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Raw sheep milk produced
worldwide
(average 2002-2022)

51%

- FAO FAOSTAT - Crops and livestock products.
https://Www.fao.org/faostat/en/#data/QCL/metadata. Accessed 18 Aug 2023
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2 Adaptation of animals to environmental stress
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Sejian V, Bhatta R, Gaughan JB, et al (2018 https://doi.org/10.1017/S1751731118001945

isa | easiozk famming

b TEAM EAAP + WAAP + Interbull Congress 2023 Lyon, France - August 26th / September 1st, 2023


https://doi.org/10.1017/S1751731118001945

Neuro-endocrine response: production of cortisol

Climate
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Farm management
Environmental
stressors

Nutrition

Other (e.g. predator attacks)

w”

- Christison Gl, Johnson D (1972)
Bova T et al. (2014)

https://doi.org/10.1186/1477-7827-12-58
Ghassemi Nejad J, et al (2022)

https://doi.org/10.3390/ani12223096
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State of art and research questions %

* Wool better to measure cortisol concentration compared to blood, saliva, urine and faeces for long-term

HPA axis activity (Barrell et al., 2019; Fiirtbauer et al., 2019):
* |t avoids acute stress effect

* Non-invasive biological markers

e.g. Relation between water restriction and increased wool cortisol concentration (nejad et al., 2014)

Connection between wool cortisol
concentration and chronic stress
but standardize proxy for its
Is wool

evaluation is missing (Nejad et al., 2014; How can farm

Stubsjgen et al., 2015; Salaberger et al., 2016) COI’tiSO| d gOOd management
PR G influence wool
* Few studies regarding | environmental o)
measurements of wool cortisol . cortiso
. stress In PR
from grazing sheep (rirtbauer et al., 2019 in . concentration:
UK; Poudel et al., 2022 in USA) grazing she 0 \\((
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Experimental area and farms characteristics %

Experimental area

608 Sarda sheep
1 kg hd1d?
average milk production
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Weather Station A

\

460 Sarda sheep
1.1 kg hd! d?
average milk production

256 Sarda sheep
1.2 kg hd! d1
average milk production

b ~ LA TEAM EAAP + WAAP + Interbull Congress 2023 Lyon, France - August 26th / September 1st, 2023



Materials and Methods 7/15

/&

Cortisol sampling and analysis @@@

Wool sampling from March to June

N FSFESLFEE FFHSLS

‘ -

Shaved area Cortisol extraction

(Davenport et al., 2006; Bacci et al., 2014; Prims et al.,
20 sheep per farm 57 2019)

Cortisol determination with ELISA kit
for saliva cortisol (DEs6611, Demeditec
Diagnostics GmbH) validated for wool
samples (Heimbiirge et al., 2020)
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Temperature Humidity Index (THI)

Daily THI was calculated following equation provided by Finocchiaro et al.
(2005) using meteorological data registered from local weather station
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THI = {T —[0.55X(1 — RH)]X(T — 14.4)}

Where:
* T =Maximum daily air temperature (°C)
* RH = Relative Humidity (%)

Literature reported reduction of milk production above the value of 23

Finocchiaro R, Van Kaam JBCHM, Portolano B, Misztal | (2005) Effect of heat stress on production of mediterranean dairy
sheep. J Dairy Sci 88:1855—-1864. https://doi.org/10.3168/jds.50022-0302(05)72860-5
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Statistical analysis

Mixed linear model:
 y = |log transformation of cortisol concentration in sheep wool
* T =sampling time —fixed (i =1, 2, 3)
* F=farm—fixed (=1, 2, 3)
* A =animal — random nested in Farm (k = from 1 to 20)
* CortisolT, = cortisol measured at T, (covariate)
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y;-,-k = H + Ti ~+ P} ~+ (T XF)U + Ak [F}] + aX lﬂg(COTtiSOITO) ~+ Eijk

Analysis performed with /me from nime R package (R Software)

Pinheiro J, Bates D, R Core Team (2023). nime: Linear and Nonlinear Mixed Effects Models.
R package version 3.1-162, https://CRAN.R-project.org/package=nlme.
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80

Cortisol concentration - pg mg'1

20+

100 H

60

401

Cortisol: ANOVA results

Wool cortisol accumulation

numDF denDF F-value p-value

(Intercept) 1 105 7775.018 <.0001 ***
Sampling Time 2 105 562.826 <.0001 ***
Farm 2 52 10.5 0.0001 ***
log(CortisolT,) 1 52 15.997 0.0002 ***
SamplingTime:Farm 4 105 2.28 0.0655

Farm 2 # Farm 3 for t3
(pairwise comparison Tukey’HSD test: p < 0.05)

At t, Farm 1 started with higher
cortisol levels

t2 t3
Time
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Temperature Humidity Index (THI)

Weather Station A Weather Station B

2501

22 .51 PJJ

20.0- THIalways below the
critical limit

17.51

L Constant increase of

registered THI with time
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Temperature Humidity Index
N
on

Mar 15 Apr 12 May’ 10 Jun 07 Jul 05 Aug 02 Mar 15 Apr 12 May 10 Jun 07 Jul 05 Aug 0
Date
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§ Is wool
— cortisol a
E good proxy of Thermal Humidity Index vs. emmeans(log(cortisol_accumulation))
E heat stress in % 40
% grazing 23 \ A AS
O sheep? 21 4.25
©
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increasing THI values E 11 7
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9 3.5
. . . . o 7 : 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
Sampling Time Significant (p <0.0001)
5 3.25
Contrast Estimate SE  df tratio p.value SESC L8R5 8°ST2S85385823I852825aR885
t1-t2 -0.517 0.0278 105 -18.58 <.0001 *** &
t1-t3  -0.94 0.028 105 -33.605 <.0001 *** Fro vl M

End trial

t2-13 -0.424 0.028 105 -15.135 <.0001 ***

Sampling Time
Weather Station A Weather Station B

https://cran.r-project.org/web/packages/emmeans/emmeans.pdf
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influenced the

cortisol levels <= Dogs % reduction of goat-

(e-g- wolf 43 sheep for municipality e o
attacks) Fences (2006-2016)
http://retepastorizia.it/wp-content/uploads/2020/03/Lupo-RELAZIONE-FINALE_Toscana-2015.pdf
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