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DETERMINATION OF THE WATER DIFFUSIVITY COEFFICIENT IN PORK MEAT.
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INTRODUCTION

In the drying process of cured ham the drying rate and the water content distribution are parameters of fundamental importancé:
Although the mechanism of mass transfer in foods is complex, diffusion models based on the second Fick law are generaﬂy
considered. For example, Mulet et al. (1992) and Gou et al. (1996) used this approach to model the dehydration process in different
meat products. Many studies deal with the assessment of the effective water diffusivity (D,) but different results have been publishcd-
D, is often deduced from drying kinetic by assuming a constant value with a simple analytical solution of the second Fick law. Mo
sophisticated methods can provide a relationship between D, and the moisture content (X, kg water/kg dry matter).

The objective of this study was to compare in the case of pork lean meat the value of D, assessed with either a drying kinetic method
or a method based on NMR images of moisture profiles (Ruiz-Cabrera et al. , 1997) during drying.

MATERIAL AND METHODS

Two hams of Duroc (D) breed and two hams of Large White x Landrace (L) crossbreed were selected according to the pH (<5.8) and
electrical conductivity (< 3 ps) measured 24 h post-mortem in the Semimembranosus muscle from which the samples were taker-
One ham of each genetic group was studied with each method. Moisture content (A.0.A.C., 1980) and fat content (Arneth, 1972) of
each sample were determined.

Drying kinetic method:

Two samples of each ham (D1, D2, L1 and L2) were shaped as a parallelepiped of 30x40x50 mm (+5mm). To ensure that the
direction of the water movement in the tissue was approximately parallel to the direction of muscle fibres, the samples were cover®
with polyethylene polyamide film on the appropriate faces (Gou et al., 1996).

The raw meat samples were dried for 23-35 days in an experimental drier-box, where the drying air was conducted through a filtef
with silica salt to maintain relative humidity at 80%. Air speed was very low. The drier-box was in a chilling room at 13°C.

The drying rate was periodically determined by weighing the samples (every 2 or 3 days). D, was estimated as in Gou et al. (1996)’
using a moisture content in equilibrium with air of 0.283 (Comaposada et al., 1998). The D, estimates depend on the sample length;
which decreased during drying Therefore, the length of the sample was also periodically measured in triplicate with a SOME
calliper. Finally, D, was determined using a range of lengths from the initial length to the final one.

NMR method:

The experimental procedures were carried out using the apparatus and methods which have been described in detail by Ruiz-Cabrer?
et al. (1997, 1998). Each sample (D3, L3 and L4) was shaped as a parallelepiped of 30x15x10 mm and placed in a cell which Wa
maintained at 16 °C by circulating water and dried in constant conditions (1 m/s, 24°C and 45% RH) on one face to promote wate
movement parallel to fibres. The moisture profiles were extracted from the 2D NMR images. Then, the moisture profiles were first
plotted against the dry matter length (&), which remains constant during drying, instead of the spatial abscise. The master curve Was
integrated numerically to calculate the effective diffusivity (D) as a function of water content (X) with the following equation :
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The different steps applied to obtain a master curve from which a D, versus X 11
relationship can be derived, have been described in Ruiz-Cabrera et al. (1997). 2 /
T
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Drying kinetic method: a’ L4
The water content (kg/kg dm) of samples ranged between 3.04 and 3.46 before 7

drying and between 1.27 and 1.84 at the end of drying. The average fat content

(g/100 g dm) of Duroc and LWXLR samples was 11.56 and 2.28 respectively. o
The estimated D, values using different length, from the initial length to the final

one, are shown in Figure 1. Shrinkage in the longitudinal direction must be

mainly due to the shortening of myofibres. Duroc samples showed lower Figure 1. D, Values versus sample length, from
shrinkage than LWXLR samples, this could be due to the major intramuscular fat  the initial length to the final one.
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:;’I}tent of the Duroc breed which would maintain better the initial structure of meat during drying.
Sing the average of initial and final length, the highest D, was obtained in the L2 sample. However, the effect of genetic origin was

0ot significant (P>0.05).

I:MR Method :
at content (g /100 g dm) of D3, L3 and L4 were 0.98, 0.44 and 6.12 respectively. Figure 2 shows the master curve of the sample

5 3. After 3 hours of drying the moisture profiles in the master curve follow the same pattern. Thus, the last moisture profiles between
and 5 h were used for the calculation of D,. Figure 3 shows the dependence of D, on water content (X) and on fat content of the
sainple. Moisture diffusivity is highly influenced by the water content: it increased from 5.10™" m?s for a X of 1.3 kg/kg dm to 10°
m*/s for a X of 2.8 kg/kg dm. This value is about the same as diffusivity in pure water. Fat content also had a slight effect on De

Values: as fat content increased the De values decreased.
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Figure 2, Master curve X versus 1 for the experiment D3.

Figure 3. Diffusion coefficients (D) determined wiht drying
kinetic and NMR methods versus water content (X).

g“mparison between methods:
,he two methods gave D, values of the same order of magnitude and showed only slight differences between samples. The drying

Inetic method gave average D, values fitted with a Fickian diffusion model, which assumed no spatial variation of D, with X within
eat, If D, varied strongly with X, as shown by the NMR method, the internal water transfer, and consequently the measured drying
Tate, was mostly controlled by the water diffusivity of a thin layer of product located below the surface. The moisture content at this
yer was approximately constant and lower than the average content. Therefore, the D, values obtained with the drying kinetic
Method would correspond to this local moisture content, which may be, according to the NMR method, around 1.9-2.3 kg/kg dm.
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