary
cash income. It appears that a strategy for effective utilization of feedstuffs for productive purposes at
different times of the year may increase the performances of goats.

With the exception of the tree leaves of coral, banana and bamboo, the potential DM degradability
of tree leaves and rice polish was more than 40% (Table II) and was similar to the in vivo DM digestibility
value. Therefore, these feedstuffs may be used to supplement basal roughage diets.

3.1.2. Effect of drenching on growth of goats
The effect of drenching on gastro-intestinal parasites and liveweight changes in kids and does in

village situations is shown in Table III.
Initially all the animals had similar levels of infestation during the summer. Internal parasites were

eliminated in the treatment group with progressive anthelmintic drenching (125 mg and 200 mg/kg liveweight
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TABLE II. FORAGES AND CROP BY-PRODUCTS COMMONLY USED FOR FEEDING GOATS
AND THEIR DM DIGESTIBILITY AND POTENTIAL DEGRADABILITY VALUES

Name

Native grass

Leaves

Jackfruit

Mango

Shewra

Jiga

Banyan

Jujube

Korai

Country almond

Banana

Coral tree
Indian Blackberry

Morunga

Guava
Bamboo

Brans

Rice

Wheat

Mashkalai
Khesarikalai

Botanical names

Digitaria sangninalis,
Pancicum repens, and
Cynodon dactylon

Artocarpus heterophylla

Mangifera indica

Streblus asper
Odina wodier

Ficus bengalensis

Zizyphus jujuba
Albizzia procera

Terminalia catappa
Musa sapientum

Erythrina indica
Eugenia jambolana
Moringa oleifera

Psidium guyava
Bambusa tulda

Oryza sativa

Tritium aestivum

Phaseolus mungo
Lathyrus sativus

Percent use
for feeding

goats

100

98

87

50

24

21

20

16

12

12

8

8

7

4

3

47

60

25

18

Digestibility/
potential

degradability
value

50

54

50

84

48

61

43

47

41

27

31

43

79

41

36

68

64

46

42

to kids and does respectively). Worm eggs detected in the faeces of infected goats were mostly lower than
the pathogenic level of 1000 epg and the goats were apparently healthy, only occasionally scouring. Kids and
does in the drenched groups were found to have higher growth rates than the control group. Moreover, loss
of weight was higher in individual animals during the monsoon in both kids and does.

Parasitic infestation may have damaged the gastro-intestinal tract and affected feed utilization [7]
which resulted retarded growth in goats. Goats were fed on grass only which has similar composition
throughout the different seasons (Table IV). Therefore, the availability of the grasses during the dry and
monsoon seasons is important and provision of adequate feed supply and drenches may improve the animal
performances.
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TABLE III. MEAN FAECAL EGG COUNTS AND LIVEWEIGHT CHANGES IN GOATS AT
DIFFERENT SEASONS OF THE YEAR

Season Group

Faecal egg count
(g fresh sample)

Kids

Stomach Liver

January-March

(Winter-Spring)

April-June

(Summer)

July-Sept.

(Monsoon)

Oct.-Dec.

(Autumn)

SEM

Drenched

Control

Drenched

Control

Drenched

Control

Drenched

Control

Drenched

Control

worms

0

580

300

700

0

470

0

500

21.1

77.8

fluke

0

100

80

130

7

300

0

100

14.2

34.7

Does
Stomach Liver
worms

10

810

900

1430

0

770

0

1030

16.2

107.5

fluke

80

160

700

900

0

300

0

100

50.6

85.3

Liveweight change
(g/d)

Kids

34

23

59

46

17

5

35

26

6.9

10.8

Does

18

-13

12

0

-4

-40

23

13

13.6

15.9

TABLE IV. CHEMICAL COMPOSITION (g/kg DM) OF GRASSES FED TO GOATS AND THE
POTENTIAL DEGRADABILITY OF THE FEEDS USED IN GROWTH TRIAL

Winter-Spring
Summer
Monsoon

Autumn
Feeding
Trial

I

II

Feed

Grasses
Jackfruit
leaves
Mashkalai
bran
Grasses
Jackfruit
leaves
Mashkalai
bran

DM1

304
230
237
291

OM

908
908
908
908

NDF

639
656
686
634

N
13.9
15.5
14.6
14.9

Potential
degradabilitv

197
341

866

454
367

885

912
935

914

913
932

914

682
512

513

695
538

523

15.6
19.4

24.6

12.8
19.8

26.9

DM
74
83

100

68
61

97

CP
84
80

100

81
71

82

1 g/kg fresh weight
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TABLE V. INTAKE OF DIGESTIBLE NUTRIENTS (g/kg W°-75/d), APPARENT DIGESTIBILITY
AND MEAN LIVEWEIGHT GAIN (g/d) OF THE OATS FED GRASSES (A), GRASSES +
JACKFRUIT LEAVES (B) ND GRASSES + MASHKALAI BRAN (C)

Feeding trial

Feeding group

Digestible
nutrient intake

Digestibilities

Liveweight
gain

DM

OM

N

NDF

DM

OM

N

NDF

A

49e

47e

552a

34C

0.68a

0.72a

0.56a

0.68a

31a

I

B

48e

46e

527a

32e

0.66ab

0.68ab

0.53ab

0.65ab

31a

II

C

49C

47e

684e

31e

0.71a

0.74e

0.64e

0.70a

57b

SEM

2.3

2.1

29.7

1.5

0.016

0.014

0.018

0.017

5.5

A

37a

34a

508a

25b

0.72a

0.74a

0.64a

0.71a

25a

B

39a

29a

389a

21a

0.66b

0.68b

0.55b

0.64b

20a

C

40b

37b

583b

24b

0.60b

0.62b

0.51b

0.56b

33a

SEM

2.7

2.4

32.0

1.7

0.009

0.008

0.01

0.009

2.4

a,b,c Different superscripts within rows are significantly different (P< 0.01).

3.1.3. Effect of supplementation
The intake of digestible nutrients and apparent digestibilities of the feed before monsoon (I) and

dry season (II) are given in Table V.
The intakes of digestible nutrients and the liveweight gains of the goats were lower in Trial II than

Trial I. Supplementation with Jackfruit leaves reduced the digestibility of diet DM and OM compared to the
grass only treatment. Supplementation with Mashkalai bran tended to improve nitrogen intakes. However,
the effects on the digestibility of OM and DM differed between trials. In Trial 1 there appeared to be some
small improvement in the digestibility coefficient of diet DM and OM with the bran supplement compared
to the grass only treatment. However, in Trial II there was a marked depression in digestibility with the bran

supplement. Despite relatively small improvements of digestible nutrient intakes, supplements of Mashkalai
bran consistently improved the liveweight gain of the goats. The mean OMI of Mashkalai bran and Jackfruit
leaves were higher (P< 0.05). Intake of DOM by goats was lower when offered Khesarikalai bran and
Mango leaves (P< 0.05).

The mean apparent OM (Table VI) and NDF digestibilities of feedstuffs by goats were similar
except for the OMD of Khesarikalai bran which was significantly lower (P<0.05). Although there were large
variations in the values of retention time of DM, rumen NH3-N and plasma urea-N concentrations (Table
VI), only wheat and Mashkalai brans produced significant differences in ammonia-N and only wheat bran
gave a difference in urea-N concentration (P<0.05). On all the supplements goats maintained higher rumen
NH3-N concentrations which were above the range of the critical level of 50-235 mg/1 [8-10] and it would
appear that ruminai digestion was not affected. However, the rumen parameters studied failed to show any
consistent difference in association with the higher intakes and digestibilities found with some of the
feedstuffs.
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TABLE VI. VOLUNTARY INTAKES (g/kg W°'75/d), MEAN APPARENT DIGESTIBILITY OF THE
FEEDSTUFFS AND RETENTION TIME (RT) of DM, AMMONIA-NITROGEN (NH3-N) AND
PLASMA UREA-NITROGEN CONCENTRATIONS IN GOATS

Name
OMI
DOMI
OMD
NDFD
RT(h)
NH3-N (mg/1)
Urea-N (mg/1)

Wheat
bran

43b

29ab

0.67a

0.58
40

310a

312a

Mashkalai
bran
82a

39ab

0.48a

0.65
25

244a

168b

Khesari
kalai bran

43b

18b

0.39b

0.67
15

163b

155b

Mango
leaves

36b

18b

0.48a

0.60
19

75b

83b

Jackfruit
leaves
81a

43a

0.52a

0.70
30
75b

80b

Grass
hay

20b

36ab

0.72a

0.76
22

120b

173b

SEM

8.3
4.4

0.051
0.040
3.8

36.7
34.5

* Different superscripts within rows denote significant differences (P<0.05).

Quantitatively, native grass are the major basal feed and emphasis should be given for the
development of feeding systems for their effective utilization and evaluating responses to different
supplementation. Feeding grass supplemented with tree leaves and crop by-products have increased the
output of animal products [11]. Use of tree leaves as a substitute for concentrate diets for goats [12,13] and
promotion of higher growth and carcass yield in goats [14] have been reported. Further investigations on feed
quality and production responses during different seasons are required for formulating effective feeding
systems in times of feed inadequacy.

3.1.4. Effect of supplements and stocking rate on live weight gains of goats
The herbage yield, the live-weight gain of the goats, and the economic return from the goats are

shown in Table VII.

Although there was a trend for higher herbage mass availability at the low stocking rate the
difference failed to reach significance. Herbage production was highest in the summer and monsoon seasons
and lowest in winter (P< 0.05). The chemical composition of the herbage was similar to the values reported

in Table IV and therefore, is not reported. Although goats which received supplements tended to gain weight
faster than unsupplemented animals, there was no significant difference between the treatments. It appears
that internal parasitism in the grazing situation may have affected their growth as evidenced in the previous
study. Goats also gained weight faster during the summer and monsoon seasons compared to winter and
autumn (P < 0.05), probably due to the difference in herbage mass available.

The potential annual productivity of goats per hectare of land on native pasture based on the present
grazing system and some supplementation is shown in Table VIII. Herbage DM production was low
compared to high yielding varieties of herbage grown in temperate climates. The daily DM available at the
higher stocking rate (group I and II) was less than 3 percent of live weight, and insufficient to meet
productive requirements. Therefore, liveweight gain of these groups was in effect the result of the number
of goats rather than individual gain. Given this situation, the margin in supplemented groups is influenced
by the higher cost of live weight gain which gave approximately of US$ 3 per head lower return.

Live-weight gain of goats/ha/year can be maximized by supplementation at the higher stocking rate.
However, individual households gain most benefit by withholding supplementation. These comparisons
demonstrate that at the higher stocking rate it is unlikely that goats will achieve their potential growth rate.
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TABLE VII. EFFECT OF STOCKING RATE AND FEED SUPPLEMENTATION ON GROWTH AND
ECONOMIC RETURN OF GOATS

Treatment

Parameters II III IV SEM

Herbage available
(g DM/h/d)

313

M

262

M

493

M

372

M

46.9

Growth rate (g/d) 31 24 29 20 33

Time required to achieve 9 7 10 9 9
target weight (months)

Total wheat bran intake 36 21 - - 35
(kg/goat)

Cost of supplementation 4.3 2.5 - - 4.2
(US$)

Estimated value of 10.5 7.9 - - 10.5
livewt. gain/goat (US$)

Net return/goat (US$) 6.2 5.4 10.5 7.9 6.3

M - Castrated male
F - female goats.

34 31 20 3.6

7 9 8 0.9

21

2.5

7.9

5.4 10.5 7.9

TABLE VIII. POTENTIAL HERBAGE YIELD, AVAILABILITY AND LIVE WEIGHT GAIN OF
GOATS AT DIFFERENT STOCKING RATE

Parameters

Carrying capacity
(goats/ha/yr)
Total DM yield
(kg/ha/yr)
Total DM available
(kg/goat/yr)
DM available
(% liveweight)
Total daily live
weight gain (kg/ha)
Liveweight gain
(kg/ha/yr)

I

118

13,505

114

2.5

3.2

1173

II

118

11,307

96

2.3

2.9

1031

Treatment

III

78

14,076

180

3.9

2.3

867

IV

78

10,609

136

3.4

2.0

712

SEM

136.8

1.4

0.3

0.24

7.5
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This may be possible by reducing stocking rate and supplementing with protein-based diets rather than
feeding traditional energy-based supplements. The feed cost will then be an important determinant of the
ultimate economic benefit. Higher production responses from goat production on Pangola grass with a
carrying capacity of 37-45 goats/ha have been demonstrated [16]. However, this avenue, while it may be tried
in rearing goats on an intensive basis, appears to have little application in the farming system studied here.
Based on this experiment, the high production potential of goats will probably not be achieved in integrated
livestock - crop agriculture systems. This would require changing the cropping pattern and the provision of
sound husbandry practices both of which are expensive propositions.

4. CONCLUSIONS

Under the existing farming system, goats are reared by farmers as a secondary cash crop. They
thrive on a wide variety of tree leaves, crop residues and natural grasses. Provision of improved husbandry
such as regular deworming may improve animal performance. Higher herbage mass was available during the
summer and higher growth was achieved to goats grazing this herbage and supplemented with crop residues.
There was no economic advantage of feeding supplements in this over-stocked and heavily grazed land.
Unless agriculture system is changed, provisions of sound husbandry practices appeared to be expensive
proposition to the farmers.
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Abstract

THE AVAILABILITY AND INFLUENCE OF MINERALS ON REPRODUCTIVE PARAMETERS IN RUMINANTS.
A series of experiments with sheep and cattle was carried out to evaluate different phosphorus (P) sources and to determine

P availability. Two 70-day experiments were conducted with sheep to evaluate the efficiency of utilization of bone meal (BM), dicalcium
phosphate (DP), monoammonium phosphate (MAP) and superphosphate (SP). There were no differences between treatments for
wool production, P in plasma and microbial synthesis, but hay intake for SP was lower. An experiment with cattle was carried out and
P availability from MAP, DP, SP and urea phosphate (UP) was determined. ImCi 32P was injected into the jugular vein and the
specific activity in plasma and faeces determined. True P absorption values were 68.0 ± 6.3; 65.1 ± 8.4; 62.2 ± 6.1 and 58.4 + 5.4 for
DP, SP, UP and MAP-supplemented groups respectively. Phosphorus availability from DP, MAP, SP acidulated phosphate (AC), BM
and rock phosphates Patos (PAT) and Tapira (TAP) was determined. Groups of eight male sheep maintained on a semipurified diet
were injected intravenously with 200/iCi 32P and absorption coefficient values were 0.62,0.67,0.59,0.42,0.43,0.70 and 0.44 respectively.
400 Nellore cows were maintained at pasture and offered a mineral mixture with different P sources [SP (500ppm); SP (340ppm P)
plus PAT (160ppm P); SP (340ppm P) plus DP (160ppm P); DP (SOOppm P)]. There were no differences in pregnancy rate, calving
rate and calving interval. It was observed for the treatments with superphosphate and rock phosphate that fluorine deposition in bone
(66 ± 15; 69 ± 6 and 64 ± 3% respectively for group SP, SP + PAT and SP + DP) was high. SP was almost as good as DP in providing
P for grazing cows and there was a potentially significant economic advantage over DP.

1. INTRODUCTION

Phosphorus (P) is probably one of the most important of all the mineral elements. Besides its vital
participation in the development and maintenance of the skeletal tissues, it plays an essential role in many
metabolic functions including energy utilization, phospholipid, amino acid and protein formation. Phosphorus
is involved in the control of appetite and in the efficiency of feed utilization [1]. Phosphorus deficiency in
ruminants causes reduced intake, loss of weight, reproductive problems, low productivity and bone
malformation [2].

In Brazil there are many regions which show mineral deficiencies in pastures, especially P. The
Brazilian cattle population is estimated at 130 million head with most of the animals maintained under
pasture conditions. Mineral supplementation consists basically of sodium chloride. Due to this, livestock
production is low and has remained stagnant for several decades.

The shortage and high costs of phosphorus supplements in the form of dicalcium phosphate are the
main factors which limit its use. The cost of P supplementation in Brazil represents about 70% of the total
cost of a mineral mixture. It is estimated that there is a potential annual need for 800,000 tons of P (as
dicalcium phosphate equivalent) for cattle. The available supply is about 300,000 tons, and therefore there
is a substantial shortage [3].

Alternative P sources, such as rock phosphate and fertilizer grade phosphate, contain reasonable
levels of P and are cheaper and could be used hi order to minimize the problems. However, some of the
alternative sources contain high fluorine levels and their P availability is lower than dicalcium phosphate.

Biological availability, as determined by radio-isotope techniques, reflects the true absorption of P
and previous studies showed that Brazilian rock phosphates such as Tapira and Patos could be used as P
supplements [4]. Furthermore, these phosphates contain lower fluorine levels than the majority of foreign
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rock phosphates and various fertilizers made from the Brazilian rock phosphates have relatively low fluorine
levels [3].

The objectives of the present project were: to evaluate different P sources using as parameters feed
intake, weight gain, rumen microbial synthesis, wool production, and blood measurements; to determine the
endogenous losses of P and the true P absorption of the P sources for ruminants; and to study the use of
non-conventional P sources to replace the dicalcium phosphate hi mineral mixtures for Zebu cattle in an
attempt to reduce the costs of mineral supplementation of the herd, and its effects on reproductive
parameters.

2. MATERIALS AND METHODS

2.1. P availability studies

A series of studies was carried out with sheep and cattle to evaluate various P sources and to
determine P availability.

2.1.1. Experiment with sheep

Male sheep (35-40 kg) were kept in metabolic cages and received a diet containing cassava meal
(150 g/d) soybean meal (150 g/d), urea (15 g/d) and mineral mixture. Phosphorus-deficient hay was offered
to the animals and P sources were added to give 4 g/head/d. The P sources tested were dicalcium phosphate
(DP), rock phosphate Tapira (TAP), monoammonium phosphate (MAP), superphosphate (SP), acidulated
phosphate (AC), bone meal (BM), and rock phosphate Patos (PAT). The P and fluorine contents of the
sources were 16.00 and 0.08%; 16.20 and 1.60%; 22.02 and 0.39%; 18.98 and 1.00%; 10.48 and 1.67%; 9.48
and 0.01%; 11.38 and 1.20% respectively.

Two 70-day experiments were carried out to evaluate the efficiency of utilization of P sources (BM,
MAP, DP and SP) with four animals per treatment. The following measurements were made:

Each 21 days wool was cut (100 cm2), washed, dried at 60°C and weighed (mid-side patch technique).
At 21-day intervals, rumen fluid was collected from each animal and, after filtration, P incorporation by
microorganisms was measured using P labelled phosphate [5]. Sixteen ml aliquots of filtrate were incubated
at 39°C under CO2 atmosphere for 4 h with 4 ml sodium bicarbonate (3 g/1), 0.1 g glucose and IfiCi 32P
(Na2HPO4). After incubation, the reaction was stopped with H2SO4 (18N) and microorganisms separated
by centrifugation (15000 rpm for 10 min). After 3 washings with 0.85% saline, microorganisms were digested
with H2SO4, (18N) and radioactivity determined by the Cerenkov effect. The inorganic P levels and
radioactivity were determined in the supernatant fraction and P incorporation was measured [6]. Blood
samples were collected twice during each experiment to determine inorganic P levels. Plasma was obtained
by centrifugation (3000 rpm/10 min) and 1 ml plasma was mixed with 9 ml trichloroacetic acid (10%) for
protein precipitation. The level of inorganic P was measured [7]. Feed intake (kg fresh feed) was recorded
daily and weight gain was measured weekly.

To study P availability, each sheep was injected intravenously with 200/iCi 32P (Na2HPO4). Blood
samples were collected at 5, 240 and 360 minutes and thereafter then each 24 h during the subsequent 8 d.
After plasma separation, 0.5 ml plasma was added to Cerenkov flasks containing 19 ml water to determine
the activity. Inorganic P was determined using a colorimetric method [7].

Faecal samples were collected for 8 days and l g samples were dried, ashed and after digestion
(H2SO4 1:1), the radioactivity determined. For inorganic P determination, ash was digested with concentrated
chloridric acid, using the vanadate-molybdate method. Faecal endogenous P and P availability were estimated
as described earlier [8].

The results were subject to least squares analysis of variance to test for statistically significant
differences between means.
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2.7.2. Experiment with cattle
An experiment was conducted with 24 male steers (mean live weight 250 kg) which were allocated

into four groups of six animals each and kept in individual pens. The animals received a diet containing
chopped hay, corn (700 g/d), soybean meal (150 g/d), urea (45 g/d) and mineral mixture. The P sources
tested were DP, MAP, SP and urea phosphate (UP). Each source was added to supply 10 g P/head/d.

The animals were injected intravenously with ImCi P on the 20th day of the trial. Blood and faeces
were collected at 24 h intervals for 8 d and the endogenous loss and P availability calculated [8].

22. Use of non-conventional P sources for cattle

A private beef herd located in the central area of Brazil was used. A total of 400 breeding Nellore
cows, divided into four groups, were maintained on cultivated grass pasture (Brachiaria sp) with free access
to water. Each group was offered a mineral mixture prepared from the normal mixture used on the farm,
with different P sources, as follows:
Group I: superphosphate (500ppm P) in the diet (SP).
Group II: superphosphate (340ppm P) and Patos rock phosphate (160ppm P) (SP + PAT).
Group III: superphosphate (340ppm P) + dicalcium phosphate (160ppm P) (SP + DP).
Group IV: dicalcium phosphate (SOOppm P) (DP). This source was normally used on the farm.

The mineral supplement was given in covered wooden buckets and its intake was recorded weekly.
During the breeding season natural mating (1 bull per 25 cows) was recorded and pregnancy

diagnosis was performed by rectal palpation 60 days after the end of the breeding season. Pregnancy rate,
calving rate and calving interval were recorded during two consecutive breeding seasons.

At the beginning and the end of the trial, blood sampling and bone biopsy were carried out in 10%
of the animals for phosphorus and fluorine analysis. Blood samples were centrifuged (3000 rpm/10 min) and
plasma separated. 1 ml aliquots were added to 9 ml of 10% trichloracetic acid for protein precipitation. P
was determined by a colorimetric method [7]. Bone biopsies were performed and prepared according to
published methods [9]. Bone samples were dried (100°C) and fat extracted in a Soxhlet apparatus using etilic
ether. After ashing (700°C) samples were ground for analysis. P was determined colorimetrically, using the
vanadate- molybdate method. For fluorine determinations, 50 mg bone ash was digested with HNO3 and
NaOH and the F content measured in a potentiometer.

Data were analyzed using SAS and chi-square analysis.

3. RESULTS

3.1. Intake and microbial synthesis data
Mean values for hay intake were 1260 ± 137; 1209 ± 1010; 1170 ± 181 and 101 ± 166 g/d for sheep

supplemented with BM, MAP, DP and SP, respectively. Statistical analysis revealed that animals which
received SP had a lower hay intake (P< 0.01) than other treatments.

Mean weight gains were 2.0 ± 0.2; 1.4 ± 0.1; 1.3 ± 0.1 and 1.0 ± 0.2 kg for BM, DP, MAP and SP,
respectively over a 21-day period.

Wool production mean values were 2.2 ± 0.5; 2.1 ± 0.3; 1.9 ± 0.8 and 1.7 ± 0.6 g/cm2 for BM,
MAP, DP and SP respectively, and were not affected by treatments.

Microbial synthesis values were 0.25 ± 0.12, 0.24 ± 0.08, 0.24 ± 0.09 and 0.24 ± 0.07 mg for MAP,
SP, BM and DP, respectively. Microbial growth was not statistically different between treatments.

Rumen inorganic P was 84.4 ± 15.4; 77.1 ± 11.8; 73.6 ± 13.5 and 70.7 ± 8.3 mg/100 ml for MAP,
SP, DP and BM respectively. There were no differences between treatments.

3.2. P availability studies
Results related to P metabolism are shown in Table I.
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TABLE I. PARAMETERS RELATED TO P METABOLISM IN SHEEP

Dry matter
intake

(g/kg LW)

Dicalcium
phosphate

Bone meal

Monoammonium

Acidulated phosphate

Patos

Superphosphate

Tapira

15.0ab

21.7a

17.5ab

10.7b

12.7b

16.4ab

13.7b

P intake
(mg/kg LW)

145.53

143.8a

122.5a

117.48

159.4a

122.1s

153.3a

Total P Endogenous P
excretion hi (mg/kg LW)

faeces
(mg/kg LW)

104.08

83.1ab

84.1ab

87.3ab

108.83

75.0b

103.53

48.4a

37.6a

34.0bc

18.7e

19.3e

3?7ab

20.7e

Absorp.
Coeff.

0.6a

0.7a

0.6ab

0.4b

0.4b

0.7a

0.4b

Plasma
Inorganic P

(mg/%)

7.4a

6.6a

7.8a

6.2a

7.3e

8.3a

6.5a

Means in a column with different letters are significantly different.

Dry matter intake was lower in animals receiving TAP, PAT and AC compared to BM (P< 0.01),
but there were no differences in P intake between treatments.

The results for total P excretion in faeces were different between treatments (P< 0.01) and lower
values were obtained for SPT in relation to DP, TAP and PAT. There was a correlation between P intake
and P excretion in the faeces (r = 0.46; P< 0.01).

Endogenous P was lower for rock phosphates than other P sources (P< 0.01). The true absorption
coefficients were similar for rock phosphates (PAT, TAP, AC), and were lower than the other sources
(P< 0.01). There was a positive correlation between endogenous P and the absorption coefficient (r = 0.57;
P< 0.01).

There were no differences in plasma inorganic P between treatments and the values were within the
normal range.

In the cattle study, hay intake was 4.4 ± 0.7; 4.2 ± 0.7; 4.2 ± 0.4 and 4.1 ± 0.7 kg/d for DP, UP,
SP and MAP, respectively. P intake was 10.9 ± 0.6; 10.7 ± 0.5; 10.6 ± 0.2 and 10.6 ± 0.3 g/d for DP, UP,
SP and MAP, respectively. There were no differences between treatments.

The P levels in plasma showed normal values (7.6 ± 0.8; 7.5 ± 1.1; 7.4 ± 0.7 and
7.1 ± 0.7 mg/100 ml for MAP, SP, DP and UP, respectively. P excretion in the faeces was high,
corresponding to 50% of P intake. Endogenous losses were 52 ± 8.4; 47 ± 12.2; 40 ± 9.2 and
40 ± 10.1 mg/kg LW for DP, SP, MAP and UP, respectively. Higher values were obtained for DP
(P< 0.01). P availability was 68 ± 6.4, 65 ± 8.4; 62 ± 6.1, and 58 ± 5.4% for DP, SP, UP and MAP,
respectively and was not significantly affected by treatment.

33. Feeding trials with non-conventional P sources for cattle
The pregnancy rates for the first year were 68, 69, 77 and 74% for groups SP, SP + PAT, SP + DP

and DP, respectively. In the second year the results were 58, 56, 57 and 62%. There were no differences
between treatments but between years there were statistical differences (P < 0.01), with mean values of 73
and 59% for the first and second years. The average calving rate was 58%. There were no differences
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between groups and the values were 58, 65, 53 and 56% for groups SP, SP+PAT, SP+DP and DP,
respectively.

The mineral mixture intake was 127 ± 33,101 ± 33,115 ± 36 and 110 ± 43 g/head/day for groups
SP, SP+PAT, SP+DP and DP, respectively. These results gave phosphorus and fluorine intakes of 6.59 and
0.16, 5.50 and 0.48,7.08 and 0.16 and 6.51 and 0.04 g/d for group SP, SP+PAT, SP+DP and DP respectively.
The mineral mixture and P intake were both lower for group SP+PAT, although there were no significant
differences.

The mean values of phosphorus in plasma and phosphorus and fluorine in bone are given in
Table II.

TABLE II. PHOSPHORUS AND FLUORINE LEVELS IN PLASMA AND BONE ASH OF NELLORE
COWS

P in plasma (mg%)

Group

Group

Group

Group

I

II

III

IV

5.1 ±

4.8 ±

4.6 ±

4.4 ±

0.3a

0.3a

0.3a

0.3a

P in bone (%)

13.0 ±

13.4 ±

13.7 ±

13.6 ±

0.16a

0.16b

0.16b

0.16b

Fluorine in bone (ppm)

1070.0 ±

1608.2 ±

776.1 ±

632.4 ±

135.83

135.8C

135.8ab

135.8b

' >c Means in a column with different letters are significantly different.

The P content of bone ash showed statistical differences (P < 0.01) between treatments and values
were lower for group SP. There were differences in fluorine content between groups (P<0.01), with animals
which received DP having lower values (P< 0.01). The animals which received rock phosphate (group
SP + PAT) had the highest (P< 0.01) fluorine levels in bone ash.

4. DISCUSSION

4.1. P availability studies
The lower weight gains of sheep given SP may be related to their lower DM intakes. The lower

intakes probably also affected wool production which was lower for this treatment as there was a correlation
obtained between wool growth and feed intake (r = 0.60; P< 0.01). The mean values for wool production
were typical for Corriedale sheep. Rumen inorganic P values were within the normal range [6,11] suggesting
that P sources were adequate for rumen microorganisms. Dry matter intakes of sheep consuming rock
phosphates were lower than those of sheep offered other sources, which could be due to low palatability [12].
The low values observed for endogeneous P with rock phosphates were similar to values for animals showing
P deficiency [13, 14]. This means that the values for the availability of P from rock phosphates were
maximum values and that P supply may have been inadequate. This could explain the low DM intake. The
absorption coefficients for DP are in agreement with other findings [8], with values varying between 0.50 -
0.70% [15]. Monoammonium phosphate and superphosphate are highly available. The data obtained confirm
this. Although the values are lower for rock phosphate, P availability corresponds to 70% of the value for
DP. Thus the principal factor which could limit the use of these sources of P would be their fluorine content.
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The results obtained with cattle confirmed the findings with sheep that non-conventional sources
such as MAP and SP had high availability, corresponding to 86 and 96% respectively, in relation to DP.

42. Feeding trial with non-conventional P sources for cattle
The pregnancy rates in the first year were in the normal range for Nellore cows in Brazil (70 - 80%).

However, the values obtained in the second year were low.
Calving interval values can be misleading, since the calculation is based on those cows exhibiting

successive parturitions, thus giving no indication of the proportion that fail to conceive [16]. A more accurate
indication of herd reproductive performance might be the number of open days, provided that it is calculated
using the actual days from parturition to conception for cows which became pregnant and a value of 365 days
is given to all those which did not successfully remate for a year or more after calving. When this figure was
included it was possible to detect an effect of treatment upon open days (P < 0.05). Open day values were
179 ± 13, 226 ± 13, 236 ± 13 and 211 ± 13, for SP, SP+PAT, SP+DP and DP supplemented groups
respectively.

The lower intake of mineral mixture observed when PAT was added as a P supplement was also
observed by other authors [12], who proposed that this was due to low palatability.

The fluorine intake was very high (0.48 g/d for SP+PAT) compared with levels considered excessive
(30 mg/kg DM). Effects on weight gain and reproductive parameters have been observed in heifers exposed
to these levels of intake [12]. The fluorine content in bone ash for group SP+PAT (1608 ppm) was similar
to levels (1370 ppm) in animals which developed symptoms of fluorosis after receiving rock phosphate for
4.5 years [12]. No symptoms of fluorosis were seen in the present study.

Plasma inorganic P values were in the normal range [17]. P content in ash was low (approximately
13 g/100 g) compared to values of 17-18 g/100 g, below which deficiency may be anticipated [10]. The
animals in this experiment could therefore be considered to be P deficient.

When the calculation of the cost of each mineral mixture was made the results were 1.08,1.21,2.02
and 2.92 USS/100 head/day for groups SP, SP+PAT, SP + DP and DP, respectively. Thus the cost of DP
was approximately three time more than when superphosphate was used. While there were no between-
treatment differences in the reproductive data, the results for fluorine content in bone must be taken hi
account since future problems of fluorosis could occur.

5. CONCLUSIONS

From the present findings it can be concluded that all the P sources tested were adequate to
maintain normal P levels in plasma for ruminants, and that based on the data for wool production, feed
intake, weight gain and microbial synthesis, MAP, SP and UP could be used as P supplements for sheep.

For cattle, the availability of P from BM, MAP, SP and UP was high compared with DP. Rock
phosphate was associated with lower P absorption than conventional P sources. SPT was almost as good as
DP hi providing P for grazing Nellore cattle and there was a potentially significant economic advantage over
DP.

The high fluorine content observed in bone suggest the need for long-term trials.
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CONCLUSIONS AND RECOMMENDATIONS

This Co-ordinated Research Programme was concerned primarily with finding ways of better
utilizing locally available feed resources to improve the productivity of ruminant animals in areas where the
nature, supply and quality of these resources varies seasonally. It is recognized that the nature and magnitude
of the response to nutritional manipulation will depend on the genotype (species/breed) and on
environmental factors such as temperature and humidity, and the occurrence of parasitic and other diseases.
Nutrition can, however, be improved by treating straws and other roughages and by identifying varieties with
superior digestibility; by strategic supplementation with other protein and carbohydrate containing feedstuffs
or feed additives (minerals/vitamins) which influence digestion; and by manipulating the animal's metabolism
so that accumulated tissue reserves are used during times of shortage or high nutritional demand.

Within the framework of this programme one or a combination of these approaches was attempted
in different animal species, but at the outset it was recognized that the nutritive values of the basal roughages
and other feedstuffs available were often inadequately known. Participants were therefore encouraged to
identify conventional and non-conventional feed resources that could potentially overcome nutritional
constraints to the target systems in question using both in vitro analytical methods and animal responses,
prior to embarking on studies designed to examine how these resources or modifications to them could
benefit these systems.

The major conclusions which emerged from the programme were as follows:

Use of straws and forages

Work in Sri Lanka demonstrated that leguminous forages, e.g. Gfyricidia, stimulated the intake of
rice straw by cattle more effectively than did urea, probably as a result of supplying rumen-degradable N as
well as easily digestible fibre. These studies, which were conducted on animals grazing natural herbage under
coconut trees, also demonstrated the additional benefits of supplementation with a "bypass" protein source
(rice polishings) and a vitamin-mineral mix - not only in terms of growth, but more particularly on
reproductive performance.

The studies reported from Tunisia demonstrated that the quality of different types of straw varies
considerably, although it was not possible to identify consistent differences between varieties in terms of
nutritive value (e.g. intake or animal performance). Treatment of straw with anhydrous ammonia and of
baled straw using urea/ammonia resulted in variable results but efficiency was increased by the addition of
water. A further finding from these studies was that ad libitum feeding of ammonia-treated straw
supplemented with low levels of concentrate improved the performance of pregnant and lactating ewes
traditionally fed on grazing systems.

Similar work from Portugal showed that large variability in the nutritive value of straws also exists
between cultivars and because of the environment, and that because of the cultivar-environment interaction,
the ranking of a cultivar in terms of nutritional value at more than one location or year was unpredictable.
The increase in dry matter digestibility of straws resulting from ammonia treatment was negatively correlated
with the buffering capacity of rumen contents, suggesting that a prior measurement of buffering capacity
could help to predict more precisely the ammonia required to achieve a given nutritive response. Work under

this project also demonstrated that when harvested at the mature stage of growth, triticale could be
effectively preserved through treatment with urea (6% level) and that this product had a substantially higher
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nutritive value than untreated triticale. Various studies on supplementation of basal diets of triticale and
meadow hay (using corn gluten, citrus pulp or lucerne meal) demonstrated lower intakes of triticale and of
hay when levels of supplementation exceeded around 30% of dry matter.

Evaluation of protein sources

The major feedstuffs used for ruminant feeding in Cyprus, both treated and untreated, were
evaluated in terms of potential and in vivo degradability in order to provide tabular information for use by
the extension services. As a result of this work a large body of information was generated about the feeds
available in this country for feeding dairy animals (cattle and sheep).

Similar kinds of evaluation were conducted in Venezuela, and the findings verified in a series of
feeding trials using different protein sources. In general, all proteins with a degree of escape potential,
improved production. One interesting relationship that emerged from these studies was that protein
supplements produced animal production responses by stimulating feed intake, whereas energy concentrates
tended to produce "substitution", with the degree of response per unit of protein decreasing as the level of
production increased.

In Thailand, a novel protein source for buffalo production was identified in the form of cassava leaf.
This abundant protein source grows prolifically in areas of poor soil fertility. The leaves can be harvested
at 6 months with minimal effects on eventual tuber production, and a second crop of leaves is obtained when
the tubers are harvested. The leaves contain prussic acid (a potential toxin), but the simple technology of
sun-drying virtually removes the toxicity enabling the leaves to be used at up to 30% of the total ration and
possibly higher, with large economic benefit to production. This protein source is much less expensive than
traditional protein sources used during the seasonal dry period, and supplies are virtually unlimited at the
present time. This discovery could be of enormous benefit to ruminant production in Thailand.

Likewise, the work reported from Iceland demonstrated the substantial increases in liveweight gain
achievable by supplementing grass silage with various fishery byproducts, and drew attention to the enormous
potential of these products worldwide for the improvement of animal production systems, particularly since
the methods of processing are suitable for application to small quantities at locations where the raw materials
are available.

To meet the nutritional demands of higher producing cows from locally available feedstuffs in the
Republic of Korea, methods to improve post-ruminal supply of protein were investigated, e.g. extrusion of
soybean meal at controlled temperature and mixing of soybean meal with blood prior to extrusion. Initial
studies showed that extrusion at 15°C and addition of 60 ml blood/100 g of soybean meal were likely to be
effective treatments as judged by in vitro estimates of degradability. Measurements in cannulated sheep
showed that isonitrogenous inclusion of extruded blood/soybean mixture yielded a substantial increase (12%)
in post-ruminal crude protein supply over that from untreated soybeans, but had no effect on rumen
microbial protein production. Incorporation of blood from abattoirs, in association with soybeans and
extrusion treatment, showed promise as a source of post ruminai protein and will now be evaluated in
production trials where protein supply limits performance.

On the other hand, data from Turkey indicated that feeding high quality protein supplements (e.g.
soybean meal, sunflower meal and cottonseed meal) to stimulate and increase mohair production and quality
in Angora goats was unlikely to be economic. Feeding of poultry manure gave responses similar to protein
supplements and indicated that, provided microbial need for degradable N was met, there was not likely to
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be additional benefit in terms of increased mohair production and quality and also in reproduction by

providing additional undegraded protein.

Other studies

Work from Brazil demonstrated that P availability in a range of forages varied substantially, and
provided a good basis for planning of effective supplementation. The work confirmed the high F content of
some supplements, e.g. superphosphate and Patos rock phosphate. The health hazard associated with feeding
these sources will only become apparent after a further few years of feeding. However, given the very high
F levels recorded and the lack of clinical symptoms, the work points to the need for more vigorous evaluation
of the levels of F associated with the development of clinical symptoms in young and lactating animals.

Socio-economic problems limit the potential improvement of small ruminant productivity in
Bangladesh. The work under this Co-ordinated Research Project demonstrated that major improvements
would result from control of internal parasites. This could be rapidly taken up by farmers with readily
demonstrable returns. These studies also provided information on the feeding value of a range of crop
byproducts available as supplements and demonstrated weight gain improvements from feeding some of
these; however, this will not readily provide economic returns. There is a need to target, in collaboration with
farmers, particular animals for superior nutrition to see whether economic gain can be enhanced by nutrition.

Finally, work in Morocco monitored the energy balances of local sheep exposed to different patterns
of nutrient supply during three successive reproductive cycles. It demonstrated that feeding strategies adopted
for other prolific breeds in other systems will be appropriate for recommendation for use with local
Moroccan breeds.

During the meeting the following recommendations were drawn up:

Roughage feed evaluation systems

The work of several contract holders showed clearly the difficulty in predicting animal performance,
largely due to the inability to predict roughage intake with any precision. There is now a great interest in
developing such systems based on degradation characteristics, and promising results have been obtained.
There are, however, likely to be exceptions, particularly if the feeds contain antinutritive factors or if the
feeds are consumed by animals that are selective such as sheep and goats, which for instance prefer the
leaves of rice straw although these are less digestible than stems.

Determination of protein supply in ruminants

The work reported from Australia demonstrated that there was a strong correlation between the
flow of microbial cells from the rumen and the excretion of total purine metabolites. Once a number of
remaining uncertainties have been resolved, this opens up the possibility of using measurements of these
metabolites to predict microbial protein yield. There is a possibility that the supply of microbial proteins in
field situations may be determined with sufficient accuracy from purine concentrations in the blood. There
is a need to support work on the validation of this promising approach and to develop simple and robust
techniques for determining urine and blood purines under field situations.
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Determination of protein status

There is a great need to assess the protein status of animals exposed to fluctuating exogenous
nutrients. Animals receiving less than energy maintenance of feed are likely to lose tissue protein due to
insufficient supply of microbial proteins. The extent to which animals are in protein deficit needs to be
assessed from blood and urine markers since N balance work is unsuitable. The Joint FAO/IAEA Division
should support work on the development of suitable markers, and subsequently robust kits, which can be
used in the field to provide producers with better advice on expected responses to protein supplementation
for growth and lactation.

Determination of fat status

The reaction of most ruminants to fluctuating supply of exogenous nutrients is to store surplus food
as endogenous fat in different parts of the body, e.g. humps, tails, subcutaneous, etc. There are no good
methods of determining this source of energy, although condition scoring developed for different breeds and
types of animals is a useful indicator. There is a need to examine whether there are blood and/or urine
metabolic markers which can indicate the quantity of fat stored or which together with liveweight can enable
a reasonably accurate assessment. It is only possible to develop livestock policies for dry season feeding and
the necessity for supplementation when this feed store can be assessed with an improved accuracy. The
extent to which endogenous fat stores can be used to fuel growth and lactation during periods of exogenous
feed deficiency also needs to be better understood and quantified.

Science of feed supplementation

The work carried out by several participants demonstrated not only appropriate methods for studying
supplementation, but also the complexity. This is clearly exemplified by the work described in these
proceedings from the United Kingdom dealing with diet selection, and with the strategic use of body protein
and fat reserves to cope with fluctuations in nutrient supply or availability, and even to allow continued milk
production or growth. There would seem to be considerable scope for using the principles outlined in these
papers for the nutritional management of ruminants in tropical and sub-tropical environments. However, for
such approaches to be effective more information is urgently needed to quantify relationships between basal
feeds and the most common supplements such as cereal brans, oil seed cakes and leaves. The extent to which
these supplements at different levels can increase digestion rate, alleviate basal diet deficiencies, stimulate
microbial protein synthesis, supply undegraded proteins and generally increase feed intake needs to be
quantified. Relatively simple tools are now available to elucidate some of these effects. Knowledge in this
field can be of great assistance in the strategic use of scarce high quality supplements in different seasons
and for different animal production systems.

Interdisciplinary research

Most farmers in developing countries are subsistence-based and will remain so for a long time. It
is important that this is recognized, since an intervention in one part of a farm system (e.g. livestock) will
influence other parts of the system (e.g. crops, labour use, etc). Consequently, future programmes should
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attempt to be more interdisciplinary in approach. Interactions between animal nutritionists and scientists in
other disciplines should be encouraged, both in the conduct of research and in the development of practical
systems. For example, the interface between nutrition and reproduction, such as embodied in the work
reported from Sri Lanka on the reproduction of cattle under coconut and the work from New Zealand on
the nutritional requirements of sheep during pregnancy, should be given more attention in the future.

Also, whereas strategic supplementation with protein, carbohydrate and mineral/vitamins, etc., needs
to be given more emphasis in the future, supplements should be designed in relation to season and
physiological state of the animal within different production systems. Research should aim to identify
strategic points in the production chain in relation to climate/season and to develop appropriate
supplementation strategies. This may be especially important where more than one animal species is involved
in the production system and where each species has a different biological strategy.
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