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Hair steroids and welfare evaluation systems Montillo et al. 

Results
The cortisol and DHEA‑S concentration, and the 
cortisol/DHEA‑S ratio were similar between barrows 
and gilts at F3 farm (Table I), as well as the animals’ 
weight (median, min, max; 200 kg, 160 kg, 220 kg; 
P > 0.05; data not reported in tables). Therefore, the 
gender effect was not considered in subsequent 
analyses for this farm.

Box plots of hair cortisol and DHEA‑S concentrations 
of the animals at the three farms considered 
are shown in Figures 1a and 1b, respectively. In 
Figure 1a, it is evident that the variability of the hair 
cortisol concentrations of animals were different 
between farms. Indeed, the interquartile range 
(IQR), which is considered a measure of the data 
variability [calculated as the difference between 
the first (Q1) and third (Q3) quartile], is 50.54 pg/
mg, 95.09 pg/mg, and 8.98 pg/mg for F1, F2, and 
F3, respectively. Moreover, at all the farms at least 
one outlier was detected. Conversely, the variability 
of the hair DHEA‑S concentration (Figure 1b) was 
similar between F1 and F2 farms (13.42 pg/mg and 
12.08 pg/mg of IQR, respectively), but much lower at 
F3 (4.60 pg/mg of IQR). Also for this hormone, at all 
the farms at least one outlier was detected. Finally, 
the IQR of the cortisol/DHEA‑S ratio was 2.60, 4.94, 
and 1.29 for F1, F2, and F3, respectively (Figure 1c), 
with outliers found in F1 and F3.

The body weight of the sampled animals was similar 
between F1 and F2 (median, min, max; 200 kg, 
120 kg, 250 kg; P > 0.05; data not reported in tables), 
as well as the animals’ parity (P > 0.05). The median 
[min‑max] hair cortisol concentrations recorded on 
the three farms (F1, F2 and F3) were 38.09 [2.81; 
153.29], 78.86 [13.88; 459.72] and 17.51 [9.13; 
44.20]  pg/mg while for DHEA‑S were 15.73 [7.86; 
61.89], 20.71 [12.49; 75.37] and 7.78 [4.39; 23.88] pg/
mg. The median [min‑max] cortisol/DHEA‑S ratio 
was 1.99 [0.323; 7.97], 3.18 [0.773; 14.03] and 1.91 
[0.809; 6.55] pg/mg for F1, F2 and F3, respectively. 
For all the variables considered (cortisol, DHEA‑S 
and cortisol/DHEA‑S ratio), F2 showed higher hair 
concentration levels than F1 (P < 0.05; Figure 1).

Discussion
The CReNBA welfare monitoring system gives an 
important assessment of a farm’s compliance with 
the minimum requirements for the rearing of pigs 
(Directive 2008/120/EC).

In this pilot study, all three farms had a high CReNBA 
scoring even if, as observed from the box plots, both 
the hormones and their ratio showed different value 
distributions between the farms. The hair hormone 
concentrations recorded imply a difference in 
their allostatic load. Both cortisol and DHEA‑S are 

Table I. Median [min-max] of hair hormone concentrations (pg/mg) 
and cortisol/DHEA-S ratio recorded for barrows and gilts in Farm 3 (F3).

Gender
P-value

Barrow Gilt

Cortisol
17.36 17.65

0.658
[9.13; 33.62] [10.53; 44.20]

DHEA-S
8.03 7.30

0.752
[4.39; 14.29] [4.63; 23.88]

Cortisol/DHEA-S
1.91 1.91

0.930
[0.81; 4.81] [0.96; 6.55]

DHEA-S = dehydroepiandrosterone-sulphate.
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Figure 1. Hair cortisol (a) and DHEA-S (b) concentrations, and hair 
cortisol/DHEA-S ratios (c), recorded on three pig farms (F1, F2, F3). The 
box represents the interquartile range, in which the horizontal line 
represents the median, × represents the mean, and the small circle 
identifies outliers.




