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ABSTRACT

The effect of the stage of maturity and mode of conservation of Sudangrass 

on the level and efficiency of microbial proteosynthesis in rumen was assessed 

on 6 male lambs housed in individual digestibility cages provided with 

urine/feces separators. Twelve diets (representing 4 stages of plants maturity × 3 

conservation modes) were fed ad libitum, without concentrate complementation. 

Coefficients of conversion of the ruminally available energy and nitrogen into 

microbial protein were highly sensitive to factors such as plant maturity and 

mode of conservation and were net inferior to the invariable theoretical values 

recommended by Romanian feeding system (P<0.01). Necessity of correcting 

the specific coefficients within the current feeding system is underlined.
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INTRODUCTION

The efficiency of microbial proteosynthesis in rumen is a major input of the 

equations used for determining the protein value of feeds. Without proper 

quantification of this efficiency it is impossible to accurately predict the 

quantity of microbial protein leaving the rumen. As microbial protein often 

represents most of the protein supply to the small intestine, accuracy of its 

estimation strongly influences accuracy of protein supply of ruminants’ diets. 

However, current feeding systems for farm animals are rather imprecise 

concerning estimation of microbial proteosynthesis in rumen, especially 

because of the too broad approximations induced by the coefficients of 

utilization of the energy and protein that are available for the growth of the 

rumen microorganisms (Verite, 1987; Alderman and Cottrill, 1993; Tamminga, 

1994). 

Currently, the Romanian feeding system (which is based on French “PDI”

system) is rather flexible in quantifying ruminally available energy (expressed 

in organic fermentable mater - FOM) and protein (expressed in crude protein –

CP), which are sensitive to factors such as plants’ maturity, conservation, etc. 
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On the other hand, the efficiencies of the utilization of available energy and 

protein are invariable, irrespective the diet.

The objective of this study is to highlight the inadequacy of the current 

Romanian feeding system in describing the efficiency of microbial 

proteosynthesis in particular feeding situations, to underline the implications on 

the estimation of the feeds’ protein value and to identify ways of improvement. 

MATERIAL AND METHODS

Twelve diets were successively fed to 6 Palas Merinos rams weighing 22 

kg at the beginning of trials. Animals were fed exclusively the studied diets (fed 

at 110% of the ingestion capacity) and were housed on individual digestibility 

cages, provided with urine/feces separators. 

The twelve diets consisted in Sudangrass alone, obtained in drought 

conditions, and resulted from combination of 4 plant maturity stages 

(“heading”, “blooming” and “soft dough” grain in the first cycle and “heading”

in the second cycle) and 3 modes of conservation (fresh, hay and silage). Diets 

were consecutively tested, allowing enough time for animals adaptation to the 

change of diet. Animal feeding was done as in regular digestibility trials 

(Burlacu, 1991), but no minimum feeding level was imposed. 

Microbial protein was estimated using urinary excretion of purine 

derivatives, based on the method described by Chen and Gomes, 1992. Urine 

was integrally collected and weighed for 5 days / experimental period. A 

solution of sulphuric acid was included in the collecting recipients in order to 

minimize degradation of nitrogen-containing substances and pH level of urine 

was periodically controlled. Sampling of urine for purine derivatives 

determination was done per sheep and day (30 samples / diet). Only allantoin 

content of urine (measured by a colorimetric method) was considered for further 

analyses and it was assumed to be 60% of the urinary purine derivatives in 

young sheep (Chen and Gomes, 1992). 

Relationship between excretion of purine derivatives (Y, mmols / day) and 

absorption of microbial purine bases (X, mmols / day) in sheep is given by the 

following equation:

Y = 0,84∗X + 0,150∗GV

0,75

∗e

-0,25∗X

(1)

where GV

0,75

 (kg) represents metabolic weight, 0,84∗X represents 

purine bases that goes into urine as derivatives and 0,150∗GV

0,75

∗e

-0,25∗X

represents the contribution of endogenous purine bases to the global excretion 

of purine bases.

Calculation of the duodenal flux of microbial nitrogen (g / day) was made 

on the basis of absorbed microbial purine bases (mmols / day) by considering 

(Chen and Gomes, 1992): 
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- 83%, the digestibility of microbial purine bases (average of published 

data on nucleic acid digestibility);

- 70 mg / mmol, the nitrogen content of purine bases;

- 11,6:100, the ratio between purine bases nitrogen and total nitrogen 

in the mixture of rumen microbes

Thus, the supply of microbial nitrogen is given by the following equation:

N
microbial

 (g / day) = (X∗70 ) / (0,83∗0,116∗1000) = 0,727∗X (2)

in which X = microbial purine bases, in mmols / day. 

On this base, intestinally digestible protein of microbial origin could be 

calculated, using the digestibility of microbial protein recommended by IDP 

system (Verite and Peyraud, 1988). Theretical values of intestinally digestible 

microbial protein (IDMP) were calculated using chemical composition (data not 

shown) and the equations and constants of the Romanian animal farm feeding 

system (Burlacu, 2002). Data were statistically interpreted using correlation 

indexes and chi-squared test (Sandu, 1995).

RESULTS AND DISCUSSION

Although all purine derivatives were measured in urine (allantoin, uric acid, 

xanthine and hypoxanthine), only allantoin data were retained for further 

analysis (Chen, 1995; Dewhurst, 1994; Stefanon, 1995). Results concerning the 

three other derivatives were considered unreliable due to the high and 

unsystematic variability of data. This increased the number of approximations 

but was considered as providing supplementary detailing, comparing to the 

invariable coefficients for the efficiency of the microbial proteosynthesis within

the current feeding system. 

On the basis of individual data of urine excretion and allantoin 

concentration in urine, the daily excretion of allantoin was calculated (table 1). 

For the 12 diets, the general level of allantoin concentrations was rather low. 

Moreover, equation (1), proposed by Chen and Gomes, 1992, didn’t function 

under the threshold of 1.86 mmols/day of purine derivatives. Under this 

threshold, the equations gave negative values for the output of microbial purine 

bases which led to the exclusion of these results from further analyses. 

However, is hard to believe that, for the four diets where absorption of 

microbial purine bases could not be detected, the production of microbial 

protein was zero. A possible explanation is that equation (1) was build on data 

from sheep with higher feeding level, therefore it may malfunction outside the 

range of data that generated it. 

The equation (1) allowed the quantification of both exogenous (microbial)

and endogenous (ruminant organism) purine derivatives (originating from 



C. Dragomir et al.4

degradation of microbial nucleic acids and endogenous nucleic acids, 

respective). Decrease of the nutritive value of diets was accompanied by the 

increase of endogenous purine derivatives, on the expense of the exogenous 

ones. Chen and Gomes (1992) also showed, on sheep, that increase of the 

quantity of microbial purines available to ruminants is associated with a 

decrease of net endogenous contribution in urinary purine derivatives excretion. 

Table 1. Assessment of microbial purine bases from measurement of allantoin 

concentration in urine

allantoin purine derivatives in urine microbial 

in urine 

(mmols/d)

total

(mmols/d)

endogeous

(%)

exogenous

(%)

purine bases 

(mmols/d)

Sudangrass, fresh

C1, heading 4.048 6.747 3.37 96.63 7.761

C1, blooming 2.779 4.632 9.83 90.17 4.972

C1, soft dough 1.811 3.018 26.73 73.27 2.633

C2, heading 3.377 5.628 6.14 93.86 6.289

Sudangrass, hay

   C1, heading 1.763 2.938 33.68 66.32 2.320

   C1, blooming 1.077 1.795 - - -

   C1, soft dough 0.383 0.638 - - -

   C2, heading 0.955 1.592 - - -

Sudangrass, silage

   C1, heading 3.991 6.650 4.77 95.13 7.539

   C1, blooming 1.479 2.467 63.27 36.73 1.079

   C1, soft dough 0.570 0.950 - - -

   C2, heading 1.610 2.683 52.65 47.35 1.513

Note: C1, C2 = first cycle and second cycle of vegetation; 

Starting from the absorbed microbial purine bases, digestible microbial 

protein was calculated (Table 2), using the constants of the Romanian feeding 

system (Burlacu, 2002). Also, theoretical values were calculated, starting from 

chemical composition. 

Microbial protein calculated from allantoin determinations were 

systematically lower than theoretical microbial protein (P<0.01). This is 

probably due to the fact that the level of microbial proteosynthesis didn’t reach 

the expected theoretical levels, as calculated from the quantities of ruminally 

available energy and protein, because of the plant growth conditions – as the 

culture was affected by drought. Consistently, correlation between IDMP 

estimated by allantoin and theoretical IDMP was low – 0.315 (P = 0.447). 

However, it is difficult to relate this to the low level of the microbial protein 

synthesis itself (due to the low quality of the diets) or to the fact that equation 

(1) doesn’t function properly for low levels of allantoin in urine. 

The efficiency of energy utilization for microbial synthesis is shown in 

table 3. 
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Table 2. Level of microbial proteosynthesis in rumen (g/d)

microbial 

nitrogen

microbial 

protein

IDMP -

allantoin

IDMP* -

theoretical

Sudangrass, fresh

   C1, heading 5.64 35.26 22.57 26.17

   C1, blooming 3.61 22.59 14.46 19.25

   C1, soft dough 1.91 11.96 7.66 12.38

   C2, heading 4.57 28.58 18.29 29.35

Sudangrass, hay

   C1, heading 1.69 10.54 6.75 23.27

   C1, blooming - - - -

   C1, soft dough - - - -

   C2, heading - - - -

Sudangrass, silage

   C1, heading 5.48 34.26 21.92 36.78

   C1, blooming 0.78 4.90 3.14 24.39

   C1, soft dough - - - -

   C2, heading 1.10 6.87 4.40 34.38

*IDPM – intestinally digestible microbial protein (in case of theoretical values, the 

lowest of the energy- or protein-allowed values were retained)

C1, C2 = first cycle and second cycle of vegetation;

Table 3. Efficiency of the microbial proteosynthesis, based on ruminally 

available energy

N / DOM

(g / kg)

CP / DOM

(g / kg)

N / FOM

(g / kg)

CP / FOM

(g / kg)

Sudangrass, fresh

   C1, heading 11.92 74.48 13.13 82.04

   C1, blooming 9.55 59.71 10.49 65.58

   C1, soft dough 6.67 41.71 7.36 45.98

   C2, heading 8.98 56.13 9.78 61.14

Sudangrass, hay

   C1, heading 3.58 22.37 3.96 24.74

   C1, blooming - - - -

   C1, soft dough - - - -

   C2, heading - - - -

Sudangrass, silage

   C1, heading 9.23 57.67 12.97 81.03

   C1, blooming 1.72 10.78 2.48 15.5

   C1, soft dough - - - -

   C2, heading 1.96 12.23 2.76 17.26

C1, C2 = first cycle and second cycle of vegetation;

ODM = digested organic mater; OFM = fermented organic mater (in rumen); 

                                CP = crude protein

The Romanian feeding system uses an invariable constant for the efficiency 

of energy utilization for microbial proteosynthesis, taken from the French 
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system IDP (22.5 g nitrogen or 145 g crude protein / kg of FOM). All studied 

diets led to a microbial synthesis limited by the nitrogen supply, therefore more 

inefficient from the perspective of utilization of energy source. 

McAllan, 1986, using a poor diet (alkali-treated straws) fed to steers, 

obtained an efficiency of 12 g N / kg FOM (equivalent to 75 g of crude protein). 

The mentioned diet ensured specific requests of microorganisms; the animals 

were defaunated and had an average weight gain of 500 g / day. Various authors 

report that proteosynthesis increase with the feeding level (Asplund, 1994; 

Jones et al, 1996) and passage rate (McAllan et al., 1986; van Straalen, 1995). 

Or, in the present study, both feeding level and passage rate were low.

Efficiency of the protein utilization for microbial proteosynthesis is shown 

in table 4. All values are inferior to the constant used by the Romanian feeding 

system, of 90% (value taken from the French IDP system). It is known that 

efficiency of nitrogen utilization for microbial proteosynthesis is influenced not 

only by its supply, but also by its nature, its rate of release from feeds and its 

synchronization with the supply of energy and other specific substances (certain 

vitamins, etc.). 

Table 4. Efficiency of the microbial proteosynthesis, based on ruminally 

available protein

synthesized 

microbial crude 

protein (g/d)

degraded 

microbial crude 

protein (g/d)

efficiency of 

crude protein 

utilization (%)

Sudangrass, fresh

   C1, heading 35.26 62.22 56.7%

   C1, blooming 22.59 55.72 40.5%

   C1, soft dough 11.96 40.83 29.3%

   C2, heading 28.58 66.52 43.0%

Sudangrass, hay

   C1, heading 10.54 53.9 19.6%

   C1, blooming - 45.29 -

   C1, soft dough - 31.61 -

   C2, heading - 53.63 -

Sudangrass, silage

   C1, heading 34.26 71.66 47.8%

   C1, blooming 4.9 56.92 8.6%

   C1, soft dough - 44.9 -

   C2, heading 6.87 68.23 10.1%

C1, C2 = first cycle and second cycle of vegetation

The dynamics of the in sacco degradation of the 12 studied feeds shown a 

large variation of the quickly degradable protein fraction (Dragomir, 2000), 

from simple to double (30% for fresh Sudangrass, first cut, soft dough stage and 

66% for Sudangrass silage, first cut, heading stage).
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It has also to be mentioned that part of the degradable nitrogen, which is 

counted as protein supply for the microbial synthesis in the current feeding 

system goes in fact to the protein by-pass (Barrio et al., 1986; Aufrere et al, 

1998). According to Remond et al., 1997, the correction of 11%, proposed 

within the French system for eliminating the differences between nitrogen 

dissapearence and nitrogen effectively degraded in rumen, is insufficient - at 

least for some feeds.

There are more flexible systems, such as northern system (Tamminga, 

1994) or AFRC (Alderman and Cottrill, 1993) that estimate better the available 

energy and protein and even their utilization, by taking into account the feeding 

level, rumen passage rate and the nature of available nitrogen. As the microbial 

protein represents a major part of the protein supply to the ruminants, there is a 

major need for including such corrections in the current Romanian feeding 

system. 

CONCLUSIONS

The intestinally digestible microbial protein (IDMP) values estimated from 

allantoin determination in urine are lower than the theoretical values, for all 12 

studied diets. This is caused by the fact that diets generally have low nutritive 

value, especially in the case of drought-affected feeds. Moreover, the equation 

used to predict absorbed microbial purine bases from concentration of urinary 

purine derivatives didn’t function for low values of purine derivatives. 

On the other hand, the level of microbial protein estimated from urinary 

allantoin concentration was sensitive to the influence of feed-related factors, 

such as plant maturity and conservation mode. Use of the theoretical 

coefficients for the efficiency of microbial proteosynthesis clearly leads to 

overestimation of the protein value of all studied feeds and inaccuracy in diet 

optimization. Update of the current Romanian feeding system is strongly 

needed in order to better relate efficiency of ruminal microbial proteosynthesis 

to dietary characteristics. 
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