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INTRODUCTION 
The two main stress-responsive neuroendocrine systems play a critical role in the regulation of 
energy fluxes. The hypothalamic-pituitary-adrenocortical (HPA) axis influences feeding 
behaviour, pancreatic hormones secretion, energy expenditure and the protein / lipid balance 
(Dallman et al., 1993). Altogether, cortisol, the main active hormone of the axis, released by 
the adrenal cortex, favours the accretion of fat at the expense of proteins (Devenport et al., 
1989). Indeed, pig breeds with a higher carcass content of fat like Meishan (Désautés et al., 
1997 ; 1999 ; Hay and Mormède, 1998) or Duroc (unpublished results) also produce more 
cortisol. On the other hand, catecholamines (adrenaline, AD, and noradrenaline, NA) released 
by the sympathetic nervous system increase the use of energy stores (gycogen and lipids). 
Sympathetic activation by stress before slaughter reduces muscle glycogen content and post-
mortem acidification, leading to DFD-type meat (dark, firm and dry). The present experiment 
was designed to study the relationships of stress hormones secretion, measured by their content 
in urine collected after slaughter, with carcass composition and meat quality in a segregating 
(F2) cross between two contrasting breeds, the Large White and Duroc pigs. 
 
MATERIALS AND METHODS 
Animals and data recording. The present data were obtained from 312 female and castrated 
male pigs from an F2 intercross between the Large White and Duroc breeds. At a live weight 
of 70 kg, a muscle biopsy sample was taken from the longissimus dorsi muscle at the level of 
the last rib to measure intramuscular fat (IMF) content. Animals were slaughtered in 
commercial conditions when they reached 100 kg live weight. Urine was collected from the 
bladder and frozen after addition of EDTA as a preservative. Carcass lean content was 
measured shortly after slaughter using a “Fat-o-Meater” probe. The day after slaughter, midline 
backfat thickness was taken at the shoulder, back and rump levels (mean of the three 
measurements was analysed) and pH was measured in the adductor femoris muscle. 
 
Biochemical assays. IMF was measured by gas chromatography after extraction and 
transmethylation (Folch et al., 1957 ; Morrison and Smith, 1964). Cortisol was measured in 
urine by HPLC with U.V. detection after extraction on reverse phase columns (Hay and 
Mormède, 1997a). Catecholamines were measured by HPLC with electrochemical detection 
after extraction on cationic columns (Hay and Mormède, 1997b). Creatinine was measured by 
a colorimetric method (Sigma diagnostics), to correct for urine dilution.  
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Statistical analyses. Pearson residual correlation test was used to study the relationships 
between neuroendocrine and carcass composition and quality traits. Residuals adjusted the 
measures for sex, farrowing batch, slaughter date and weight at slaughter, when significant, 
and were obtained from the general linear model analysis of variance of SAS (SAS Institute, 
1992).  
 
RESULTS AND DISCUSSION 
Means and standard deviations of the traits analysed are presented in table 1 and Pearson 
residual correlations between the different measures are given in table 2. 
 
Table 1. Means and standard deviations (STD) of the traits analysed 
 

TraitA Cortisol 
(B) 

Adrenaline 
(B) 

Noradrenaline 
(B) 

pH24 Backfat 
(mm) 

Lean content 
(%) 

IMF 
(%) 

Mean 57.8 20.7 31.3 5.99 20.9 59.1 2.12 
STD 50.2 14.9 21.0  0.271     3.31    3.24  0.775 
A pH24 : pH measured in the adductor femoris muscle 24 hours after slaughter  
Backfat : mean of backfat thickness taken at the shoulder, back and rump levels 
Lean content : percent of muscle measured with the “Fat-o-Meater” probe  
IMF : intramuscular fat content measured in a biopsy sample from the longissimus dorsi muscle 
B In ng/mg of creatinine 
 
- Cortisol and adrenaline levels were highly correlated, unlike cortisol and noradrenaline 

levels. On the other hand, adrenaline and noradrenaline levels are also correlated. These 
data show that adrenal cortex and medulla are somehow co-activated, but that HPA axis 
and sympathetic nervous system are also largely independent.  

 
- Catecholamines were positively correlated with meat pH measured 24 hours after 

slaughter. This relationship results from the catabolism of muscle glycogen before 
slaughtering by catecholamines, which reduces the post mortem acidification of meat.  

 
- Cortisol was correlated positively with backfat thickness and negatively with carcass lean 

content. These correlations reflect the general metabolic effects of cortisol that favours the 
accretion of lipids in fat at the expense of proteins from muscle and other tissues. A similar 
correlation between backfat thickness and plasma cortisol levels was previously found in 
an intercross between Large White and Meishan pigs (Désautés et al. submitted). 

 
- Finally, no correlation was found between hormone levels and intramuscular lipid content, 

showing that this metabolic compartment has a different regulation than other fat 
compartments. 
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Table 2. Pearson residual correlations between urinary levels of cortisol and 
catecholamines at slaughter and carcass composition and quality measurements 
 

TraitA AD NA pH24 Backfat Lean content IMF 
Cortisol 0.42 **** 0.15 * 0.04 0.23 **** -0.24 ****  0.02 
Adrenaline (AD)  0.55 **** 0.27 **** 0.25 **** -0.29 ****  0.07 
Noradrenaline (NA)   0.24 **** 0.06 -0.07 -0.07 

A See table 1 ; **** P < 0.0001 ; * P < 0.05 
 
CONCLUSION 
The present data show that stress hormones from the adrenal cortex (cortisol) and the 
sympathetic nervous system (catecholamines) influence several traits important for pork meat 
production. It cannot be said from the present study whether the variations found in urinary 
levels of hormones result from differences in basal secretion or in response to preslaughter 
stress or in both. However, the relationships between cortisol levels and structural measures 
like backfat thickness or muscle yield demonstrate that stable differences in the HPA axis 
activity are probably involved. It is now well established that genetic factors influence 
individual variations in stress behavioural and neuroendocrine responses. Genetic selection on 
stress reactivity traits could improve both animal welfare and product quality. Furthermore, 
QTLs related to these traits have been recently mapped and open the way to the identification 
of the molecular mechanisms involved in individual differences in stress responses (Bidanel et 
al., 2000).  
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