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Pekin

Anas platyrynchos

mule

Muscovy

Cairina moschata

• France: 1st world producer of « foie gras » with 20.000t/year

• Southwest products 72%

Context of foie gras

• Societal pressures

• Find new solutions
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Actual data
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Temperature

Actual data

(+1,7°C E07-E16= 2nd half of embryogenesis) 

Meat production

(Piestun et al. 2008 

Poultry Science 87:1521)

(Piestun et al. / Journal of 

Thermal Biology 36 (2011) 471 )

Decrease 50% mortality



Temperature
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Actual data

Temperature

(Wang et al. / Journal of Thermal Biology 43 (2014) 43 )

( Liu et al. / Journal of 

Thermal Biology 53 (2015) 82)

Expression and activity of the FAS

% of liver weight (and total weight)

(2 weeks)

Meat production

(Piestun et al. 2008 

Poultry Science 87:1521)

(Piestun et al. / Journal of 

Thermal Biology 36 (2011) 471 )

Decrease 50% mortality

Pekin

(+1,7°C E07-E16= 2nd half of embryogenesis) 

(+1°C E11-E24= 2nd half of embryogenesis) 
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Thermal manipulation

Phd project: Objectives

Temperature

?
?

?

mule

overfeeding
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Control: 47% RH
Treated groups: 63%

RH
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E12E1 E27 E32 W2

+1°C 24h/24h

+1°C 16h/24h

+1,5°C 16h/24h

Study: Thermal programming

W12 W14

W12 W14

W12 W14

W12 W14

Control 37,6°C
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Study: Thermal programming

Treated groups: 63%
RH
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Study: Thermal programming

Treated groups: 63%
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Study: Thermal programming

Treated groups: 63%
RH
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Zootechnical Results
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Results at hatching

Treated groups: 63%
RH
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Results at hatching

Treated groups: 63%
RH

E12E1 E27 E32 W2

Group 1

Group 2

Group 3

Group 4

hatching overfeedingEmbryogenesis Farming

E12E1 E27 E32 W2

E12E1 E27 E32 W2

E12E1 E27 E32 W2

+1°C 24h/24h

+1°C 16h/24h

+1,5°C 16h/24h

W12 W14

W12 W14

W12 W14

W12 W14

Control 37,6°C

Control: 47% RH



14

C
tr

l

+
1
°C

 2
4
h

/2
4

+
1
°C

 1
6
h

/2
4

+
1
,5

°C
 1

6
h

/2
4

0

2 0

4 0

6 0

8 0

1 0 0

P
e

r
c

e
n

ta
g

e
 (

%
)

H a tc h a b ility

8 2 % 7 6 % 7 8 % 7 5 %

C
tr

l

+
1
°C

 2
4
h

/2
4

+
1
°C

 1
6
h

/2
4

+
1
,5

°C
 1

6
h

/2
4

0

2 0

4 0

6 0

8 0

P
e

r
c

e
n

ta
g

e
 (

%
)

S e x  ra t io  m a le

5 8 ,6 % 5 5 ,8 % 6 0 ,1 % 5 6 ,2 %

Hatchability results

Brun et al. INRA Prod. 

Anim.,2005, 18 (5), 295-308

Batellier et al. / Theriogenology 61

(2004) 573–580

• No impact of termal manipulation on hatchability and a stable sex-ratio 
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Hatchability results
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• Thermal manipulation accelerates the embryonic development
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Results

Loyau et al. Animal (2015), 9:1, pp 80
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P value Summary

Interaction < 0,0001 ****

Sex 0,4834 ns

Temperature < 0,0001 ****

b ,cc

• Decrease of body temperature for all thermal manipulated groups
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Results

• Decrease of body weight for all thermal manipulated groups
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Results

Treated groups: 63%
RH
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Results

• All thermal manipulated groups have caught up with their growth retardness
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Results
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Interaction 0,4892 ns
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• No impact of thermal manipulation but still a sex effect
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Interaction 0,3942 ns

Sex < 0,0001 ****

Temperature 0,249 ns

Results

• No impact of thermal manipulation, we don’t reproduce Pekin duck results
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Results

• Significant increase for 2 of 3 thermal manipulated groups for pectoralis muscle weight
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Results

Treated groups: 63%
RH
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Body weight
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P value Summary

Interaction 0,5944 ns

Overfeeding < 0,0001 ****

Temperature 0,1118 ns

Results before and after overfeeding

• Overfeeding induce a strong increase of body weight
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S u b c u ta n e o u s  F a t
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• No impact of thermal manipulation but an increase of weight induce by overfeeding



26

A b d o m in a l F a t
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Results before and after overfeeding

• Impact of thermal manipulation after overfeeding for abdominal fat weight



27

Results before and after overfeeding
P e c to r a lis  m u s c le
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• Pectoralis muscles are not impacted by overfeeding neither by thermal manipulation
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Results before and after overfeeding

• Thermal manipulation induce a significant increase of liver weight in all treated groups

+70g
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Results before and after overfeeding
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Interaction 0,0225 *

Overfeeding < 0,0001 ****

Temperature 0,0021 **

• Thermal manipulation induce an increase of lipid content in the 3 treated groups after

overfeeding
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Results

Melting rate
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• Increase of melting rate for 2 thermal manipulated groups
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Conclusion

• Has no impact on hatchability

• Has no impact on muscle production

• Increase fatty liver production after overfeeding

Embryonic thermal manipulation 
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Perspective

Molecular Biology

Expression analysis:

• Hepatic metabolism (FASN, DGAT2)
• Glucose and lipid transport (VLDLR, FABP4, ApoB, MTTP)
• Cellular stress (HSP90, HSF)

E12E1 E27 E32 W2 W12 W14E10

E20

Tavernier et al. Mol Cell Biochem (2017) 424:147–161
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Perspective

Biochemistry

Triglyceridemia

HDL

NEFA

Stress and tyroid

hormones
Buffy coat

Hematocrit

Plasma

• Triglyceridemia
• NEFA 
• HDL

• Stress hormones

• Tyroid hormones T3 and T4

Lipid exportation ?



34

Perspective

Histology

• H&E and Masson’s Trichrome
• Create scoring system
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