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ABSTRACT - The objectives of this experiment were to estimate the endogenous excretion of purine derivatives (PD), 
the intake and digestibility of nutrients, the urinary excretion of PD from the intake of total digestible nutrients (TDN) and 
digestible organic matter (DOM) in Nellore heifers. Eight heifers, 267±17 kg body weight (BW), were assigned to two 
4 × 4 latin squares. The planned treatments were four dry matter intake (DMI) levels: 10, 14, 18 and 22 g/kg BW. The diet 
contained 70% corn silage and 30% concentrate. The endogenous losses were obtained by regression between excretion of 
PD (mmol/BW0.75) and DMI (g/BW0.75). When PD excretion (mmol/d) was related to the intake of DOM and TDN (kg/d), the 
following equations were obtained: ŶPD = 32.98 + 21.94*DOM and ŶPD = 32.47 + 20.40*TDN, respectively. The excretion of 
PD (mmol/d) was a function of DMI (kg/d): Ŷ = 0.605 + 0.014 x (r2 = 0.46), and 0.60 mmol/BW0.75 was the endogenous fraction 
of PD. The endogenous losses of PD and nitrogen compounds obtained when the animals were fasted for 5 d, with free access to 
water, were 0.332 mmol/BW0.75 and 0.384 gN/BW0.75, respectively. The net protein requirement for maintenance was estimated 
at 2.4 g/BW0.75. Creatinine excretion is not affected by feed restriction.
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Introduction

The quantification of microbial protein production
has been an important area of study in the nutrition of 
ruminants, once it is incorporated in all the current systems 
of protein evaluation used in different countries (Broderick 
& Merchen, 1992).

The need for the development of non-invasive 
techniques in animal testing has favored the utilization of 
the excretion of purine derivatives (PD) in the urine for the 
determination of microbial protein production; however, 
considering that endogenous losses are subtracted from 
the total excretion of purine derivatives to quantify the 
production of microbial protein, one can observe that 
inadequate values may result in under- or overestimated 
microbial production (Susmel et al., 1994).

Although, at first, the urinary excretion of PD can be
utilized as an identifier of the microbial protein synthesis,
some factors utilized in the model which affect the 
excretion of PD are not yet completely elucidated. Among 
them are the purine N:total N ratio (PN/TN) in the ruminal 
microorganism, the recovery of absorbed purines and 

the excretion of purine derivatives of endogenous origin 
(Verbic et al., 1990; Chen & Gomes, 1992; Orellana Boero 
et al., 2001).

The endogenous excretion represents an important 
parameter in the modeling of excretion of PD (Chen & 
Orskov, 2003; Gonzalez-Ronquillo et al., 2003); however, 
it is of hard quantification in surgically intact animals
(Fujihara et al., 1987), due to technical limitations to 
eliminate the contribution of ruminal microorganisms under 
physiological conditions in ruminants (Chen et al., 1990).

To estimate the endogenous fraction of the PD, the 
utilization of the intercept of the linear regression between 
the excretion of purine derivatives in the urine obtained 
with several intake levels is not an appropriate method for 
sheep (Chen et al., 1990), because the relation between 
excretion of PD and the absorption of purines is not linear. 
However, in cattle, this relation is linear (Chen & Gomes, 
1992), allowing the application of this evaluation method.

Thus, for the present study, eight heifers of the Nellore 
breed were subjected to fast or fed diets supplied from 
maintenance to voluntary intake, aiming to estimate the 
endogenous excretion of PD and to develop equations 
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The total collection of urine from each animal was 
performed from the 11th to the 14th days, with the aid of 
two-way Folley probes no. 22, with 30 mL flask. On the
free end of the probe, a polyethylene rose was adapted, 
through which the urine was conducted until plastic lidded 
containers, containing 200 mL H2SO4 at 20% to keep 
the final urine pH below 3. At the end of each 24 hours
collection period, urine was weighed and homogenized, 
with subsequent collection of 10 mL samples, which were 
diluted with 40 mL 0.036N H2SO4 and 50 mL without 
dilution. At the end of each collection experiment, a 
composite sampling of urine was made based on the daily 
excretion of each animal. Diluted and concentrated samples 
were stored at -20 ºC for further analysis of allantoin, uric 
acid and creatinine.

In the samples of silages, concentrate and feces, 
laboratory analyses of dry matter (DM), organic matter 
(OM), crude protein (CP) and ether extract (EE) were 
performed according to techniques described by Silva & 
Queiroz (2002), whereas the NDF contents were estimated 
according to recommendation by Mertens (2002). The 
corrections made for ash and protein contents (NDFap) 
were conducted according to Mertens (2002) and Licitra et al. 
(1996), respectively.

Analyses of allantoin in the urine were done by the 
collorimetric method, according to technique of Fujihara 
et al. (1987), described by Chen & Gomes (1992). For 
determinations of creatinine and uric acid in the urine, 
commercial kits from Labtest Diagnóstica S.A. were used.

The total urinary excretion of purine derivatives (PD) 
was calculated by the sum of the excretions of allantoin and 
uric acid in the urine, expressed in mmol/day.

Endogenous losses were calculated through the 
intercept of the linear regression equation between the 
PD excretion (mmol/kgBW0.75) in function of DM intake 
(g/kgBW0.75).

The relation between TDN intake and digestible organic 
matter (DOM) with the excretion of purine derivatives  
(mmol/day) was evaluated by means of simple linear 
regression model. 

Absorbed purines (AP) were estimated from the PD excretion 
according to the equation: AP = [PD – (0.301* BW0.75)/0.80], 
in which 0.301 is the endogenous excretion and 0.80 stands 
for the recovery of absorbed purines (Barbosa et al., 2011). 
Microbial nitrogenous compounds (MN) were calculated 
from absorbed purines, utilizing the equation: MN = 
(70*AP)/0.93*0.137*1000, in which 70 is the content in 
mg N per mmol of purine, 0.93 is the true digestibility of 
purines and 0.137 is the average MN:totalN ratio obtained 
for rumen-isolated bacteria (Barbosa et al., 2011).

Corn silage Concentrate1 Diet

Dry matter 276.5 886.1 459.4
Organic matter2 942.7 937.4 941.1
Crude protein2 72.0 260.7 128.6
Ether extract2 26.5 34.7 29.0
Neutral detergent fiber corrected 522.5 118.5 401.3
for ash and protein2

Non-fibrous carbohydrates2 321.7 562.7 394.0

Table 1 - Chemical composition (g/kg) of corn silage, concentrate 
and experimental diet

1 Proportion of ingredients in the concentrate (g/kg DM): corn meal: 683.1; soybean 
meal: 261.2; urea/ammonium sulphate: 22.1; and mineral matter: 33.6. 

2 g/kg DM of the diet.

to estimate the urinary excretion of PD from the energy 
intake.

Material and Methods
     
The experiment was conducted in the Laboratório de 

Animais and in the Laboratório de Nutrição de Ruminantes 
of the Departamento de Zootecnia of the Centro de Ciências 
Agrárias of Universidade Federal de Viçosa.

Eight Nellore heifers with initial average weight 
of 267±17 kg were kept in feedlot at the Laboratory of 
Animals (DZO/UFV).

The diets, which were constituted of corn silage 
and concentrates at the ratios of 70 and 30% (%DM), 
respectively, were supplied at levels 10, 14, 18 and 22 g/kg of 
body weight (BW), composing the experimental treatments. 
Diets were balanced to contain approximately 130 g CP/kg 
DM (Table 1). 

Animals were distributed in two 4 × 4 Latin squares, 
balanced for residual effects. Each one of the experimental 
periods lasted 14 days; the first ten days were for animals
to adapt to the levels of diet supply and from the 10th to the 
14th days, samples of feed and leftovers, as well as total 
feces and urine, were collected.

The total diet was supplied twice daily (7:30 and 15:30 h) 
to the animals. Corn silage, concentrate and leftovers from 
each animal were quantified and sampled throughout the
collection period. At the end of each period, composite 
samples of feed and leftovers were obtained and conditioned 
in plastic bags, then stored at -20 ºC for further analyses. 

The total collection of feces from each animal was 
conducted with 20 L buckets, where feces were placed after 
each spontaneous defecation. At the end of each 24-hour 
period, feces were weighed and homogenized, and aliquots 
of approximately 300 g were stored. The composite sample 
of feces from each animal per period accounted for 10% of 
the daily fecal excretion.
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Endogenous losses were also obtained after the end of 
the experimental period, when all the animals were subjected 
to the following feeding regimen: restriction to 1% BW in 
DM on the first eight days, to 0.5% BW from the ninth to
the 11th days and fasting from the 12th to the 16th day, with 
free access to water. From the twelfth to the sixteenth days, 
total collection of urine was performed in each animal and 
samples were stored and analyzed for creatinine, uric acid 
and allantoin, as previously described. The endogenous 
excretion of purine derivatives was calculated by the sum 
of the excretions of allantoin and uric acid in the urine, 
expressed in mmol/day or mmol/kg BW0.75, corresponding 
to the fourth and fifth days of fasting. The endogenous N
was evaluated through the N found in the feces and urine on 
the fourth and fifth days of fasting. The creatinine excretion
was evaluated during the five days of fasting.

The results were evaluated by means of variance 
analysis through PROC GLM of the software SAS 
(Statistical Analysis System, version 8). The model included 
effects of treatments, Latin square, animal housed in Latin 
square, period housed in Latin square and the interaction 
of Latin square and treatment. Linear, quadratic and cubic 
effects of the variables in relation to the variation in the 
DM intake observed were evaluated considering the DM 
intake observed as the independent variable. The linear 
regression models were also adjusted by means of PROC 
GLM of SAS, considering α = 0.05.

Results and Discussion

Increasing linear effect (P<0.05) was verified for the
DM, OM, CP, EE, NDFap, NFC and TDN intakes, in 

function of the levels of DM intake in the diet, according to 
the experimental planning (Table 2).

The average DM intake values observed were 10.0; 
13.9; 17.5 and 21.0 g/kg BW, similarly to those planned for 
generating a wide range of microbial CP ruminal synthesis 
and, consequently, greater duodenal flow of purines and
greater urinary excretion of PD.

The digestibility of DM, OM, CP, NDFap, NFC and 
the TDN content presented linear decreasing behavior 
(P<0.05) with increase in DM intake, which can be related 
to the shorter retention time in the digestive tract, caused 
by the higher intake (Forbes, 1995), as well as the increase 
in the rate of passage of solids, thus reducing digestibility 
(Van Soest, 1994).

The TDN content presented decreasing linear behavior 
(P<0.05; Table 2), resulting in a decrease of 5.3% when the 
DM intake rose (10.0 to 21.0 g/kg BW), close to the value 
of 5% obtained by Costa (2002) when comparing free and 
restricted (maintenance) supplies of dry matter intake. 
However, Leão et al. (2004) observed decrease of only 
2% in the TDN content, when the intake level increased 
from 1.5 to 2.5 g/kg BW, utilizing heifers of ½ Holstein-
Zebu.

The mean excretion of creatinine in function of the DM 
intake of 25.67 mg/kg BW was not altered (P>0.05) by the 
level of DM intake (Table 3). Barbosa et al. (2006) obtained 
average 27.1 mg/kg BW for Nellore heifers, whereas Pereira 
(2009) observed 26.35 mg/kg BW also for Nellore animals. 
Rennó et al. (2000) concluded that the creatinine excretion 
was not affected by the addition of concentrate in the diet 
and presented average 27.36 mg/kg BW for crossbred and 
zebu bulls. The value reported in this experiment lies close 

Table 2 - Intake and digestibility of nutrients in function of dry matter intake levels 
Dry matter intake (g/kg body weight) P value

CV %
10.0 13.9 17.5 21.0 Linear Quadratic Cubic

Intake (kg/day)

Dry matter 2.67 3.69 4.71 5.67 <0.0001 0.5708 0.8664 3.86
Organic matter 2.51 3.48 4.43 5.38 <0.0001 0.1359 0.7738 3.68
Crude protein 0.35 0.48 0.61 0.73 <0.0001 0.6356 0.8873 4.06
Ether extract 0.08 0.11 0.13 0.16 <0.0001 0.7435 0.4676 4.36
NDFap 1.07 1.48 1.88 2.28 <0.0001 0.8028 0.9505 3.73
Non-fibrous carboydrates 1.05 1.46 1.86 2.26 <0.0001 0.8608 0.975 3.59
Total digestible nutrients 2.10 2.78 3.51 4.16 <0.0001 0.8171 0.6494 5.65

Digestibility (g/kg)

Dry matter 771.0 734.0 731.4 715.6 0.0033 0.3407 0.3387 4.14
Organic matter 711.2 680.0 668.7 625.0 0.0023 0.7102 0.4877 4.14
Crude protein 775.0 736.2 728.7 707.5 0.0013 0.4742 0.4118 4.57
Ether extract 837.5 838.7 803.7 806.2 0.0986 0.9700 0.3291 5.63
NDFap 703.7 645.0 650.0 628.7 0.0098 0.2777 0.2454 7.17
Non-fibrous carboydrates 888.0 873.5 856.6 845.9 0.0027 0.8324 0.8302 2.92
Total digestible nutrients (g/kg) 786.6 752.4 745.0 734.2 0.0021 0.2553 0.5063 3.72
CV - coeficient of variation; NDFap - neutral detergent fiber corrected for ash and protein.
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to that reported in the literature for animals of similar BW, 
although of distinct genetic groups and genders.

Mean excretions of allantoin, uric acid and total purines, 
absorbed purines and production of microbial nitrogen 
compounds (Table 3) increased linearly (P<0.05) with 
the levels of DM intake. Thus, the increase in the levels 
of intake resulted in greater microbial protein ruminal 
synthesis, a consequence of higher amounts of nutrients 
available in the rumen for microbial growth.

The excretion of allantoin composed approximately 
89.69% of the total excretion of PD. Close ratios were 
obtained by Vagnoni et al. (1997) and Oliveira et al. (2001): 
86.6 and 85.4%, respectively. The uric acid excretion 
(Table 3) presented linear behavior (P<0.05), constituting, 
on average, 10.31% of the total PD excreted, values close 
to those found by Giesecke et al. (1994) and Silva et al. 
(2001), of 10.6 and 10.83%, respectively.

The total excretion of purine derivatives in the urine 
presented increasing linear behavior (P<0.05) in function 
of the levels of DM intake, reflecting the urinary excretion
of allantoin and uric acid. According to Chen & Gomes 
(1992), this is due to the high activity of the enzyme 
xanthine oxidase present in the tissues and in the blood of 
bovine, which is capable of converting hypoxanthine and 
xanthine into uric acid before the urinary excretion.

The microbial nitrogenous compounds (MN) which 
were calculated from the purine derivatives excretion in 
the urine, for Nellore animals, according to Barbosa et al. 
(2011), presented increasing linear behavior in relation to 
the levels of DM intake. 

According to Owens & Goetsch (1986), the production 
of microbial N usually increases when there is greater DM 
intake; this explains the higher value of MN obtained when 
animals consumed the diet at the level of 2.10% BW. The 
average production of MN (Table 3) was 52.62 g N/day, 
approximately 10% greater than that observed by Barbosa et al. 
(2006), of 47.48 g N/day, with a diet of 25% concentrate in 
Nellore. Rennó et al. (2003), in a study with Zebu animals, 
observed average 31.29 g N/day in different genetic groups 
(Holstein; ½Hol-Guz; ½ Hol-Gir and Zebu).

Microbial efficiency was on average 106 g MCP/kg
TDN, close to the value of 104 g MCP/kg TDN observed 
by Moraes (2003), working with Holstein × Zebu steers, 
receiving increasing levels of urea in the supplements (0; 1.2; 
2.4; 3.6% on a natural matter basis). However, the NRC 
(2001) recommends 130 g MCP/kg TDN and Pina et al. 
(2010), compiling several studies utilizing animals for the 
production of meat and milk subjected to different feeding 
conditions, recommended 120 g MCP/kg TDN as reference 
for tropical conditions.

The N intake presented increasing linear behavior 
(P<0.05), following the DM intake. The urinary excretion 
of nitrogenous compounds was not altered (P>0.05) by 
the different levels of DM intake (Table 4). Santos et al. 
(2010), working with crossbred Holstein-Zebu cattle with 
diet containing two amounts of concentrate (1 or 2 kg) and 
two protein sources (soybean meal or cottonseed meal) also 
did not observe effect of the excretion of N in the urine. The 
same behavior was obtained by Rennó et al. (2000) who, 
working with beef-breed steers, did not observe differences 

Dry matter intake (g/kg) P value
CV, %

10.0 13.9 17.5 21.0 Linear Quadratic Cubic

Creatinine (mg/kg body weight) 24.39 25.96 26.37 25.96 0.0670 0.0811 0.8885 5.83
Allantoin (mmol/day) 72.48 77.00 96.73 97.60 0.0079 0.7977 0.2890 22.85
Uric acid (mmol/day) 7.06 3.80 12.98 18.41 0.0205 0.2621 0.3471 99.92
Total purine derivatives (mmol/day) 79.54 80.77 109.70 116.01 0.0004 0.7190 0.1245 20.27
Absorved purines (mmol/day) 74.77 76.21 112.18 119.95 0.0005 0.7192 0.1254 25.52
Microbial nitrogen compounds (g/day) 41.08 41.87 61.63 65.90 0.0005 0.7192 0.1253 25.52
Microbial efficiency (g/kgTDN)  122.37 93.65 109.20 98.98 0.2215 0.3492 0.1228 25.53

Table 3 - Means of excretions of creatinine and purine derivatives, microbial production and efficiency obtained in function of levels of dry
matter intake

CV - coefficient of variation; TDN - total digestrble nutrients.

Dry matter intake (g/kg) P value
CV, %

10.0 13.9 17.5 21.0 Linear Quadratic Cubic

Nitrogen ingested (g/day) 55.17 76.44 97.38 116.92 <0.0001 0.4949 0.8487 4.03
Nitrogen excretec in the urine (g/day) 44.34 46.5 48.79 49.12 0.1165 0.6878 0.8388 13.39
Nitrogen excreted in the feces (g/day) 12.48 20.35 26.55 34.38 <0.0001 0.9899 0.4797 12.27
Nitrogen balance (g/day) -1.64 9.59 22.05 33.42 <0.0001 0.9736 0.7979 35.12

Table 4 - Means of nitrogen compounds ingested, excreted in the urine, and in the feces and nitrogen balance for the dry matter intake levels

CV - coefficient of variation.
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in the excretions of N in the urine between the types of 
concentrates. However, Dias et al. (2000) verified linear
increase in the N urinary excretion with increase in the 
concentrate levels. In accordance with several authors, Van 
Soest (1994) described the increase of urinary excretion of 
nitrogenous compounds in function of the intake of DM 
and CP in the diet.

The fecal N excretion (Table 4) presented increasing 
linear behavior (P<0.05) in function of increase in the DM 
intake. According to Véras et al. (2007), Nellore cattle fed 
diets based on corn silage and concentrate at the 75 and 
25% ratios on a DM basis balanced to contain 7, 10, 13 
and 15% CP presented increasing linear behavior for the 
excretion of fecal N (35.97 to 46.99 g/day).

The N balance increased linearly (P<0.05) with increase 
in the DM intake (Table 4). Valadares et al. (1997b) obtained 
linear relation between N balance, expressed in g/day, and 
the CP content of diets.

It is worth stressing that negative N balance was 
verified at 1% DM intake, which was a similar behavior to
the observed by Dias et al. (2000), working with crossbred 
F1 Limousin × Nellore cattle with diet of 25 and 37.5% 
concentrate. The negative N balance means that the level 
of CP intake was not enough to meet the maintenance 
requirements of these animals.

The excretion of purine derivatives expressed in mmol/day 
(Table 3) increased linearly with the intake levels of 
DM in the diet. Thus, when it was evaluated in function 
of digestible OM intake, the simple linear regression 
(Figure 1) was obtained, in which the excretion of Ŷ = 
32.98 + 21.94x. Mo et al. (2004), working with B. 
indicus and B. namadicus steers, with diet supplied at 40 
and 95% of voluntary intake, found regression Ŷ = 18.9 
+ 21.4x (r2 = 0.97). Barbosa et al. (2011), working with 
Nellore heifers, observed linear ratio of urinary excretion 
of PD in function of digestible OM intake: Ŷ = 0.59 + 34.4x 
(r2 = 0.74). Relating the same variable to Nellore heifers and 
utilizing a diet containing 60% roughage, Pereira (2009) 
observed regression Ŷ = 14.57 + 35.10x (r2 = 0.78).

When the excretion of purine derivatives (mmol/day) 
was related to TDN intake (kg/day, Figure 2), the following 
equation was observed: Ŷ = 32.47 + 20.40x (r2 = 0.44), 
which resulted in excretion of 20.40 mmol PD/kg TDN 
consumed, which is an inferior value to the one obtained 
by Barbosa et al. (2011), which was 32.15 mmol/kg TDN.

When the excretion of purine derivatives (mmol/kg BW0.75) 
was related to DM intake expressed in g/kg BW0.75 
(Figure 3), the following equation was obtained: Ŷ= 0.605 
+ 0.014X (r2 = 0.46, in which the value of the intercept of 

0.605 mmol/kg BW0.75 stands for the endogenous fraction 
of PD excreted in the urine. In surgically intact animals, 
the endogenous excretion of PD is difficult to evaluate,
due to limitations to eliminate the contribution of rumen 

y = 32.98 + 21.94X
R² = 0.443
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Figure 1 - Relation between urinary purine derivative (PD) 

excretion  and digestible organic matter (OM) 
intake.
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matter intake
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Figure 3 - Relation between urinary purine derivative (PD) excretion 
and dry matter (DM) intake.
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microorganisms under normal physiological conditions in 
rumminants (Fujihara et al., 1987; Chen et al., 1990).

The relation between fecal N excretion and N intake, 
expressed in g/kg BW0.75, was described by the equation: 
Ŷ = 0.350x – 0.104 (r2 = 0.86), allowing the estimate of 
fecal metabolic nitrogen at 0.104 g/kg BW0.75 (Figure 4).

From the results of the period in which animals were 
subjected to fasting, it could be observed that the excretion 
of purine derivatives on the fourth day was of 0.381 mmol/
kg BW0.75, and on the fifth day, it was 0.283 mmol/kg BW0.75; 
an average of 0.332±0.069 mmol/kg BW0.75 was considered. 
According to Balcells et al. (1991), the excretion of PD at 
fasting can be considered an approximate estimate of the 
endogenous contribution to the urinary excretion, although 
there is no experimental evidence of a complete absence 
of purine derivatives from exogenous origin, during feed 
restriction. Bos indicus × Bos taurus animals, subjected 
to 5 days of fasting, presented values of 0.277 mmol/kg 
BW0.75 endogenous excretion of PD (Ojeda et al., 2005) 
and 0.170 mmol/kg BW0.75 was observed by Osuji et al. 
(1996), working with Bos indicus also kept at fasting. Chen 
& Orskov (2003) criticized the method of prolonged fasting 
because it altered the metabolic activities of the animal, 
and hence the degradation rate of nucleic acids. However, 
Barbosa et al. (2011) suggested endogenous excretion of 
PD of 0.300 mmol/kg BW0.75, which is 9.6% lower than the 
mean value obtained in this experiment.

There are several records demonstrating that the 
excretion of creatinine consists of a constant function of 
animal live weight (Orskov & Mcleod, 1982; Susmel et 
al., 1994; Vagnoni et al., 1997; Valadares et al., 1997a; 
Valadares et al., 1999; Rennó et al., 2000) and is not 
affected by the different intake levels (Oliveira et al., 2001). 
The relation between creatinine excretion and the period 
in which animals were subjected to fasting did not result 
in significant regression (P>0.05), resulting in mean daily
value of 0.211 mmol/kg BW0.75, representing the excretion 
of creatinine in the fasting period. Thus, one can say that 
the excretion of creatinine was not altered by fasting; the 
same behavior was observed by Belenguer et al. (2002), 
who found 0.266 mmol/kg BW0.75 when subjecting sheep 
to fasting for 6 days.

The regression between retained N and N intake, 
expressed in g of N/kg BW0.75 was described by the 
equation, in which 0.486 accounts for the endogenous N 
fraction, expressed in N/kg BW0.75 or 3.04 g CP/kg BW0.75 
(Figure 5). Véras et al. (2007), working with Zebu animals 
of the Nellore breed and using four levels of crude protein (7, 
10, 13 and 15%) in the diets, observed 0.431 N/kg BW0.75 for 
endogenous N, or 2.69 g CP/kg BW0.75. Tibo et al. (2000), 

working with crossbred F1 Simental x Nellore animals, 
obtained, by regression, the value of 0.422 g N/kg BW0.75 
for endogenous N losses. These values were superior to 
those cited by the AFRC (1993), of 2.3 g CP/kg BW0.75 and 
by Valadares et al. (1997b), of 0.246 g N/kg BW0.75.

Conclusions

The total digestible nutrient content is reduced in 
approximately 5% when the intake goes from restricted 
to voluntary. There is a linear relation between urinary 
excretion of purine derivatives and dry matter intake, 
and this excretion can be estimated from the intake of 
total digestible nutrients and digestible organic matter. In 
animals subjected to fasting, the excretion of creatinine 
is not altered and the excretions of purine derivatives 
and nitrogenous compounds allow the estimation of the 
endogenous contribution of 0.332±0.063 mmol/kg BW0.75 
and 0.384 g N/kg BW0.75, respectively.

y = 0.553X - 0.486
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Figure 5 - Relation between retained N and N intake (g/kg BW0.75).

BW - body weight.

Figure 4 - Relation between fecal N excretion and N intake.
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