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arable (15 927 198 and 2 034 648 respectively), leaving vast
tracts suitable only for grazing ruminants. Many grasses contain
little protein during winter, which corresponds to the driest period
of the year. As a result, grazing herbivores often have to contend
with a protein content (crude protein refened to as CP) of less
than 3% ('t Mannetje 1984). The grazing ruminant may remain in
a positive nitrogen balance at CP levels above 6%, in contrast to
most monogastric mammals which require about 12% CP or
more.

In order to answer this type ofquestion it is necessary to adopt
new teclinologies and approaches, which will enable the
mechanisms to be more deeply probed. In this review, I propose
to examine this process in terms ofunderstaoding digestion and its
contribution to the nitrogen metabolism of the whole animal.
Current knowledge ofthe processes involved in the digestion and
utilisation offood to support growth, reproduction and production
is extensive. The gross metabolism of the major metabolites has
been elucidated, and it is unlikely that significant metabolic
pathways remain to be revealed. In addition, much is known ofthe
hormonal regulation of nutrient utilisation (Bray 1986; Gibbs &
Smith 1986; Vernon 1986; Tucker & Merkel 1986). However,
effective manipulation of the metabolism to improve livestock
production must be based on quantitative data, which may be
obtained from a combination of isotope dilution and arteriovenous
difference studies.

Whole body turnover of key metabolites may be estimated in
the conscious, undisturbed animal by isotope dilution procedures
(Shipley & Clark 1972). Important assumptions ofthis approach
include the use ofa labelled substrate ofhigh specific radioactivity
and ofinsufficient mass to provoke a hormonal respcnse, adequate
mixing of the labelled substance with the body pool of substrate,
and steady state conditions. Using this approach, considerable
data has been obtained on the whole-body metabolism of
metabolites such as acetate (pethick et al. 1981), glucose
(Bergrnan 1964; Bergrnan 1%3; Baird et al. 1983), long-chain
fatty acids (pethick et al. 1983; Pethick et al. 1987), ketone bodies
(Bergrnan et al. I%3), glycerol (Bergman et al. 1%8), volatile
fatty acids (Bergrnan et al. 1%5; Bergman et al. 1966), amino
acids (Bergman 1986; Bergrnan & Heibnann 1978; Wolff &
Bergman 1972), to name but a few. Recent advances in this field
include the use of stable isotopes, to minimise the environmental
risk associated with radioactive isotopes. For example, l3C
labelled compcunds have been used to determine the whole-body
turnover of metabolites such as acetate, glucose and alanine
(Bertoni et al. 1994), while 15N has been used for some time to
follow the metabolism of amino acids and urea (Dixon & Nolan
1986; Nolan & Stachiw 1979). Whole-body protein content may
be estimated by measuring the plasma creatine concentration,
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RECENT ADVANCES IN QUANTIFYING RUMINANT DIGESTION

Historically, the problem of understanding the biological
mechanisms of an animal was approached by simply subdividing
the complete organism into fimctional units, or organ systems.
Such systems were then studied separately. This logical process
was followed inexorably to molecular level, spawning many new
and independent branches of biology such as biochemistry,
biophysics and molecular biology. In the process, some
fundamental mechanisms such as the genetic code have been
elucidated. However, it is now becoming clear that the whole is
more than simply the sum of its parts. As a result, integrative
physiology is becoming increasingly important in order to
understand the intact organism. The process, which started when
Harvey elucidated the role of the heart in pumping blood around
the body, has now come full circle. The organism was approached
as a "Black Box" which consumed feed, processed this to extract
useful energy, and excreted the waste products. By ignoring the
mechanisms inside the "Black Box", it was pcssible to build up an
extensive body ofknowledge concerning the interactions between
input (intake of feed and water) and output (maintenance +
production + waste products), which is unfortunately purely
descriptive in nature. The ideal towards which all animal science
research should be directed, is to obtain a predictive model which
may be used to optimise animal production. The problem with
purely empirical models is that solutions that fall outside the
original parameters are usually unpredictable. And so another
round of experiments are carried out in an attempt to include the
new circumstances. It is only by examining actual mechanisms
that truly predictive models can be constructed, and valid
conclusions can be made which will take into account the
extensive variation inherent in biological systems.

When Jan van Riebeeck landed at the Cape to establish a
provisioning station for the Dutch East India Company, he
obtained most of his animal products from the indigenous Koi
peoples. As the settlement grew, and as people pushed into the
hinterland, so the perception arose that the "superior" breeds from
Europe should be brought in to "improve" the local stock
belonging to the local people, who were, after all, ignorant of the
theory and advantages ofbreeding programmes. This perception
grew into an entrenched paradigm, that led to the virtual extinction
of many local breeds of sheep and cattle. At the same time, vast
herds of wild herbivores thrived on the same grasslands of
Southern Africa despite regular periods of low rainfall. Most of
the total land area of Southern Africa (102 272 323 and 17 192
709 hectares for the RSA and the homeland areas respectively) is
taken up by farms (83 064 408 and 16 III 523 hectares
respectively). However, only a small fraction of this farmland is

Introduction

View "A"
~

I 25mm I

I 25mm I

I 25mm I

methods of sampling herbage intake by ruminantsin the following
ways:
• Collection of different numbers and sizes of ingesta samples

tlrroughout the day
• Sampling of extensive areas with heterogeneous plant

populations
• Sampling from specific plants or plant communities
• Obviates the need to starve animals overnight in order to

reduce the possibility of sample contamination with rumen
contents.

Conclusion:
The development of the fistula valve technique provides an
alternative method for the sampling ofherbage intake by goats.
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Objective:
To develope a remote controlled sampling system for the
collection of multiple ingesta samples without disturbing the
animal's normal feeding behaviour.
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Results:
The oesophageal fistula valve technique contributes to the existing

Material and methods:
The system consists of a valve (Figure I) which allows the
oesophageal fistula to be opened and closed, a battery pack and
servo motor to operate the valve, a multi-channel radio and
receiver to control the valve motor, and a harness to attach the
equipment to the animal.

Figure 1Slfpwise illustration ofthe valve (VI) mechanism: CA) fistula valve in open position, (B) fistula valve partly closed, showing the
cam holding the valve seal in folded position, (C) fistula valve in closed position with side view.
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Using regression analysis, true digestibilities have been shown to
be somewhat higher, with a mean of 70%, ranging from 52% for
cystine to 86% for arginine (Lindsay et al.. 1980). The following
groups of amino acids are absorbed at descending rates: (a)
isoleucine, arginine, methionine, valine; Cb) leucine, lysine,
phenylalanine; © aspartate, serine, tyrosine, alanine; (d) alanine,
proline, threonine; (e) proline, threonine, glutamate, histidine; and
(t) glycine (Annstrong & Hutton 1975). Although it was mitially
assumed that organic nitrogen is assimilated from the small
intestine solely in the fann ofamino acids, relatively large amounts
of small peptides are also absorbed (Annstrong & Hutton 1975).
Amino acids appear to be absorbed mainly from mid to lower
ileum (Johns & Bergen 1973), although the highest rate of
absmption occurs in mid-jejunum (Ben-Ghedalia et at 1974).
The caecum and proximal colon appear to be the major sites of
fennentation and absorption of fermentation end-products in the
large intestine (Dixon & Nolan 1982). The recycling ofnitrogen
within this region and between the large intestine and the rumen
has received most of the research attention.

A total of about 0.6-0.9 g N/dikg D." enters the caecum as
amino acids (40·60%), urea (15%), nucleic acids (3-4%) and
ammooia (1-13%) of sheep fed 800 g Luoerne hay per day (Clarke
et al. 1966; Coelho da Silva et al. 1972). AboutO.15 g N/dikgo."
urea may diffuse from the blood into the caecum, adding to the
nitrogen pool (Dixon & Milligan 1984). Hindgut fermentation
appears to be limited by the availability of readily-fermentable
carbohydrate (Oncuer el at 1990; Orskov et al. 1970). Increasing
the energy supply increases faecal nitrogen output while
decreasing the excretion of nitrogen via the urine (Orskov et al.
1970; Thomton et al. 1970). This implies that nitrogen is
sequestrated by microbial anabolism, fuelled by the additional
energy, thereby removing it from the urea/ammonia pool and
trapping it as microbial protein, to be largely excreted in the faeces.
Recent advances in improving the accuracy and precision of
digestibility determinations include the possible use of purines as
microbial markers (Stangassinger el al. 1994). The practical
application of this techniques is complicated by the problems
associated with assessing the endogenous purine contribution. On
the other hand, the use of the long-chain a1kanes have been
identified as the best markers for organic matter intake (C33),
faecal output (C32) and intake (C32 + C33) (Mannerkorpi et al.
1994). The measurement of in vitro fermentation rate may be
automated (Cone 1994), thereby allowing greater precision to be
attained, as well as increasing the amount of data that can be
collected by anyone person Sonographic techniques have been
coupled to video technology to record reticulo-rumen contractions
in cattle, sheep and goats (Midasch et al. 1994), while the omasum
may be directly sampled from the rwninal cannula (Huhtanen et al.
1994). The amount and composition ofsaliva may be determined
by means of a direct cannulation method, using the technology
developed by clinicians for human surgery (Goritz et al. 1994).
Near-infrared spectrometry may be used to estimate the degree of
microbial nitrogen contamination of nylon bags incubated in the
rumen (Lecomte et at 1994).

Nutrient utiJillation

The next phase in following the uptake of nutrients through the
wall of the digestive tract requires new techniques that will allow
the metabolism of the enteric cells to be determined and the

much correlates well with body condition score (Bertoni et al.
1994).

Digestive tract
Initially, this organ system was treated as a "Black Box" by animal
scientists ooIy interested in what disappeared during passage ofthe
digesta tlnuugh the digestive tract. Earlier studies were canied out
on a whole-body basis, and provided data only on apparent
digestibility. Soon it was realised that the output data (faeces) was
contaminated by contributions from bacterial fermentation in the
large intestine, lwninal secretions, serosal cells, etc. Techniques
were adapted to compensate for these factors, resulting in more
accurate estimates of "true" digestibility (Green et at 1987;
Huisman et at 1992; Bayourthe el al. 1993).

The disappearance of a nutrient across a specific segment of
the digestive tract may be estimated by measuring the difference
between input and output from that segment. Although simple in
conception, the actual estimate of partial digestion may be
confounded by several factors such as accurate detennination of
digesta flow rate, the addition of that nutrient by the wall of the
digestive tract to the digesta and other metabolites that may
interfere with the accurate detenninatioo of the nutrient in
question Of all the factors that bedevil in vivo partial digestion
studies, the one that contributes most to the uncertainty of the
results is the detennination ofdigesta flow. Since the total flow of
nutrient is calculated from the product of digesta flow and
coocentration difference, it is clear that any significant discrepancy
in the estimate ofdigesta flow will be reflected in the calculation of
nutrient flow. Despite the practical difficulties involved with
cannulated animals, marker stabilities, differential liquid and solid
flow rates, etc., a considerable body of knowledge has been
accumulated using these techniques. Obtaining similar data on
free-ranging animals is considerably more difficult, and it is not
surprising that so little of this data exists. As an example ofwhat
has been obtained in this manner, the following data on protein
digestion and metabolism in the small and large intestines of
nuninants is given.

Nitrogenous compounds may enter with the digesta flowing
from the abomasum (1.76-2.29 g N/dikg 0."), or may be added
with the bile or pancreatic juices (0.09-O.20g N/dikg D."), or may
be added via the succus entericus and endothelial sloughing (0.9
1.06 gN/dikg°·"), as estimated for an intake ofabout I g N/dikg'·"
via the feed ('Ian der Wait & Meyer 1988). Of this nitrogen, a
large proportion (64-69%) is in the alpha-amino-Iinked fonn
(Clarke el at 1966), and is therefore available for absmption from
the small intestine.

While the concentration of alpha-amino-Iinked compounds
aniving at the duodenum is relatively constant (4.1-5.5 g Nil 00 g
dry matter (Hanison et al. 1973), the flux increases (0.60-1.36 g
N/dikg D.") with the amount of nitrogen taken with the feed (0.34
1.65 g N/dikg 0") (Bunting et al. 1987; Clarke et al. 1966). The
greatest increase is in the amount of amino acids derived from
unfermented feed (50% as compared to 15% for microbial N
(Bunting el al. 1987). The greatest increase in concentration of
individual amino acids in digesta aniving at the duodenum is in
methionine, lysine, tryptophan, cysteine and isoleucine (Coelho da
Silvael al. 1972). The apparent digestibility of the total amount of
•-amino-linked material passing down the small intestine is
between 66% and 72%, while individual values range from 47%
for histidine to 80% for methionine (Coelho da Silva et al. 1972).
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Discussion

Comparison of the potential degradability values ",ith the 72 hoW"
values suggested that degradation Was essentially complete by 72
hours for both Cassia Siam and Sesbania sesban leaves. The major
part of the degradation loss occurred between 4 and 24 hours
incubation, 77 and 86% of the potential degradability for Cassia
Siam and Sesbania sesban leaves, respectively. The diets in each

trial had the same chemical and physical characteristics. It was, thus,
possible to test the hypothesis that spraying molasses onto the
browse would enhance its taste and smell and hence increase the
voluntary intake ofthe browse.

The results support the hypothesis only in the first experiment.
Voluntary organic matter intake of Cassia Siam leaves by goats
increased by 100% when the browse and molasses were offered
together but there was no change in diet digestibility. This is similar
to the results ofNg'ambi & Ngosa (1994) who reported that goats
consurnOO some 37% more straw when it was sprayed with molasses
to improve its taste and smell. These results, also, support the finding
that some browse species contain anti-nutritional factors such as
strong odours much can restrict intake of the browse by animals
(Barry et al. 1986). When molasses was sptayed onto Sesbania
sesban leaves the responses in intake and digestibility was not
significant, probably indicating that the effect of taste and smell was
less important with this browse. It is concluded that spraying
molasses onto Cassia Siam leaves increased the intake ofthe browse
by goats and this offers a practical method of increasing the feeding
value of the browse. However, spraying molasses onto Sesbania
sesban leaves did not increase the intake ofthe browse.
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portal/mesenteric appearance of metabolites to be rneastrred.
Nutrients that are absorbed from the lumen of the tract pass
through the cells that make up the wall of the tract en route to the
portal circulation In order to quantitatively measure this flux, it is
necessary to examine the metabolism of this organ system.
Nutrients may reach these cells via the Itrrnen-portal or arterial
portal route. As a result, any quantitative investigation of in vivo
digestive tract metabolism must examine the actual uptake and
oulpUt rates via both ofthese routes, necessitating the use ofradio
active rruukers. In this review, I will concentrate on data obtained
via the arterial-portal model, as very little data has been obtained
using the alternative approach This is one of the avenues that
requires further investigation

Aside from determining the difference in nutrient
concentration between the arterial and venous vessels, it is also
e;sential that the blood flow through the portal-drained viscera and
its constituent parts be estimated as acetrrately as possible. When
combined with the arteriovenous teclmique, the use of labelled
metabolites may be used to obtain quantitative data on the uptake
and output of these compounds and their immediate metabolic
products from any organ system much has a clearly defined
arterial input and venous drainage (Bickerstaffe et al. 1974).
Much ofthe etrrrent knowledge ofthe metabolism ofthe mammary
gland (Annison & Linzell 1964), hind-limb (Oddy et al. 1985),
\iver(Bergrnan& Wolfe 1911; Brockman et al. 1975; Peters et al.
1983) and the portal-drained viscera (Bergman & Wolfe 1971;
Bergman 1986; Van der Wait et al. 1983) has been obtained in
this way. Blood flow in these earlier studies was meastrred by
means of a dye-diIution principle (Schambye 1955; Huntington et
al. 1990) (usually p-amino hippuric acid, sometimes indocyanin
green), which gives an average flow rate over the period of the
infusion. More recent studies using the transit time Doppler
principle allows the flow to be continuously recorded during the
experiment and has shown that such flows may be quite variable,
even during so-called steady state conditions (Giles et al. 1989).
This technological advance will allow the effect of short-term
changes to be followed and quantitatively expressed.

Blood flow
The development of teclmiques to measure this flow illustrates the
influence of technology on progress. Methods that have been
commonly used include dye dilution, more specifIcally p-amino
hippurate (PAH) (Heitrnann & Bergman 1978a; Pen et al. 1983;
Bergman 1986; Bergman & Heitrnann, 1978; Wolff & Bergrnan
1972; Wolff et al. 1972; Heitrnann & Bergman I978b; Tagari &
Bergrrnm 1978), radiolabelled microbeads (Barnes et al. 1983a;
Bames et al. 1981) and transit-time u1trasolUld (Doppler) (Bames
et al. 1983b). The dye-dilution method provides an average flow
over the experimental period, and assumes that the flow, like the
metabolic status ofthe animal is at steady state. This is the value
usually required to calculate nutrient flux. The microbead
approach, on the other hand, determines the flow in a particular
tissue at a point in time, i.e. the time of injection. While this may
not be suitable for most flux calculations, it allows the distribution
ofblood flow to various regions ofthe organ under investigation to
be measured at the time of injection. The last mentioned method,
the Doppler teclmique, requires that a probe be implanted around
the vessel supplying (or draining) the organ under investigation,
and will give a continuous record of the blood flow during the
entire course ofthe experiment.
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Although the splanclmic bed only constitutes 7-13% of total
body mass, it takes 30-40% ofthe cardiac output. This substantial
partitioning of the cardiac output to the splanclmic bed is all the
nxre remarl<able when compared to the relative size ofthe organs
making up the splanclmic bed (Huntington 1990). Furthermore,
the metabolic importance ofthis region is suggested by the oxygen
demand, which may amount to 40-6QOIo ofthe lotal body uptake of
oxygen (Huntington 1990; Burrin et al. 1989). Within this tract,
the liver i8 most remarl<able, with a mass of only 1-2% of total
body mass, yet taking up 22-35% of the total oxygen uptake
(Huntington & Reynolds 1987). The sheer magnitude of this
oxidative demand highlights the importance of hepatic
intermediary metabolism to the animal.

As mentioned above, the splanclmic bed of fed cattle is
perfused by about 38% of the total cardiac output (Huntington et
al. 1990), a value which may decline to about 32% during fasting.
The actual flow, when expressed in terms of metabolic mass,
through the portal-drained viscera (pDV) would appear to be
about 125 mlIminJkg 0." in non-pregnant, non-lactating cattle fed
close to maintenance (Reynolds & Huntington, 1988). A similar
value has been obtained in sheep under similar circtrrnslances
(Lush & Gooden 1988; Mineo et a/ 1991), i.e 102-133
mlIminJkg 0". Total hepatic flow is made up of a portal (ca 80%)
and an arterial component (hepatic artery, ca 20%) (Mineo et al.
1991; Reynolds et al. 1988). The portal component may be
further subdivided into that conring from the anterior mesenteric
vein (53 mlIminJkg 0.", or ca 42% of the PDV flow) and that
draming the rtrrnen (53 mlIminJkg ''') (Reynolds & Huntington
1988). The flow ofblood through this region has been shown to
be proportional to the level offeed intake in both sheep (Lush &
Gooden 1988) and cattle (McGuire et al. 1989). In sheep, portal
flow declined from 126 to 95 and to 69 mlIminJkg 0." when the
intake of chopped lucerne hay was reduced from lOOOg to 75%
and then 50% of maintenance. In lactating dairy cattle, the flow
fell from 229 to 127 mVminlkg'" when dry matter intake was
restricted from 15.7 to 9.9 kg/day. Splanclmic flow may also be
affected by lactation, values ranging from 216 (Huntington 1984)
to 229 (McGuire et al. 1989) to 257 (Reynolds et al. 1988)
ml/minlkg 0." have been recorded for lactating dairy cows, values
much are almost double those found in dry cows. While some of
this increase may be due to the concomitant increase in intake, at
least some appears to be due to a direct effect of lactation The
effect of pregnancy is not clear; a value of 124 mVminlkg'" was
obtained from one study (Van der Wait et al. 1983) comparing
pregnant to lactating ewes falling within the range for non
pregnant sheep (102-133 mVminlkg 0.,,). A factor that has not
been investigated in rtrrninants, is the effect of ammonia in the
portal circulation. In rabbits, however, an infusion of anunonia
into the portal vein that results in a slow, small rise in the
peripheral concentration of ammonia causes a significant decrease
in portal flow (Debski & Pierzynowski 1985). This has also been
demonstrated in sheep (Orzechowski et al. 1987).

Gut wafl metabolism
Examination of the metabolism of amino acids across the portal
drained viscera illustrates the metabolic complexity of this area,
and urxlerlines the inadequacy ofcurrent, overly simplistic models.

Smafl Intestine
The small intestine is the most important site of protein digestion
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andaboctption of the resultant peptides and amino acids (Tagari &
Bergman 1978). While numerous studies have obtained
quantitative data for the disappearance of amino acids from the
lumen (Clarl<e et al. 1966; Bunting et al. 1987; Coelho da Silva et
al. 1972), the metabolism ofthese in passage throogh the gut wall
ensures that the mixture of amino acids that appear in the portal
circulation will bear little resemblance to that absorbed. For
example, the mucosal cells ofthe small intestine extract glutamine
from both the hnnen and the arterial blood supply. The rate of
uptake is equal to that of glucose, and it is even more important
than glucose as an oxidative fuel (Souba 1991). Although it
ismainlyamioo acids that appear on the serosal side of the gut wall,
it is now well establisbed that significant amounts of small
peptides, chiefly dipeptides, are also transported by systems in the
brush border of these cells (Matthews 1972). 11 is not clear
whether the uptake is mediated by specific carriers, or whether the
dipeptides are hydrolysed by membrane-bound enzymes, as in the
liver (plauth et al. 1991).

Amino acids (and possibly some peptides) are transported via
specific carrier systems, most of which may be classified as ofthe
secondary active type. Peptides and amino acids undergo
considerable metabolic changes in passage through the wall of the
small intestine. Reports suggest that up to 67-71% and 55-57% of
amino acids absorbed may be metabolised in the gut wall ofsheep
fed ahigh (19.8% crude protein=CP) or a low (I 5.6% CP) protein
diet respectively (Macrae 1978; Tagari & Bergman 1978).
Complicating any such analysis, is the uptake of considerable
amounts of amino acids from the arterial circulation, which
complement the metabolism of lumen derived amino acids. For
example, while there is a net absorption ofmost amino acids from
the small intestine, glutamine is removed in large quantities by the
tissues of the small intestine of sheep fed at maintenance
(Heilmann & Bergman 1978b; Wolff& Bergman 1972), growing
lambs fed at maintenance and ad libitum (Burrin et al. 1991) and
lactating Holstein dairy cows, 8 weeks postpartum (Reynolds et al.
1988). Expressed in lernJs of metabolic mass, the magnitude of
this uptake by the tissues ofthe PDV ranged from about 30 to 56
to 114 to 240 mg N/dAcg 0." respectively. In the latter study, the
same cows at 4 weeks postpartum were exporting net amounts of
glutamine from the portal-drained viscera. In rats, enterocytes
metabolise the carbon skeleton of glutamine to CO, (64%) and
lactate (11 %), and the nitrogen is exported as arumonia (38%),
ci1rulline (28%) and alanine (24%), thus providing a major energy
souroe for these tissues (Windinueller 1982; Windinueller &
Spaeth 1974; Windinueller & Spaeth 1975; Windinueller &
Spaeth 1980). Furthermore, as much as 33% of this glutamine
uptake is transaminated and released as alanine. It is likely that
similar reactions occur in ruminant tissues, aince both sheep and
lambs showed a net export of both alanine and citru1line from
portal-drained viscera (Burrin et al. 1991; Heitrnann & Bergman
I978b; Wolff& Bergman 1972).

Although substantial quantities of urea (up to 85% of all urea
transferred to the entire gastro-intestinal Tract (Varady et al. 1979)
appear to enter the small intestine, in proportion to the blood urea
concentration (Engelliardt & Hinderer 1976; Norton et al. 1978;
Kennedy 1980), lack of any urease activity in the tissues of the
small intestine and little activity in the digests (Egan et al. 1986)
suggests that most is reabsorbed back into the portal circulation.
Little passes on to the'large intestine (about 2 g N/d, (Dixon &
Milligan 1984), although there are significant amounts of
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annnmia in ileal digests (rougbly equal to the amount added to the
caecal pool from blood urea (Nolan et al. 1973).

Large Intestine
Nitrogen is absorbed in net amounts (0.04-0.16 g NldAcg 0.,,) from
this region (Clarl<e et al. 1966; Hecker 1971). Amino acids may
well be actively transported across the wall of the caecum and
colon, since this has been demonstrated in the rabbit (Hoover &
Heitrnann 1975) and the horse (Slade et al. 1971). The mucosa of
the hindgut may also take up amino acids from the blood, as
demonstrated in sheep for amino-isobutyric acid (Scltarrer 1978).
However, it has been suggested that the uptake ofamino acids into
the blood may be quantitatively unimportant (Wrong et al. 1981),
compared to the uptake of arumonia (ca 0.15 gNldAcg 0.", (Nolan
& Stachiw 1979; Nolan & Leng 1972)). Carbon skeletoos of
amino acids are rapidly absorbed from the large intestine of rats
(Fordtran et al. 1964). Volatile fatty acids are absorbed from the
caecum ofsheep (Argenzio et al. 1975), either as passive transport
in the dissociated form (in the guinea pig (Engelhardt et al. 1989)
or as anions in an antiport mechanism driven hy bicarbonate (in
humans, (Soergel et al. 1989)). These fatty acids contribute about
70"10 and gl1Jco.e about 30% towards the energy metabolism ofthe
rat colon (Roediger 1989). It is entirely likely that mechanisms
similar to that in the rat exist for the absorption ofketo and hydroxy
acids in sheep.

Pol1a1Flux
Aspects ofdigestive tract metabolism that have been investigated
quantitatively include glucose (Van der Wait et al. 1983), lactate
(Van der Wait et al. 1983), volatile fatty acids (Bergman & Wolfe
1971), ketone bodies (Roe et al. 1966), long chain fatty acids
(Katz & Bergman 1969), and the amino acids (Wolffet al. 1972).
These studies have concentrated either on the partial digestion or
metabolite tumover approaches. In very few studies have both
approaches been used simultaneously. However, the digestion of
alpha-linked polysaccharides in the small intestine was
investigated by Armstrong and his group (lanes el al. 1985), and
amino acids (Tagari & Bergman 1978) using the combined
technique.

When the net uptake or production of arumonia, urea and .
linked amino acids by the PDV is measured, remarl<ably constant
values of0.47 to 0.71, -0.39 to -1.12 and 0.26 to 0.54 g NldAcgo."
respectively, were found in beef steers and lambs fed between 0.74
and 2.90 g NldAcg 0." (Guerino et al. 1991; Burrin el al. 1991;
Huntington, 1989; Reynolds & Huntington, 1988). When N
intake was increased, as a result of post-ruminally added protein
(Guerino et al. 1991) or lactation-induced increase in dry matter
intake (RC)llOlds et al. 1988), the amount of arumonia produced by
the PDV increased proportionately, with a good correlation
(1'=0.81, df.=9). In the case of the casein infusion, the additional
arumonia probably resulted from an increased metabolism of
amino acids in transit through the gut wall. A similar relationship
was found for the amount of urea taken up by the PDV, although
the correlation was much worse (r'=O.40, df.=9), as can be seen in
Fig. I. When the production of alpha-linked amino acids by the
PDV is similarly examined, it would appear that the absorption of
these was also proportional to intake, although the correlation is
not as clear (r'=O.5 I, df.=9) as that for arumonia, although
somewhat better than that obtained for urea. This data seems to
suggest that the uptake of amino acids from the PDV only
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rumen of sheep and the constants of the fitted exponential are given
in Table 1. There were large differences between the two browse
species. The maximum potential degradability values defined by the
sum of 'a' and 'b' for Cassia Siam and &sbania sesban were 80
and 93%, respectively.

Table I Proportional dry matter losses of Cassia siamea and
Sesbania sesban leaves incubated in the nnnen ofsheep offered
straw supplemented with a concentrate.

Sesbania Cassia

&sbania leaves Siamea leaves

Fitted DM losses 4h 40.3 31.4
(g. IOOgl) at: 8h 53.0 40.0

24h 79.8 61.6
32h 85.4 67.5
48h 91.5 74.3
72h 91.5 78.0

Constants' from a 23.5 21.0
exponential b 69.5 59.0

c 0.0691 0.0486
a+b 93.0 80.0

Std error (mean ofthree) 0.022 0.023

:P =a+b(l-e""}

where P = DM loss at incubation time '(' and 'a', 'b' and 'c' are
constants (Orskov & McDonald 1979).

Voluntary intake and digestibility trials.

The chemical composition of the feeds is given in Table 2. Total
organic matter intake of diet CMM increased by 25% compared to
trealrnent CMS (p<O.O I) (Table 3). Spraying molasses onto Cassia
Siam leaves did not have any effect on digestibility of the total diet
(P>O.O I). Feeding Cassia Siam leaves with molasses improved
intake ofdigestible ocganic matter of the diet by 24%.

Spraying molasses on &sbania sesban leaves did not have any
effect on intake and digestibility of the total diet (P>O.OI) (Table 4).

Table 2 Chemical composition offeeds (g kg" DM)

Feeds DM Crode Asb OM

(gkg") protein

Wheat straw (v. Canary) 904 42.5 77 932

&sbania leaves 300 260.0 73 927

Cassia siamea leaves 330 200.0 50 950

Maize meal 873 94.4 24 976

Soyabeanmeal 909 346.9 54 946

Sugarcane molasses 5S6 32.5 80 920
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Table 3 Intake offeed, digestibility co-efficients (decimal) of diets,
digestible organic matter intake (DOMl) and mean liveweight of
growing goats offered Cassia siamea leaves ad libitum, wheat
straw and a concentrate supplement.

Treatment SED C CMM CMS

Intake (kg day-I)
DietDM 0.49a 0.59b 0.48a 0.018
Diet OM 0.45a 0.55b O.44a 0.016
Browse OM O.IOa 0.20b O.IOa 0.017

Digestibility
DietDM 0.49a 0.59b 0.48a 0.018
DietOM 0.45a 0.55b 0.44a 0.016

Diet DOM! (k. dav") 0.37a 0.46b 0.37a 0.022
Livewei.ht Ik.l 18.8 18.5 19.0 4.36
where:

SED ~ Standard error ofthe difference

C = 0.180 kg wheat straw, 0.112 kg maize meal, 0.110 kg
soyabean meal, 0.01 kg salt and ad libitum Cassia

siamea leaves.

CMM = As C above plus 0.04 kg liquid molasses sprayed on a
kg of browse.

CMS = AB C above plus 0.04 kg liquid molasses which was fed
Separate from the browse.

a,b = Within rows, values followed by different superscripts
are significantly different (p<O.O I).

Table 4 Intake of feed, digestibility coefficients (decimal) of di<ts,
digestible organic matter intake (DOMl) and mean liveweight of
growing goats offered &sbania sesban leaves ad libitum, wheat
straw and a concentrate supplement.

Treatment SED S SMM SMS

Intake (kg day-I)
DietDM 0.65 0.68 0.66 0.001
DietOM 060 0.63 0.61 0.002
Browse OM 0.25 0.28 0.26 0.001

Digestibility
DietDM 0.82 0.82 0.82 0.002
Diet OM 084 0.84 0.84 0.001

Diet DOM! (kg day") 0.50 0.53 0.51 0.001

Liveweight (kg) 20.4 20.3 20.6 4.31

where:

SED = Standard error of the difference

S = 0.180 kg wheat straw, 0.112 kg maize meal, 0.110 kg
soyabean meal, 0.01 kg salt and ad libitum Sesbania
sesban leaves.

SMM = As S above plus 0.04 kg liquid molasses sprayed on a
kg of browse.

SMS = AB S above plus 0.04 kg liquid molasses which was fed
separate from the browse.

a,b = Within rows, values followed by different superscripts
are significantly different (p<O.OI).
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differences in total diet organic matter digestibility were observed
between treatments (P>O.OI). The overall effect of spraying
molasses on the browse was that total daily diet digestible organic
matter intake was increased from 0.37 to 0.46 kg per animal, an
increase of24% (p<O.OI).

The second experiment examined the response in vohmtary
intake otSesbania sesban leaves by goats when the leaves were
either sprayed with molasses or when the leaves and molasses were
offered separately. The response was small and statistically not
significant (P>O.OI). It is concluded that mixing Cassia Siam leaves
with molasses increased the intake of the leaves by goats and this
offers a practical method of increasing the feeding value of this
browse.

Additional Keywords: Cassia Siam, degradability, digestibility,
intake,5esbaniasesban

Introduction

In Zambia, ruminant animals grow rapidly during the rainy season
but then tend to lose weight during the dry season ,;hen they graze
crop residues which are generally of low nutritive value (Smith,
1966). Cereal residues are usually low in protein aud ,;hen fed alone
are unable to support high levels of ruminant animal production
(O'Donovan, 1983). Leguminous trees and shrubs are common in
Zambia aud their leaves, which are high in protein, have the potential
to improve the production of ruminant animals consuming low
quality roughages (Reed el al., 1990). However, a number of
browse species are knO\\o11 to contain anti-nutritive factors such as
toxins which may result in death of the animal (BaIl)' & Duncan,
1984), strong odours which can reduce intake by animals (BaIl)' el
al. 1986) and tannins which can render proteins unavailable to both
rumen microbes and the host animal (Reed el at. 1990). The
objective of the experiment to be described here was to measure
responses in voluntary intake and digestibility by goats when the
browse is either sprayed with molasses to enhance its smell and taste
or when the browse and molasses are offered separately.

Materials and method.

Degradability of brow.e

A mature Merino ewe (50 kg liveweight) fitted with a permanent
rumen cannula was used in this experiment The nylon-bag
technique (Orskov & McDonald 1979) was used to measure the
rumen degradability of Sesbania sesban and Cassia Siam leaves.
Fresh leaves were cut into small sizes (1-2 cm long) using a pair of
scissors. Samples of about 4 g were placed in each bag (aperture
dimensious of 40-50 microns) and incubated in the rumen of the
sheep for periods of 4, 8, 24, 32, 48 and 72 hours. Three bags of
each browse species were simultaneously incubated in the rumen
during each period (a total of 9 bags per sheep per period). After
removal from the rumen the bags were thoroughly washed and then
dried to constant weight at 100 'C. The degradation characteristics
ofthe two browse species were determined by fitting the exponential
P= a+b (l-e"') ,;here 'P' is the degradability at incubation time 't'
and 'a', 'b' and 'c' are constants (Orskov & McDonald 1979). The
intercept 'a' is equal to the immediately soluble or material small
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enough to immediately come out of the bag, 'b' is the soluble but
potentially degradable material and 'c' is the rate constant ofthe dry
matter loss. The ewe was on ad libitum straw plus daily
supplements of 0.1 12 kg maize meal, 0.110 kg soyabean meal and
om kg salt It had been on this diet for one month prior to the
degradability study.

Voluntary intake and digestibility trials

Two experiments were conducted. Each experiment lasted 63 days
and was divided into three equal periods. The first 14 and the last 7
days of each period being adaptation and collection periods,
respectively. A 3x3 Latin square design (Steel & Torrie 1960) was
used to compare the three treatments in each experiment. Animals
were fed and housed individually. Food was offered in two equal
meals per day at 7.00 aud 16.00 hours. The amount ofbrowse was
adjusted with the objective ofobtaining a refusal rate of 10%. Goats
consumed all the supplements offered. Daily faeces from each
animal were collected, dried and a representative sample kept for
chemical analysis. Twelve growing crossbred goats (small East
African crosses) with an initial mean liveweight of 18 ± I kg were
used in Experiment I. The goats were randomly allocated to receive
the three treatments. The three treatments consisted of ad libitum
Cassia Siam leaves (fresh, 2-6 weeks old) with the following daily
supplements:

C: 0.0180 kg wheat straw (variety Canary), 0.112 kg maIZe
meal, 0.110 kg soyabean meal, 0.01 kg salt and lOO ml of
water sprayed onto Cassia Siam leaves (lOO ml kg'\ browse)
per animal.

CMM: 0.0180 kg wheat straw (variety Canary), 0.112 kg maize
meal, 0.110 kg soyabean meal, om kg salt and 0.04 kg
molasses sprayed onto the Cassia Siam leaves (0.04 kg
molasses kg'\ browse) per animal.

CMS: AJ; in C above plus 0.4 kg molasses which was fed separate
from the browse.

Maize meal and soyabean meal were coarsely ground. Straw was
chopped (2-5 cm long). The spraying ofmolasses onto leaves was
0.04 kgkg·\leaves. Molasses was diluted in 100 ml ofwater prior to
spraymg.

In Experiment 1I twelve goats with an initialliveweight of 18.5 ±
2 kg were randomly allocated to receive the three treatments. The
three treatments consisted of ad libitwn Seshania sesban leaves
(fresh, 2 - 6 weeks old) \vith supplements as in Experiment I.

Chemical analy.is

Dry matter was detennined by drying 5 kg of the sample in a ~orced

draught oven at l00'C for 48 hours and ash detenninations were
carried out hy putting 5 g of the sample in an electrically heated
furnace at 550'C for 24 hours (Association of Official Analytical
Chemists, AOAC, 1984). Nitrogen contents were determined by
semi-micro Kjeldahl digestion method (AOAC 1984).

Result.

Degradation of brow.e

The fitted OM losses from the nylon bags after incubation in the
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increases significantly at nitrogen intakes above about 1.8 g N/dikg
." (See Fig. 2). The quantitative role ofpeptide transport between
the PDV and the liver does not seem to have enjoyed serious
attention.

When the portal transport of individual amino acids is
examined, it is apparent that most are absorbed in net amounts
from the POV. In order to simpWY analyais of the more than 20
amino acids that occur in plasma, it is helpful to c1assiJY them into
the 5 groups suggested by Bergrnan (Bergman 1986; Bergman &
Heitmann 1978), namely alanine and glycine/serine representing
the glucogenic amino acids, arginine/citrulline/ornithine
representing the urea cycle acids, leucine!Isoleucinelvaline
representing the essential acids and glutamine/glutamate which are
major energy substrates for the PDV. The net uptake of the
glucogenic acids seems to be proportional to the intake of feed,
increasing in magnitude from the fasting (in sheep) to the fed state
(in steers) (Wolff el al. 1972; Burrin et at. 1991; Huntington &
Prior 1985).

A similar pattern was found for the essential amino acids,
most strongly shown by valine, whose flux increased from a slight
utilisation of 3.48 to a net production of 53.5 mg N/dikg ,7>. In
another study ofleucine metabolism in beefheifers (Hammond el
al. 1987), similar values obtained for the uptake of leucine from
the POV (21.1 or 48.5 mg N/dikg '7» of steers fed at low or high
intake levels respectively. Ofthe urea cycle amino acids, arginine
aud citrulline appeared to respond positively to an increase in feed
intake in 2 studies (Wolff et al. 1972;Burrin et at. 1991), while
ornithine uptake declined in one (Burrin et al. 1991) and increased
in another (Wolff el al. 1972). Most of these changes were
quantitatively low compared to the glucogenic amino acids.

The outstanding exoeption to the net output of most amino
acids from thePDV is glutamine, which was taken up by thePDV
in proportion to the intake offeed When additional amino acids
were supplied by means of abomasal infusion (Guerino el at.
1991) into steers, the PDV exported net amounts of glutamine.
The fate of glutamate was not so clearly defined; in one study
(Wolff el al. 1972), the PDV utilised glutamate, while in another
(Burrin et al. 1991) it produced this acid. Glutamate metabolism
is intimately related to that of glutamine and ammonia, and the
amount released from the gut will depend on the proportion being
used for energy metabolism. AJ; much as 33% of the glutamine
uptake may be transaminated to alanine, thereby contributing to the
net production of alanine by the POV (Windmueller 1982;
Windmueller & Spaeth 1974).

A new approach that may make a significant contribution to
this field, is the isolated intestinal loop technique (Kato et al. 1994;
Kolin et al. 1993). One or more loops ofsuitable small intestine
are selected in an animal under general anaesthesia, and isolated
from the rest ofthe gut by clamping the lumen closed at either end
of the segment, and by catheterising the venous outflow from that
segment. In this way, selected solutions may be perfused through
the lumen of the segment, while the total venous outflow is
collected. The possibilities for quantitatively investigating the
metabolism of the tract wall are considerably expanded by means
ofthis approach.

Energy metabolism

The future development of ultrasound Doppler techniques to
detennine instantaneous blood flow coupled ,,;th the

2S

simultaneous detennination of oxygen and carbon dioxide
conoentratious in blood, will allow the direct calculation ofenergy
metabolism. The introduction of this new teclinology to an old
principle will allow short term data to be collected. The history of
this field illustrates the impact ofnew teclinology very clearly.

Many of the basic principles of the energy metabolism of
animals emerged from the use of simple calorimeters by Lavoisier
andLaplace in the 18th Century. The heat produced by the animal
was measured by the increase in temperature of a surrounding
medium, which was usually water. These early systems were
surprisingly precise, and represented the first steps in quantitative
animal nutrition, representing the classical "Black Box" approach.
The next advance came in the form of indirect calorimetry, which
has provided data over a wide range of nutritional aud
physiological states of the ,;hole animal. Indeed, the economic
importance of the efficient use offeed stuffs, and biological interest
in the factors which influence energy expenditure, has led to the
series of symposia on the energy metabolism of farm animals
(EAAP Publications). While most groups up to now have used
automated open-circuit respiration chambers, combined with
improved gas analysers and computerised data acquisition, the
equipment costs are high and measurements must be made over
periods of at least 24 hours, after the animals have adapted to the
chambers. Other technical problems such as the stress of strange
surroundings, the use ofhoods or face masks, all limit the value of
the data thus obtained. However, by careful adaptation of these
techniques, indirect calorimetry may provide extensive data under
field cooditions, such as in the Bedouin goat kept outdoors in small
camps. Core temperatures were monitored telemetrically, while
oxygen uptake rates and carbon dioxide output rates were used to
calculate total energy metabolism (Shkolnik & Chosniak 1994).
The results of this study showed that the dark coat colour did not
increase the heat stress on these animals, ,;hen compared to lig.l,t
coloured goats, provided that the goats were allowed to react to
their surroundings. In fact, the dark colour enabled these goats to
absorb early morning sunlight more efficiently during the winter
months, thus providing the evolutionary advantage over the lighter
goats.

The alternative approach depends on the direct measurement
of oxygen conswnption, calculated by the Fick principle, from
cardiac output and the difference in blood oxygen content across
the lungs. Key features that make this technique possible are the
continuous measurement ofblood flow and the oxygen content of
mixed venous blood. Blood flow is detennined by means of a new
ultrasound technique which is independent of blood vessel size,
alignment or flow profile, and represents a considerable advance
over earlier models of the same type. The development of fibre
optic catheter technology, largely for use in human medicine, has
made it possible to monitor continuously the oxygen content of
blood. When applied to a specific organ system, e.g. the portaI
drained viscera, this technique allows the energy metabolism of
that organ to be detennined.

The grazing animal
The challenge for the future, particularly in the "New" South
Afiica, will be to obtain this data from free-ranging ruminants,
since these constitute the greater proportion of ruminants in the
country. Not only is the experimental animal not under the
precisely set conditions of the research laboratory, it is subject to
all the extraneous influences of the climate, season, pasture
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THE INFLUENCE OF MOLASSES ON

THE UTILISATION OF BROWSE BY GOATS

voluntary intake when molasses was sprayed. onto Cassia siam
leaves (0.04 kg molasses per kg browse) to improve their taste and
smell as compared to when molasses and Cassia siam leaves were
offered simultaneously yet separately. Goats ate more Cassia Siam
leaves (0.20 kg OM per animal per day) when the leaves and
molasses were mixed than when the leaves and molasses were
offered separately (0.10 kg OM per animal per day) (p<o.O1). No

Maize per day (g)

Control 227 445

Daily gain (g) 73 III 133

Dressing % 39.4 42.1 43.8

Carcase mass (kg) 48.9 51.9 51.9

Source: Brouwer el al. 1991. Proc. SA Soc. Anim. Prod.

Note: Prior treatment 8 g, 5 g and 0 g P for 5 years.

Level ofP supplementation

10 5 0

Final mass (kg) 478 490 450

Condition score 2.17 2.10 1.54

Initial bone P (mg P/cm') 151 134 135

Final bone P (mg P/cm') 148 131 75

Sooroe: AdaptedfromVanVuurenet 01, 1983. SA J. Anim. Sel.

13: 97.

Effect ofwinter-p supplementation on weight gain and bone p
levels (175 days)

Energy supplements on summer veld for finishing old ewes

(3-yr ave)

Source : Harwin, 1981. Stockowners News, June.

Pasture Control Sah Mol...... Percent

Type jpbosphate meal + Improvement
monensin

Kikuyu 0.93 0.98 1.20 29

K-ll 0.99 1.02 U8 19

Star 0.99 1.02 121 32

Overall ave. 0.97 1.00 121 25

Souroe: De Waal el 01, 1989. SAfr. J. Aoim Sei. 19: 27.

Effect of salt administered via rumen cannulae on % mass change
in sheep

Response ofbeefweaners on pasture fed ionophore supplements

Level ofNaCI glday

0 5 15 30

rWithout protein 44.4 67.1 52.6 40.7

Abstract

Two 3 x 3 Latin square design experiments with twelve growing
goats (small East African crosses) in each were used to examine the
influenoe of molasses on the utilisation by goats of browse offered
with a supplement. The first experiment examined the responses in
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centred to a Sun-centred solar system, acquired to inherited
genetic characteristics, etc.

The science of measuring quantitatively the nutrition of
domestic anima1s has progressed by reducing the size of the "Black
Box" from a large one encompassing the entire animal (everything
between the mouth and the anus) to many small ones representing
organs and even individual oells in oertain cases. Continuing that
progress requires that animal scientists delve ever deeper into the
detail ofthe metabolic prooesses that underlie the physiology of the
animal.

References

Conclusions

Contrary to popular belief, scientific progress does not oocur via
the steady but slow accretion of myriads offacts which eventually
build up to a new hypothesis or even a theory, but by the explosive,
quantum leap of insight that leads to a new paradigms. Usually,
such quantum advanoes are triggered by or result from the
application of new technology that enables new avenues to be
investigated and new approaches to be tried.

Most of the so-called scientific research that takes place
between these major advanoes amounts to dotting the i's and
crossing the t's. Examining the historical record gives numerous
examples of such major changes in the prevailing paradigm that
leads to new insights and advances; the change from an Earth-

composition, etc. Furthennore, it is much more difficult to obtain
smnples frmJ an unrestrained animal, which is free to select from a
wide choice of grasses and clovers. Several technological
advances have appeared lately which may point the way to the
future.

In ooIer to realise the ideal, it is necessary to utilise telernelly to
collect data from free-ranging animals, with the minimum of
restraint A transmitter has recently been developed (Reese
1994), based on a 4 chaonel, 8 bit computer, with analogue/digital
oommunications, a Sehntidt trigger input and running on 2 to 6 V,
15 micro A The devioe holds a IKx14 bit program, with 36x8 bit
registers and may be interfaced to a standard PC via a serial port.
Transduoers that are currently under development include pH,
ammonia, pressure, temperature, motion and acoeleration. A
sintilar approach has been used to collect data from free-ranging
przewalski horses, fitted with identity collars, which collect data
every second and transmit every 30 minutes (Berger 1994). This
system tracks not only water intake, but also the activity of each
horse. The addition of radio control to a mechanically opened
oesophageal cannula has allowed the selection offeed material by
free ranging goats to be determined without the physical
intenrention of the researcher and its concomitant consequences.
The same principle may be used to obtain blood samples from
experimental animals. In practice, the principle ofcollecting blood
samples by remote control is fraught with difficulties, not least of
which is the prevention ofcoagulation in the sampling catheters.

Another approach to the grazing animal is to more clearly
delineate the problem by modelling some aspect of the system,
thereby identifying the unknown parameters. By examining the
relationship between climate and grazing pressure, (Ma &
Steinbach 1994) have suggested that the response surface is
discontinuous, and that a catastrophic collapse is inherent in the
system, particularly at rainfall levels below 390 mm per annum.
Such an observation is counter-intuitive, and would not have been
easily described without the sophisticated modelling techniques
employed Another approach has been used to model the use of
grazing land using the Spatial Bayes Network (Kothmann &
Pittroff 1994) and satellite photographs. Predictions show good
agreement with the photographs, particularly when geographical
and sociological constraints are added to the model.

The previous lack of suitable technology has seriously
hampered research on the free-ranging ruminant in the past The
successful solution to this technological barrier will provide the
necessary stimulus to the next quantum leap in research into the
ruminant-pasture interaction.



58

Soya beans and fish meal as supplements for wool sheep on sour
grass veld

Soya protein Fillbmeal

0 18 37 56 37

Mass change % - 25 -10 - 1 +2 0

Wool yield (kg) 3.56 4.03 4.04 4.09 4.24

% above control 0 13 14 15 -25

Source: Bekker et ai, SA J. Anim. Sei. 13, Ill.

Seasonal effect of urea, molasses and phosphorus on liveweight
change (kg)

Season Control Molass.. Molasses Molasses Molasses
+P + urea .. P+ u""

Jan-May +75 +81 +80 +74 +78

May-Jun +5 +7 - 5 +14 - 7

June-Oct - 29 -32 - 42 - 1 +10

I Total I +51 I +~~-! +44 I +86 I +75 I
Source: Winks & Lamg, 1972. Proc. Aust. Soc. Anim. Prod. 9:
253.

Invloed van energie inname op herkal1jJersentasie

Bebandeling - Winter

Veld KuiI- Hooi+ Hooi SlegsVeld
Voer KuiI

Inname - voer 44.7 31.1 8.4 0

Lek(g) 618 303 308 435

Beginmassa 446 448 451 444

Massa by kalf 534 509 494 448

Massa 24 dae na kalf 490 463 448 368

Massa met paartyd 436 424 416 378

Herkalf(%) 88 69 68 25

Source: Meaker & Lesch. Dundee Navorsingstasie, 1974.

BuH. Grassld Soc. Sth Afr. 7. SuppJ_ 1_ (1996)

Effect of all-year proteinsupplementation vs winter-only on cattle
gains (806 days)

All-year Winter-<lnly Control

protein protein

Summer gains (kg) 135 132 136

Winter wt loss (kg) 27 - 23 -43

Final carcase wt (kg) 257 253 235

Source: Kret\, 1966. Proc. S.Afr. Soc. Anim. Prod. 5: 67.

Effect of protein and p-supp1ements on northern natal veld: 8-year
results

Summer Salt 6p l2p P P+e+pv

Winter Salt 6p 12 P P+e+pv P+e+pv

Calving % 69.6 75.4 82.7 89.6 93.7

Weaning mass (kg) 179 191 206 212 224

Mortality % 6.7 4.2 3.8 2.5 2.9

Source: Groenewald, 1986. PhD. Thesis, OFS.

Effect of protein, energy and npn supplements given from
October to December on reconception in cattle - Dundee

Salt + phosphorus

Control NPN Protein Energy

fuitial wt(3-yr ave) 441 450 454 454

Final body wt (3-yr 461 484 486 484
ave)

Ave recalving % Yr I 81 93 93 100

Yr2 73 94 94 94

Yr3 65 71 71 91

Source: Meaker et ai, 1979. S.Afr. J. Anint Sei. 9: 231.
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Effecl. ofmolasses-mea supplements

Veld bay Veld bay +
only molasses + urea

Feed intake (kg) 41 5.2

Live mass gain (g/day) - 325 +238

Source: Clark 1952. Fmg. S. Aft. 27: 453.

Effecl ofmolasses & urea on liveweight gain and grass intake (kg)

Control Molasses Urea: Molasses

1:20 2:10

Molasses intake g/day - 910 865 820

Urea intake g/day - - 45 90

Total weighl. change - 37.0 - 41.7 - 22.2 - 0.2
kg

Grass intake kg/day 3.6 1.8 2.6 4.3

Source: Von La Chevallerie. 1%5. Proc.S.Aft.Soc.Anim.Prod. 4:
120.

Bimet fish meal as licks on grassveld (78) days

Biuret 1

Control Fish meal Fisbmeal

CP Intake (g) 0 28 56

Mass change (kg) - 4.0 1.9 2.4

Clean wool change (%) lOO 114 114

Source: Van Nickerl,. Proc. SA Soc. Anim. Prod. 1968.
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Effect ofurea. P and energy fed to cattle on winter veld

SaII-p SaII-p+ SaII-p + urea
urea + maize

Weight change -25.2 -11.4 -4.8

Source: Pieterse, 1962. Proc. SA Soc. Anim. Prod. No. I: 81.

Fish meal vs mea production. Dolme wethers fed winter veldgrass.

Fish meal Urea/maize

CP Intake 13 25 SO 13 25 SO

N-balance (g) - 1.75 0.58 1.44 -2.68 - 0.07 - 0.57

Grass intake (g) 595 676 698 522 740 818

Mass loss (kg) - 2.1 -l.l - 0.1 -4.2 - 2.1 -0.4

Wool Production lOO 125 145 113 91 101
Index

SOW"CC: Coetzee el al. 1%6. S. Aft. 1. Agric. Sci. 9: 889.

Urea vs fish meal fed to mutton merinos on winter grassveld grazed
for 112 days

Urea + maize Fish meal

CP intake 37.0 37.0

Mass change - 0.6 +2.8

Wool Production Index lOO 127

Source: Kenun. 1968. Proc. S. Aft. Soc. Anim. Prod. 7: 103.)

P. B. Cronje & R. Pambu Gollah
Department of Animal and Wildlife Science, University of Pretoria, Pretoria 0002, South Africa Urea and fish meal as supplements for S. A mutton merino sheep

grazing grassveld (111 days)
Comparison ofurea vs fish meal in pelleted supplements fed to SA
mutton merino wethers grazing winter veld (112 days)

Abstract
Blood metabolite concentrations are the end result of a complex
web of factors which interact to maintain homeostasis and
homeorhesis. Despite the uses to which blood metabolite profiles
have been applied in overseas commercial dairying systems. li1.tle
attempt has been made to investigate whether or not this technique
could be applied 10 alternative (indigenous) genotypes tmder local
(free-ranging) conditions. Some blood metabolites which may
merit attention in this context are discussed.

Introduction

The use of blood metabolite concentrations in the diagnosis of
acute nubitional imbalances such as clinical ketosis and pregnancy
toxaemia is well established and validated (Foster 1988) A3 sub
clinical ketosis and other less acul.e nutritional imbalances are of

potentially greater economic significance than the clinical forms of
metabolic diseases in high producing dairy cows, considerable
attention has been given to the use ofblood metabolite profiles to
predict more subtle nutrient imbalances. The Complon Metabolic
Profile is an example of such a system which has been used with
dairy cows in the UK (payne 1978). A3 a continuation of this
coocepl. it is reasonable to enquire whether blood profiles could be
used to detemllne the nutritional intake or status of free-ranging
indigenous livestock tmder extensive and commtmal farming
cooditioos. The use ofblood metabolite concentrations as an index
of nutrient intake would have a significant practical impact in this
context, as altemative techniques for estimating the intake of
herbage and its nutrient value tmder field conditions are laborious.
expensive and are associal.ed with considerable error. Furthennore.
the use of blood metabolite concentrations which reflect the
balance between enviromnental supply and animal demand for
nutrients would also be ofgreat value, as the nutrient requirements

Sa1tIP Sa1tIP& Urea Fish

Control Maize lick meal

lick

CP in supplement (g) 0 II 19 37

Mass change (kg) (3.36) (2.00) (l.l9) l.l8

Clean wool yield lOO 103 108 130
index

Control = OCP (SO) : Salt (SO) : .Maize = 114 g/sheep/day

Urea Lick = Urea (8) :Maize (67) : Salt (I 5) :OCP (10)

Fish Meal = FishMeal (70) : Salt (30)

Source: Kemm el al. 1967. Proc. SA Anim. Prod 6.:75.)

Urea + Urea + Fish Fish Fish +

Maize Maize meal meal Maize

Intake (g) SO lOO 28 56 128

CP intake (g) 19 37 18 36 27

Mass change (kg) 0.1 (0.6) 0 +2.8 +1.1

Wool prod. index lOO lOO 106 127 114

Source: Kemm. 1968. Proc. SA Anim. Prod. 7. 103.)
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Source: v.d. Vywer& Van Niekerk, 1%5. Fmg S.Afr. 41(4):15.

maintained ifexogenous supply increases in response to decreased
exogenous supply (Figure Ib); if the rate of removal from the
blood (synthesis) decreases in response 10 a decrease in nutri""t
supply (Figure lc), or if the pool size is increased in response to
increased nutrient supply (Figure Id). In most. instances, it is
advantageous for the body to present a constant concentration of
blood metabolites 10 the tissues, and elaborate control mechanisms
exist to prevent deviations from the norm.

The maintenance of this physiological equilibrium is called
I>Jmeostasis (Bauman & Currie 1980), and is mediated by various
mechanisms including hormone secretion, activity, receptor site
numher and sensitivity, and also by pacemaker enzymes. The
advantage to the body of a constant blood metabolite concentration
lies in the fact thal most biochemical reactions in the body are
caIJl1yzed by enzymes: Although enzymes can function over a wide
range of subslrate concentrations, the most. efficient use of an
enzyme is obtained at a specific subslrate concentration (KJ.
Outside of this substrate concentration, either the velocity of the
reaclion or its control will be impaired Most enzymes are built
with affinities for their subslrates such thal their K,. values will lie
within an order ofmagnitude ofthe physiological concentrations of
their subslrates. Thus, under most conditions, increased subslrate
supply will induce increased conversion of subslrate lo product,
effectively maintaining relatively constanl blood metabolite
concentrations. It is apparent from the above that the blood
concentrations of most blood metabolites will be relatively
insensitive to variations in precursor intake at nonnal levels of
feeding, i.e.: in excess ofmaintenance requirements.

Blood metabolile concentrations are more likely to be of
diagnostic value when imbalances exist between substrate supply
and demand. A nutrient deficit may result either from a shortage
of nutrient inputs, or from an increased demand for nutrients.
Within a genotype, the usefulness of a blood metabolile profile
would probably differ according to the prevalenl physiological
state: Growth rate is readily adapted 10 variations in nutrient
supply, making illess likely that blood metabolites will be of .nIY

greal predictive value except under extreme conditions. On the
other hand, blood metaboliles are likely to be al their most.
sensitive as indicators of nutritional adequacy during pregnancy,
as nutrienl demands are largely directed by the foetus itself with
lillle scope for malemal adaptation.

The sensitivity of blood metabolites as animal response
indicators during lactation is likely lo be intermediate between the
latter lwO physiological states. The co-ordination ofmetabolism in
various tissues to support a physiological stale is called
homeorhesis (Bauman & Currie 1980). Homeorbetic control of
nutrient partitioning is medialed by hormones, and large
differences are known to exist belween genotypes with regard to
the pricsities of different tissues for nutrients. Years ofselection for
milk production are likely to have changed nutrient priorities in the
modem dairy cow 10 favour milk production al the expense of
body reserves. In this case a decrease in exogenous nutrient supply
would be accompanied by an increase in concentrations of
endogenous metabolites as the body attempts 10 maintain
homeostasis (Figure 2).

In the hypothetical example illustrated (Figure 2), milk
production provides the driving force for the mobilization of
endogenous reserves, and the concentration of the endogenous
blood metabolite could serve as a useful index of nutritional
supply. However, this siluation may only be approached in
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Figure 1 Factors affecting blood metabolite concentrations
(a). Diagrams (b), (c) and (d) illustrate how a constant
blood concentration may be maintained despite changes
in nutrient supply by adjusl.ments of other factors (the
relative flow of nutrients through pathways is indicated
by the width of arrows). (See text for further details)

Blood metabolite concentrations may not neeessarily reflect
exogenous nutrient supply: Constant blood concentrations may be

Facto.. affecting the concentration of blood metabolite8
Most nutrients do not enter the blood directly, but. are extensively
modified by the rumen microbiota, the gut tissues and the liver
before they appear as blood metabolites in the peripheral
circulation. The entry mte ofmetabolites into the peripheral blood
pool may also include a contribution from endogenous sources.
The concentration of a nutrient in the peripheral (venous)
circulatory system is determined not only by the mte of intake of
that nutrient, but by the volume through which it is distribuled
(volume of distribution) and the capacity of body tissues for
storage (pool size), catabolism (oxidation mte), recirculation or
synthesis to other intermediates (Figure la).

of local indigenous genotypes are poorly defined. Several
comprehensive reviews dealing with blood profiles in dairy herds
are available (payne 1978; Rowlands 1980; Ingraham & Kappel
1988); the following discussion will be directed at the potential use
of blood profiles in indigenous genotypes wder free-ranging
grazing conditions.
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circumstances, have in fact~ shown to markedly depress animal
performance.

fu the sour grassveld areas a response to protein sets in earlier in
swnmer than is generally accepted in practice. Protein (NPN)
supplements have, bowever, generally failed to improve early
summer weight gains, except during dry summer spells.
Phosphorus on the other hand is probably the primary limiting
nutrient during the growing season. Energy supplements, mth some
exceptions, have also tended to produce positive and economic
results~ given as summer supplements. There is mounting
evidence that the benefits of energy supplementation will ~
enhanced by the use of ionopbores.

The advantages of supplementing limiting nutrients has~
clearly demonstrated. Research worlc has, however, also illustrated
the futility offeeding non-limiting nutrients.
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genotypes where milk production is accorded a very
high priority over other body limctions. Where the
maintenance ofendogenous body resaves is accorded
a higher priority than that of mammary tissue, milk
~tionr~m~~~inacoordancemth

the decrease in nutrient supply (Figure 3).
In the hypothetical extreme illustrated in Figure 3,

the extent ofendogenous resaves provides the driving
furce for milk production, and not vice versa as in the
previous example (Figure 2). This situation may ~
approached in animals adapted to milk production is
likely to have a lower priority for endogenous resaves
because excessive depletion of these resaves would
reduce the probability of reconception following
lactation. Although nutrient partitinning in most
genotypes will probably lie somewhere in-~tween the
two extremes illustrated above, it is evident that the
usefulness of blood metabolite profiles as animal
response indicators mll depend very much on
genotype-directed priorities for different productive
functions. The effect of changes in tissue priorities
resulting from genetic selection pressure for milk
production is reflected in the higher incidence of
pregnancy ketosis, hypocalcaemia and
hypomagnesaemia in cattle bred exclusively for milk
production than in their counterparts, beefcattle. The
complexity of horneorhetic control of nutrient
partitinning is evident from a trial in which low- vs
high- yielding dairy cows were compared: Nielson el

al. (1983) found that the fattest animals at calving in
the low milk-producing group lost the least body
condition afler calving and produced the least rniIk,
while the fattest animals in the high milk producing
group lost harsh nutritional conditions: Under these
circumstances the main pressure ofnatural selection is
to increase reproductive fitness: the most condition and
produced the most milk. In sheep, ewes producing the
most milk when available food was restricted also lost
the most body weight COwen & Ingleton 1963). An
example of the potential extent of differences in

Figure3 ~
Interaction between exogenous and endogenous
nutrients at levels of nutrition which are adequate
Ca); sub-optimal (b); and inadequate Cc) in an
animal where the maintenance of non-essential
production levels is accorded a low priority.
(Magnitude of nutrient flow corresponds to the
width of arrows).

Figure2 ~
Interaction between exogenous and endogenous
nutrients at levels of nutrition which are adequate
Ca); sub-optimal (b); and inadequate Cc) in a
genotype where the maintenance of production
levels is accorded a high priority. (Magnitude of
nutrient flow corresponds to the width of arrows)
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Figure 4 Urea metabolism in the ruminant.

Figure 5 Protein metabolism in the ruminant

COLON

-~~ -URINE~

KIDNEYS

PLASMA PROTEINS
(ALBUMIN)

CELLULAR PROTEIN
(HEMOGLOBIN)

LIVER

BLOOD

t t
(tf~I~~t~j~~~~~f~[~fttt:

;~i;i<'
)O"'TLI"'I •

UREA ff-

-~SSUE
, PROTEIN

BLOOD

LIVER
~

t I UREA_

~.

AMMONIA

nutrient partitioning is given by Bauman et al. (1985),
who fed equal amounts of an identical diet to two
heifers ofequallivemass: One animal produced 26 kg
milk daily and lost 52 kg body mass dwing lactation,
while the other produced only 12 kg milk but gained
39 kg bodymass. Given the above evidence for
genotype related differences in nutrient partitioning, it
is surprising tha~ in his review of blood metabolite
profiles, Rowlands (1980) came to the conclusion that
"for the application of metabclic profile tests, breed
differences can be neglected". In contrast to this,
Andersson (1988) has presented evidence indicating
that selection for higher milk yield could result in cows
with an increased disposition to ketosis, and suggests
that this problem could be avoided by the inclusion of
milk acetone concentrations in selection indices. If
&lbstantial differences in nutrient partitioning do exist
between genotypes, then differences in blood
metabolite concentrations should also exist between
genotypes. Genotype-related differences have been
reported for many metabolite and hormone blood
concentrations. In the case of urea, various authors
have shown that differences in blood concentrations
exist between high fleece-producing vs unselected
sheep (McCutcheon et al. 1987; Clark el al. 1989),
between Friesian calves of high vs low genetic merit
for milk production (Tilakaratne et al. 1980; Sinnett
Smith et al 1987), between lean vs obese pigs
(Mersman et al. 1984), and between low vs high
backfat lines of sheep (Bremmers et al. J988; Carter
el al. 1989). Several papers have been published on
the relationship of various blood metabolites to
production parameters, many with differing or even
contrarlic!oIy results. Several reviews have attempted
to reconcile these differences (payne 1978; Rowlands
1980; Ingraham & Kappel 1988), and there has been
much debate as to what constitutes abnormal
concentrations for different blood metabolites. Even
within the relatively narrow confines of commercial
UK dairy herds, Rowlands (1980) found that the
relationship between milk yield and blood
composition was not con.sisten~ but varied from herd
to ben!, both in magnitude and direction. The apparent
contrarlictions and inconsistencies reported in the
litersture can to a large extent probably be reconciled
by genotype-related differences in respect of the
priorities of different productive fimctions for
exogenous and endogenous nutrients. This being the
case, it is evident that blood rnetabclite profile systems
based on generalized normal reference standards for
blood metabolites without regard for animal genotype
will at best represent a compromise between accuracy
and expediency. Blood metabolite profiles will be
most effectively utilized if samples are taken in a
sequential manner over time (e.g. monthly) and
comparisons are made within genotype, age and
physiological state. For this reason, only cUfSO!)'
reference will be made to existing results, and the
following discussion will concentrate on principles
relevant to several blood metabolites which have

Summary & Conclusions

A review ofexperiments conducted over a period of70 years has led
to the identification ofa number ofnutrient deficiencies in the natural
pastures ofthe various regions ofthe country.

Nutrient deficiencies on well conserved properties in the low
rainfall regions of the country occur only rarely. Animals in these
regions lose weight and have poor reproductive performance mainly
because of a lack of food which in turn is the result of droughts
mOlover grazing. Under these circumstances, energy intake is the
main limiting nutrien~ followed by protein. Mineral deficiencies
have only rarely been demonstrated and are limited to fairly restricted
areas within these regions. Sheep are more resistant to nutritional
deficiencies because of the widespread availability of shrubs and
browse which have a relatively constant and high nutritive value.

In the grassveld and in the sour grassveld areas in particular,
large seasonal variations in animal production are experienced.
During the dry winter season protein is, beyond doub~ the primary
nutrient limiting animal production. The feeding of protein also
enhances anirnaI performance indirectly through its effect of
stimulating veld intake. Protein supplements will maintain
acceptable levels of production in non-productive animals but
growing and lactating animals need to be supplemented with energy
rich feeds in addition to protein.

There is no evidence in the literature to show that animals \\111
respood to either energy or phosphorus fed in the absence ofprotein
and while they are in a weight-loss situation. Both energy and
phosphorus, fed as sole sources of supplementation under these

effects of excessive levels of dietary salt Not only does it tend to
negate the positive effects of protein, energy and mineral
supplements but it has been shown to a more prolonged negative
effect on animal production, even after exposure to excessive levels
ofsalt has ceased (De Waal, 1994).

In a recent experiment conducted on the farm Saratoga
(Spangenberg et ai, 1993) two groups oflactating cows were given
either a salt-P lick or salt only. Intakes were controlled at

. predetermined levels by a single weekly feeding. The salt-ooly
group of cows lost weight rapidly and to such a degree that the
experiment had to be prematurely terminated when cows in this
group started to die. The cause ofpoor performance and eventual
moralities was attributed to excessive salt intakes, amounting to an
average per animal intake of 5,6 kg in a single day by the salt-ooly
group ofcows. The salt-phosphate group consumed their salt-P lick
over a more exteoded period oftime.

Similar negative effects and moralities were recorded in an
experiment conducted at the Koopmansfontein Research Farm (De
Waal et ai, 1993). De Waal & Combrinck(l987b) attributed the
deleterious effects ofsalt to a disruption ofthe cellular ionic balance.

Another possible cause ofsalt-related poor performance could be
due to a depression in daily feed intake. Carter & Grovurn, (1988);
Carter & Grovum (l990a) and Carter & Grovurn, (I 990b), have
produced results to show that there is a linear decrease in feed intake
which is associated with salt infused directly into the rumen. It was
demoostrated that the sensing site for hypertonicity was not located in
the rumen as salt injected into the abomasum had no effect on feed
intake. The ability of salt to limit feed intake is thus likely to be due
to post-ingestive effects rather than to palatability. The results of
many supplementary feeding experiments will need to be reviewed
in view ofthese more recent findings.

Wet Season Supplementll
Relatively little research work has been devoted to ways of
improving the perfonnance of cattle and sheep dwing the rainy
season. The role of sununer phosphorus supplements in improving
milk production, rate of gain and calving percentages has long been
recognised. More recent attention has been devoted to the use of
protein (NPN) and energy supplements to improve wet-season
weight gains. It is unfortunate that a number of these experiments
have been designed in such a way that the effects ofenergy, protein
and phosphorus are often confounded.

Experiments on summer veld supplementation have been
conducted at the Nooitgedach~ Dundee and Kokstad Research
Stations using protein, energy and phosphorus supplements. With
the exception ofperiods ofsummer drough~ NPN supplements have
generally not produced significant improvements in weight gains
(Kreft, 1%3; Kreft, 1966; Bredonetal, 1970; Lyleetal, 1972;
Meaker et ai, 1979). These studies do, however, show that a protein
resprnse in the sour grassveld sets much earlier (January - February)
than is generally believed to be the case. The use of phosphate
supplements in sheep have generally failed to show any advantage
(Lyle, 1988), on sununer weight gains.

A series ofstudies conducted over a period of almost 30 years at
Potchefstroom Agricultural Research Station (pieterse & Preller,
1965; Coetzee & Vermeulen, 1%8; Van Vuuren et ai, 1983;
Schutte et ai, 1987; Schutte & Du Toi~ 1992), and at the Dilhne
Agricultural Research Station (Nowers & Barnard, 1992), using
maize meal and other combinations ofenergy, protein and minerals
have generally produced positive responses, many of which have
proved to be economical.

There appear to have been no published records ofwork on the
value of ionophoce supplements on veld grazing. A number ofvery
promising results have been obtained on established pastures
(Harwin, 1981; Griffiths et aI, 1993), in these experiments. In view
of the large improvements in animal performance recorded on
established pastures, the role of ionophores on sununer veld grazing
needs urgent research attention.

Salt Supplements
Salt (NaCI) is an essential nutrient for livestock. In the low rainfall
regions, brack water and salt-rich grazing might supply sufficient or
even excessive amOlmts of salt in relation to the animals'
physiological requirements (Du Toit et ai, 1940). Experiments
conducted in the arid Bushveld at Mara over a 17-month period by
Skirmer(l964b), showed that the feedingof28 g salt (NaCI) per day
slightly depressed weight gain. Analysis of drinking water showed
that it contained 128 ppm Na and 178 ppm Cl. Salt is however
deficient in the high-lying sour grassveld regions. Unsupplemented
animals in these areas will exhibit a marked craving for salt.

The problem of salt insufficiency is, however, eclipsed by the
question of excessive salt intakes. This arises from the fact that
ruminants have a luxury intake of salt which far exceeds their
physiological needs. An investigation by Botha (1962), showed that
sheep on veld supplemented with salt licks not only consumed
excessive quantities but that salt intake was very variable. A
shmage offood or grazing also resulted in an excessive intake ofsalt
(BoIha, 1962). Salt is also widely used as a means ofcontrolling the
intake of supplementary feeds. This invariably leads to gross over
consumption ofsalt.

De Waal & Combrinck (I 987a); De Waal et al (I 989a) and De
Waal et al (I 989b); have raised serious doubts about the possible ill
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Late Winter Protein 400 g
Energy 4 - 8 kg hay **

'" Trace minerals where necessary
** Hay or hay equivalent

supplementation might actually induce greater livemass loss. Van
Niekerk & Jacobs (1985), has suggested tbat tbe negative response
in terms ofbotb feed intake and live mass is attributable to the fact
thatphosp1lmls supplementation is causing a further imbalance ofan
already imbalanced diet. It is obvious from these experiments tbat
feeding phosphorus witbout first relieving animals of tbeir primary
protein and seconds!}' energy deficiency serves no purpose in terms
ofimproved animal production.

Since winter mass loss cannot he prevented by eitber energy rich
or phosphorus supplements fed on tbeir own, it is important for tbe
practical farmer to ensure tbat tbe primary protein deficiency is first
alleviatedbeIire any attempt is made to supplement further nulrients.
Because protein supplements stimulate pasture intake, thereby
tending to reduce tbe seconds!}' energy deficiency, it may not be
necessary to give further supplements. Although this might apply to
dry animals or in areas where tbe natural veld has a relatively high
value, it certainly does not apply in lactating or growing animals in
the sour grassveld regions. Under such circumstances, it is necessary
to feed additional sources of energy, such as hay, silage or any otber
readily available sources of energy, if animal growth and
reproduction are to be optimised. This is evident from tbe work of
Reineke (1971), Meaker & Lesch (1974), Meaker et al (1979),
and Meeker (1985), altbough less favourable results were obtaill<d
by Lishman et al (1984a); Lishman, et al., (1984b); Brouwer et al
(1992) and Brouweret al (1993).

Overt cases oftrace mineral deficiencies in the grassveld regions
are rare and have yet to he substantiated by controlled feeding
experiments. There appears to he an increase in tbe incidence of
selenium and copper deficiencies in tbe Eastern Transvaal highveld
where such deficiencies were previously unknown Personal
cormnunication: Pefanis, 1994). It is believed tbat sulphur emissions
from the large scale industrial and power station activities of the area
are responsible for this growing problem.

The author has also encountered a number of cases in cattle
showing hair loss and skin lesions typical of tbose caused by a zinc
deficiency. Skin samples sent to the Onderstepoort Veterinary
Instsome feeding program ahould be followeditute ruled out
ectoparasites as a cause oftbe skin lesions. Analysis ofveld samples
showed low zinc levels (± 20 ppm). The affect<d animals had been
consuming high levels of a calcium and phosphorus-containing lick
tlrroughout the winter. It is possible tbat a zinc deficiency might have
been precipitated by tbe excessive intake ofcalcium and phosphorus.

Experience gained from basic research work and practical
feeding experience suggests tbat a feeding program should be
followed and the following feeding program should he used as a
guideline for practical farm application:

Early Winter Protein 150-2oog

6 g Growing
12 g Preguant
15 g Lactation

Level of
Supplementation

Phosphorus
plus
Trace Minerals *

limiting
NutrientsSeason

Summer

savannah regions of tbe Northem Cape and Buahveld, nutritional
deficiencies in tbe pure grassveld regions are severe and
widespread. Unsupplemented animals in tbe high rainfall grassland
regions will lose 25 - 30 % of their maximum summer body mass,
culminating in low calving and lambing percentages. The severity
of tbe nutritional deficiencies has stimulated tbe interest ofresearch
worl<ers "" that many studies have been devoted to frnding tbe causes
of winter weight loss. The vast majority of these studies have
demonstrated that tbe primary deficiency in winter grassveld is that
of protein These results have been reviewed by Pieterse, (I %6);
Tews, (1971) and Van Niekerk, (1974). Protein supplements have
been shown to reduce rate ofweight loss in cattle and sheep (Clark
&Quin, 1951; Bishop, 1959; Pieterse, 1962; VonLaChevallerie,
1965), and to improve wool production (Kernm & Coetzee, 1%7;
Kemm & Coetzee, 1%8; Van Niekerk et ai, 1%8a). Such
improvements are largely mediated directly through tbe supply of
essential protein, witb a seconds!}' effect on improved appetite and
tbus energy intake (Von La Chevallerie, 1%5; Van Niekerk et ai,
1%8a, 1968b).

Quality ofprotein has been found to be ofutmost importance in
tbe case of wooled sheep. Although non-protein nitrogen sources
will reduce rate of weight loss in botb sheep and cattle (Coetzee &
Pieterse, 1%7; Nel & Van Niekerk, 1970; Bishop, 1966; Bishop
& Grobler, 1971) natural protein sources such as cottonseed oilcake
and fish meal are required ifwool production is to be promoted. Fish
meal, as a good source of by-pass sulphur-containing amino acids,
has been particularly effective at increasing wool production
(Coetzee & Pieterse, 1%6; Kernm & Coetzee, 1967; Kernm &
Coetzee, 1%8).

Research results show tbat NPN supplements, altbough effective
in stimulating feed intake and reducing rate ofweight loss, have had
practically no value in increasing wool production. (Swart &
Bosman, 1%4; Swart & v.d. Linde, 1966; Coetzee & Pieterse,
1966; Kemm & Coetzee, 1%7; Kemm & Coetzee, 1968; Van
Niekerk et ai, 1%8b).

Energy supplemenation of winter grassveld in tbe absence of
protein supplements, has eitber given no response in animal
production or has ended up depressing animal performance
(Hoflundetal, 1948; Clark&Quin, 1951; Rhodes, 1956; VonLa
Chevallerie, 1965; Nel et ai, 1970). The lack ofresponse to energy
supplementation can he atlributed to tbe negative effect of readily
available carbohydrates on cellulose digestion, witb a consequent
depression in pasture intake.

Phosphorus, given as tbe only dry-season supplement, has failed
to produce any improvements in animal performance while the
animals are in a state of weight loss (Bisschop & Du Toit, 1929;
Murray et ai, 1936; Murray & Rornyn, 1937; Kotze, 1948;
Rhodes, 1956; Bisschop, 1964; Shur, 1%8; Ward, 1%8;
Van Schalkwyk & Lombard, I %9). These studies were mostly
conducted witb either oxen or otber non-reproducing animals.
Evidence ofa dry-season response in lactating cows has not yet been
produced Research reports by Ward (1968) and Groenewald
(1986) are ofIen quoted in support of dry-season phosphorus
supplementation for lactating cows. The experiments were, however,
desigued in such a manner as to make it impossible to draw such a
conclusion. A well-desigued trial currently in progress at tbe
Kokstad Agricultural Research Station witb lactating cows has tbus
far failed to show any advantage from winter phosphorus
supplementation (personal communication: Lyle, A.D., 1994). A
number of experiments show that dry-season phosphorus

Plasma Proteins
Albumin is a globular protein which constitutes 35-55% ofblood
plasma protein. Albumin is a major contributor to tbe colloid
osmotic pressure of blood which is important for fluid balance.
Albumin is also important as a transport protein; substances such
as free fatty acids which would otberwise he ooly sparingly soluble
in body fluids are solubilized by binding to albumin. Albumin also
represents a ;1orage reservoir ofprotein and transporter of amino
acids. Unlike urea, which has a half-life in tbe body of only a few
hotu"S, albumin has a half-life of 13-18 days (Sykes 1978).
Albumin will therefore he more useful as an indicator oflong-term
protein deficiency, while urea concentrations will reflect short term
protein intake. Thus, when low concentrations of albumin and urea
occur togetber, particularly in mid-lactation, tbey are likely to
indicate inadequate protein intake. In tbe experiments of Sykes
(1978) with preguant sheep, blood albumin concentrations
accounted for 64% of the variation in body N content loss. Low
albumin concentrations have been associated witb poor milk
production and solid-non-fat (SNP) content of milk (Rowlands

nitrogen intake in grazing animals Sykes (1978).

Cellularproteins
The mature erythrocyte is devoid of nuclei and ribosomes, and
lacks a significant portion of tbe metabolic machinery
characteristic of all nucleated cells. As a result, erythrocytes are
entirely dependant on tbe fimctioning of performed enzymes for
their survival and have a characteristic life-span (130-160d in
sheep and cattle), afIer which tbey are removed from tbe
circulation by macrophages. Anaemia occtu"S when tbe rate of
removal of erythrocytes exceeds tbe rate of synthesis by bone
marrow, and results in a decreased blood erythrocyte
concentration. Altbough a lowered erythrocyte count will result
from protein deficiency, otber factors such as dietary iron, copper,
vitamins or intestinaJ parasites will also cause anaemia. In
practice, blood erythrocyte concentration is most commonly
estimated as blood haemoglobin concentration or as packed cell
volume (pCV). The latter is expressed as tbe percentage (by
volume) of whole blood tbat is constituted by erythrocytes
following centrifugation. PCV is probably one oftbe simplest and
most economical indicators of nitrogen deficiency, and good
results were reported by Biddle et al. (1975) in growing cattle.
Blood haemoglobin concentration may he a slightly more precise
indicator than PCV, but analysis is more time consuming and less
easy to interpret. A combination ofPCV as indicator ofhematocrit
and haemoglobin as indicator of dietary Fe adequacy are
recommended by Nikokyris et al. (1991) for studies concerned
witb tbe physiological status oftbe growing animal.

Blood protein.
Proteins in blood may occur in cellular components such as
erythrocytes, leukocytes and platelets, or in tbe fluid component
(plasma). The principal cellular protein of interest in tbe present
context is haemoglobin, which oocurs in erytbrocytes and is
responsible for oxygen transport More tban 100 plasma proteins
have been identified, but tbe most important are albumin, globulin
andfibrinogen ofwhich only albumin will be discussed here. Witb
the exception of the innnunoglubulins, all plasma proteins are
syntbesised by tbe liver, and catabolised by metabolically active
tissues.

Urea
Urea can he detected in blood, milk or urine. According to
Rowlands (1980), urea is a sensitive indicator ofdietary digestible
crude protein intake in dsiry cattle. Others (Biddle et al. 1975;
Richardson & Kegel 1980; Richardson 1984) found tbat blood
urea concentrations are linearly related to nitrogen intake in
growing cattle. In growing lambs Preston et al. (I %5) reported a
very close relationship (r = 0.986) between blOOd urea nitrogen
and protein intake. Altbough tbere is no doubt tbat urea
concentrations are related to protein intake, several otber factors
may modiJY blood urea concentrations: The amount and form of
dietary energy may influence nunen ammonia concentration and
tbus blood urea concentrations through its effect on ruminal
microbial activity. Similarly, qua1itative differences in tbe
susceptibility ofdifferent sources ofprotein to ruminal degradation
will he reflected in different rumen ammonia production rates and
hence blood urea levels. Despite numerous otber factors such as
intemal parasites, biological value of dietary protein and intake of
glucose precursors, which may affect blood urea concentrations,
blood urea concentrations are regarded as useful indicators of

Blood metabolites associated with protein metabotism
In tbe nuninant animal, dietary protein is extensively modified by
microbial fermentation in tbe rumen, so that the furm in which
such material is absorbed from the gut differs substantially from
tbe form in which it was ingested. The principal fates of dietary
nitrogenous compounds are (a) degradation to ammonia in tbe
rumen; (b) incorporation into microbial protein in tbe rumen; (c)
transit tbroogh tbe rumen to the lower gastro-intestinallnlct Most
oftbe ammonia produced in tbe rumen is transported through the
rumen epitbelium, taken up by the portal venous system and
transpmed to tbe liver (Figure 4). Although ammonia nitrogen can
conlribute to tbe syntbesis ofnon-essential amino acids in the liver,
most is converted to urea and exported to tbe general circulato!}'
system via the hepatic vein. Most urea is excreted by tbe kidneys,
altbough urea may he re-circulated back to the gut. In addition to
exogenous precursors, urea may he derived from tbe catabolism of
endogenous proteins. Proteins from microbial cells which have
been washed out of tbe rumen togetber witb tbose from plant
material which have escaped ruminal microbial degradation are
hydrolised to peptides and amino acids by proteases in tbe
abomasum and small intestine. After absorption and further
dearnination in tbe mucosa of tbe small intestine, tbe products
(mainly amino acids) are transported to tbe liver via tbe portal
blood system and enter tbe general circulation. The free amino acid
pool ofthe body has no precise physical location and is in a state of
continual and rapid flux: amino acids are continually witbdrawn for
protein syntbesis by various tissues, and are added to tbe pool by
protein degradation (Figure 5).

K,. values for enzymes initiating amino acid degradation are
ljpically ten times higher than concentrations ofblood amino acids
(Krebs, 1972). In addition to this, increases in blood amino acid
concentrations will induce changes in enzyme activity which may
increase by up to 3OO-fold. For this reason, blood amino acid
concentrations are not sensitive to variations in exogenous supply.

From tbe above, it can he deduced that tbe most significant
blood metabolites associated witb protein metabolism in tbe
ruminant are likely to be urea and proteins.

shown potential as animal response indicators.
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Figure 7 Glucose metabolism in the ruminant

Figure 6 Energy metabolism in the ruminant
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Cholesterol
While the exact nature of the causal relationship
between cholesterol and protein metabolism is not
entirely clear, several reports have suggested that this
blood metabolite may be of some use as an animal
response indicator: In studies with growing ruminant
animals and lactating cows, a reciprocal relationship
has been reported (park 1985) between the dietary
protein level and plasma cholesterol concentration
This relationship suggests that the amount of dietary
protein acts as a regulator of plasma cholesterol by
exerting its influence upon rates of
cholesterolgenesis. Ruegg et al. (1992) found that
cholesterol concentrations were lower in cows which
lost the most condition during lactation, and suggested
that cholesterol concentrations may reflect the
availability of endogenous .energy reserves. As
indicated earlier, one ofthe main stumbting blocks to
the accurate interpretation of most blood metabolite
profiles lies in the fact that it is rarely possible to
separate endogenous from exogenous contributions to
the blood pool. Blood cholesterol concentrations hold
exciting possibilities in this regard, but further
research needs to be done.

1980). A low a1buntin concentration may also be
caused by parasite infestation, particularly liver fluke,
which may reduce the capacity of the liver to
synthesise albuntin. Dtuing infectious disease,
increased globulin concentrations may depress
albuntin concentrations (Rowlands 1980).

Blood metabo6tes associated with energy
metabotism
The main sources of exogenous energy for the
ruminant are volatile fatty acids (VFA) which are
absorbed from the rumen and carbohydrates (mainly
starch) which escape rumen fermentation and are
absorbed from the small intestine (Figure 6).

The main VFA arising from rumen fermentation
are propionate, acetate and butyrate. Propionate
entering the portal vein is almost quantitatively
converted to glucose by the liver, which then enters
the general circulation mJere it is used as an energy
'"lUfCe by tissues such as the brain and central nervous
system, the fetus and the mammary gland. Acetate

passes unchanged through the liver to tissues such as
muscle or is used for fat synthesis system, the fetus
and the mammary gland. According to Lindsay
(1978), acetate is in principle quite unable as an index
of the adequacy of feed intake, but has not been
evaluated for this purpose, Blood acetate
crncentrations deserve further investigation, as there is
evidence of concentration-related responses to the
addition of dietary propionate in sheep (Cronje et al.
1991). Butyrate is converted by the rumen epithelium
and liver to ketones, especially Il-hydroxyl butyrate,
which are used as energy substrates by extrahepatic
tissues such as the heart and mammary gland. Glucose
absorbed from the small intestine is rapidly oxidised

management tool in these areas is to ensure that calving does not
take place too early and should ideally coincide with the first rains.
Badenhorst (personal communication, 1994), expressed the view
that the need to supplement early mated first-<:aIfhalfheifers needs to
be re-evaluated.

Northern Cape and OFS
This region, like the Northern Transvaal Bushveld, is characterised
by low and erratic rainfall. The presence of trees and shrubs over
much of this region allows opportunity for browsing. The best·
known nutritional deficiency, which manifests itself most strongly
during the summer growing season and in breeding cows, is
phosphorus. A number of experiments, spanning a period of more
than 70 years, have demonstrated the need for phosphorus
supplements especially for cattle in Armoedsvlakte area of Vryburg
(Theiler, 1920; Theiler, et al., 1927; Theiler & Green, 1932
Bishop, 1964; De WaaI & Koekemoer, 1993), but also elsewhere in
South Mhca CVan Scha1kwyk & Lombard, 1969; Groenewald,
1986; Personal communication: Jacobs, GA, 1994), and in
Zimbabwe (Shur, I%8; Ward, 1968). Similar responses in sheep
have not been evident (Read et ai, 1985a; Lyle, 1988; Faure et ai,
1985), with the notable exception ofan experiment reported by Van
der Vyver & Van Niekerk (1%5) and a 3-year study with lactating
ewes (Kotze, 1948), which showed a significant response to summer
phosphorus supplementation. The limited response of sheep to
phosphorus supplementation can probably be attributed to their
greater ability for selective grazing. A number of experiments
conducted at Glen on well-conserved veld have generally failed to
produce meaningful responses to either phosphorus, protein or
energy supplementation (Swart & Bosman, 1964; Swart & Van der
Linde, 1966; De WaaI et ai, 1981; Read, et al., 1985b; De WaaI &
Biel, 1989). A similar trend has been noted in cooperative fann trials
conducted in the OFS region. Possible reasons for this lack of
response to supplementary feeding could be their use of well
conserved veld, light stocking rates and the invasive presence of
Karoo·type shrubs. The extent to which these results could be
replicated under the conditions of over-grazing which are often
applied in practice or on pure grassveld is an open question. As in
the other low rainfall areas of the country, the factor most likely to
limit animal production is the unavailability of sufficient food.
Inadequate energy intake is especially critical in the immediate post·
calving period during late winter and early spring. This problem is
often exacerbated by late rains which result in excessive weight loss
and consequentpoor rate ofreconception. Sheep in these regions are
better able to cope because of selective feeding habits and the
availability of shrubs but they nevertheless suffer loss ofproduction
on over·grazed properties under these conditions.

Although trace mineral deficiencies are not generally cousidered
to be a problem in this region, an iron-responsive condition has been
demonstrated in an area covering approximately 42 farms in the
Reivilo distric~ as well as on two farms near Postmasburg. Current
evidence (Neser, 1993), strongly suggests that an excessive intake of
manganese might be inducing an iron deficiency in new-born calves
up to the age of three months. Compulsive soil consumption,
invariably resulting in death, can be largely prevented by giving iron
dextrin injections (Neser, 1993). Iron given orally is apparently
ineffective.

Sour Grassveld Regions
In contrast to the Karoo, its adjoining low rainfall areas and the

areas. This conclusion is supported by the results of trials conducted
with lambs on Karoo winter grazing. Van Nieker!< & Louw (1959),
supplemented Merino lambs with lupins, maize and a combination of
lupins and maize. The results favoured the maize treatrnen~

suggesting that energy and not protein was limiting growth under
these circumstances. Similar results were obtained in an experiment
where winter veld was supplemented with iso-caloric levels of
maize, Lucerne and a combination ofmaize and Lucerne. The best
results were once again obtained with maize, suggesting that a
shortage ofprotein was not limiting the growth rate of lambs CVan
der Vyver & Van Niekerl<, 1965). More recent results of an
experiment conducted over a 4-year period at the Carnarvon
Research Station showed that relatively small improvements in
Iivemass were obtained from low supplementary feeding levels of
protein, phosphorus and energy (Marais et ai, 1989).

Other evidence of the primary energy deficiency on Karoo veld
can be found in the response ofAngora lambs and pregnant females
to energy supplementation. Wentzel (1983; 1986), was the first to
demoru>1rate that blood glucose levels could be increased while lamb
losses and abortions in ewes could be drastically reduced by the
provision ofcalcilUll, urea and ionosphere treated maize.

Even in times of drough~ what little grazing is available, is of
relatively high value. Animals will lose weight during droughts,
largely because they are unable to derive sufficient energy from the
drought-stricken veld. Supplementary feeding on Karoo veld
during such times when the veld is unable to sustain animal
production should thus emphasize energy-rich supplements such as
enriched maize. Protein, followed by minerals, could be second and
third limiting nutrients, respectively, under these circumstances.
Growing lambs and lactating ewes would be the first to respond to
such additional levels of supplementation

Proven trace mineral deficiencies based on animal response
trials are rare in the Karoo region. The author personally
encountered two cases of copper deficiency in the central Karoo. In
one case on a farm between Middelburg and Richmond high soil pH
was thought to have precipitated a deficiency in copper. The second
case was diagnosed on leached shale/sandstone soils in the
mountainous region between Graaff-Reinet and Pearston. What is
believed to be a molybdenum-induced copper deficiency has been
noted in the vicinity of copper mines in the Kenhardt district
(personal Communication: Wentzel, D., 1994). The symptoms
exhibited in all three cases involved loss ofpigmentation, banded and
steely wool.

Sweet Bushveld Areas
The Busbveld of the Northern Transvaal and Lowveld has provided
little evidence of specific nutrient deficiencies. Many of the grass
species of this region are highly palatable, while an abundance of
trees serve to further supplement the die~ albeit to a very limited
degree. An investigation by Skinner (l964a), failed to show a
meaningful response to urea and phosphorus supplementation during
winter. Subsequent experience (personal communication:
Badenhorst c., 1994), supports the view that supplementary feeding
on the well-conserved State-owned research farms at Mara and
Messina is not economically viable.

To what extent their results will apply under more practical
fanning conditions, mJere various degrees ofover-grazing apply, is
not known Dtuing dry seasons and especially during late winter and
early spring a lack of food and thus of energy could have an
important effect on re-calving peroentages. An important
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Figure 8 Lipid metabolism in the ruminant

Western and Southern Coastal Belt
Livestock in this region are almost entirely dependent upon
improved or established pastures, as well as cereal crop residues,
with little use made of what remains of natural grazing (Kritzinger,
1987). The most widely documented cases of trace mineral
deficiencies in South Africa are to be found in this region. Bolh
cobalt and copper deficiencies have been reported not only in
livestock but also in game (perold, 1949; Schulz et aI, 1951;
Perold&Bosch, 1956; Peroldetal, 1957; Van derMerwe, 1959).
Symptoms of white muscle disease, indicating a deficiency of
selenium on established pastures, have been reported from the
George area. The admirnstration of selenium has given growth and
reproductive responses (Cloete eI 01, 1994). Tissue analysis
suggested that bolh manganese and zinc might be deficient in this
regioo but this likelihood has yet to be substantiated by feeding trials.

During the dry summer monlhs it is generally accepted that
protein is the most important lintiting nutrient in animals grazing
cereal crop residues.

from eilher living or dead animals. Such samples are particularly
useful in establishing the mineral status oflhe animal.
Veld samples, esophageal samples and tissue samples are however
only aiib which suggest lhe likelihood ofnutrient deficiencies. The
ultimate test remains feeding trials conducted wilh grazing animals.
MBny erroneous conclusions, based on analytical data, regarding the
need for supplementary feeding have been made in lhe past and
continue to be made at present. In the final analysis; supplementary
feeding recorrnnendations should, where ever possible, be based on
results of statistically sound, controlled supplementary feeding
experiments conducted with the relevant animal apecies on veld
grazmg.

South Africa is fortunate in having a long history of research into
supplementary feeding dating back to lhe early work of Theiler and
Associates during the 1920's. Although we, by no means, have all
the answers and while much research on supplementary feeding still
needs to be done, it is possible to give a fairly clear picture of the
broad nutrient deficiencies which exist in the country's major
pastoral regions.

Umiting Nutrients By Area

Karoo Region
Karoo shrubs are noted for lheir relatively high nutritive value.
Unlike grasses, shrubs maintain lheir feeding value lhmughout ihe
year, with minimal variation (Du Toil. et 01., 1940). Analysis of the
natural pastures of this region show lhat deficiencies of protein and
minerals are much less likely to occur 1han in lhe pure grassveld

Or B. D. H. van Niekerk
Voennol Feeds

LIMITING NUTRIENTS IN SUPPLEMENTARY FEEDING

SUPPLEMENTATION & MINIMAL INTERVENTION

Approximately 85 % oflhe land area ofSoulh Africa is not suitable
for crop production and can only be utilized efficiently by grazing
ruminants. The quantity and quality of lhe available grazing is
extremely variahle. This problem is exacerbated by erratic and
highly seasonal rainfall, wilh long-term droughts being experienced
on a cyclical basis.

Livestock farming tmder 1hese circwnstances often necessitates
the use of supplementary feeds. It is important from an economic
point of view for lhe farmer to apply supplementary feeds as
judiciously as possible. Allhough it might 1heoretically be possible to
have a perfectly balanced diet for animals, this ideal is seldom
realised in practice. If this is the case under carefu1ly controlled
intensive farming conditions, lhen the problem is, for obvious
reasoos, greatly magnified where animals are kept on natural grazing.

The basic aim ofsupplementary feeding should be to identilY the
nutrient which is limiting production under any specific set of
circumstances and to supplement only 1hat nutrient. The lintiting
nutrient in any particular area is largely influenced by season, while
the quantitative requirements for lhe lintiting nutrient will depend on
the kind and productive state ofthe animals involved. Feeding more
lhan the frrst limiting nutrient is often precluded by economic
realities.

Identification OfUmiting Nutrients

Introduction

There are a number of me1hods which can be used to help identilY
nutrients which are lintiting lhe performance of animals on natural
pastures. The frrst step which is generally taken is to draw samples
of the veld during various seasons of the year. Wilh this in mind,
country-wide surveys were conducted by du Toit et 01 (1940) and
Van Wyk elal (1955). The problem with this me1hod is that our
natural vegetation often consists of a wide variety ofgrasses, shrubs
and trees. A simple analysis gives a general indication oflhe likely
nutrient deficiencies but. because animals graze very selectively, one
cannot base supplementary feeding recommendations on lhe
composition ofhand-<lrawn samples alone.

Research workers have adopted various approaches to
overcocne this problem. Earlier attempts involved following grazing
animals and plucking samples from only lhose plants which the
animal is seen to be grazing. This problem was largely overcome
during lhe 1950's lhrough lhe use ofesophageal fistulated animals.

This method has shown that grazing animals, particularly sheep
and goats, will select feed which has a higher nutritive value than
would be indicated by hand-drawn samples (Oudzinski el 01, 1973;
Zeeman, et al, 1984.). A further aid in ascertaining the identity of
limitingnutrients is to draw blood, bone, liver or olher tissue samples

TG-CHYLOMICRONBUTYRATE

cataboli=, thus providing an index oflhe extent ofmobilization of
endogenous reserves and hence ofnutritional stress. Ketone body
concentrations such as B-hydroxybutyrate are not subject to as
much variation as fatty acids, but responses to moderate levels of
tmdemourishment are relatively small (Russel 1978). B
hydroxybutyrate concentrations are lherefore more valuable during
relatively severe degrees of tmdemourishment. and are more
appropriate lhan non-esterified fatty acids in circumstances where
lhe animals are unaccustomed to blood sampling. The efficacy of
B-hydroxybutyrate as a meaningful index of nutritional stress is
well illustrated by the experiment ofRussel el al. (1977), in which
birth masses of twin lambs from Greyface ewes wilh blood B
hydroxybutyrate concentrations of 1.1 or 1.6 mmolll were 8% and
26% lower when compared to lhose of adequately nourished ewes
(B-hydroxybutyrate concentration of below 0.7 mmolll). Lamb
mortality at birth is also higher in ewes wilh elevated blood B
hydroxybutyrate concentrations at parturition (1.07 mmolll) lhan in
ewes fed ad lib (0.53 mmolll) (Lynch & Jackson 1983). It has
been reported (Russel 1984) 1hat lhe nutrition of several flocks of
experimental sheep at lhe Hill Farming Research Organisation
(UK) has been successfully regulated during late preguancy for a
number of years on lhe basis of blood B-hydroxybutyrate
concentrations. This system is based on a formula relating B
hydroxybutyrate concentration to energy status (i.e. lhe difference
between energy requirements and intake), and has been expanded
to include a formula for calculating lhe amount of supplementary

by gut epilhelium, and contributes little to glucose
turnover in lhe nnnrnant under normal grazing
conditions. The main endogenous energy reserves in
lhe nnninant are fat (lipogenic energy) and protein
(glycogenic energy). Triglycerides in fat depots are
broken down to fatty acids in lhe adipocyte and enter
the blood as non-esterified fatty acids foc transport to
olher organs such as the liver and muscle.
Nonesteri.fied fatty acids are frequently referred to as
free fatty acids, but this is technically incorrect, as the
majority are in fact bound to albumin or lipoproteins.
Under certain circwnstances, when lhe fatty acid
release exceeds the capacity foc oxidatioo, fatty acids
may be converted to ketones, and B-hydroxy butyrate,
acetoacetate and acetone may accumulate in the
blood. The main indicator metabolites associated with
energy metabolism are lhus glucose, non-esterified
fatty acids and lhe ketones ofwhich B-hydroxybutyrate
is lhe most preferable.

Glucose
Glucose metabolism is illustrated in Figure 7.
Because of the central role played by glucose in many
important metabolic reactions, lhe blood concentration
of glucose is tightly regulated. The high K,. of liver
hexokinase enzymes represents a sensitive, high
capacity control mechanism for regulating circulating
glucose concentrations. For this reason, blood glucose
concentrations are maintained within narrow limits
and are relatively insensitive to dietary changes. In
addition to this the secretion of epinephrine by the
adrenal in response to stress associated wilh blood
sampling may induce large transitory increases in
blood glucose concentration. Blood glucose is
considered to be one oflhe poorest ofindicators (Lindsay 1978).

Non-esterifiedfatty aciib
As an increased energy deficit relative to requirements will result
in increased fat mobilization (Figure 8), blood non-esterified fatty
acid concentrations may be useful animal response indicators.

According to Russel (1978) and Lindsay (1978), blood non
esterified fatty acid concentrations represent the parameter of
choice for characterizing moderate degrees of undemourishment.
However, blood concentrations do plateau at more severe levels of
undemourisInnent. which lintits their usefulness. Rowlaods (1980)
suggested that plasma FFA are most useful as an index of the
degree oftmdemourishment over a range of approximately 800 
1200 f1eq/l. As in the case of glucose, blood non-esterified fatty
acid concentrations will be affected by epinephrine secretion in
animals not accustocoed to frequent handling (Russel 1978), and
this is regarded as one of the major disadvantages of this
metabolite (Lindsay 1978). Substantial variation in blood non
esterifed fatty acid concentrations due to time of feeding has also
been reported (see Bowden 1971).

fJ-hydroxybutyrate
FFA are catabolised in lhe liver to produce acetyl Co-A and ketone
bodies such as B-hydroxybutyrate (OHB) (Figure 8). Ketones are
normally catabolized to carbon dioxide and water in extrahepatic
tissues, but will accumulate in lhe blood at high rates of fat
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research where infmmaticm is lacking.

Closing remarks

The AU concept remains a useful point ofreference and it is a Wlit
that the fanner can associate with. Therefore, I do not think that
we should abandon the concept at this stage. There is, however,
considerahle scope for improving its applicatioo in estimates of
canying capacity, but this would require multi-disciplinary
research and development ofsophisticatedprediction models.
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energy required to decrease measured IJ-bydroxybutyrate
concentrations to a desired optimum (0.8 mmoIJI).

Conclusions

Energy from endogenous fat reserves may constitute 4-59% of the
energy <:mlent ofmilk produced by the ewe (Robinson 1988). The
magnitude of this source of nutrients limits the accuracy of
attempts to quantifY the adequacy of nutrients available to free
grazing animals from measurements of intake and nutrient
concentration. In additicm to this, the latter approach is limited by
the fact that few estimates of nutrient requirements exist for local
indigenous genotypes. The use of production traits such as milk
producticm to quantifY nutriticmal adequacy is difficult under field
ccmditions - especially with small stock The use ofbody mass is
ocmplicated by the presence ofmultiple foetuses in sheep in goats,
and by changes in gut fill in all classes of livestock - particularly
during pregnancy. A limitatioo to the use ofbody condition score
as an index ofnutritional adequacy is that it provides infonnation
only in hindsight: By the time an excessive loss ofcondition score

has been recognised, an irreparable producticm penalty may have
been occurred (Russel 1985). What is needed is an integrated
measure of nutritional statuS. This measure should provide, in a
single value, the net sum of the balance between all sources of
nutrient supply, both exogenous and endogenous, and the nutrient
requirement ofthe animaI as dictated by its genetic makeup. Blood
metabolite profiles, appropriately interpreted may provide a key
tool for matelling nutritional supply to requirements in local
indigenous animals under free-grazing cooditions.
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Preferences and diet quality oflivcsIock indigenous to dry areas are some ofthe topics covered in these proceedings. Here, Zebu cattle are
shown as examples ofthe cattle indigenous to central and east Africa (photo WSW Trollope).
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The reliabilily of the prediction model will depend on the
extent and accuracy of the data sets. These should be regularly
updated by monitoring, ~terature surveys and fundamental

data bases (submodels ofinfluencing factors).
We have commenced developing a mS-process driven model

toestirnate ungulate carrying capacily in the Kruger National Park.
The following is a summarized accoWlt ofthe basic reasoning and
elements considered, and which may be of value to other model
builders.

Carrying capacily is simplistically defined as the dynamic
equilibrium between forage supply and ungulate requirements
(herbivory). Both elements have characteristics which modifY the
input-output relatiouship or have influencing or associative factors
that do not contribute directly to the equilibrium. Forage supply is
deternrined by forage production which is a function of climate,
soil water, fire and vegetation composition. Ungulate herbivory is
a function of nutrient and energy requirements, and of food
preference and availabilily. Ungulate herbivory is, however,
modified by ungulate deusily which is only partially explained by
food requirements. Other factors that contribute to ungulate
densily are water point distribution, perdition, spatial requirements
and population dynamics (inter- and intra-species interaction).
These factors would modifY the simplistically defined equilibrium
resulting more often in lower carrying capacities than anticipated,
but rarely also higher carrying capacities (e.g. ungulates grazing
new growth on burnt areas). The modiJYing influences should be
addressed in submodels that can interlink to detennine the
dynamic equilibrium (carrying capacily).
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Submodell: Forage supply
The essential elements which require modelling to different degrees themselves are soil, climate, water budget and vegetation.

(b) The critical period(s) in food supply - qualily and quantily
should be determined. Critical periods have a profoWld effect
on animal production and stocking rate. Results in this area
would also enable more economical supplementation and
utilization offodder reserves to the benefit of the veld

(c) The nutritive status of animal species (e.g. mineral status)
should be studied and monitored. The need for such
information is maybe more important in the less studied game
species than in livestock, but it would provide valuable input to
refme carrying capacily and to establish critical periods.
Monitoring nutritive status in the Kruger National Pari< has
proved useful in aiding veld management decisious (Grant et
al. 1994).

The information discussed should be integrated with veld
condition score and other plant-based norms to develop suitable
prediction models ofcarrying capacily. I am ofthe opinion that to
make headway with carrying capacily we need to resort to
sq>histicated mathematical models. Carrying capacily is at best a
dynamic equilibrium because it changes with season and is
influenced by a magnitude of variables. Multi-variable models
have become possible with the development of geographic
information systems (G1S) which can be linked with process
information mathematical prediction models (Coughenour 1993;
Stewart 1993), whereby a framework is provided for organizing
the central data base (to predict carrying capacily) with interacting

~
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Submodel2: Ungulate density
The essential elements are forage supply, food requirements and spatial distribution.

By linking Submodel I with Submodel 2 it is envisaged that
optimum densities (equate to carrying capacily) can be calculated
for individual ungulate species in different areas and seasons.

Short-term and long-term objectives

ofthe quantily and qualily offorage consumed by animals. Range
managanent thus translates, essentially, to optimizing productivily
and qualily of forage, both in the short- and long-tenn, the
optimum being determined by grazier objectives.

The role of the range scientist in this process is not to
prescribe what the graziers objectives should be, but rather to
provide reliable predictious of the cousequences of management
actiOllS. The various combinatious of enterprises and other
management actious from which the grazier might choose are
ahoost endless. Clearly, the range scientist cannot hope to address
all possible permutatious through empirical experimentation, and
is forced to develop conceptual models, and hence management
principles, to assist in prediction. These will rely as far as possible
on quantitative research, but will, of necessily, also draw heavily
on conventional wisdom, observed successes and failures of
graziers, Wltested hypotheses and intuition.

In this paper we address a few range management principles
that affect the quantily and qualily of forage production, and
consequently animal performance. We draw largely on southern
Afiican experience, but attempt to evaluate this in a broader
perspective.

Differentiation between short-and long-term grazier objectives is
arbitrary. The former refer essentially to the current- and near
future welfare of the grazier, while the latter refer to welfare at a
later stage, which may, or may no~ require some sacrifice of
short-term welfare. The comparison, on a time scale, is relative
rather than absolute. In both instances they must fall within the
plarnring horizon of the individual grazier. Management actions
aimed beyond this horizon would be sociely goals and not grazier
objectives.

Sbcrt-term welfare must be complied with, at least to a critical
ininimum level, before long-term welfare can be addressed. This
applies to both subsistence and commercial pastoralism In the
former, short-term welfare must at least exceed that required for
healthy physical existence, and in the latter, the grazier must be
able to maintain financialliquidily. Below these "critical" levels,
paslonl1 operntiOllS would fail before long-term objectives could be
attained. Above these critical levels, graziers are in a position to
consider long-term optious that may not, but very often do, require
investment or sacrifice ofat least some short-term welfare.

In the ensuing discussion we differentiate between

Range management is the process whereby graziers examine the
probable cousequences of different management actious, and
select those which, in their opinion, have the highest chance of
attaining their objectives (adspted from Provenza 1991). Grazier
objectives are driven largely by soci<H:COllomic conditious. Since
these are diverse (nowhere more evident than in the first
worldlthird world dichotomy of southern Afiica), management
actious will vary, even where conditions and resources for plant
growth are similar.

Despite the diversily of grazier objectives, under domestic
pastoralism, they usually relate directly to some aspect of animal
performance, and only indirectly to range performance. Range
management actious would thus be taken only in so far as they
affect animal performance. Such performance would be a function
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Introduction

Range management involves optimizing forage production and
qualily, both in the short-term and in the long-term. In the
short-tenn, forage production and qualily is strongly influenced,
inter alia by temporal climatic variabilily, stocking rate, grazing
system, fire, animallype and spatial variabilily. On the other hand,
long-term optimization requires prevention ofrange deterioration.
The nature nf this process seems to be profoundly different
between humid and arid rangelands. In the former, changes are
relatively predictable, with overgrazing resulting in gradual
deterioration In the latter, change is event driven, providing the
grazier with long periods of system inertia interspersed randomly
by risks and opportunities to cause or prevent communily change
from one state to another. Management for long-term
sustainabilily often requires sacrifice of short-term welfare. The
benefits of such management may even be beyond the planning
horizon of the grazier. Implementing conservation thus requires
altruism on the part of the grazier - an tmlikely option. lfsociely
requires such conservation, it may need to amend its values, and
either provide the grazier with an incentive, or outlaw
overgrazing.


