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Estimation of Microbial Protein Synthesis Using

Urinary Excretion of Purine

Derivatives in Ruminants- a Review

Pramote Paengkoum

Introduction

Microbial cell forms as a result of rumen digestion of carbohydrates under anaerobic

conditions are major sources of protein for ruminants. They provide the majority of the amino

acids for tissue maintenance, growth and production of animals. ln roughage-fed ruminants,

microorganisms are virtually the only source of protein. Therefore, aknowledge of the microbial

contribution to the nutrition of host animal is paramount to develop feed supplementation

strategies for improving ruminant production. Purine derivatives (PD, including allantoin, uric

acid, xanthine and, hypoxanthine) excreted in the urine of ruminants originate mainly from the

microbial biomass synthesized from ruminal fermentation of ingested feed. Many studies have

suggested that urinary excretion of PD by ruminants could be used as an index of microbial

biomass and hence protein supply to the animals. This is because ruminant feeds usually contain

low content o{ purines, most of which undergo extensive degradation in the rumen as the result of

microbialfermentation (tUcnttan and Smilh, 1973). Absorbed PD are degraded to hypoxanthine,

uric acid and allantoin, which are excreted in urine, and should relate quantitatively to the amount

of purines, and hence, microbial protein absorbed (Cfren et al., i 990). When PD excretion

exceeded 0.6 mmolzkg live weigh (W)o't' per day, there was no net endogenous

contribution, i.e. endogenous losses, were entirely replaced by utilization of exogenous purines.

Above this level, there was a linear relationship between the supply of exogenous purines and

urinary excretion of PD with an apparent molar recovery of 0.84. Below this an increasingly large

net endogenous contribution was evident, making the relationship non-linear, though none the

less positive (Dewhurst and Webster, 1992). Quantitative relationship between urinary excretion

of PD and purine flow rates have been observed for sheep (Cnen et al., 1990; Balcells et al.,

1991), and cattle (Verbic et al. 1990; Giesecke et al. 199a), on the other hand' further

reported linear relationship between allantoin secretion in milk (r' = O.Oa) (Giesecke et al.,

1 ee4).
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The principle of estimation of microbial protein estimation from urinary excretion of PD is

simple. Nucleic acids (Nn) leaving the rumen are essentially of microbial origin. Quantifying

microbial protein synthesis in the rumen is important for ruminant nutrition for a number of

reasons. Determination of the contribution of microbial protein from the hofis protein and amino

acids requirements has become more important since the development of the new protein system

for ration {ormulation (Broderick and Merchen, 1992).

The methods generally used for determining microbial protein production depend on the

use ol natural microbial markers such as ribonucleic aciO (nrun) and diamino pimelic aciO (Dnen)

or of radioisotopes tus,tuN, t'P. However, the need to use post-ruminally cannulated

animals and complex procedures to determine digesta flow are major limitations" Microbial

markers may be classified as internal markers and external markers (faUte 1). Although some

work has been done in this regard, using diaminopimilic acid (Purser and Buechler, '1966;

Hutton et at., 1971), aminoethylphosphonic acid (Ankrah et al., 1989), nucleic acids (McAllan

and Smith, 1969; Arambel et al., 1982; Cecava et al., 1990) and total purines (Ushida et al.,

1985; ZinnandOwens, 1986;Aharoni andTagari, 1991).Theideal microbial markershould

a) not be present in the feed, b) not be absorbed; c) Oe biologically stable; d) have a relatively

simple assay procedure; e) occur in a similar percentage between the various types of microbes

(i.e., bacteria, protozoaandfungi);f) be aconstant percentage of the microbialcell in allstages

o{ growth; and g) allforms should flow at a similar rate (i.e.,lree and bound) (Dehority, 1995;

Obispo, 1999). A colorimetric technique using enzymatic procedures has been developed for

measuring PD in urine. The principle of the method is that NA leaving the rumen are essentially

of microbial origin. The NA are extensively digested in the small intestine and the resulting purines

are absorbed. As only as small amount of the absorbed purines are utilized by the animal, the

remainder are metabolised forming hypoxanthine, xanthine, uric acid and allantoin, and ihese

metabolised are excreted mainly in the urine (tnfn, 1997). The purine excretion method is

simple, non-invasive and does not require surgicalpreparation of the animal" lt is being used in

many laboratories, e.g" for comparisons between different dietary regimes, 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 asttN and tus.

However, the relationships beiween microbial yield of purines from the rumen and urinary

excretion of PD may differ between different breeds and species of ruminants. There is a

relatively small loss of PD via non-renal routes that may not be a constant fraction of total loss



56 ?1ifir:fin?lrr{yruet']da{ ils. flfi 12 ariufi z n:ng1nil - d'uernru zsqs

from the plasma pool. lf 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. The purine excretion method depends on an assumption that

purines reaching the intestine are derived exclusively from rumen micro-organisms. There are

reports indicating dietary purines can escape rumen breakdown in certain dietary components,

e.g. fish meal, meat meal and animal wastes. lf materials are known to escape degradation in the

rumen from a major part of the diet, then results obtained with lhe method should be interpreted

with caution. Prediction equations also depend on a value for digestion and absorption of purines

in the small intestine.

The method based on measurement of PD in urine overcomes the disadvantages of the

above methods. lt is simple and non-invasive. lt has the potential to be fudher simplified for use

under farm conditions.

Table 1 Commonly used markers for quantifying microbial synthesis in the rumen

Type of markers Type of microbial Type of

animals

Suggested methods

External
tu*t.
tusoo

3'?P phospholipid

lnternal

2, 6 - Diaminopilimelic acid

S-Alanine

2 -Aminoethylphosphoric acid

ATP

Nucleic acid, DNA

RNA

lndividual purines

Bacteria and protozoa

Bacteria and protozoa

Bacteria and protozoa

Bacteria

Bacteria

Protozoa

Bacteria and protozoa

Bacteria and protozoa

Bacteria and protozoa

Microbial protein (MP)

Firkins et al. ( 1 987)

Firkins et al. (1987)

Beever et al. (1974)

Not recommended

Czerkawski (1976)

Garrett et al. (1 982; 1 986)

Ling and Buttery (1976)

Not recommended

Puchala and Kulasek (1 992)

Ling and Buttery (1976)

Vercoe (1976)

Lindberg (1991)

Susmel et al.(1 994; 1 995)

Balcells et al.( 1 991 )

Liang et al. (1993)

Sheep

Steers

Cattle

Sheep

Sheep

Sheep

Steers

Dairy cows

Sheep

Cattle and

buffaloes
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Total purines

Purines I urine sampling spot

Purines in plasma

Purines in milk

MP

Growing-

finishing bulls

Sheep

Angus steers

Sheep

Steers

Sheep

Holstein cows

Sheep

Dairy cows

Sheep

Dairy cows

De Boever et al. (1 998)

Jetana et al. (2000)

Zinn and Owens (1986)

Ushida et al. (1985)

Balcells et al. (1 991 ;1 993)

Verbic et al. ( 1 990)

chen er at.(t ooo;t 992;1995;1 996)

Vagnoni et al. (1997)

Chen et at. (t oos)

Shingfield and Offer (1 998)

Chen et al. (1995)

Giesecke et al. (1994)

Gonda and Lindberg (1 997)

MP

MP

MP

Microbial nucleic acids leaving the rumen undergo extensive digestion in the small

intestine. ln the small intestine purine nucleotides are hydrolysed into purine nucleoside and free

bases. Both forms can be absorbed from the intestine. There has been very few studies made to

measure the digestibility of microbial purines. However, it can be regarded to be the same as the

digestibility of NA since purine nucleoside and free bases can be readily absorbed. Purine

nucleosides and free bases absorbed from the intestinal lumen are subjected to degradation as

well as utilization in the intestinal mucosa. Here is the first point that sheep and cattle differ from

each other. ln cattle, there is a very high activity of xanthine oxidase in the intestinal mucosa,

which can convert practically all the absorbed purines into uric acid. The result is that the

absorbed purines enter the liver as uric acid and therefore are nol available for utilization by the

animal for incorporation into tissue NA. ln sheep, the activity of xanthine oxidase is trace and

therefore, absorbed purines can enter the liver unchanged and are available for incorporation into

the tissue NA (this process is usually called salvage). eotfr the salvage and degradation enzymes

are very active and there could be a competition from the substrates between salvage and

degradation pathways. The result is that, those absorbed purines that have not been incorporated

into the tissue NA are completely converted into their metabolic end products, hypoxanthine,

xanthine, uric acid and allantoin (Cfren and Gomest, 1992).
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The PD entering the circulation blood can also be from the degradation of tissue NA.

We call this fraction that endogenous PD. Measurement of the magnitude of endogenous

excretion of PDs three times higher in cattle than in sheep per kg of metabolic weight (150 and

530 p molzkg W o'u per day for sheep and cattle, respectively) (Cfren et al., 1990). Cross

species comparison is also interesting. Sheep, pigs and humans are very similar in the magnitude

of endogenous excretion expressed on basis of metabolic weight. The difference in tissue

distribution of xanthine oxidase may be the reason for these species differences. Cattle have high

activity of xanthine oxidase in most tissues including the blood, whereas sheep have low activity

of xanthine oxidase in most tissues and none in the blood. The high xanthine oxidase activity will

divert more of the purines released from the tissue NA degradation away from the salvage

pathway into the degradation pathway.

The use of urinary PD as an index of net microbial protein synthesis in the rumen

requires a better undersianding of recovery of purines as urinary catabolites and the contribution

of the endogenous fraction to total urinary losses in animals without impaired rumen fermentation.

When using the daily excretion of PD to calculate the amount of exogenous purine absorbed by

the animals, we need to correct for the contribution of the PD of endogenous origin. ln sheep,

when we take into account the amount of exogenous purines utilized by the animal, the net

endogenous contribution (i.e. tfre endogenous loss minus exogenous utilized) is practically

reduced. Therefore, as the amount of exogenous microbial available to the animal increases,

the net endogenous contribution decreases to practically zero. ln cattle, since the exogenous

purines are not available for utilization by the animal, the purine loss musl be replaced by

synthesis from amino acids. As a result, there is always a net endogenous contribution to the total

excretion in urine. lt is now clear that we need to use different equations for sheep and cattle to

calculate the purine absorption from the measured daily excretion of PD. PD from both the

endogenous and exogenous source, entering the blood are cleared rapidly. The clearance rate

constanl is about 30 o/o/h. Urinary excretion is the primary route for the disposal of these purine

and end products. Uric acid and allantoin, once filtered into the glomerulus, are quantitatively

excreted in the urine. There is very little secretion and reabsorption of these compounds in the

nephric tubes. Thus the urinary excretion of PD is a function of the plasma concentration and

glomerular filtration rate (GFR). This should be note that, allantoin, uric acid, xanthine and

hypoxanthine are all present in sheep urine, However, only uric acid and allantoin in cattle urine.

This may be because in cattle the high activity of the xanthine oxidase in the blood and tissue

converts xanthine and hypoxanthine into uric acid prior to excretion in the urine.
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Some of the PD in the blood can also be disposed of by none-renal routes, e.g. by

secretion into the gut via saliva or across the gut wall, by secretion with the milk. Once allantoin

and uric acid are secreted into the gut, they can not re-enter in the blood for secretion into the

urine. This is due to degradation by microbes in the rumen and/or those associated with the gut

wall. Another possibility is that they are not absorbed from the gut at all. The amount oi PD that

are loss by none-renal routes is probably also a function of the plasma concentration of PD and

thus is proportional to the total amount entering the blood. We incorporate this partitions factor

between renal and the none-renal disposal of plasma PD in the equations to relate purine

excretion with purine absorption.

Rumen

Microbial nucleic acids i-
Purine free bases

nucleosides

Tissues

Endogeneous

Utilized

Blood

Plasma purine derivatives

Re

Kidney

cycling into the gut

(via saliva) Excretion in urine

Figure 'l Formation and disposal of purine derivatives in ruminants (adjusted from Chen

and Gomest, 1992).

59
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Various methods have been described for the determination PD in biological fluids. Methods

for the chemical analysis of PD using various machine such as spectrophotometer, autoanalyzer

and HPLC (Table 2).

Table 2 Published methods for the determination of purine derivatives

Item Allantoin Uric acid Xanthine +

hypoxanthine

Spectrophotometer Young and Conway (lO+Z)

Fugihara et al. ( 1 987)

Borchers (1977)

Fugihara et al. (1 987)

Pentz (1 969)

Fossati et al. (1980)

Praetarius and Poulsen

( 1 e53)

Chen et al. (1990)

Penrz ( 1 969)

chen et al. (1990)

Auto-Analyser

HPLC

Pentz (1 969)

Chen et al. (1990)

Lindberg and Jansson (1 989)

Chen et al. ( 1 993)

Balcells et al. ( 1 992)

Diez et at. ( t eez)

Resines et al. (1 992)

chen et al. (1990)

Balcells et al. (1992) Balcells et al. (1992)

Lux et al. (1992)

PD absorption and PD excretion

Different equations are used for sheep and cattle to describe the quantitative relationship

be\ween absorptron and microbra\ pur\nes (X mmo\,id), and excretron ol PD \n ur\ne (Y mmo\ld)

/f"ron cnA /)nnacl 1 OO9\'

Sheep

Cattle

(1)

(2)
0.84 x + (o.t 50 w o'u e -025)

o.B5x+(o.saswo'u)



KKU. Vet. J. Vol, 12 No. 2 JULY - DECEMBER 2002

Where W o tu represents the metabolic body weight (t<g) ot the animal. These two equations are

also plotted as in Figure 2. ln sheep, when we take into account the amount of exogenous

purines utilized by the animal, the net endogenous contribution is practically reduced. Therefore,

as the amount of exogenous microbial available to the animal increases, the net endogenous

contribution decreases to practically zero. ln cattle, since the exogenous purines are not available

for utilization by the animal, the purine loss must be replaced by synthesis from amino acids

(Flsure 2).

t2lq5rt189101l
50 75 1m U5 1fl

Microbial purines absorbed (mmolzd)

Figure 2 : Urinary excretion of PD in sheep and cattle in relation to the amount of microbial

purines absorbed (t) and endogenous PD (A) ( Cnen et al., 1990; Verbic et al.,

1 eeo).

The slopes of 0.84 and 0.85 in equation (t) and (2) respectively, represent the

recovery of absorbed purines as PD in urine. The component within parenthesis represents the

net endogenous contribution of PD to the total excretion after correction for the utilization of

microbial purines by the animal. ln cattle, the endogenous contribution is taken as a constant at

0.385 mmol/kg W o tu per day. ln sheep, this reduces to zero as exogenous purines are utilized

and de novo synthesis of purines is phased out.

Calculation of daily purine absorption

Based on equations (1) and (2) for sheep and cattle, respectively, the amount of

exogenous purines absorbed can then be estimated from the dairy excretion of PD (Chen and

Gomest, 1992):

6'l

ffi25

o

E 15

c
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q)
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Sheep: the calculation of X and Y based on equation (1) can be performed by means of the

Newton-Raphson iteration process, as shown below (Chen and Gomest, 1992):

= Xn -lqi
"f'(r")

ft"l=0.84X+ O..l 50 W0.75 e-0.25x _ y

Xx70

(3)

where :

and the derivarive ot / (X) : /'(X) = 0.84 X + 0.038 1ry075 
"-025x

Calculation of intestinal flow of microbial nitrogen

The following factors are used for the calculation of intestinal flow of microbial N (g N,/d)

from the microbial purines absorbed lX mmo)Zd) lCfren and Gomesl, '1992):

i) Digestibility of microbial purines is assumed to be 0.83. This is taken as the mean digestibility

value for microbial nucleic acids based on observations reported in the literature.

ii) The N content of purines is 70 mg Nzmmol.

iii) The ratio of purine N:total N in mixed rumen microbes is taken as 1 1.6 : 100; thus

Microbial N supply (g,/day) o.727 xx (4)
0.83 x 0.1 16 x 1000

The results of the calculated microbial protein supply are expressed as "g microbial N per

day" and/or "g microbial N per kg digestible organic matter intake (DOMI)", purine derivatives in

diferent animals species. The latter is e{fectively an expression of the efficiency of microbial

protein supply. The efficiency can also be expressed as " g microbial N per kg digestible organic

matter apparently fermented in the rumen (DOMR)" to facilitate comparison with the reports in

the literature, here DOMR can be assumed to be 0.65 of the DOMl, based on ARC (1984).

Efficiency of microbial nitrogen supply

The calculated microbial N supply ranged {rom 1.8 to 1 5.2 g of N and efficiency of

microbiat nitrogen supply (EMNS) from 12"0 to 28.3 g of N/kg of digestible organic matter

apparently digested in the rumen (OOtrln). There was a positive correlation (r= 0.75) between
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EMND and dry matter intake (DMl) (Cnen et al.' 1992):

EMNS (e/d) ='11.7 + 12.20 DMI (kgld)

The correlated between microbial N supply (nllN) and EMNS were also calculated by

Chen et al. (1992). Both daily microbial N supply and EMNS were linearly related to DMI : BW

ratio (X: g of DMzkg of BW) :

MN (g of N/ day) =O.45 + O.31 X (r = 0.69)

EMNS (g of N/kg of DOMR) = -O'73 + 1-O4 X (r = O.73)

Purine derivatives in difference animal species

purine derivatives excretion of different animal species is shown in Table 3' When using

the daily excretion of PD to calculate the amount of exogenous purine absorbed by the animals'

we need to correct for the contribution of the PD of endogenous origin (Cfren and Gomest,

1gg2). ln sheep, when we take into account the amount of exogenous purines utilized by the

animal, the net endogenous contribution is practically reduced. Therefore, as the amount of

exogenous microbial available to the animal increases, the net endogenous contribution decreases

to practically zero. ln cattle, since the exogenous purines are not available for utilization by the

animal, the purine loss must be replaced by synthesis from amino acids. As a result, there is

always a net endogenous contribution to the total excretion in urine. lt is now clear that we need

to use different equations for sheep and cattle to calculate the purine absorption from the measured

daily excretion of PD.
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Table 3 Purine derivatives excretion (mmolzd) in urine of different animal species.

Animal Feedt PD excretion (mmolzd) Sources

roughage Allantoin Uric X + H Total PD

Steers Normal 26.55 4.55 - 3.1 Verbic et al. (1990)

Sheep Hay 8.21 1 .88 1 .20 1 128 Chen et al. ( t OOZ)

Sheep Hay + 395.6 97.9 9.4 502.9 Puchala and Kulasek (1 992)

High energy

Cows Normal 294.4 35.2 - 329.6 Giesecke et al. (1994)

Cows Oat hay 183 29 - 212 Johnson et al. (1998)

Bulls High CP 147 '16 - 163 De Boever et al. (1998)

and energy

Ewes Dapoza et al. (1999)

Pregnancy Normal 1.33 7.68

Lactating 12.OO 14.46

Cattle Straw 13.19 2.86 - 16.05 Nsahlai et al. (2000)

Dry grass 15.57 3.27 ' 18.84

The microbial N in different animal species estimated from PD excretion corresponds to

the quantity of microbial biomass reaching the duodenum rather than that synthesized within the

rumen. Therefore the term " efficiency of microbial nitrogen supply (EUNS)" is presented in this

paper (taUte 4) and refers to the supply of microbial N to the different of animal species. lt is

expressed as grams of microbial N per kilograms of digestible organic matter apparently digested

in the rumen (DOMR), the model assumes DOMR to be 65 o/a of digestible OM intat<e (nRC,

1 e84).
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Table 4 Comparison of rumen microbial protein synthesis calculated using PD excretion.

Data sources Animal Feed Microbial N supply

g of N/d g of N/kg DOMR

65

smith et ar. ( 1 978)

Zinn and owens (1986)

Chen et al. (1 992)

Kennedy et al. (1 992)

Puchala and Kulasek (1992)

chen er al. (1 995)

De Boever et al. (1 998)

Paengkoum et al. (1 999)

shem et al. (1 999)

Barley straw

Normal

Hay

Rice straw

(RS)

High CP

Low CP

Straw

High CP

RS

Urea treated- RS

Urea treated

Malawi

Cattle

Steers

Sheep

Cattle

Buffaloes

Sheep

Sheep

Bulls

Steers

Bulls

36.6

52,2

9.48

26.2

37.2

10.22

3.9',|

7.6

98.7

67.53

89.47

35.5

25.0

28.62

29.5

25.3

28.65

24.25

17.6

95.7

24.89

28.76

17.4

Implications

The use ol urinary PD as an index of net microbial protein synthesis in the rumen

requires a better understanding of recovery of purines as urinary catabolites and the contribution

of the endogenous fraction to total urinary losses in animals without impaired rumen fermentation.

When using the daily excretion of PD to calculate the amount of exogenous purine absorbed by

the animals, ihe contribution of the PD of endogenous origin is needed to correct. The method

based on measurement of PD in urine overcomes the disadvantages of the above methods. lt is

simple and non-invasive and holes promise as an alternative to the currently used methods,

which require canulation of the animals. lt has the potential to be further simplified for use under

farm conditions.
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