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ABSTRACT
Meat industry is one of the top five industries in Spain. Within the meat industry cured and cooked ham and other meat products represent the largest consumption line. During its manufacturing, high added value products are pursued, which are appreciated for their typical sensory characteristics. Traditionally nitrites and nitrates are added to these products basically to stabilize them for being preserved at room temperature without health and spoliage risks and also to facilitate the development of the desired sensory characteristics. Therefore, the study of the penetration rate of these salts in meat is very important to determine the time necessary to obtain optimum characteristics, such as sanitary quality in the final product.
A good distribution of nitrifying salts in meat products and an appropriate estimation of the salting time have an important influence on the quality of the final product. Thus, a good control of the salting process is essential to achieve a high quality standard. This requires the analysis of the process by modeling.
The aim of this work was to study the kinetics of diffusion of nitrites and nitrates in the pork ham muscle Semimembranosus and to determine of the influence of the direction of the fibers, temperature and pH on this diffusion process.
Primarily, an experiment was conducted to study the diffusion of nitrifying salts and water in direction parallel to the meat fibers. In this experiment a group of salting kinetics with meat samples with 5.9 ± 0.1 pH using a saturated brine of sodium nitrite (NaNO2) and another group with sodium nitrate (NaNO3) were carried out. Samples of cylindrical geometry from pig's leg Semimembranosus muscle were used, these were cut maintaining the orientation of meat fibers parallel to the cylinder axis, with 8.4 cm long and 2.4 cm diameter. The side face of the samples was covered with a PVC plastic film to prevent moisture loss through it. Each cylinder was hung from one of its bases, so that the other one was in contact with the brine saturated with sodium nitrite or nitrate, according to the experiment to be performed. Salting of the samples was carried out in chambers at 2, 7 and 12°C and 95% relative humidity.
Secondly, another group of salting kinetics was determined to study the diffusion of the nitrifying salts and water perpendicular to the fibers of the meat. For this experiment cylindrical samples of Semimembranosus muscle of the same dimensions were used. The cylinders were weighed and then immersed in trays containing a saturated brine of sodium nitrite or sodium nitrate. The saturated brine with the cylinders were placed in chambers at 0, 4, 8 and 12°C with 95% relative humidity. Likewise, with the aim of studying the effect of the muscle pH of the muscle on the diffusion of sodium nitrite, salting experiences with meat samples with pH 5.5 ± 0.1, 5.9 ± 0 1 and 6.2 ± 0.1, at 4 °C and a relative humidity of 95% were also performed.  
The modeling of the experimental kinetics was performed using three models based on Fick's second law of diffusion. The first model was used to model the diffusion kinetics of both salts in direction parallel to the meat fibers. In this case, semi-infinite slab geometry was assumed, and also that the external resistance to mass transport was negligible, the effective diffusivity constant, isotropic behavior of the meat, and the dimensions of the samples remained constant throughout the salting treatment. The second model was used to model the diffusion kinetics in the direction perpendicular to the meat fibers, both to evaluate the influence of temperature, and pH. To obtain and solve the model mass transport in one direction for infinite cylinder geometry was assumed, other assumptions were similar to those described for the first model. In the third model, salt diffusivity linearly depending on the punctual concentration of the salt was assumed. This model was used to explain the dependence of diffusivity on the interaction between the content of nitrite and water in the meat matrix during diffusion kinetics in the direction perpendicular to the fibers of the meat. In this model, relationships between the salt mass and the water were introduced together with the equation that predicts nitrite diffusivity according to the salt content in the meat sample.
For the first and second diffusive models ​​the effective diffusivity values of the nitrifying salts and water were calculated by minimizing the sum of the squared differences between the concentrations measured in the experiment and those calculated by the model. In all cases, the diffusion models used showed a good fit between the experimental and calculated values, with percentage of variance accounting for over 95%. To estimate the effective diffusivity in the third model, an optimization problem that was solved by Matlab ® R2011a was considered. This model also correlated satisfactorily the estimated values ​​and the experimental data both for nitrite and water concentration, with a percentage of explained variance above 95%.
The values ​​of the effective diffusivity of nitrite and nitrate when mass transfer took place in direction parallel to the fibers of the meat are between 0.007·10-10 and 0.10·10-10 m2/s, whereas water values ​​are of a higher order, from 5.9·10-9 and 12.23·10-9 m2/s. As regards the diffusion coefficient obtained for these same salts during transport in direction perpendicular to the meat fibers, values ​​vary between 0.95·10-10 and 1.51·10-10 m2/s, whereas for the water are between 1.65·10-10 and 9.29·10-10 m2/s. These effective diffusivity values ​​are within the range of values ​​obtained by other authors when modeling salting kinetics of meat. The temperature effect on the effective diffusivity was described by the Arrhenius equation; the activation energy obtained for the nitrifying salts was in a range between 20.63 and 96.44 kJ/mol, and for the water between 15.06 and 57.69 kJ/mol. These values ​​are also consistent with the literature.
From the results, an influence of the studied factors on the diffusion coefficient was determined. The values ​​of the diffusion coefficient increased with the temperature. Furthermore, these values ​​were also related to the direction of muscle fibers, which were higher for the water when the diffusion took place in direction parallel to the fibers than in the perpendicular one. The opposite was observed for the diffusion coefficients of nitrite and nitrate. Similarly, the diffusion rate of nitrite in the meat is affected by pH. This parameter was more influential at low values. The values ​​of the diffusion coefficient of water and the kinetic parameters for the transport of nitrite indicate that the diffusion process in the salt should not be taken into account independently of the solute concentration and the solution of these solutes in the aqueous phase of the meat.
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