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Application of Weibull model in the pile salting of goat meat slices was studied to predict the moisture
and salt contents and determine the effective water diffusion coefficient (D.). The high coefficients of
determination (R2 > 0.99) and low mean relative error (< 10%) indicated the acceptability of Weibull
model for predicting both the moisture and salt contents and determining D.. Values of scale (a) and
shape (B) parameters of Weibull model for fractional amount of moisture content ranged from 0.667 to
0.873 day and from 0.527 to 0.743 day, respectively. Values of a and B parameters of Weibull model for
fractional amount of salt content ranged from 0.350 to 1.192 day and from 0.578 to 0.885 day,
respectively. Values of D, ranged approximately from 1.66 x 10™° to 2.44 x 10° m%s.
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INTRODUCTION

Dry salting is the traditional salt-curing technique used
during processing of meat. Two main simultaneous flows,
water loss and salt uptake occur during salting
(Jittinandana et al., 2002; Sannaveerappa et al., 2004;
Thorarinsdottir et al., 2002, 2004). During the process,
the salt and moisture concentrations change and, finally,
an equilibrium state is reached. To obtain a better
understanding of the industrial process applications it is
important to model and quantify kinetics and process
yield. Fick’s law of diffusion, based on effective diffusivity
approach, has been used to describe the moisture
diffusion process for food products by many researchers
(Seth and Sarkar, 2004; Ramallo and Albani, 2007; Kaya
and Aydin, 2008). Although this mathematical model
provides insights into mechanistic relevance of an
observed phenomenon, it frequently sacrifices the
precision of the representations due to overlooked
existence of uncertainties (Saguy et al., 2005).0n the

other hand, the development of empirical models requires
considerably less effort. A model, with an exponential
approach to the equilibrium value of these parameters
was proposed by Zugarramurdi and Lupin (1980) to
explain observed behavior on fish salting. This model has
been used to explain the changes of moisture and salt
contents during osmotic dehydration of sardine (Corzo
and Bracho, 2005). Peleg (1988) proposed two
parameters model to describe sorption curves that
approach equilibrium asymptotically. This empirical
model has been used to model the sorption curves of
sardine during osmotic dehydration (Corzo and Bracho,
2006b; Corzo et al., 2007). From a mass balance on
water, Azuara et al. (1992) proposed a model avoiding
the limitations of Fick’s diffusion model for practical
purposes. The Azuara et al. (1992) model has been
applied to model the osmotic dehydration of sardine with
osmotic solutions at different concentrations and
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temperatures (Corzo and Bracho, 2006a). The
probabilistic Weibull model has been used to describe the
behavior of pressure inactivation of bacteria (Cheng and
Hoover, 2004; Buzrul et al., 2005), thermal resistance of
bacteria (Corradini et al., 2005; Gonzalez et al., 2009;
Dong, 2011), spore germination (Collado et al., 2006),
inactivation kinetics (Shivhare et al., 2009; Ma et al.,
2011), survival curves (Yang et al., 2002; Aragao et al.,
2007), rehydration (Solomon, 2008), oil migration
(Motwani et al., 2011, leaching kinetics (Quispe-Fuentes
et al., 2012) and changes during storage (Oms-Oliu et al.,
2009; Palazén et al.,, 2009). The Weibull distribution
model was normalized by Marabi et al. (2003) to describe
water uptake during rehydration of food particulates.
Internal diffusion, external resistance and relaxation
processes can be described with a normalized Weibull
model (Corzo et al., 2008, 20010). The method for
estimating Weibull parameters can be classified into two
categories: graphical and analytical methods. Usually, the
graphical methods are used because of their simplicity
and speed. The analytical methods are: maximum
likelihood estimators (Jankovic, 2010) least square
method (Dong, 2011; Pogas et al. 2012), and the method
of moments (Lei, 2008). NaCl is an essential ingredient in
processed meat products, contributing to the water
holding capacity, protein binding, colour, flavour and
texture (Blesa et al.,, 2008). Increased sodium and
magnesium intake is associated with hypertension,
whereas increased potassium and calcium intake may
slightly decrease hypertension. An approach to reducing
the sodium content in processed foods is the partial or
total replacement of NaCl with chloride salts such as KCl,
CaCl, and MgCI, (Alifio et al. 2009; Blesa et al., 2008;
Ruusunen and Puolanne, 2005). In meat research, water-
holding capacity (WHC) is a ubiquitous term used to
describe the ability of meat to retain its natural water
content. WHC is studied extensively because of its
enormous economic importance. The salting induces
changes in the muscle proteins resulting in changes in
texture and water holding capacity (Sannaveerappa et
al., 2004; Thorarinsdottir et al., 2002, 2004). There is not
information available in the literature about using Weibull
model to describe the salting of meat. The objectives of
this study were: 1) the determination of the applicability of
Weibull frequency distribution model in predicting
moisture and salt contents of goat meat slices during pile
salting using different mixtures; and 2) analyze the effect
of salting mixtures on water holding capacity of salted
goat meat slices.

MATERIALS AND METHODS
Sample preparation

Meat of hind limb goat was acquired from a slaughter situated in
Punta Carddn, Falcon state, Venezuela. Meat was manually filleted
with stainless steel knives, and then the fillets were cut into slices
with an average length of 4.0 x 10 m, average width of 4.0 x 102

m and average thickness of 1.0 x 102 m using a metal mold.
Average weight of slices was 0.0236 kg. Chemical characterization
of fresh meat was carried out. The moisture content was
determined by drying under vacuum (1.93 Pa) at 60°C until
constant weight (AOAC, 1990). The chloride content was
determined by the Mohr method (AOAC, 1990) and expressed as
NaCl content. The pH was measured by insertion of a glass
electrode into the core of slice. Ash content was determined by
charring in a crucible at 600°C until the ash had a white appearance
(AOAC, 1990). Water activity (Aw), was determined on minced
samples and each sample was read three times by CX-3 AqualLab
(Decagon Devices Inc., Pullman, Washington). The analyses were
run in triplicate.

Pile salting

The slices were randomly divided into six groups, with 36 sheets in
each of them, and pile salted with different mixtures of sodium,
potassium, calcium, and magnesium chloride (Table 1). All the salts
used in the experiment (NaCl, KCI, CaCl, and MgCl,) were white
crystalline powder. Curing agents (150 ppm of KNO3z and 150 ppm
of NaNO,) were added to each mixture. Pile salting was carried out
by covering the slices with solid mixture (using 1.7 kg mixture per
kg of slice), at ambient temperature (29°C). Slices were set out in a
plastic container without drainage, two layers of six slices within a
layer of salt in between them, another above the upper layer and
below the lower layer of slices. In all the treatments, 6 slices were
removed at intervals of 1 day during 6 days. After the removal from
pile the salted slices of each treatment were brushed to remove the
excess of mixture, and their moisture and salt contents were
measured. Each experimental treatment was performed in
duplicate. All reported results are average values of twelve
replicates.

Weibull model

The Weibull model represents the distribution of the breaking
strength of materials and later to describe the behavior of systems
or events that have some degree of variability (Cunha et al., 1998;
Cunha et al., 2001), such as the pile salting kinetics.

The fractional amount of moisture content during salting can be
expressed as (Cunha et al., 1998):
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where Xy is the initial moisture content, Xy, is the moisture content
at a salting time t, Xwe is the equilibrium moisture content, a, is the
scale parameter of the Weibull model, Bw is the shape parameter
(dimensionless) of the Weibull model, and t is the salting time.

The fractional amount of salt content during salting can be
expressed as (Cunha et al., 1998):
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where X, is the initial salt content, Xs is the salt content at a salting
time t, Xse is the equilibrium salt content, as is the scale parameter
of the Weibull model, Bs is the shape parameter (dimensionless) of
the Weibull model, and t is the salting time.
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Table 1. Composition of different salting mixtures.

Mixture NaCl (%) KCI (%) CaCl;, (%) MgCl, (%)
0 100 - - -
1 75 25 - -
2 65 35 - -
3 50 50 - -
4 55 25 15 5
5 45 25 20 10

Normalized Weibull model

The Weibull model was modified and the scale parameter was
normalized with a characteristic dimension for the thickness in order
to consider the water diffusion coefficient (Marabi et al., 2003,

2004):
ool - [tD:lﬂs
=exp )

where D is the water diffusion coefficient, B is the shape parameter
(dimensionless) and L is the half-thickness of the slice for diffusion
from both sides, and t is the diffusion time.

If the effective diffusion coefficient (De) is
experimental data, it follows (Marabi et al., 2003):
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where Ry is the geometric factor.

To establish the adequate geometric factor (Rg) to be utilized for the
implementation of the normalized Weibull model, Fick model was
used:
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This model was utilized to simulate the conditions prevailing under
theoretical processes and also as a basis for comparison. The
moisture ratio data at the different drying conditions were derived
from simulation using the first four terms of the series in the
analytical solution of the Fickian diffusion model. Then, the
normalized Weibull model equation (5) was fitting to derived data
from simulation and D values were determined from this fitting.
Finally the Ry value is determined with the theoretical and derived
values of D using equation 6.

Water holding capacity

Water holding capacity (WHC) of salted goat meat slices was
calculated as the variation between the moisture content after
salting (Xw) and the initial moisture content (Xwo) referred to this last
value (Graiver et al., 2006):

Wchw

wo

(©)

Statistical analysis

Statistical evaluation of the results was performed using a 6x6 split
factorial design (six salting mixtures, and six time intervals). Non
linear regression using Levenberg-Marquandt method (Bates and
Watts, 1988) was used to fit experimental data to Weibull model
and normalized Weibull model for each salting mixture. The scale
and shape parameters of Weibull model and equilibrium contents
were estimated as parameters of Equations (3) and (4). An
interactive procedure was used for determining parameters of the
equation using the method of least squares. The statistical analysis
of fit for nonlinear regression reports parameter error estimates
which are readily obtained from the variance—covariance matrix
after the final iteration. Analysis of variance (ANOVA) was carried
out to find effects (p < 0.05) of salting mixture on the scale and
shape parameters of the Weibull model, effective water diffusion
coefficient and WHC. Multiple comparison tests were performed
using least square differences test at the 95% confidence level.
Statistical analysis was performed using the SPSS 10.0 statistical
package (SPSS Inc., Chicago, IL., U.S.A)).

To evaluate the goodness of fit of each model, two criteria were
used: the coefficient of determination (R?). The prediction capability
of Weibull model was evaluated using cross validation and the
mean relative error (MRE) expressed as:
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where Y, is the experimental value, Y/, is the predicted value from
the model and N is the number of experimental data points. A
model is considered acceptable if MRE values are below 10%
(Krokida and Marions-Kouris, 2003).

The residual analysis of models was made in order to check
assumptions of independence, normality, homoscedasticity and
zero mean of errors. In this work, it was assumed that all data have
been collected independently; that is, it was assumed that
independence is satisfied.

RESULTS AND DISCUSSION

Characterization of raw samples

The moisture, salt, ashes, contents in the fresh goat
meat, as well as activity (Aw) and pH, are shown in Table
2.

Determination of moisture and salt contents

The variation of moisture and salt contents during pile
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Table 2. Characterization of fresh goat meat.

Characteristic Estimate
Moisture content (g water/g db) 3.27+£0.03
Total chloride content (g NaCl/g db) 0.00623 + 0.00009
Ash (g/g) 0.0115 £ 0.0003
pH 6.04 £ 0.02
Aw 0.994 + 0.002

Values of characteristics are means of three replicates.

Table 3. Variation of moisture and salt contents of goat meat slices during salting using different salting mixtures.

Salting mixture

Salting time (day) 0 1

2 3 4 5

o O WN B

a b WON PR

1.024 +0.007
0.973 +0.006
0.937 £ 0.005
0.907 £ 0.007
0.898 + 0.006
0.865 £ 0.004

0.300 +0.010
0.317 £ 0.008
0.320 +0.012
0.322 + 0.007
0.325 +0.005
0.329 + 0.004

Moisture content (g water/g db)

0.918 + 0.006
0.906 +0.008
0.900 +0.012
0.886 + 0.009
0.869 + 0.007
0.849 £ 0.010

1.067 +0.009
0.948 + 0.007
0.945 £ 0.010
0.911 + 0.006
0.904 +0.009
0.897 £ 0.007

0.973 £ 0.008
0.926 + 0.007
0.909 + 0.005
0.879 £0.011
0.860 + 0.007
0.836 + 0.008

Salt content (g NaCl/g db)

0.299 + 0.007
0.312 +0.005
0.325 + 0.006
0.329 + 0.004
0.330 + 0.007
0.332 + 0.006

0.310 + 0.004
0.326 + 0.007
0.341 +0.010
0.343 +0.005
0.345 + 0.006
0.348 + 0.004

0.327 +0.006
0.333 £ 0.005
0.337 £ 0.004
0.339 +0.004
0.342 +0.006
0.344 + 0.004

0.878 £ 0.007
0.804 +0.010
0.760 £ 0.010
0.720 £ 0.007
0.701 +0.008
0.621 £+ 0.009

0.324 + 0.007
0.325 + 0.007
0.327 £ 0.005
0.330 + 0.005
0.335 +0.004
0.338 + 0.007

0.775 £ 0.010
0.751 + 0.008
0.692 + 0.009
0.663 £ 0.007
0.582 +0.012
0.565 £ 0.010

0.260 + 0.005
0.286 + 0.007
0.301 + 0.005
0.314 £ 0.004
0.316 + 0.007
0.325 £+ 0.006

Values of moisture and salt contents are means of twelve replicates.

salting using different mixtures are shown in Table 3.

Moisture content decreased (p < 0.05) with increasing
salting time while salt content increased (p < 0.05) for all
salting mixtures. Generally, moisture decreased (p <
0.05) with increasing partial replacement of NaCl by KCl,
CaCl, and MgCl, in salting mixtures while salt content
increased (p < 0.05).

The results of the non linear regression to fitting
fractional amount of moisture and salt contents to Weibull
models are shown in Tables 4 and 5. The coefficients of
determination, R? values, are higher than 0.99 for both
fractional amount of moisture and salt contents. The MRE
values for the models are lower than 10%. Such R® as
MRE values indicate a good fit to the experimental data.
The residual analysis (non shown) showed: 1) straight
lines in the normal probability plots, therefore is
reasonable to assume that the observed errors come
from a normal distribution; 2) standardized residuals
varying randomly around zero without obvious trends or
shapes in the scatterplots of the standardized residuals

against the fitted values of moisture and salt contents to
models, therefore, homoscedasticity and zero mean of
errors were satisfied. This suggests that Weibull models
(Equations (3) and (4)) are suitable for predicting the
moisture and salt contents of goat meat sheets during
pile salting using salting mixtures of NaCl, KCI, CaCl, and
MgCl,. Similar results were found to describe the
behavior of rehydration kinetics (Sanjuan et al., 2001;
Marabi et al., 2003; Garcia-Pascual et al., 2006), osmotic
dehydration (Cunha et al., 2001; Corzo and Bracho,
2008), and air drying (Corzo et al., 2008; Corzo et al.,
2010).

Parameters of Weibull model for moisture content

The values of scale (a,) and shape (B.) parameters of
Weibull model for fractional amount of moisture content
(Equation (3)) at different salting mixtures are shown in
Table 4. Values of B, ranged from 0.527 to 0.743 and
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Table 4. Scale (a) and shape (B) parameters of Weibull model for fractional amount of moisture content of
goat meat slices during salting.

Salting mixture ay (d) Bw Xuwe R? MRE
0 0.873£0.138 0.527 £ 0.040 0.839 £ 0.027 0.998 0.00835
1 0.674 £ 0.057 0.547 £ 0.086 0.850 £ 0.007 0.998 0.00423
2 0.707 £ 0.052 0.743 £ 0.085 0.885 = 0.027 0.997 0.010152
3 0.667 £ 0.109 0.553 £ 0.064 0.840 £ 0.007 0.997 0.006826
4 0.816 £ 0.065 0.610 £ 0.031 0.664 £ 0.012 0.998 0.018184
5 0.837 £0.048 0.591 £ 0.041 0.578 £0.019 0.997 0.017566

Values of a and  are means of twelve replicates. MRE = mean relative error.

Table 5. Scale (a) and shape (B) parameters of Weibull model for fractional amount of salt content of goat meat slices

during salting.

Salting mixture as (d) Bs Xse R? MRE
0 0.350 £ 0.040 0.839 £ 0.038 0.315+£0.011 0.999 0.003784
1 0.623 £0.047 0.850 £ 0.057 0.329 £ 0.005 0.999 0.002953
2 0.725 £ 0.039 0.885 + 0.052 0.345 £ 0.019 0.999 0.003596
3 0.602 £ 0.045 0.840 £ 0.039 0.343 £0.016 0.998 0.004641
4 1.192 £ 0.021 0.664 + 0.065 0.335 £ 0.009 0.998 0.005006
5 0.998 + 0.036 0.578 £0.048 0.325 £0.017 0.999 0.007139
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Values of a and 3 are means of twelve replicates. MRE = mean relative error.

values of a,, ranged from 0.667 to 0.873 days (d). Value
of B, lower than 1 is related to a decreasing Weibull
distribution function. The parameters variation was
subjected to analysis of variance across salting mixture
effects. The results show that both a, and B, were
affected by composition of mixtures. Higher value of a,,
was found for salting of slices using only NaCl (mixture
0). In general, the scale parameter for fractional amount
moisture content decreased (p < 0.05) with increasing
partial replacement of NaCl by KCI, CaCl, and MgCl,
(mixtures 1, 2, 3, 4 and 5). A higher decreasing in a,, was
observed when only KCI was added to NaCl (mixtures 1,
2 and 3). However, low differences in a,, were observed
with regards to composition of these mixtures. Increasing
in a,, was observed when CaCl, and MgCl, were added to
mixture containing 25% KCI and different percentage of
NaCl (mixtures 4 and 5). The reciprocal of a,, could be
compared to the effective diffusion coefficient of diffusion
model, since those two parameters are the kinetic
constants for each models (Garcia-Pascual et al., 2006).
The shape parameter for fractional amount of moisture
content increased (p < 0.05) with increasing partial
replacement of NaCl by KCI, CaCl, and MgCl, (mixtures
1, 2, 3, 4 and 5). Lower value was found for salting of
slices using only NaCl (mixture 0). Effect of composition
of mixture containing NaCl and KCI (mixtures 1, 2 and 3)
on the shape parameter is mixed. Increasing in B,, was
observed when CaCl, and MgCl, were added to mixture
containing 25% KCI and different percentage of NaCl

(mixtures 4 and 5). The shape parameter decreased (p <
0.05) with increasing percentage of CaCl, and MgCl, The
shape parameter is related to velocity of the mass
transfer at the beginning, for example, the lower is the B,
value, the faster the moisture loss rate at the beginning.

Parameters of Weibull model for salt content

The values of scale (as) and shape (Bs) parameters of
Weibull model for fractional amount of salt content
(equation (4)) at different salting mixtures are shown in
Table 5. It shows values of as and Bs lower than 1 except
for mixture 4. Higher value of a,, was found for salting of
slices using only NaCl (100% NaCl). The parameters
variation was subjected to analysis of variance across
composition of salting mixtures. The results show that
both as and Bs were affected by composition. The scale
parameter for fractional amount salt content increased (p
< 0.05) with increasing partial replacement of NaCl by
KCI, CaCl, and MgCl, (mixtures 1, 2, 3, 4 and 5) Effect of
composition of mixture containing only NaCl and KCI
(mixtures 1, 2 and 3) on the shape parameter is mixed.
Increasing in as (p < 0.05) was observed when CacCl, and
MgCl, were added to mixture containing 25% KCI and
different percentage of NaCl (mixtures 4 and 5).
Increasing in Bs (p < 0.05) was observed when KCI was
added to NaCl (mixtures 1, 2 and 3); however, low
differences were found caused by composition of mixture.



586 Sci. Res. Essays

Table 6. Calculated effective water diffusion coefficient (De) during salting of goat meat slices

using different salting mixtures.

Mixture De 10 m%s R? MRE
0 1.81 +0.02 0.999 0.004677
1 2.44 +0.01 0.999 0.001688
2 2.12 £0.01 0.998 0.002486
3 2.21+£0.02 0.999 0.001743
4 1.66 + 0.01 0.997 0.003070
5 1.74 +0.01 0.999 0.003343

Values of D, and 3 are means of twelve replicates. MRE = mean relative error.

The scale parameter decreased (p < 0.05) when CacCl,
and MgCl, were added to mixture containing 25% KCI
and different percentage of NaCl (mixtures 4 and 5). The
By values are lower than (s values indicating that the
partial replacement of NaCl by KCI, CaCl, and MgCl, was
more favorable to water loss than salt uptake.

Determination of effective water diffusion coefficient

The high coefficients of determination (R2 > 0.996) and
the low MRE values (Table 6), and no pattern evident
with the residuals across the range of diffusion
coefficients (not shown) indicated the goodness of fit of
experimental data to Equation 5.

The value of D, was calculated by equation 6 using Rg

equals 13.1. The D, values ranged approximately from

1.66 x 10™° (using mixture 4) to 2.44 x 10" m%s (using
mixture 1) for salting using different salting mixtures
(Table 6). ANOVA showed that D, increased (p < 0.05)
with increasing partial replacement of NaCl by KCI
(mixtures 1, 2 and 3) while decreased with increasing
partial replacement of NaCl by CaCl, and MgCl,
(mixtures 5 and 6). Similar results were found for
rehydration of food particulates (Marabi et al. 2004,
drying of coroba slices (Corzo et al., 2008), drying of
mango slices (Corzo et al., 2010) and osmotic
dehydration of sardine sheets (Corzo and Bracho, 2008).
These values fell within the normally expected range of

D, (10° to 10" m?/s) for dehydrated foods (Gely and
Santalla, 2007; Kaya and Aydin, 2008; Vega-Galvez et
al., 2008) or obtained by other techniques for different

foods (Akanbi et al, 2006; Nguyen et al., 2006; Kaya et
al., 2007).

Water holding capacity of salted goat sheets

WHC of salted slices using different salting mixtures after
6 days of salting are shown in Table 7. Generally, WHC
of salted sheets increased (p < 0.05) with increasing

partial replacement of NaCl by KCI (mixtures 1, 2 and 3),
and CaCl, and MgCl, (mixtures 4 and 5). It is generally
accepted that only myosin and actin, and to some extent
tropomyosin, are responsible for the water-holding
capacity of meat. Hofmeister series has an effect on the
ion distribution of actin and myosin filaments, their
stability and water-holding. The series can be used to
make conclusions about the stability of proteins
(Poulanne and Jalonen, 2010). For instance, the order of
effectiveness to stabilize proteins is K*, Na*, Mg*, Ca**
(Zhao, 2005). The increase in water holding capacity
might be attributed to the lateral expansion of myofibrils,
which is coupled to protein solubilization. According to
Xiong et al. (2000), an increase in water binding and
hydration in salted meat and muscle fibers are generally
attributed to enhanced electrostatic repulsion between
myofibril filaments causing the filament lattices to expand
for water entrapment. WHC can be determined using
methods based on applying a specific force to the sample
and analyzing how well the sample holds on to water
under the specified stress. Applying this methodology
during salting of milkfish (Sannaveerappa et al., 2004),
cod and salmon (Gallart-Jornet et al., 2007) using high
salt concentration brine a decreasing in the WHC was
observed. However, during salting of cod with diluted
brines, an increase in the WHC was observed (Barat et
al., 2002; Thorarinsdottir et al., 2002).

Relationship between WHC and salt content

Linear simple regressions were used to fit the WHC of
goat meat slices during salting as a function of the salt
content (Xs). The model as fitted corresponds to:

WHC =A+B X, )

where A and B are the constant parameters.

The model as fitted explained the 94.4 to 98.6% of the
variability in the WHC at 95% confidence level (Table 7).
The A and B constant values varies from -0.034 to -0.057
and from 2.259 to 2.732, respectively. With this model the



Table 7. Fitting of water holding capacity (WHC) as a function of salt content for salted goat meat slices using different

WHC = A+ B X,

salting mixtures

Corzo et al.

Mixture Parameter value p-value R? WHC at 6 days
=- +
0 Somrecons  <ooer  O%
=- +
: S ooeeoos  <ooor 0%
=-0. +0. .
2 ooozmseoos <ot 0%
=-0. +0. .
? ooozmseo0s  <ooor 09T
‘ o ioeeooss  <ooor 0%
5 S aresoons < 00025

WHC can be calculated when the goat meat slices are
salting using NaCl and mixtures of NaCl, KCI, CaCl, and
MgCl,,

Conclusions

Weibull frequency distribution model adequately predicts
the moisture and salt contents of goat meat slices during
pile salting using NaCl and different mixtures of NacCl,
KCI, CaCl, and MgCl,. Effect of salting mixture on the
scale and shape parameters for moisture loss and salt
uptake is mixed and depends on their composition. The
water holding capacity of salted goat meat slices during 6
days increased with increasing partial replacement of
NaCl by KCI, and CaCl, and MgCl, A relationship
between water holding capacity and salt content was
found.
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