
HAL Id: hal-02748490
https://hal.inrae.fr/hal-02748490

Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

From in situ quantitative MRI to modeling the
structural changes of meat during heating

Mustapha Bouhrara, Sylvie Clerjon, Jean-Louis Damez, J.-M. Bonny

To cite this version:
Mustapha Bouhrara, Sylvie Clerjon, Jean-Louis Damez, J.-M. Bonny. From in situ quantitative
MRI to modeling the structural changes of meat during heating. 11. International Conference on the
Applications of Magnetic Resonance in Food Science, Jun 2012, Wageningen, Netherlands. 2012, 11th.
International Conference on the Applications of Magnetic Resonance in Food Science. �hal-02748490�

https://hal.inrae.fr/hal-02748490
https://hal.archives-ouvertes.fr


 

 

From in-situ quantitative MRI to modeling the 

structural changes of meat during heating 
 

M. Bouhrara, S. Clerjon, J.L. Damez and J.M. Bonny 
 

INRA, UR370 Qualité des Produits Animaux, F-63122 Saint Genès Champanelle, France.

 

 

Modelling the effects of heating is vital to optimise the quality of cooked meats. The 

advantage of building a model on the basis of in situ measurements is that it relies on 

neither reductionist hypotheses by studying an intact sample at the scale of the food 

consumed, nor on simplified hypotheses by taking into account spatial variations in the 

sample. We present a novel MRI-compatible device that heats the meat sample via a 

fluid (20 to 75 °C) and a strategy based on dynamic images acquisition at 4.7T during 

heating and thermal numerical simulation that simultaneously maps deformation (1), 

proton density (PD) and temperature (2). The deformation field at temperature ti was 

calculated from the geometrical transformation required to pass from the images showing 

muscle internal structural markers obtained at t(i-1) to that obtained at ti (1). PD 

measurement consisted of two spin-echo acquisitions that differed only in their echo 

times. A fast MRI protocol was used (2) since a long TR was necessary to mitigate T1 

dependence. Also, experimental mapping of B1 was preferred to numerical simulations in 

order to unbias PD maps (2, 3), since B1 distribution depends on unknown and evolving 

factors. The figure shows: deformation fields (C) derived from T2*-weighted images (A), 

temperature maps (B) and PD maps (D), at 4 temperatures. T2*-weighted images show 

internal fiducial markers despite the loss of SNR with temperature. Temperature is 

almost radial and leads to the spatial variation of both deformation and PD. Deformation 

increases with temperature and accelerates over 58°C due to sarcoplasmic protein 

denaturation and collagen contraction. Water is then expelled to the exterior of the 

sample. Lines (C) and (D) show that the most deformed zones are those where PD is 

highest. The pressure in the muscle increases due to muscle contractions, causing water 

to transfer towards the exterior. Moreover, the temperature is higher at the superficial 

area of the sample, leading to the creation of interfascicular channels that can “trap” the 

migrating water. Finally average models were constructed from local information 

provided by maps. These models link deformation, proton density and temperature, and 

provide new information about the underlying mechanisms of meat deformation and 

water transfers during heating. 

1. Bouhrara, M., Lehallier, B., Clerjon, C., Damez, J.L., 

Bonny, J.M. (2012) Mapping of muscle deformation 

during heating: in situ dynamic MRI and nonlinear 

registration. Magn. Reson. Imaging 30, pp. 422 

2. Bouhrara M., Clerjon S., Damez J.L., Bonny J.M. 

(2012). In-situ imaging highlights local structural 

changes during heating: the case of meat. J. Agric. 

Food Chem., in press 

3. Bouhrara, M., Bonny, J.M. (2012) B1 mapping with 

selective pulses. Magn. Reson. Med. DOI 

10.1002/mrm.24146. 


