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RELATIONSHIP BETWEEN BODY CONDITION AND ENERGY MOBILIZATION IN RABBIT DOES
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Abstract: The present work was performed to examine the relationships between measures of body 
condition and energy mobilization in rabbit does. The variables studied were body weight (BW), perirenal 
fat thickness (PFT), basal non-esterified fatty acid concentration (NEFAb) and non-esterified fatty acids after 
lipolysis stimulation by isoproterenol (NEFAr). The effect of time of measuring (at mating, delivery and 10 d 
after delivery) was estimated in 157 primiparous does. Correlations between body condition components 
were estimated and a principal component analysis performed. The does decreased BW (6%) and PFT (3%), 
and increased NEFAb (25%) and NEFAr (16%) from mating to delivery. Later, NEFAb and NEFAr decreased 
around 20% from delivery to 10 d after delivery without changing perirenal fat thickness. All BW and PFT lay 
in the first principal component, and all NEFA traits lay in the second component, showing low correlations 
with body condition measurements. Both NEFA traits showed high positive correlations when measured at 
the same time (0.65, 0.72 and 0.69), but low correlations when measured at different times (0.09, to 0.20). 
We conclude that although body weight and perirenal fat thickness are good predictors of body condition, 
NEFA should be used when an accurate measurement of energetic mobilization is needed, due to their low 
correlation.
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INTRODUCTION

Body condition is a common tool for assessing the energy status of dams in animal production. Body condition refers 
to the state of the body energy reserves, i.e. fat deposits, that are used when the does have an energy demand. 
Different in vivo techniques for the estimation of body condition in rabbits have been proposed. Total body electrical 
conductivity (Fortun-Lamothe et  al., 2002), body condition score (Cardinali et  al., 2008), computer tomography 
(Romvári et al., 1998), bioelectrical impedance analysis (Nicodemus et al., 2009) and ultrasound (Pascual et al., 
2000) have all been used to assess body condition. Ultrasound scanning is a simple, low-cost and accurate method 
to estimate fatty deposits. Perirenal fat is the main adipose tissue and is highly correlated with the other adipose 
tissues (Silva et al., 2012). Due to this, perirenal fat thickness (PFT) has been proposed for the estimation of changes 
in body condition (Pascual et al., 2000).

Negative energy balance is associated with mobilization of body reserves, predominantly localized in fat and muscle 
tissues (Gross et al., 2011). Fortun-Lamothe (2006) indicated that an increase of non-esterified fatty acids (NEFA) 
concentration in blood generally indicates mobilizations of adipose tissue (Gross et al., 2013). An increase in NEFA 
concentration is interpreted as short-time mobilization, and PFT changes are used to estimate energy changes in the 
mid-long term. Consequently, body condition and NEFA are both used, as both provide information that helps properly 
interpret the energy balance of females (Fortun-Lamothe, 2006).

There are 3 key moments when the does need to manage their body condition and energy mobilization; mating 
(Brechia et al., 2006; Castellini et al., 2006), delivery (Rebollar et al., 2011; Savietto et al., 2016) and early lactation 
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(Quevedo et al., 2006). Our objective was to assess the relationships between body condition and energy mobilization 
measurements at these 3 points in the reproductive cycle of the doe.

MATERIAL AND METHODS

All experimental procedures involving animals were approved by the Miguel Hernández University of Elche Research 
Ethics Committee (Reference number DTA-MJA-001-11), according to Council Directives 98/58/EC and 2010/63/EU.

Animals

One hundred and fifty-seven primiparous dams were used in this study. All animals were reared at the Miguel 
Hernández University of Elche (Spain). Rabbits were allowed ad libitum access to a standard pelleted diet (218 g 
acid detergent fibre, 174 g crude protein and 11.0 MJ digestible energy, Cunilactal, Nutreco). The does were kept 
in individual cages in a farm with a constant photoperiod of 16 h continuous light: 8 h continuous darkness and 
controlled ventilation. They were first mated at 18 wk of age and at 10 d after parturition thereafter. If the dams were 
not receptive, they were mated again 1 wk later. Kits were weaned at 28 d of age. Two synthetic maternal lines were 
used in the analysis.

Traits

All traits were measured at effective mating, delivery and 10 d after delivery, at the second parity. Dam body weight 
(BW) was recorded. Does’ PFT was measured by ultrasound imaging as described by Pascual et al. (2000), using 
Justvision 200 SSA-320A Toshiba ultrasound equipment.

NEFA concentration was determined in basal state (NEFAb) and in response to the adrenergic agent isoproterenol 
(NEFAr), which increases the lipolysis. Blood was sampled before and 7.5 min after isoproterenol injection (50 µg/
kg BW, Sigma 15627). This time interval and the isoproterenol concentration were found appropriate by Theilgaard 
et al. (2005) for assessing the lipolytic potential in rabbits. Blood samples were obtained from the central ear artery 
early in the morning, before feed was distributed, to prevent the effect of feeding, as proposed by Theilgaard et al., 
(2005). The samples were centrifuged immediately after sampling (4000×g, 4°C, 15 min) and plasma was stored 
at –20°C for further analysis. Plasma NEFA concentrations were determined using the in vitro enzymatic colorimetric 
methodology prepared by the NEFA test Wako C (Wako Pure Chemical Industries, Ltd, Osaka, Japan). Samples were 
analysed with a UV spectrophotometer (Model Hewlett Packard 8453).

Statistical analyses

Differences in body condition and energy mobilization indicators were estimated with a model including the effects 
of time of measurement, line, lactation status (lactating or non-lactating at mating), season and dam permanent 
effect. All analyses were performed using Bayesian methodology. The posterior median of the difference between 
time of measurement (D), the highest posterior density region at 95% (HPD95%), and probability of the difference 
being positive when D>0 or negative when D<0 (P) were calculated. Bounded uniform priors were used for all 
effects with the exception of the dam permanent effect, considered normally distributed with mean 0 and variance 

Table 1: General mean, standard deviation (SD), coefficient of variation (CV) for measures of body condition and 
energy mobilization at mating, delivery and 10 d after delivery.

Mating Delivery 10  d after delivery
Mean SD CV Mean SD CV  Mean SD CV

BW (g) 3637 368 0.10 3411 413 0.12  3556 457 0.13
PFT (mm) 9.30 0.80 0.09  9.1 0.90 0.09  9.20 1.10 0.10
NEFAb (mmol/L) 0.53 0.25 0.47  0.66 0.31 0.47  0.53 0.21 0.40
NEFAr (mmol/L) 0.88 0.39 0.44  1.02 0.36 0.38  0.81 0.32 0.40
BW: body weight. PFT: perirenal fat thickness. NEFAb: basal non-esterified fatty acids concentration. NEFAr: non-esterified fatty acids 
after lipolysis stimulation.
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σ2
p. Residuals were a  priori normally distributed with 

mean 0  and variance σ2
e. The priors for the variances 

were also bounded uniform. Features of the marginal 
posterior distributions for all unknowns were estimated 
using Gibbs sampling. Convergence was tested using 
the Z criterion of Geweke (Sorensen and Gianola, 2002) 
and Monte Carlo sampling errors were computed using 
time-series procedures described in Geyer (1992). The 
Rabbit program, developed by the Institute for Animal 
Science and Technology (Valencia, Spain), was used for 
all procedures.

Correlations between residuals of a model that included 
line, lactation status and season effects were estimated. 
A principal component analysis was performed. All 
these analyses were performed using the SAS statistical 
package.

RESULTS AND DISCUSSION

Descriptive results of the traits are presented in Table 1. 
Body weight of the females was lower than those 
reported by Quevedo et al. (2006) and Theilgaard et al. 
(2009), but perirenal fat thickness was similar (Quevedo 
et al., 2006) or higher (Theilgaard et al., 2009). This may 
be due to the different feed composition (Quevedo et al., 
2006) or reproductive rhythm applied (Theilgaard et al., 
2009). NEFAb and NEFAr showed similar results to those 
of Theilgaard et al. (2009), and the NEFA levels were also 
similar to those obtained by Brecchia et al. (2006) after 
24 h of fasting. Both NEFA traits showed high variability, with coefficients of variation from 0.40 to 0.47.

Table 2 shows the evolution of body condition indicators for the 3 times at which they were measured. Both NEFAb 

and NEFAr were higher at delivery than at mating (25% and 16%, respectively), as expected due to higher energetic 
demand (Rebollar et al., 2011) and lower food ingestion of the doe (Pascual et al., 2003) at that moment. In dairy 

Table 2: Features of the marginal posterior distribution 
of the difference (D) between body condition and energy 
mobilization measurements at different times.

Mating 
Delivery

Delivery, 
10 d after 
delivery

Mating, 
10 d after 
delivery

BW
D 227 –135 92
HPD95% 174, 284 –192, –77 36, 149
P 1.00 1.00 1.00

PFT
D 0.24 –0.05 0.19
HPD95% 0.08, 0.41 –0.23, 0.12 0.03, 0.36
P 1.00 1.00 0.98

NEFAb

D –0.13 0.13 0.00
HPD95% –0.20, –0.06 0.05, 0.20 –0.07, 0.07
P 1.00 1.00 0.50

NEFAr

D –0.14 0.21 0.07
HPD95% –0.24,–0.05  0.10, 0.30 –0.04, 0.15
P 1.00 1.00 0.91

HPD95%: highest posterior density region at 95%. P: probability 
of the difference being positive when D>0 or negative when 
D<0. BW: body weight (g). PFT: perirenal fat thickness (mm). 
NEFAb: basal non-esterified fatty acids concentration (mmol/L). 
NEFAr: non-esterified fatty acids after lipolysis stimulation 
(mmol/L).

Table 3: Coefficients of correlation between body condition and energy mobilization measurements.
Mating Delivery 10 d after delivery

PFT NEFAb NEFAr BW PFT NEFAb NEFAr BW PFT NEFAb NEFAr

Mating BW 0.53* 0.10 0.02 0.64*  0.41*  0.32*  0.23*  0.57* 0.45* 0.05  0.14
PFT 0.18 0.25* 0.35*  0.31*  0.24*  0.12  0.34* 0.29*  0.24* 0.26*
NEFAb 0.65* −0.09 −0.09 0.16  0.09 −0.03 −0.03 0.09 0.12
NEFAr −0.07 −0.09 0.18  0.14 −0.08 −0.06 0.18 0.13

Delivery BW  0.64* 0.10  0.07  0.83* 0.62* −0.01 0.11
PFT 0.02  0.00  0.55* 0.51* 0.03 0.04
NEFAb  0.72*  0.08 0.04 0.14 0.11
NEFAr −0.01 0.04 0.14  0.20*

10 d after delivery BW  0.67* −0.13 −0.06
PFT 0.09 0.20*
NEFAb 0.69*

*P-value<0.05. Body weight (BW), perirenal fat thickness (PFT), basal non-esterified fatty acids concentration (NEFAb), and non-
esterified fatty acids after lipolysis stimulation (NEFAr).



Calle et al.

World Rabbit Sci. 25: 37-4140

cows, a considerable amount of adipose tissue is known 
to be mobilized during the transition from late gestation to 
early lactation, resulting in elevated plasma NEFA (Gross 
et  al., 2013). Perirenal fat thickness and body weight 
are in agreement with the NEFA measurements, being 
3 and 6% lower at delivery. Subsequently, both NEFA 
traits were around 20% higher at delivery than at 10 d 
after delivery, but no differences were found for perirenal 
fat thickness (D=−0.05, HPD95%=[–0.23, 0.12]). These 
variations in NEFA concentrations could be due to 
variation in the flow of NEFA concentration with respect 
to its oxidation capability and storage (Gross et al., 2013), 
so this variation is not necessarily attributable to changes 
in energy balance. From mating to 10 d after delivery, the 
balance was negative for BW (92 g) and PFT (0.19 mm). 
Within a reproductive cycle, the highest value of NEFA 
was at delivery, which is in agreement with Rebollar et al. 
(2011).

Table 3  shows the coefficients of correlation between 
traits. To facilitate interpretation of the correlations, we 
performed a principal components analysis. The first 
2 components explained nearly 50% of total variation 
(30 and 19% respectively). Figure 1 shows the 1st and 
2nd principal components. All BW and PFT were located 
in the 1st principal component, with the exception of PFT 
at mating. We found substantial positive correlations 
between them, both at the same time and at different 
times (0.51  to 0.83). BW and PFT were proposed as 
predictors of body reserves by Pascual et al. (2000). Both 

traits are related to energy content, which is highly influenced by the size of the animal. Although high correlations 
between measurements are expected, some of these correlations are not so high, therefore all of them give useful 
information about the energy balance in the mid-long term. 

All NEFA measurements were located in the 2nd principal component, showing low correlations with the PFT 
measurements and also with BW. As NEFA measurements do not depend on body weight or perirenal fat, they show 
the energy balance in the short term. NEFA should be more related to the energy balance due to differences in feed 
intake (Brecchia et al., 2006), milk yield (Fortun-Lamothe and Prunier, 1999) or heat stress (Savietto et al., 2014). 
NEFAb and NEFAr measurements showed high positive correlations when measured at the same time (0.65 to 0.72), 
indicating that even in a state of high fat mobilization reserves, the does have at any time an important additional 
capacity for fat reserves mobilization. NEFA traits showed low correlations between them when measured at different 
times (0.09 to 0.20), showing that the actual state of fat reserves mobilization should be measured at each time, 
as when both NEFA traits are measured at the same time they are poor predictors of the capacity for mobilization 
of reserves at other times. Xiccato et al. (2005) also indicated that NEFA levels in blood did not closely reflect the 
changes in energy balance caused by reproductive rhythm and weaning management.

We conclude that although BW and PFT are good predictors of body condition, NEFA measurements should be used 
when an accurate measurement of energy mobilization is needed. We also conclude that measuring NEFA after 
stimulating lipolysis with an adrenergic agent is going to give similar results as basal NEFA, and thus does not seem 
to be required for a prediction of does’ fat reserves mobilization, unless the experiment requires a more accurate 
prediction of the additional capacity of the does for energy mobilization. 
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Figure 1: Projection of the traits in the plane defined by 
the two first principal components. BW: Body weight, 
PFT: perirenal fat thickness, NEFAb: basal non-esterified 
fatty acids concentration, NEFAr: non-esterified fatty 
acids after lipolysis stimulation. Superscripts m, d and 
l mean variable measured at mating, delivery and 10 d 
after delivery, respectively.



Relationship between body condition and energy mobilization in rabbit does

World Rabbit Sci. 25: 37-41 41

Acknowledgments: This experiment was supported by projects AGL2011-29831-C03-02  and AGL2014-55921-C2-2-P of 
the National Research Plan. Eddy W. Calle was supported by a research grant from Erasmus Mundi (Programme Babel). We are 
especially grateful to reviewer A for her detailed comments and useful suggestions.

REFERENCES

Brecchia G., Bonanno A., Galeati G., Federici C., Maranesi 
M., Gobbetti A., Zerani M., Boiti C. 2006. Hormonal and 
metabolic adaptation to fasting: Effects on the hypothalamic-
pituytary-ovarian axis and reproductive performance of rabbit 
does. Domest. Anim. Endocrinol., 31: 105-122. https://doi.
org/10.1016/j.domaniend.2005.09.006

Cardinali R., Dal Bosco A., Bonanno A., Di Grigoli A., Rebollar 
P.G., Lorenzo P.L., Castellini C. 2008. Connection between 
body condition score, chemical characteristics of body and 
reproductive traits of rabbit does. Livest. Sci., 116: 209-215. 
https://doi.org/10.1016/j.livsci.2007.10.004

Castellini C., Dal Bosco A., Cardinali R. 2006. Long term effect 
of post-weaning rhythm on the body fat and performance of 
rabbit does. Reprod. Nutr. Dev., 46: 195-204. https://doi.
org/10.1051/rnd:2006009

Fortun-Lamothe L., Lamboley-Gaüzère B., Bannelier C. 2002. 
Prediction of body composition in rabbit females using total 
body electrical conductivity (TOBEC). Livest. Prod. Sci., 78: 
133-142. https://doi.org/10.1016/S0301-6226(02)00087-8

Fortun-Lamothe L. 2006. Energy balance and reproductive 
performance in rabbits does. Anim. Reprod. Sci., 93: 1-15. 
https://doi.org/10.1016/j.anireprosci.2005.06.009

Fortun-Lamothe L., Prunier A. 1999. Effects of lactation, energetic 
deficit and remating interval on reproductive performance of 
primiparous rabbit does. Anim. Reprod. Sci., 55: 289-298. 
https://doi.org/10.1016/S0378-4320(99)00020-2

Geyer C.M. 1992. Practical Markov chain Monte Carlo (with 
discussion). Stat. Sci., 7: 473-511. https://doi.org/10.1214/
ss/1177011137

Gross J., van Dorland H.A., Bruckmaier R.M., Schwarz F.J. 2011. 
Performance and metabolic profile of dairy cows during a 
lactational and deliberately induced negative balance with 
subsequent realimentation. J. Dairy Sci., 94: 1820-1830. 
https://doi.org/10.3168/jds.2010-3707

Gross J., Schwarz F.J., Eder K., van Dorland H.A., Bruckmaier R.M. 
2013. Liver fat content and lipid metabolism in dairy cows 
during early lactation and during mid-lactation feed restriction. 
J. Dairy Sci., 96: 5008-5017. https://doi.org/10.3168/
jds.2012-6245

Nicodemus N., Pereda N., Romero C., Rebollar P.G. 2009. Évaluation 
de la technique d’impédance bioélectrique (IBE) pour estimer 
la composition corporelle de lapines reproductrices. In Proc.: 
13èmes Journées de la Recherche Cunicole, 24-25 November, 
2015, Le Mans, France, 109-112.

Pascual J.J., Castella F., Cervera C., Blas E., Fernández-Carmona 
J. 2000. The use of ultrasound measurement of perirenal 
fat thickness to estimate changes in body condition of 
young female rabbits. Anim. Sci., 70: 435-442. https://doi.
org/10.1017/S135772980005178X

Pascual J.J., Cervera C., Blas E., Fernández-Carmona J. 2003. 
High-energy diets for reproductive rabbit does: effect of 
energy source. Nutr. Abs. Rev. Serie B, 73: 27R-39R.

Quevedo, F., Cervera, C. Blas, E., Baselga, M., Pascual, J.J. 
2006. Long-term effect of selection for litter size and feeding 
programme on the performance of reproductive rabbit does, 
2. Lactation and growing period. Anim. Sci., 82: 751-764. 
https://doi.org/10.1079/ASC200688

Rebollar P.G., Pereda N., Schwarz B.F., Millán P., Lorenzo P.L., 
Nicodemus N. 2011. Effect of feed restriction or feeding 
high-fibre diet during the rearing period on body composition, 
serum parameters and productive performance of rabbit does. 
Anim. Feed Sci. Tech., 163: 67-76. https://doi.org/10.1016/j.
anifeedsci.2010.10.005

Romvári, R., Szendrő, Z.S., Jensen, J.F., Sβrensen, P., Milisits, 
G., Bogner, P., Horn, P., Csapó, J. 1998. Non invasive 
measurements of body composition of two populations 
between 6 and 16 weeks of age by computer tomography. 
J. Anim. Breed. Genet, 115: 383-395. https://doi.
org/10.1111/j.1439-0388.1998.tb00359.x

Savietto D., Cervera C., Ródenas L., Martínez-Paredes E., Baselga 
M., García-Diego F.J., Larsen T., Friggens N.C., Pascual J.J. 
2014. Different resource allocation strategies result from 
selection for litter size at weaning in rabbit does. Animal, 8: 
618-628. https://doi.org/10.1017/S1751731113002437

Savietto D., Marono S., Martínez I., Martínez-Paredes E., Ródenas 
L., Cervera C., Pascual J.J. 2016. Patterns of body condition 
use and its impact on fertility. World rabbit Sci., 24: 39-45. 
https://doi.org/10.4995/wrs.2016.4006

Silva S.R., Guedes C.M., Mourão J.L., Monteiro D., Pinheiro V. 
2012. Prediction of rabbit body fat deposits from perirenal 
fat measurements obtained with ultrasound. In Proc.: XXXVII 
Symposium de Cunicultura, 24-25th of May, 2012, Barbastro, 
Spain. 143-147.

Sorensen D., Gianola D. 2002. Likelihood, bayesian, and MCMC 
Methods. In: Quantitative Genetics. First Edition. Springer-
Verlag, New York.

Theilgaard P., Facila S., Blas E., Baselga M., Pascual J.J. 2005. 
Time and dose response of blood non-esterified fatty acids to 
adrenergic stimulation in rabbit does. World Rabbit Sci., 13: 
189-195. http://dx.doi.org/10.4995/wrs.2005.518

Theilgaard P., Baselga M., Blas E., Friggens N.C., Cervera C., 
Pascual J.J. 2009. Differences in productive robustness in 
rabbits selected for reproductive longevity or litter size. Animal, 
3: 637-646. https://doi.org/10.1017/S1751731109003838

Xiccato G.,Trocino A., Boiti C., Brecchia G. 2005. Reproductive 
rhythm and litter weaning age as they affect rabbit doe 
performance and body energy balance. Animal Sci., 81: 289-
296. https://doi.org/10.1079/ASC50270289

https://doi.org/10.1016/j.domaniend.2005.09.006
https://doi.org/10.1016/j.domaniend.2005.09.006
https://doi.org/10.1016/j.livsci.2007.10.004
https://doi.org/10.1051/rnd:2006009
https://doi.org/10.1051/rnd:2006009
https://doi.org/10.1016/S0301-6226(02)00087-8
https://doi.org/10.1016/j.anireprosci.2005.06.009
https://doi.org/10.1016/S0378-4320(99)00020-2
https://doi.org/10.1214/ss/1177011137
https://doi.org/10.1214/ss/1177011137
https://doi.org/10.3168/jds.2010-3707
https://doi.org/10.3168/jds.2012-6245
https://doi.org/10.3168/jds.2012-6245
https://doi.org/10.1017/S135772980005178X
https://doi.org/10.1017/S135772980005178X
https://doi.org/10.1079/ASC200688
https://doi.org/10.1016/j.anifeedsci.2010.10.005
https://doi.org/10.1016/j.anifeedsci.2010.10.005
https://doi.org/10.1111/j.1439-0388.1998.tb00359.x
https://doi.org/10.1111/j.1439-0388.1998.tb00359.x
https://doi.org/10.1017/S1751731113002437
https://doi.org/10.4995/wrs.2016.4006
http://dx.doi.org/10.4995/wrs.2005.518
https://doi.org/10.1017/S1751731109003838
https://doi.org/10.1079/ASC50270289

