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Abstract: The aim of this work was to estimate liquid and faecal nitrogen (N) excretion from rabbit herds using
2 clinical analyses of urine samples (urinary urea, UU and creatininury, CU) combined with the daily nitrogen
intake (DNI) and metabolic weight of growing and lactating rabbit does. In the framework of 6 experiments,
81 growing rabbits, divided into 17 groups, weighing from 1.8 to 2.8 kg, and 18 multiparous lactating does,
divided into 2 groups, were reared in metabolic cages. Five experimental groups of growing rabbits and
one of lactating does received diets with lower crude protein content (from -8 to —19% less). The urine was
collected (4-d and 1-d collection period for the growing rabbits and lactating does, respectively) and the daily
weight (DUW: on av. 188+66 g/d), urinary urea (UU: 1012+463 mg/dL) and creatininury concentrations (CU:
46+25 mg/dL) were recorded. Lactating does showed higher DNI (+127%; P<0.001), which was excreted
more in the faeces (DFN: +141%; P<0.001) than in the urine (DUN: +35%; P=0.36), compared to the growing
rabbits on a daily per-capita basis. Consequently, the faecal-N to urine N ratio was higher for the does
compared to growing rabbits (F/U: +93%; P<0.001). The percentage of retained N (PRN) for the lactating
does and growing rabbits was not different (50.8 vs. 56.6%; P=0.31). Forward regression models were
used to predict the daily nitrogen excretion. Successful r-square fit results were obtained (P<0.005) for the
per-capita daily quantity of urinary N (DUN: R?=0.79) and faecal N (DFN: 0.93, mainly depending on DNI).
The individual DNI was accurately fitted (R?=0.994; standard error=0.03), considering the 2 model estimates
of the DUN and of the DFN, the metabolic weight and the type of animal. Relativising the N excreta as a
percentage of the DNI, or as a ratio of the faecal —to urinary-N, led to less stable results of the regression
models. The daily N intake, combined with the collection of urine samples and the measurement of urea and
creatinine, led to a reliable estimate of the liquid N excretion.
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INTRODUCTION

The nutritional strategies that are adopted to reduce nitrogen (N) and phosphorus excretions from pigs include phase
feeding, diet supplementation with 4 synthetic limiting amino acids and the addition of phytase for phosphorus
(Aarnink and Verstegen, 2007). A three-phase feeding programme, together with a reduction in volume, can reduce
N excretion by 16%, compared to a mono-phase system for growing-finishing pigs, as an improved N catabolism
can reduce thirst in pigs to a great extent (Rademacher, 2000). Similar results were obtained by Nahm (2007), who
reduced the N excretion and ammonia emission from poultry manure. The use of phase feeding in rabbits improves
feed efficiency by reducing N excretion (Maertens and Luzi, 1996). The excretion of ingested N by growing rabbits
can be partitioned into faeces, which reaches 25-27%, and urine, which accounts for 17-25%, according to Calvet
et al. (2008), with an average faecal-to-urine N ratio of 1.24. The use of low protein (LP) diets reduces the urea level
in the blood as well as in the urine of rabbits (Masoero et al., 2008). Moreover, a reduction in crude protein (CP),
from 18.4 to 16.1%, did not modify the performance of rabbit does (Palomares et al., 2006), while a reduction from
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18.7% to 16.9% improved the milk efficiency of the N intake by 17%, with a 22% reduction in daily urinary urea N
excretion (Masoero et al., 2011a).

The aim of this work was to model N excretion from rabbit herds using urine samples analysed for urea (UU) and
creatininury (CU), combined with the dietary crude protein level (CP) and daily N intake (DNI), considering the type of
animal and their metabolic weight as the covariate variables. The results of this short bottom-up method are limited,
and not at all values are comparable with the standard tabulated values, obtained from a global balance between
N intake and the N fixed in the carcass during the lifecycle, i.e. the up-down criteria established by the European
Commission (ERM/AB-DLO, 1999). Nevertheless, this technical measurement proposal appears quite interesting for
the real monitoring of nutritional management evolution.

MATERIALS AND METHODS

In 6 experiments, 81 growing rabbits (from 56 to 77 d of age) and 18 lactating multiparous does were reared in
metabolic cages according to the standard harmonised methodology (Perez et al., 1995) and studied for the total
collection of faeces and urine. Nineteen experimental groups were created (Table 1), 6 of which received diets with
lower CP content (from —8 to —19% less), compared to the control groups in each experiment. The daily urine weight
(DUW) of heavy growing rabbits was obtained from a 4-d collection in a single jar, previously acidified with 3 mL
of H,50, concentrate to prevent urease activity and N losses, while the analysis sample was collected on day 5. A
single 24 h sample was collected from the does on day 19 of lactation. A clinical examination of the fresh urine,
centrifuged for 5 min at 2000 rpm, was performed within 2 h of collection. The UU and CU concentrations were
determined on diluted distilled water (1/10) samples using ILAB300 (Instrumentation Laboratory) methods, that is,
Urease/GLDH (Cat. No. 00018255440 for urea and Jaffé (Cat. No. 00018257240) for creatinine. The N contents of
dried faeces and diets were analysed by means of NIRS equations provided by ratio-performance deviation of 3.2 and
3.0 respectively (Xiccato ef al., 2003; Meineri et al., 2009; Nufiez-Sanchez et al., 2012) calibrated on an LSP 350-
2500P LabSpec-Pro portable spectrophotometer (ASD, Analytical Spectral Devices Inc., Boulder, CO).

The basic variables considered in the study are listed in Table 1, which reports the experimental design of the
19 groups, the CP level of the diet (g/kg), growth performance (g/d), daily feed intake (g/d), DNI (g/d), daily faecal N
(DFN, g/d), daily urine weight (DUW, g/d), CU (mg/dL), UU (mg/dL), daily urinary urea and creatinine nitrogen (DUN,
g/d). The other variables, featuring nitrogen efficiency and excretion, were formulated as shown in Tables 2 and 3.

The first step of the statistical analysis concerned the significance of the type of animal on N excretion (Table 2) by
using a univariate GLM model (SAS/STAT® 9.2. SAS Inst. Inc., Cary, NC). The second step concerned the N excretion
model (Tables 3 and 4). The correlation matrix, reported in Table 4, was analysed by means of Ward’s Hierarchical
Clustering Analysis (HCA), performed via StatBox software vs. 6.5 (Grimmer Logiciel, Paris) in order to compare the
relative average similarity patterns. To predict the N excretion, a forward regression model (with significance level
entry at P<0.20) was used that considered seven predictor variables: type of animal (growing rabbit and doe), dietary
CP level, UU, CU, UU-to—UC N ratio, as suggested by Moen and Del Giudice (1997), the metabolic weight of the
animals in the test period and the DNI. The statistics considered for the prediction features using individual analysis
were the r-square of the model, and the mean square error. Since the aim of the work was to assess the reliability
of the mean values on the basis of the results of herd examinations from a few samples of urine from growing and
doe rabbits, the effective group averages were regressed on the predicted group averages to obtain the r-square
coefficient of the group-mean (R?G) with their standard error as the group averages (SE_G).

The 3" step concerned the goodness of fit of the bottom-up proposed method; thus, another complete model was
built by regressing the DNI on the estimates obtained from the 2 sub-models for DUN and DFN, and considering the
metabolic weight of the animals (Table 5).

In the final step, 10 groups of growing rabbits taken from other publications were considered together with the
19 groups of the present work for comparison purposes, and some general trends for growing rabbits together with
the does were developed using a quadratic regression.

World Rabbit Sci. 22: 187-194



URINE FEATURES USED TO SURVEY NITROGEN EXCRETION IN RABBITS

‘N Areunn Ajrep

:NNQ ‘Uoneusu0d BaIn Areuun :nn Anujunesio ;N9 aybiem auun Arep AN N [898.) Alep :N4q ‘axeul N Ajiep ;N ‘exeiul pasy Ajiep abelane :|4qy ureb Ajiep abelane :nQy ‘uigjoid apnio :d)
*S80p Buneloe) :q :Bumolb :n,
*(jo1u02 8y} JO % JuswiLBdXa YIBa 10j) 181p [BLLIOU B} JO [8A8] UIgjold 8y} 0} 198dsal yym uoionpa uigjold :4d e
‘(YL ‘da ‘sA7 “19|A) SpIoe oulwe ¢ yum pajuswa|ddns 181p uieloid mo| ‘Z “181p [ewlou | :uisloid Mo,
"BLLOZ “/B J8 0190SB|\ G ‘paysiigndun “/e jo 03seY) Y ‘800z “/B Jo 01e/edd07 ¢ ‘paysiandun /e Jo LBUIB\ (g ‘qLL0Z “/B 18 0I80SB | ‘LL0Z ‘[ 18 Malldd ‘0L0g ‘e 18 oulunz :Q,

6 o S Ge 6V v v 19 ee (%) 1UB[OI}}800 UOBHEA [B10L
06°0 101 8'G9 861 G0'€ 96'8 €/€ 6'Ck 82SY a %6~ 051 Z 6 g
et 1621 9'/9 102 16 08'6 0/€ rad 6.6y @ - g9l I 6 g
¥9°0 0LL1 8'G9 L1 G0t v0'y 891 G'Ge 9062 9 - IG1 LG v
€90 06 ey a! o't G8'e 9l 8'65 e 9 - il LG v
69°0 el 6'79 Gel 160 89°¢ 09} L'y 2892 ) - ad L9 ¥
ol GeS £'GS 112 05'} G 61 0Ly 6./¢ 9 - e/l [ )
9Ll i 2.9 202 8’| eR7 €9l 08¢ €6/2 ) %6 1= Il z v )
19} 0v9L 1'eS vee Go'L 08'S 602 8'6¢ 9282 ) - gLl [ )
00t vlek €29 181 yicut 206 181 7'9¢ G/9¢ ) %6 |1~ L ¢ S )
€50 898 g'Ge ol 1T £6°¢ Gyl g€ A ) %9~ a6l z v 4
/€0 e/ 6'¢e Gel 12’1 ge'e 9l 80y e18l ) %8~ ¥S1 z v 4
6v°0 eyl G'9e 2Ll 66°0 G0'e 9Ll L've 06/} ) - v9lL [ 4
G0 GLL 282 291 8Ll v.'€ 44! g'ee 98/1 ) - Gl I ¢ 4
€6°0 918 L've 652 o6t %Y 981 0’8y 1862 ) - /91 I 6 L
08°0 199 8'€C 19¢ vt 95y 161 867 122 ) %L1 4! ¢ 8 L
oo €Ll 2’6 6t 260 8l'e 6L e/ Lee 9 - /91 (I 0
€50 Ge9 £ 612 00'} £9°¢ 9l G'62 1802 9 - 191 [ 0
90 €8/ 7’2 G/l 060 Gee 1l eel 0/12 9 - 91 Loy 0
68°0 8LLL L'ey G661 oLt 99'¢ Gel G'62 G9le 9 - 0L} [ 0
(p/B)Nna (pbw) nn - (pbw) nd - (p/B) mnd (P/B)N4a (p/6) INa (p/6) I Hav  (p/B) pav  (B) biam on ,odf fewily (%) U (B/6) dD  od1 "ON Juslipadx3

"S)uaWILIAdXa g Woij sdnolB G| 8y} J0J PAPI0al Sa|qRLIEA JISEq 8U) JO ARWWING :| 8jqeL

World Rabbit Sci. 22: 187-194 | 189



Gasco 6t al.

Table 2: Differences between growing rabbits and lactating does in predictor and target variables, featuring nitrogen
efficiency and excretion, derived from the basic variables (Table 1).

Growing Lactating does

Variables Means  SEM' Means  SEM P-value D/G?

Predictor variables
Daily N intake (DNI) (g/d) 416 0.1 9.35 0.25  <0.0001 125%
Urinary urea concentration (UU) (mg/dL) 985 51 1146 112 0.19 16%
Creatininury (CU) (mg/dL) 42 2.6 67 57 0.001 58%
Urinary urea N -to- CU N ratio (g/g) 4.37 0.15 2.91 0.32  <0.0001 -34%
Faecal CP (g/kg DM) 140 2.6 157 57 0.010 12%

Target variables
Daily urine weight (DUW) (g/d) 185.5 7.3 199.4  16.0 0.43 7%
Daily urinary N (DUN) (g/d)® 0.81 0.05 1.05 0.10 0.030 29%
Percentage of the N intake in urine (PUN) (%)* 19.2 0.7 1.2 157  <0.0001 —42%
Daily faecal N (DFN) (g/d) 1.25 0.04 3.02 0.09  <0.0001 141%
Faecal-to-Urine N ratio (F/U) (9/g)°® 1.80 0.13 3.54 0.28  <0.0001 96%
Daily retained N (DRN) (g/d) © 2.10 0.07 5.29 014  <0.0001 152%
Percentage of retained N (PRN)’ 50.9 0.8 56.3 1.7 0.001 1%
Efficiency of digestible N (%)® 72.7 1.0 83.5 2.2 <0.0001 15%
Efficiency of urine N (9/0)° 3.15 0.24 6.16 0.52  <0.0001 96%
Percentage of faecal N (PFN) (%) 30.0 0.5 32.5 1.0 0.030 8%
Crude protein apparent digestibility (%)" 70.0 0.5 67.5 1.0 0.030 —4%

SEM: standard error of means. 2D/G: deviation % of the doe mean from the growing rabbit mean. * DUN=DUWxUUx0.46x107.
“PUN=DUN/DNIx100. ® F/U=DFN/DUN. ®DRN: calculated as residual not-excreted N, i.e. by subtracting the urinary urea and
creatinine N and the faecal N from the ingested N; this residual N was used for maintenance as well as for production (retention in
body mass and milk). “PRN=DRN/DNIx100. eDRN/(DNI-DFN)x100. °DRN/DUN. "®PFN=DFN/DNIx100. ""DFN/DNIx100.

RESULTS AND DISCUSSION

All the variables showed a high variability (coefficient of variation >33%. Table 1), which reflected the short term
testing and the great differences in the weight of the rabbits and the dietary characteristics. The most stable trait
appeared to be the percentage of retained N (PRN: 13%, data not shown), which was calculated by subtracting from
DNI the daily excretion of N (in urinary urea, creatinine and in the faeces).

The relationships between the 3 urine parameters (daily weight, UU, CU) reflect the range of the between-group
variation. These data, which are shown in Figure 1, are useful to check whether the urine had been contaminated by
feed residues or faeces.

The lactating rabbit does showed a higher DNI than
the growing rabbits (+125%; P<0.001) (Table 2),
T 250 and retained a superior N amount in milk and body
(DRN: +152%; P<0.001). As regards solid excretion,
the does recovered a higher protein concentration
in the faeces (CPF: +12%; P<0.01), due to lower N
digestibility (CPAD: —4%; P=0.03) and an increased
proportion of faecal N excretion (PFN: +8%; P=0.03).
In contrast, the liquid N pathway was favourable to
rabbit does and reduced the percentage of N in urine
by 42% (PUN: P<0.001), with an improved utilisation
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Figure 1: Relationship between the urinary urea
concentrations (UU, mg/dL), with the creatininury (CU:
A, mg/dL, R% 0.80; P<0.001) and the daily urine
weight (DUW: m ; R% 0.21; P=0.16) for 19 groups of
growing rabbits and rabbit does.
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because the does used 6.16 g of N per g of N excreted
in urine, while the growing rabbits only utilised 3.15
(+96%; P<0.001). As a net result of the 2 processes,
in the does the N excretion was prevalent in the solid
phase, thus the ratio of the solid-to-liquid N was 3.54
vs. 1.80 in the growing rabbits (F/U: +96%; P<0.001).
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Table 3: Models of the nitrogen efficiency parameters considering the animal type, protein content of the diet, urine
parameters, metabolic weight and nitrogen intake, assessed by means of a forward regression using 99 single
records or the 19 group-means.

Intercept and Predictor variables DUN (g/d) DFN(g/d) F/U(g/g) PUN(%) PFN (%) DUW (g/d)
Intercept growing rabbits -1.78 0.61 7.03 -19.1 475 —205
Intercept lactating does —2.26 0.87 8.29 —22.3 47.5 -308
Crude Protein feed (CP) (g/kg) 0.0059 -0.0027¢ —0.0083% 015  -0.046° 1.19
Urinary Urea, (UU) (mg/dL) 0.0007 -0.0001* -0.0007¢  0.015 -0.0015*  —0.052
Creatininury (CU) (mg/dL) -0.0052 -0.0020*  -0.020 -0.16  -0.030° —0.772
Urea/Creatinine N, (UN/CN) (mg/mg) 0.0412 0b -0.39 0° 0° 14.6
Metabolic Weight (kg BW®75) 0.38 0° -1.13 6.43 —4.66 88.8
Daily N Intake (DNI) (g/d) 0.069 0.30 0.34 -1.72 0.86° 12.5
R? 0.79 0.93 0.58 0.63 0.18 0.56
SEP 0.81 0.20 0.70 410 3.90 44
r_G 0.97 0.96 0.81 0.91 0.45 0.86
SE_G 0.07 0.12 0.35 1.63 2.53 19

Allintercepts and coefficients were significant at P<0.05, except P<0.20) and ®(P>0.20; coefficients set to 0).

R?: R-square of multivariate regression from 99 single records.

SEP: Standard error of prediction.

r?_G: Simple bivariate r-square of the 19 group-means from the 99 estimated single values vs. measured group-means. P-values
of R? and r*_G <0.001.

SE_G: Standard error for group-means.

It must be noted that rabbit does and growing rabbits were not fed the same diets.

Parigi-Bini et al. (1992) observed that the efficiency of utilisation of digestible protein for milk protein production
was 25% greater than for body protein (76 and 61%, respectively). However, these authors used the comparative
slaughter technique, and the different partition of the N excretion between urine and faeces was not investigated. In
the present paper, the efficiency of retention of digestible N (Table 2) was confirmed significantly higher in rabbit does
(72.7% vs. 83.5%; +15%; P<0.0001). The urea-to-creatinine N ratio (UN/CN) was 34% lower in the lactating does
than in the growing rabbits (P<0.001), and this result also indicated a better N efficiency in the rabbit does. In wild and
domestic ruminants, when the body conditions decline due to a severe sub-nutrition period, the urinary UN/CN ratio
increases because the catabolism of body protein increases the concentration of urea nitrogen in the blood (Moen and
Dal Giudice, 1997). In general, lactating does at 19 d after parturition can be considered to be in a re-nutrition phase
(body weight increase) in almost 2/3 of cases. Pascual et al. (1999), when studying pluriparous does, found that, in
the first 21 d of lactation, the live weight increased around 80-100 g, but with high variability.

Successful in r-square fit results (P<0.001) were obtained from the regression models (Table 3) developed to estimate
DFN and DUN (0.93 and 0.79, respectively). When the N excreta was expressed as a percentage of the DNI, or as a
ratio of the faecal-to-urinary N (F/U), less stable solutions of the regression models were obtained. In fact, the models
for urinary N excretion (PUN: 0.63), faecal N (PFN: 0.18) and the for the F/U ratio (0.58) and also the individual urine
weight (0.56) were less accurate. The predictor variables were not always significant at £<0.05. In particular, the

Table 4: Correlation between the absolute daily per-capita and the relative fractions of the N ingested balance.

Pearson correlation values (n= 99).

DNI DUN DEN FU PUN PEN CPAD

Daily N Intake (DNI) 1 0470 096* 039 -018 018 -0.19
Daily Urinary N (DUN) 1 0.36* -044* 0.67¢ -013 0.2
Daily Faecal N (DFN) 1 0522 -0.24* 044 044
Faecal N — to urinary N ratio (F/U) 1 -0.55* 0500 -0.49
Percentage urinary N (PUN) 1 -0.25  0.24°
Percentage faecal N (PFN) 1 —0.98?
Crude protein apparent digestibility (CPAD) 1
“P-value<0.05.
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Table 5: Modelling of daily N intake based on the real predictor measurements of urinary (DUN) and faecal (DFN)
excretion or on the estimated predictor urinary N (Est_DUN) and estimated faecal N (Est_DFN) (No=99).

Coefficient SE'  P-value R°adj SEP?

Model
Measured predictor Constant
DNI=const+DUN+DFN+ DUN (g/d)
+MW2-+Animal-+Error DFN (g/d)

MW (kg BWO79)

Animal (1 growing/2 lactating does) 1.00 0.38

Constant
Est_DUN (g/d)
Est_DFN (g/d)
MW (kg BWO79)

Estimated predictor
DNI=const+Est_DUN+

+Est_ DFN+MW-+Animal-+Error

Animal (1 growing/2 lactating does)

-1.06 027 <0.001 0.948 0.25
0.74 0.15 <0.0010

1.77 0.16 <0.0010

0.75 0.27  0.003

0.0050

-0.14 010 0.089 0.994 0.03
0.76  0.062 <0.001
2.78  0.072 <0.001
016  0.097 0.056
-0.0928 015 0.27

'SE: standard error of the regression coefficient.
2SEP: standard error of prediction.
3 Metabolic weight.

contribution of urinary analysis in the prediction of DFN and derived variables was of minor importance. The worst
fit was found for apparent protein digestibility (CPAD: 0.18, not shown in Table 3), which could be explained by
the independence of the 2 N excretory pathways, solid vs. liquid. As highlighted in Figure 2, elaborated from the
correlation coefficients reported in Table 4, the daily N intake (DNI) was closest to faecal N (DFN and PFN) and this
cluster was very far from the urinary excretion cluster (DUN-PUN). Noticeable the relative positions of 2 key variables:
the F/U ratio, which is near the solid N phase (r: F/U, PFN=0.50) and distant from the liquid N phase, because

F/U
DNI
DFN

PN

DUN

PUN

CPAD

1.00 0.80 0.60 0.40 0.20 0.00 -0.20 -0.40 -0.60

Figure 2: Ward’s Cluster Hierarchical analysis of the
variables correlation matrix reported in Table 4 (abscise:
Euclidean distance). Daily N Intake (DNI). Daily Urinary
N (DUN). Daily Faecal N (DFN). Faecal N — to urinary
N ratio (F/U). Percentage urinary N (PUN). Percentage
faecal N (PFN). Crude protein apparent digestibility
(CPAD).
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of its opposition to the PUN (r=—0.55). The protein
digestibility (CPAD) in turn is near the liquid N phase,
as its strong negative correlation with the PFN (r=—
0.98) and the high N digestibility are physiologically
associated with a superior urinary N excretion.

The focus of the proposed bottom-up method was
on the goodness of fit of the second complete model
(Table 5), which was built by regressing the daily N intake
on the estimates obtained from the 2 urinary N (DUN)
and faecal N (DFN) models, considering the metabolic
weight and the type of animals. The individual DNI was
fitted very accurately (R?=0.994; SE=0.03), and was
even better than for the real measurements (R>=0.948;
SE=0.25, respectively). This result depends mainly on
the very close relationships (r=0.96; P<0.001) between
the N intake and faecal N (Table 4). Digestibility of CP
registered less variability (CV: 6%, not shown) than the
urinary N percentage (CV: 39%) in all the experiments.

Averaging the estimates according to the groups reduced
the prediction standard error and increased the r-square
fit, as expected, to 0.91 for the PUN and 0.86 for the
urine weight, but not so much for the faecal excretion
(PFN: 0.45) or protein digestibility (CPAD: 0.44, data not
shown). Ciszuk and Gebregziabher (1994) regressed
UUN on the milk urea N content of dairy cows, and
observed that the R? increased from 0.64 to 0.94 when
it was calculated from the mean values (3 or 4 animals)
of each experimental period or diet.
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Urea is the main product of N catabolism and is
synthesised in the liver as a result of deamination
processes. The urea of rabbits is almost the only way
of excretion for liquid N (Lebas, 2010). Rabbits have
limited storage ability and increase urination in order
to eliminate urea. Masoero ef al. (2008) observed that
blood and urine urea in growing rabbits appeared to
be positively correlated, and a decrease in the level of
dietary protein reduced blood urea (-32%) and urine
urea (—=37%). Amber et al. (2004), using yucca extracts,
observed an improvement in N utilisation, because N
urinary excretion was reduced in parallel with a strong
reduction in urea and ammonia in the blood, and also in
the caecum, while the F/U ratio was increased by 6%.

By combining the data obtained in this experiment with
data from literature, it has been shown that the 19 groups
of the present work overlapped 10 groups inthe published
references (Figure 3). Two relevant features emerge: 1)

[e]

9.0 14.0 19.0 24.0 29.0 340
PUN (%)

Figure 3: Relationship between the ratio of the Faecal-
to-Urinary N excretion (F/U) and the Percentage of
Urinary N compared to N intake (PUN) for the 19 groups
of growing rabbits and rabbit does, compared with
10 groups from literature (A: growing rabbits from
this work; Z\: rabbit does from this work; O: Gidenne
et al, 2002; M Calvet et al, 2008; ’: Amber
et al., 2004; *: Oluokun, 2005). General regression:

F/U=0.0020xPUN>-0.16xPUN+3.97; R* 0.81; SEP:
0.21; P<0.001.

a very wide variation in the relative excretion of the N
catabolite in liquid form (a 10-34% range of PUN) and
2) a close parabolic between-group relationship, which
links the liquid and the solid N excretions expressed in
relative form (R?=0.82; P<0.001).

Xiccato et al. (2005, 2007) calculated a yearly N excretion of 7.40 kg per doe, by means of ERM/AB-DLO (1999)
criteria, based on the standard N content of the carcass yield, and highlighted that 66% of N was not retained in the
commercial carcass, but was excreted into the environment. Maertens et al. (2005) evaluated a release of 7.42 kg
N doe-cage/yr. Compared to the up-down ERM/AB-DLO method, this work, which deals with a partial and short
test-period, proposes a bottom-up method which underestimates the N excretion at a 47.8% level (30.4 % from
faeces and 17.4% from urine). As far as the productive system is concerned, if a holistic approach is adopted, the
raw difference (47.8% vs. 66% official) should be attributed to the different unproductive steps of the herd system,
namely: the dressing-out percentages at slaughtering (N in the digestive tract, blood, skin, etc.), the N losses due to
mortality, and the N-feed maintenance cost of the non-milking does and of their young renewals.

CONCLUSION

The target N excretion and efficiency variables were properly predicted through the average ingested N, the protein
level of the diet, and through 2 simple clinical tests of the urine for urea and creatinine. Progress in best practice
management procedures could be checked, at a real scale, by adopting these cheap and non invasive measures.
Further studies need to be conducted to verify whether spot sample collection of urine is effectively equivalent to a
whole 24 h collection in terms of clinical parameters.
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