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SUMMARY 

Eight Merino growing rams were used in a 3 3 incomplete Latin square 

experimental design in order to assess the effects of three protein feeds having 

different rumen degradability on the level of microbial protein synthesis in 

rumen, assessed from the urinary output of purine derivatives. Experimental 

diets were composed of alfalfa hay and compound feeds - based on gluten meal 

(group G), soybean meal (group S) and rapeseed meal (group R), respectively. 

General procedure for digestibility trials was used, completed with the integral 

collection of urine, in order to assess the daily urinary output of purine 

derivatives. Urinary concentrations of purine derivatives were assessed by 

HPLC and did not differ between groups: 18.09, 17.6 and 18.57 mmols/d for the 

groups G, S and R, respectively (P=0.800). Consequently, microbial protein 

synthesis did not significantly differ between groups (P=0.876): 59.6, 60.73 and 

64.12 g/d for the groups G, S and R, respectively. This led to conclusion that 

supplementary supply of available nitrogen in rumen did not induce an increase 

of the level of microbial protein synthesis. 
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INTRODUCTION 

Microbial protein synthesis in rumen is very important for ruminant 

production as it usually accounts for at least half of the protein absorbed in the 

small intestine. However, in many cases, the microbial protein synthesis does 

not reach the expected values, thus contributing to the inefficiency of nitrogen 

usage by ruminants. Common causes are the insufficient substrate (nitrogen, 

energy), non-optimal rumen environment (e.g. low pH), unsynchronized energy 

& nitrogen supplies, etc.  

One common strategy to increase the efficiency of protein metabolism in 

ruminants is to protect dietary proteins against rumen degradation or to use less 

degradable proteins in diet, which ensures high levels of rumen escape protein 
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but leads to less nitrogen available for microbial protein synthesis. On the other 

hand, a common approach in SE Europe is to use cheaper protein meals for 

ruminants, such as sunflower or rapeseed meal. These feeds are highly 

degradable in rumen, thus providing higher amounts of nitrogen available for 

microbial synthesis and less rumen escape protein.  

Provided dietary energy supply is not limiting, higher amounts/proportions 

of degradable protein in diets are expected to increase microbial protein 

synthesis (Windschitl and Stern, 1988; Haig et al, 2002). However, there are 

several authors reporting little or no effects of the level of available nitrogen, in 

various feeding situations (Devant et al., 2000; Pina et al., 2009; Oldick, 2009).  

The objective of the present experiment is to assess the effects of three 

typical protein meals having different rumen degradability (gluten meal, 

soybean meal and rapeseed meal) on the level of protein synthesis in rumen 

assessed from the urinary output of purine derivatives.  

 

 

MATERIAL AND METHODS 

The experiment was organized in June-September 2010 and followed the 

general procedure for digestibility trials on sheep, completed with the collection 

of urine. Eight Merino growing rams, 60 kg average live weight, were randomly 

assigned to three groups which were used in a 3x3 incomplete Latin square 

experimental design (diet x period x animal).  

Animal were fed three experimental diets consisting of alfalfa hay (ad 

libitum) and specific compound feeds (restricted) which were designed to meet 

the nutrients requirements of the animals’ category and to ensure equal supplies 

of nutrients to all three groups. This was also achieved by feeding different 

amounts of compound feed: 1 kg / head*day for gluten meal group (G) and 

soybean meal group (S) and 1.1 kg / head*day for rapeseed meal group (R), in 

order to compensate for lower nutritive value (Table 1).  

 
Table 1. Structure of compound feeds (%) 

 

Gluten meal 

group*  

Soybean meal 

group* 

Rapeseed 

meal group** 

Corn grain 65 61 54 

Wheat grain 12 8 5 

Gluten meal 22 - - 

Soybean meal - 30 - 

Rapeseed meal - - 40 

Mineral-vitamin premix 1 1 1 
* fed 1 kg/had*day; ** fed 1.1 kg/head*day 

 

However, the main difference between the three experimental groups 

consisted in the nature (therefore rumen degradability) of the protein ingredient 

of the compound feed: gluten meal, soybean meal and rapeseed meal, 

respectively. The chemical composition and nutritive value of the feed 
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ingredients are shown in Table 2 and Table 3. These data were similar to tabular 

values (Burlacu, 2002), except for wheat grain (higher protein content), 

rapeseed meal (lower protein content) and alfalfa hay (higher cellulose content).  

 
Table 2. Chemical composition of the feed ingredients, (g/kg DM) 

 

Dry 

Matter 

Crude 

Protein 
Fat Cellulose Ash 

Wheat grain 879.10 144.77 14.75 50.29 30.92 

Corn grain 885.83 109.22 34.69 40.95 24.26 

Corn gluten meal 913.47 674.03 14.00 8.030 33.72 

Soybean meal 887.90 493.00 21.20 55.18 79.8 

Rapeseed meal 904.23 344.42 28.43 156.49 77.38 

Alfalfa hay 840.17 171.75 12.33 341.14 101.67 

 
Table 3. Nutritive value of the feed ingredients 

 

FU 

/d 

IDP-D 

g/d 

IDPN  

g/d 

IDPE  

g/d 

Wheat grain 1.38 12.38 88.26 89.81 

Corn grain 1.43 62.25 87.42 118.57 

Corn gluten meal 1.39 357.91 517.09 399.04 

Soybean meal 1.36 115.36 325.5 177.51 

Rapeseed meal 1.10 52.35 213.04 106.12 

Alfalfa hay 0.83 28.85 104.03 73.05 
FU = feed units (6.07 MJ/kg DM), IDP-D = intestinally digestible protein – dietary,  

IDPN = intestinally digestible protein allowed by nitrogen, IDPE = intestinally digestible protein  

allowed by energy 

 

Each experimental period consisted of two weeks adaptation to diets and 

one week of data recording: consumption of the diets’ ingredients (daily), urine 

output (daily) and the live weight (at the end of each experimental period). In 

parallel, nitrogen degradability of the three protein feeds was assessed via in 

situ method, according to the method of Michalet-Doreau and Ould Bah, 1992.  

Urinary excretion of purine derivatives was determined using the method of 

Chen et al, 1992 (total daily collection of urine and dosage of allantoin, uric 

acid, xanthine and hypoxanthine). Concentration of creatinine was also 

determined in the same urine samples, which were taken daily and individually 

and pooled every two days, leading to three observations per animal and period. 

Of the pooled samples, 50 ml were placed in vials and frozen until analysis of 

purine derivatives, which were assessed by HPLC (Vlassa, 2009).  

Purine derivatives standards were prepared with ultrapure water and 1N 

sodium hydroxide solution was added until pH reached 7.8. Elution flow was 1 

ml/min, detection was performed at 218 nm and the column temperature was 

25°C. Before determination, samples were stabilized with sodium hydroxide 

and passed through a 0.45 micrometer filter.  

Concentrations of purine derivatives and creatinine, multiplied with the 

daily output of urine and divided to the molar weights, allowed obtaining the 
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daily excreted quantities (mmols/d). The sums of excreted quantities were used 

in the equations proposed by Chen et al., 1992, in order to estimate the level of 

microbial protein synthesis, either directly or via PDC index (purine 

derivatives:creatinine ratio). Statistical analyses were performed using GLM 

procedure of Minitab software (Minitab, 2002) and the model included the diet, 

period and animal as main factors.  

 

 

RESULTS AND DISCUSSION 

Consumption of diets’ ingredients is presented in Table 4. As expected, no 

noticeable differences between groups were observed for alfalfa hay and the 

consumption of compound feed was higher in the rapeseed meal group than for 

the other two groups. This led to similar nutritive supplies of energy (from 1.39 

to 1.44 milk feed units) and intestinally digestible protein allowed by nitrogen 

(from 161.9 to 173.2 g/d). Of the later, proportion of the degradable nitrogen 

was variable between groups, leading to different supplies of degradable 

nitrogen: 77.6, 97.3 and 103.5 g/d for the groups G, S and R, respectively. 

 
Table 4. Consumption of the experimental diets (g/d) 

 Gluten meal 

group  

Soybean meal 

group 

Rapeseed 

meal group 

CF – 1
st
 period 758 827 834 

Alfalfa hay – 1
st
 period 545 526 564.5 

CF – 2
nd

 period 807.5 891.3 954.7 

Alfalfa hay – 2
nd

 period 592.5 591 571 

CF – 3
rd

 period 798.3 737 903 

Alfalfa hay – 3
rd

 period 559.3 556.5 599 

Compound feed 787.9 818.4 897.2 

Alfalfa hay 565.6 557.8 578.2 
CF = compound feed 

 

Urinary concentrations of purine derivatives and creatinine are presented in 

Table 5. A high individual variability of the concentrations of purine derivatives 

was observed; although this has weaken the power of statistical tests, a 

significant effect of the period (P=0.026) and animal (P=0.03) on total amount 

of purine derivatives was noticed (data not shown). On the other hand, the effect 

of diet was insignificant (Table 6).  

In parallel with purine derivatives, urinary concentration of creatinine was 

determined and used for calculation of PDC index, according to Chen et al., 

1992. PDC index is used in spot sampling procedure, when total collection of 

urine is not feasible. An estimate of average daily output of creatinine in sheep 

of 0.79 mg/kg (Hodgen, 1967) was used to reconstitute daily output of total 

purine derivatives.  
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Table 5. Average urinary concentration of purine derivatives and creatinine  

 

Allantoine 

[mg/mL] 

Uric acid 

[mg/mL] 

Creatinine 

[mg/mL] 

Hypoxanthine 

[mg/mL] 

Xanthine 

[mg/mL] 

Gluten meal group,  

1
st
 period 2.363 0.401 1.267 0.165 0.013 

Gluten meal group, 2
nd 

period 1.424 0.138 0.742 0.096 0.004 

Gluten meal group, 3
rd

 

period 2.695 0.309 1.258 0.149 0.048 

Rapeseed meal group, 

1
st
 period 4.01 0.436 1.954 0.23 0.018 

Rapeseed meal group, 

2
nd 

period 1.958 0.267 1.009 0.135 0.006 

Rapeseed meal group, 

3
rd

 period 1.414 0.177 0.747 0.094 0.009 

Soybean meal group, 

1
st
 period 1.439 0.225 0.974 0.111 0.012 

Soybean meal group, 

2
nd 

period 2.559 0.367 1.592 0.167 0.01 

Soybean meal group, 

3
rd

 period 1.846 0.222 0.817 0.093 0.008 

1
st
 period  2.428 0.344 1.329 0.161 0.014 

2
nd

 period 1.908 0.244 1.055 0.129 0.006 

3
rd

 period 1.926 0.232 0.915 0.11 0.018 

Gluten meal group  2.094 0.279 1.068 0.135 0.018 

Rapeseed meal group  2.267 0.276 1.147 0.143 0.01 

Soybean meal group  1.901 0.264 1.084 0.121 0.01 

 

 
Table 6. Estimation of daily output of purine derivatives 

 

Gluten meal 

group  

Soybean 

meal group 

Rapeseed 

meal group 

significance 

urine output*, ml/d 1416.1±645.8 1449.7±694.2 1483.1±731.5 P=0.976 

PD output – total 

collection, mmols/d 18.09±3.83 17.6±4.21 18.57±4.7 P=0.800 

PDC index 54.3±11.32 50.74±10.0 53.13±9.44 P=0.255 

PD output – spot 

sampling, mmols/d 22.57±5.29 21.28±4.77 22.50±4.63 P=0.262 
* values include the amounts of sulfuric acid added during the urine sampling 

 

The values calculated from PDC index were higher than values obtained 

from the total collection of urine. The reason of the overestimation might be the 

different breed used by the mentioned author for estimating average output of 

creatinine. The relationship between the purine derivatives estimated from the 

total collection and purine derivatives from spot sampling was described by the 

overall equation:  
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PDtotal = 7.08 (±2.02) + 0.50 (±0.09) *PDspotsampling, (r
2
=0.31; N=72),  

 

This equation is weaker than the relationships found by Chizzotti et al, 

2008, on cattle; besides, the large number of outliers suggest further detailing is 

needed in order to isolate the factors influencing the equation.  

Disregarding the method of assessment (spot sampling or total collection of 

urine), the urinary output of purine derivatives was higher than values obtained 

by Richardson et al, 2003 and much higher than those obtained by Fievez et al., 

2001. However, the first team used smaller animals (~30 kg live weight) and the 

second team used animals fed at maintenance level, whereas in the current study 

growing rams of 60-65 kg live weight were used.  

Values of purine derivatives assessed from the total collection of urine were 

used for the estimation of microbial protein corresponding to the three studied 

diets (Table 7). Live weight significantly differed between groups (P=0.001), 

but its influence was corrected by the equations describing metabolic pathway 

of absorption and transformation of the microbial protein into purine derivatives 

and their excretion through urine.  

Although the hierarchy of the three diets upon microbial protein synthesis 

(gluten group < soybean group < rapeseed group) was consistent with the rumen 

availability of nitrogen, the differences between groups were not significant 

(P=0.876). The lack of effect of the level of rumen degradable protein on the 

level of microbial protein synthesis was also observed by Schloesser, 1993 and 

Atkinson et al, 2007, on ewes and lambs, respectively. 

A possible explanation for the lack of response, especially for rapeseed 

meal group, is that rumen degradation of rapeseed protein largely occurs in the 

first hours after the meal, as shown in Figure 1. This is also showed by the 

coefficients describing dynamics of rumen degradability (Table 8).  

 
Table 7. Estimation of microbial protein synthesis in rumen based on output of purine 

derivatives in urine 

 

Gluten meal 

group 

Soybean 

meal group 

Rapeseed 

meal group  

significance 

Average live weight, kg 63.22±3.57 63.91±4.56 64.73±4.32 0.001 

Output of urinary purine 

derivatives, mmols/d 
18.09±3.83 17.6±4.21 18.57±4.7 0.800 

Microbial purine basis, 

mmols/d 
20.5±5.85 20.88±5.08 22.05±5.64 

0.876 Microbial nitrogen, g/d 14.9±4.25 15.18±3.69 16.03±4.1 

Microbial crude protein, g/d 93.13±26.58 94.89±23.09 100.2±25.65 

MIDP, g/d 59,6±17,01 60,73±14,78 64,12±16,41 

MIDP – intestinally digestible protein of microbial origin 
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Figure 1. Rumen degradation of the main protein ingredients of the 

experimental diets – fitted curves, according to the Orskov equation (Orskov 

and McDonald, 1979)  

 

In these first hours, growth rate of rumen microbes might have been 

exceeded by the rate of protein degradation, therefore the peak of nitrogen 

availability might have not been valorized.  

 
Table 8. Rumen protein degradability of the protein meals 

 a b c rumen degradability 

gluten meal 0.122 0.354 0.099 0.342 

soybean meal 0.143 0.797 0.104 0.648 

rapeseed meal 0.342 0.577 0.18 0.775 
a, b, c=coefficients describing dynamics of rumen degradation 

 

Another explanation is that overall energy supply of the diet might have 

been limiting, as also suggested by the theoretical values of intestinally 

digestible protein allowed by energy. Indeed, the type of diet used in 

experiment, although frequent in Romania, is susceptible to lead to 

unsynchronized supplies of energy and protein available for microbial protein 

synthesis. On the other hand, Hristov et al, 2004, found that the excess of rumen 

degradable nitrogen was not used for microbial protein synthesis despite the fact 

that the energy supply of the diet was sufficient. It is therefore possible that the 

lack of response was related to the decoupling of the dynamics of microbial 

growth and dynamics of substrates availability, leading to losses, at least in case 

of nitrogen.  

 

 

hours 
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CONCLUSIONS 

The nature of protein ingredient of the compound feeds (gluten meal, 

soybean meal, rapeseed meal) fed, together with alfalfa hay, to 60 kg growing 

rams, did not lead to significant differences in the output of urinary purine 

derivatives (18.09, 17.6 and 18.57 mmols/d, respectively). Although varying the 

protein ingredient of the diets led to very different supplies of rumen degradable 

nitrogen, available for microbial protein synthesis at rumen level, the later did 

not significantly differed between groups: 59.6, 60.73 and 64.12 g/d for gluten 

meal, soybean meal and rapeseed meal group, respectively. The excess of 

rumen available nitrogen was lost, presumably because of the decoupling of the 

dynamics of substrates availability in rumen.  
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