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1. BACKGROUND
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A major constraint to animal production in developing countries is poor nutrition due to
inadequate or fluctuating nutrient supply. This results in low rates of reproduction and
production as well as increased susceptibility to disease and mortality.

The smallholder farmers in developing countries have limited resources available for
feeding their livestock. Unlike those in developed countries, they are unable to select their basal
diet according to requirement for production. Therefore, the strategy for improving production
has been to maximize the efficiency of utilization of the available feed resources in the rumen by
providing optimum conditions for microbial growth, and then by supplementation, to provide
dietary nutrients to complement and balance the products of digestion to meet requirement.

Microbial cells formed as a result of rumen degradation of carbohydrates under
anaerobic conditions are a major source of protein for ruminants. They provide the majority of
the amino acids that the host animal requires for tissue maintenance, growth and production. In
roughage-fed ruminants, micro-organisms are virtually the only source of protein. Therefore, a
knowledge of the microbial contribution to the nutrition of the host animal is essential to
developing feed supplementation strategies for improving ruminant production. While this factor
has been recognized for many years, it has been extremely difficult to determine the microbial
protein contribution to ruminant nutrition.

The methods generally used for determining microbial protein production depend on the
use of natural microbial markers such as RNA (ribonucleic acid) and DAPA (diamino-pimelic
acid) or of isotopes 3:>S, 15N or 32P. However, these methods involve surgical intervention such
as post-rumen cannulation and complex procedures that require accurate and quantitative
information on both digesta and microbial marker flow.

The idea of using microbial purine compounds as a specific marker for the rumen
microbial biomass was first suggested in 1954. Since micro-organisms have high concentrations
of purine-containing compounds such as RNA and DNA relative to concentrations in plant and
mammalian cells, and since purines in dietary and endogenous materials are rapidly degraded by
microbial enzymes in the rumen, it is highly likely that negligible concentrations of purines are
found in the digesta leaving the rumen. Therefore, any purines present in digesta in the small
intestine can be expected to be only of microbial origin and can be considered to be specific
markers for the microbial fraction.

A calorimetric technique using enzymatic procedures was developed for measuring
purine derivatives (PD) in urine under a Technical Contract. With knowledge of the amount of
PD excreted in the urine, the microbial protein supply to the host animal can be estimated. The
principle of the method is that nucleic acids leaving the rumen are essentially of microbial
origin. The nucleic acids are extensively digested in the small intestine and the resulting purines
are absorbed. As only a small amount of the absorbed purines are utilized by the animal, the
remainder are metabolised forming hypoxanthine, xanthine, uric acid and allantoin, and these
metabolites are excreted, mainly in the urine. Therefore, with an understanding of how urinary
excretion responds to purine absorption (i.e. the response curve of PD excretion to purine input
into the intestines), the microbial purine outflow from the rumen and hence microbial nitrogen
supply to the animal can be estimated from the measured excretion of PD in the urine. Current
evidence suggests that milk and other body fluids are not appropriate for developing prediction
equations.



2. OBJECTIVES AND SCOPE OF THE PROJECT

The PD excretion method is simple, non-invasive and does not require surgical
preparation of the animal. It is being used in many laboratories, e.g. for comparisons between
different dietary regimes in European breeds of cattle and sheep, and shows good agreement
with other methods used for measuring microbial yield, including the methods based on the
determination of digesta flow markers and microbial markers such as 15N and J3S. However, the
relationships between microbial yield of purines from the rumen and urinary excretion of PD
may differ between different breeds and species of ruminants. Therefore, there is a need to
determine whether the purine excretion method can provide precise predictions of microbial
protein supply in non-European breeds of cattle and other ruminants. This and other aspects need
to be studied in a variety of laboratories to provide data for a general model which will generate
prediction equations for each breed and species of animal. Some refinements of the technique
and development of a robust and inexpensive method for analysing urine will also be necessary
before the method can be widely applied at the farm level.

It is important to recognise that there are some potential sources of error. There is a
relatively small loss of PD via non-renal routes that may not be a constant fraction of the total
loss from the plasma pool. If the renal and non-renal losses from the body purine pools differ
between different types of ruminants the accuracy of prediction of microbial flow from the
rumen from urinary purines may be affected. For example, the slope of the line relating urinary
PD to digestible organic matter intake (DOMI), which reflects this loss-partition ratio, has been
shown to differ between sheep, cattle and buffaloes. This ratio may vary with type of diet and
other factors (e.g. glomerular filtration rate (GFR), kidney function, digesta flow rate through the
gut etc.). The purine excretion method depends on the assumption that purines reaching the
intestine are derived exclusively from rumen micro-organisms. There are reports that dietary
purines can escape rumen breakdown in certain dietary components, e.g. fish meal. If materials
known to escape degradation in the rumen form a major part of the diet, then results obtained
with the method should be interpreted with caution. Prediction equations also depend on a value
for digestion and absorption of purines in the small intestine. A review of the available literature
suggests that a value of 0.85 is appropriate and this value has been adopted for present use. As
already noted, it is possible that this value might vary with the diet or for other reasons, and is
subject to modification if new information becomes available.

hi order to standardise and validate the urinary PD excretion technique and determine its
potential value as a tool for estimating microbial protein supply to ruminant livestock in
developing countries, an FAO/IAEA Co-ordinated Research Project (CRP) was initiated in 1996
with the following objectives:

(a) To refine and standardise the purine excretion technique for measuring microbial protein
supply in ruminant livestock

(b) To validate the above technique for indigenous zebu (Bos indicus) cattle and their crosses
with exotic breeds and buffaloes in developing countries, using nuclear and related
techniques

(c) To support the use of purine excretion technique as a robust and inexpensive method for
estimating rumen microbial protein supply for developing feeding strategies for improving
productivity of ruminant livestock in developing countries.

The programme was to be carried out in two phases. During Phase I which was to last for
3 years, the technologies developed based on research by the Rowett Research Institute, UK, and
other European laboratories, were to be refined, standardised and validated for indigenous zebu
(Bos indicus) cattle and their crosses with exotic breeds (Bos taurus * Bos indicus) and
buffaloes. Assuming success in Phase I, then during Phase II, the validated technique would be



applied at field level to estimate the supply of rumen microbial protein and the information
generated used to assist Member States in developing feeding strategies.

2.1. Objectives of Phase I

Phase I of the project had two major objectives.

(1) To standardize, validate and extend the methodology for use in buffaloes, Bos indicus, and
their crosses with European breeds

Appropriate methodology and models for the estimation of microbial protein supply based
on urinary purine excretion have been established for European breeds of cattle and sheep.
However, limited information available suggests that the current prediction model/equations
may not be wholly suitable for other types of ruminants (e.g. buffaloes, Bos indicus cattle, Bos
indicus x Bos taurus) and therefore these may need to be adjusted to improve the precision of
prediction of microbial protein yield in these breeds.

The information required for defining the prediction equation included:
(i) The contribution of basal purine excretion (endogenously produced purines) to

the total excretion of PD
(ii) The tissue profiles for enzymes involved in purine metabolism (blood, intestine

and liver)
(iii) The relationships between rate of purine absorption from the gut and rate of

excretion of PD in the urine
(iv) The renal to non-renal partition ratio and its variability in different breeds.

(2) To establish a database of values for purine Nrtotal N in mixed rumen micro-organisms.

The calculation of microbial protein supply based on purine absorption requires
the measurement of the ratio of purine Nrtotal microbial N in mixed rumen micro-
organisms. The limited information currently available suggests that this is relatively
constant, but further evaluation of this ratio is desirable. Therefore, there is a need to
establish a database of values for purine N:total N in rumen micro-organisms from
ruminants on a range of diets and under different conditions in a number of different
laboratories.

2.2. Objectives of Phase II

During Phase II of the Programme the fully validated urinary PD technique will be
applied at farm level to estimate the microbial protein production in ruminant livestock.

Once standardized and validated the technique can be used as a diagnostic tool by
National Agricultural Research Systems (NARS) to indicate whether an animal or group of
animals have been underfed or fed on an unbalanced diet, thus enabling corrective action.

The technique can be used also by extension services to assist farmers in developing
feeding strategies which ensures the maximum protein supply to animals. This will be
particularly relevant for milking cows in peri-urban farming systems where protein supply may
be most critical and where inexpensive microbial protein would be much cheaper than un-
degraded protein.

3. IMPLEMENTATION OF PHASE I

On the basis of applications received from Research Institutes and Universities in both
developed and developing countries, 4 Research Contracts and 4 Research Agreements were
awarded in 1996. The Research Contracts were awarded to institutes in Malaysia, Indonesia,
Venezuela and Turkey and Research Agreements to Australia, Italy and Spain. The Rowett
Research Institute in the United Kingdom, received a Technical Contract to continue with the
development and refinement of protocols and methodologies for measurement of urinary PD and



to assist other developing country laboratories with the analysis and interpretation of
experimental data.

The First Research Co-ordination Meeting (RCM) of the CRP was held at Gadjah Mada
University in Yogyakarta, Indonesia, from 5 to 9 August 1996. During this meeting it was
concluded that PD excretion technique had great potential to provide a simple and scientifically
valid method for predicting the flow of microbial nitrogen from the rumen, provided that there is
a clear understanding of differences amongst ruminant species of the variation in purine Nrtotal
N in rumen microbes, the excretion of exogenous and endogenous purines and renal and non-
renal routes of excretion of PD. Accordingly, experimental protocols were developed under 4
areas of activity, namely a) the response in PD excretion to microbial protein supply due to
different levels of feed intake, b) the determination of endogenous PD excretion, c) the
estimation of purine N:total N in rumen microbes and d) enzyme profile studies. These studies
used both radio active and stable isotopes (14C and 15N) as well as non-isotopic techniques such
as chemical assays.

As a part of the contribution of the Technical Contract the Rowett Research Institute
compiled all available information on procedures and methodologies used in the standardization
and validation of the urinary PD technique. The detailed descriptions of methods involving both
radioactive and stable isotopes as well as non-isotopic techniques were published in 1997 as an
IAEA-TECDOC (IAEA-TECDOC-945). This ensured that all participants of the CRP used
standardized methodologies and procedures which provided a high degree of uniformity in
experimental procedures and allowed for the central evaluation of research.

The Second RCM was held in Vienna, Austria, from 24 to 28 August 1998. At this
meetmg each participant submitted a technical report which summarized the studies conducted
and results achieved since the first RCM in 1996. These are presented as country reports in this
technical document. The group also formulated conclusions and recommendations on the basis
of Phase I studies, which are also presented.

4. CONCLUSIONS AND RECOMMENDATIONS - PHASE I

4.1. Conclusions

4.1.1. The response in PD excretion to microbial protein supply due to different levels of feed
intake.

Studies carried out with Bos indicus, Bos taurus, Bibos banteng (Bali cattle) and swamp
buffaloes showed that there was a linear increase in PD excretion with increasing levels of feed
intake in all species at all locations, verifying the value of PD excretion as a predictor of
microbial purine outflow from the rumen. The slopes of these relationships reconfirmed that
there were different responses between species probably due to different partitioning of PD
removal from the blood by renal and non-renal routes. Studies using 14C or 15N labelled uric acid
in Indonesia, Turkey, Malaysia and Venezuela showed that recoveries of labelled PD in urine
were 80-85% and hence non-renal losses were 15-20%.

4.1.2. Determination of endogenous PD excretion
The levels of PD excretion were determined in fasting animals in order to determine the

endogenous level of PD excretion and PD:creatinine ratio that existed when no microbial
purines were flowing out of the rumen. Rates of endogenous excretion have now been
established with confidence for buffaloes, Bos taurus, Bos indicus and Bos banteng cattle and
sheep under this CRP.

4.1.3. Estimation of purine N: total N ratio in rumen microbes
Methods for estimating rumen microbial protein or N outflow using PD excretion rate

rely on the knowledge of the ratio of purine N:total N in microbial material leaving the rumen.
The ratios obtained during Phase I (e.g. in Zebu cattle 12.2% ± 1.25) were relatively constant,



unaffected by diet and within the range reported in the literature. It is concluded that the value
previously recommended (11.6%) is sufficiently consistent to be applied in most situations
except when concentrate:roughage ratios in the diet are >0.5-0.6, and when protozoa represent a
major fraction of the microbial material in duodenal digesta.

Although existing information indicates that particle-associated (PA) bacteria contribute
significantly to the duodenal flow, the low recovery of the bacterial isolates obtained in the
studies made in Phase I (only 19% ± 0.69 and 20.1% ± 5.39, of the original adherent micro-
organisms were released) shows that there is no need to change the original protocol.

4.1.4. Enzyme profile studies
The aim of obtaining enzyme profiles of individual animal species was successfully

completed. Xanthine oxidase (XO) was determined in the gut, liver and blood of buffaloes and
cattle. The results show a difference in the xanthine oxidase activity in different tissues and can
justify the use of different values for endogenous excretion of PD and urinary recovery in the
prediction equations for different species. The patterns of XO enzyme activity in different tissues
in these species confirm results obtained previously. An interesting rinding was that Bali cattle
had extremely low xanthine oxidase activity in the intestinal tissues. However, this finding needs
to be reconfirmed because of the uniqueness of the results.

4.1.5. Renal and non-renal excretion ofpurine derivatives
Excretion of PD by renal and non-renal routes was successfully evaluated using both 14C

and 15N tracers. The results were used to refine the models used for predicting microbial flow
into the small intestine from urinary PD excretion rate. Estimates of glomerular filtration rate
(GFR) based on U:P (urine:plasma) ratios of creatinine showed that this parameter is also related
to level of feed intake, providing reasons for the different ratios of partitioning of PD between
renal and non-renal routes of loss from the blood.

Preliminary models were developed for all species based on the recovery of labelled PD
(nuclear technique) and the measures of endogenous excretion.

For buffaloes:
Y = 0.74 X +0.337 W075

For Kedah-Kelantan (KK) cattle
Y = 0.68 X + 0.275 W075

For Zebu crosses
Y = 0.84 X + 0.236 W075

For Ongole cattle
Y = 0.85X +0.132 W0-75

For Bali cattle
Y = 0.86 X +0.145 W075

where Y = PD excretion (mmol/day), X = absorbed purine bases (mmol/day) and
W = live weight (kg).

By applying the model equations, and allowing for the purine-N:total N ratio in rumen
micro-organisms, the total microbial outflow from the rumen was predicted. When microbial
flow was predicted at different levels of feed intake, the corresponding microbial flow estimates
per unit of DOMI were within the expected range found in the literature. The new knowledge
concerning endogenous excretion helps to improve the confidence in the prediction models.
Further work now being conducted in established laboratories (e.g. Malaysia and Indonesia) will
undoubtedly improve the level of confidence in prediction of the absolute levels of microbial



flow. The method can, however, now be used with confidence in the field for comparing the
microbial flows between diets or across different environmental or other treatments.

The knowledge of endogenous excretion can also be used as a diagnostic aid. For
example, animals with a endogenous excretion similar to, or only slightly above the endogenous
value established for their species will have a dysfunctional rumen or are simply not eating
adequately which requires adjustment to the feeding management.

4.2. Recommendations

4.2.1. Use ofPD technique under field conditions
The urinary PD technique for estimating rumen microbial protein production is now ready

for use under field conditions and should be evaluated in various developing countries and under
different livestock production systems. By using 'spot' urine samples, analysing for PD and
creatinine and linking the information to feed intake and feed analysis, it will be possible to
study the nutritional adequacy in ruminant livestock and to group animals into 'categories'
according to the efficiency of their rumen function.

The models developed should be put into use for those species for which the models
were successfully validated in Phase I.

4.2.2. Evaluation of colorimetric techniques for 'on-farm' use
The colorimetric techniques developed for estimating uric acid, allantoin and creatinine

concentrations in urine should be evaluated for field or 'on-farm' use as simple indicators of the
'nutritional status' of animals. The final objective should be the availability of a method which
can readily be used by farmer advisors or extension workers to identify major problems of
nutrition that result in a grossly inefficient rumen digestion of feed and a low level of microbial
protein supply to the host animal.

4.2.3. Verification of the techniques under local conditions
Controlled feeding experiments should be undertaken by new Research Contract holders

in their own regions to verify the techniques in their own setting. They should also determine the
existing base level of nutritional adequacy so that the impact of the new technology in their
countries can be measured. It will be important to determine whether the use of the new
technique results in improvements in the efficiency of locally available feed resource use.

4.2.4. Assessment of impact on animal productivity

An assessment of the impact of the urinary PD technique in the field will be expected at
the end of the CRP. A procedure for this assessment will be developed at the next RCM
scheduled for early 2000.


