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An attempt at classifying the influence of different characteristics of milk and cheesemaking on the
rheological properties of Abondance cheese is presented. Abondance is a traditional farmhouse
French hard cheese with protected denomination of origin (PDO). Thirty-nine cheeses made from
unpasteurized cows’ milk were sampled. Spline partial least squares regression was used to re-
late milk properties and cheesemaking practices to rheological properties of the six-month-old
cheeses. These properties were the deformability modulus and the strain and stress at fracture
measured by compression. Milk properties and technological practices had overall the same
degree of relationship with the rheological properties investigated: plasminogen-derived activity
in milk and mineral-protein equilibrium, on the one hand, and brining and resting, on the other
hand. However, acidification kinetics and 1-d pH, which result from both milk properties and tech-
nological practices, showed the strongest relationships with rheological characteristics. Factors
that were most appropriate for modelling Abondance rheological properties are discussed.

Keywords: Milk properties, technological practices, rheological properties, prediction, PLS regression,
Abondance cheese.

Abondance (also known as Tomme d’Abondance) is a
traditional farmhouse hard French cheese from the Savoie
region (northern French Alps). It is a protected Denomi-
nation of Origin (PDO) cheese made from cows’ milk and,
like the majority of PDO cheeses, it is manufactured from
unpasteurized milk. Milk used in the making of PDO
cheeses varies widely in composition because breeding
practices are diverse. This variability is preserved because
milk is processed very little, or not at all, before being
made into cheese. Diversity in the technological processes
results from the know-how of each cheesemaker, who
tailors the procedure to meet the variable milk properties.
This leads to the wide diversity in the characteristics of the
final cheeses. Managing this diversity requires knowledge
of the effects of milk properties and technological practices
on cheese characteristics.

The objective of the present study was to hierarchize
the influences of milk properties and technological prac-
tices on rheological characteristics of Abondance cheese.
Although there are numerous publications on the influence
of milk or technological factors on cheese quality, they
take into account only a limited number of factors. For

Reblochon cheese, Martin (1993) found links between
milk properties and technological practices, on the one
hand, and cheese characteristics, on the other hand, with-
out hierarchizing them. The only other papers where an
overall view of the influence of these factors on cheese tex-
ture is presented are reviews (Adda et al. 1982; Lawrence
et al. 1987; Walstra et al. 1987). To fulfil our objective, we
gathered a database of milk properties, technological
practices and cheese rheological characteristics for a series
of Abondance cheeses chosen to be as diverse as possible.
We then used a multidimensional prediction-oriented
statistical method that handles non linear relationships.
The statistical analysis gave relationships that, with the
help of the literature, could or could not be interpreted as
physicochemical effects.

Materials and Methods

Experimental setting

Experimental conditions were described in Bugaud et al.
(2000, 2001a, b). Thirty-nine cheeses were collected dur-
ing April–September 1998 in the Abondance cheese PDO
area of the French Alps. The cheeses were made on the*For correspondence; e-mail : tessier@poligny.inra.fr
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farm by three farmer-cheesemakers using unpasteurized
milk. Nine of them (three replicates per farmer) were made
from milk produced by cows given hay and the others
were made from milk produced by cows given different
types of pasture (five from valleys and five from moun-
tains). For each pasture, three cheeses were collected
corresponding to three consecutive cheesemaking days.
Farmer X fed his herd on two valley pastures and three
mountain pastures; farmer Y fed his herd on two mountain
pastures and farmer Z fed his herd on three valley pastures.

Raw milk composition

Table 1 lists the milk composition variables that were
evaluated for their ability to predict the rheological proper-
ties of Abondance cheese. Protein and fat contents were
assessed by infrared spectroscopy (Milkoscan; Foss Elec-
tric, DK-3400 Hillerød, Denmark). Urea content was deter-
mined by the dimethylamino-4-benzaldehyde colorimetric
method (Tondu, 1986). Total calcium was measured with
a complexometric method (Pearce, 1977) and phos-
phorus content by a colorimetric method (AFNOR, 1992).
Plasmin and plasminogen activities were determined by a

modification of the method of Rollema et al. (1983) de-
scribed by Bugaud et al. (2001a). Casein composition was
analysed by polyacrylamide gel electrophoresis using urea
(Andrews, 1983). The surface of each peak was expressed
as a percentage of the total area. The fatty acid (FA) com-
position was analysed by gas chromatography (Buchin
et al. 1998).

All analyses were performed in duplicate except plas-
min and plasminogen-derived activities, which were in
triplicate. Among these variables, a calculated variable was
included in the study: the ratio of plasminogen-derived
activity to plasmin activity, which may indicate an interac-
tion between plasmin activity and plasminogen-derived
activity. Because of the high correlations between the fatty
acid proportions (the absolute values of the correlation
coefficients were >0.8 (P<0.001), we used a synthetic
variable to take them into account. This synthetic variable
was the first axis of the Principal Component Analysis
(PCA) built with the C6–14, C16, C18, C18 : 1 and poly-
unsaturated C18 variables. This axis, which represented
65% of the total variance, opposed shorter fatty acids (C16
and C6–14) to longer ones (all forms of C18). We verified
that the other axes of the PCA were not among the best
ranked variables in the Spline PLS regression models.

Cheesemaking

Abondance cheese is made from unpasteurized whole
milk, cooked at 45–50 8C and weighing 7–12 kg. Cheese-
making was monitored on the farm and cheesemaking
parameters were recorded. Clotting time is the duration be-
tween renneting and the moment particles of casein begin
to appear. It was determined by the traditional method:
when particles of casein began to stick to the cheese-
maker’s finger when plunged into the milk. Firming time
is the duration between clotting and the moment the gel has
the correct texture. It is evaluated by the breaking ability of
the gel. The same person made all determinations to en-
sure good repeatability. In the following, we used all the
variables related to cheesemaking (Table 2) except the
ones concerning the starters. The description of the starters
was not detailed enough to be of interest in this paper.
Instead, we considered the result of the starter activity, i.e.,
the acidification kinetics during pressing. As for milk
composition, we added a calculated variable, the ratio of
firming time over clotting time, which may indicate an
interaction between these two processes. To take acidifi-
cation kinetics into account, we regressed pH values be-
tween pH 0 h (i.e., milk pH) and the value of pH attained
after 6 h of cheesemaking against time. The slope of the
linear regression was the variable kept for further analysis.

We should discuss the meaning of the cheesemaking
variables, action or state variables. Most of them are tech-
nological practices, i.e., actions decided by the cheese-
maker, while some others – clotting time and acidification
variables – are the results of interactions between techno-
logical practices and milk properties, and describe the

Table 1. List of the milk composition variables used in the study

Values are means± SD for n=39

Mean±SD

Gross composition (g/kg)
Milk pH 6.70±0.04
Protein content 32.5±1.0
Fat content 37.7±2.0
Urea 0.317±0.080
Calcium 1.23±0.03
Phosphorus 0.88±0.05

Fatty acid composition (% of total fatty acids)
C4 5.47±0.23
C6–14 19.7±3.5
C16 27.6±2.9
C18 9.9±1.1
C18 : 1 24.4±3.3
C18 : 2+C18 : 3 5.7±1.7
Unsaturated C18 30.1±4.8

Enzyme composition (dA405 . dt – 1r103)
Plasmin activity† 0.247±0.060
Plasminogen-derived
activity†

1.86±0.25

Plasminogen-derived
activity over plasmin
activity ratio

8.02±2.42

Casein composition (% of peak total area)
c+k casein 6.9±1.1
b-casein 38.6±1.2
C-variant of the b-casein 2.1±1.9
as1-casein 50.7±1.1

Microflora (log(cfu)) Total microflora 3.54±0.54

† Analysis in triplicate; all other variables were analysed in duplicate
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state of the cheese to be. We consider three types of pre-
dictive variables: milk properties, technological practices
and results of interactions between milk properties and
technological practices.

Cheese rheology

Rheological measurements were made at the end of cheese
ripening, i.e., after 6 months, using uniaxial compression
at a constant displacement rate, as described by Noël et al.
(1996), using a TA-XT2 texture analyser (Rhéo, Champlan,
France). Four replicated measurements were performed
at 15 8C on cylindrical samples (diameter y15 mm, height
y20 mm). Three parameters were evaluated: the deform-
ability modulus (MD), the strain (ef) and stress (sf) at frac-
ture (Table 3). MD represents the elasticity of the material,
ef, its deformability and sf, its mechanical resistance.

Statistical analysis

Relationships between rheological variables, on the one
hand, and milk properties and technological practices,
on the other hand, were investigated using Spline PLS

regression (Durand & Sabatier, 1997). This method allies
PLS regression with a B-spline representation of the re-
lationships between the variables and gives non-linear
relationships between the variables of interest.

Table 2. List of the technological variables used in the study

Values are means± SD for n=39

Mean±SD

Milk maturation Maturation time (min) 25.0±9.3
Maturation temperature (8C) 32.1±2.6

Renneting Rennet quantity (ml/100 l) 18.7±2.6
Renneting temperature (8C) 33.7±1.0
Renneting pH 6.67±0.04

Gelation Clotting time (min)† 22.0±2.3
Firming time (min) 10.4±3.5
Firming time over clotting
time ratio

2.40±1.05

Work in vat Cutting time (min) 6.50±1.47
Cutting temperature (8C) 32.8±1.1
Stirring time (min) 7.8±7.6
Heating time (min) 44.6±5.7
Maximum temperature (8C) 47.6±0.8
Stirring time after heating (min) 24.4±10.1
Overall fabrication time (min) 132.8±21.9

Resting Resting time (min) 4.6±1.4

Moulding Moulding time (min) 12.4±5.0
Serum temperature (8C) 45.6±1.4

Brining Brining time (h) 12.6±0.8
Brining temperature (8C) 13.3±2.0
Brine density (kg/m3) 1158±31
Brine acidity (8C) 32.0±18.2

Acidification pH at moulding† 6.52±0.06
pH at 2 h† 6.14±0.24
pH at 4 h† 5.66±0.34
pH at 6 h† 5.42±0.28
1-day pH† 5.12±0.12

† Variables corresponding to interactions between technological practices

and milk properties

Table 3. Rheological variables used in the study

Values are means± SD for n=39

Mean±SD

Deformability modulus (MD) (kPa) 666.9±166.2
Fracture strain (ef) ( – ) 0.48±0.08
Fracture stress (sf) (kPa) 221.9±52.9
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Fig. 1. Panel A. B-spline: basis for a B-spline with two knots
and polynomials of degree two. Panel B. Example of a fit
corresponding to a linear combination of the B-spline basis
shown on panel A.
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PLS regression allows the construction of linear models
between a set of predictive variables X and a set of vari-
ables to be predicted Y (this set can consist of only one
variable). It is an iterative process. The general principle is
to build a principal component for X and a principal
component for Y under the constraint that their covariance
is maximized. The next principal components are con-
structed with the residues of X and Y. The number of di-
mensions of the model is defined by a modified leave-one-
out cross-validation, i.e., by randomly removing a certain
proportion (here 5%) of the individuals at a time. The error
of prediction of the removed individuals by this model is
calculated for all components. The dimension that gives
the smallest prediction error is selected.

B-splines are used to model non-linear relationships
between two variables X and Y. The principle is to use a
linear combination of a B-spline basis constituted by poly-
nomials defined on successive intervals, partitioning the
curve along the X axis. The intervals are defined by knots
and the polynomials by their degree. Figure 1 shows the
B-spline basis for 2 knots and polynomials of degree 2.

Spline PLS regression combines both methods. Instead
of looking for linear relationships between the predictive
variables and the variable(s) to be predicted, Spline PLS
aims at calculating linear combinations of the B-spline
bases defined for all of the predictive variables. This allows
a representation of the linear combination of the B-spline
basis for each predictive variable and therefore allows the
non-linear relationship (curve C) between each predictive
variable and the variable(s) to be predicted.

We used univariate Spline PLS. The dimension of each
model was defined as described above. The variables were
standardized. The degree of relationship that allowed the
ranking of the predictive variables was defined as pro-
posed by Durand & Sabatier (1997). On the Y axis, the dif-
ferences between the maximum and the minimum of the
curve C defined for each predictive variable are ranked in
decreasing order (Fig. 2). Therefore, the degree of relation-
ship cannot be quantified by statistical criteria, the only
information given is that a variable shows a stronger re-
lationship with the variable to be predicted than another.
The choice of the number of variables to be presented was
made a priori. Because the number of predictive variables
was the same for the three rheological descriptors, we de-
cided to select the same number of variables. Overall, the
differences between the maximum and the minimum of the
curve C decreased dramatically after the 10th best-ranked
predictive variable, suggesting that the relationship with
the following variables was weaker.
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Fig. 2. Examples of relationships observed. Panel A: example of
what we called a linear relationship, solid line shows the B-
spline fit, dotted line the linear relationship. Panel B: example of
a non-linear relationship we defined as NLU. Panel C: specific
result for the relationship between the C-variant of the b-casein
and ef.
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We chose B-splines with two knots and with polynomials
of degree two, because they allowed us to model non-
linear relationships without their becoming too complex to
interpret.

Results

Overall analysis

Table 4 presents the Spline PLS models obtained. For the
three rheological variables, the variance explained by the
models was always >95% (97.6%, 98.6% and 96.5% for
MD, ef and sf, respectively). The model dimensions were
5, 5 and 4 for MD, ef and sf, respectively. For the three rhe-
ological variables, about half of the most related variables
were milk properties and the other half were cheese-
making variables. Among these cheesemaking variables,
eight were technological practices and six were interac-
tions between milk properties and technological practices.
However, the deformation modulus was more related to
cheesemaking variables, as the five most related variables
were cheesemaking variables. The fracture strain was more
related to milk properties except for the 1-d pH which was
ranked first in the Spline PLS model. For the fracture stress,
the three most related variables were cheesemaking vari-
ables. Overall, we can see that both types of variables are
well represented in the models.

Deformation modulus

The rank of the variables in the Spline PLS model is only
part of the information that can be extracted from this
type of analysis. The other part concerns the shape of the
relationships evidenced with the predicted variables.

We present the results for each of the 10 most related
variables in their ranking order in the model. The 1-d pH
was not linearly related to the deformation modulus (MD).
A higher 1-d pH was associated with a lower MD, i.e., with
a higher elasticity. A maximum MD was observed for a pH
around 5.05. At pH<5.05, lower MD values were ob-
served. The relationship between MD and the clotting time
was not linear either. A higher MD was observed for in-
termediate clotting times. For the brining temperature also,
the relationship was not linear and again a higher MD was
observed for intermediate brining temperatures. Cutting
temperature was linearly related to MD. Higher cutting
temperatures were associated with higher MD. We should
note the presence of an outlier with a very low cutting
temperature which is certainly the result of a technological
problem. The acidification kinetics translated by the slope
of the milk pH v. the pH measured at 6 h of pressing was
linearly related to MD. Steeper slopes were observed for
cheeses with a higher MD. Phosphorus concentration in the
milk was also linearly related to MD and higher con-
centrations were associated with lower MD. Milk pH was
linearly related to MD with higher milk pH observed for
cheeses with lower MD. The ratio of plasminogen-derivedT
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activity to plasmin activity in milk was not linearly related
to MD. Intermediate values were associated with higher
MD. A similar relationship was observed for the plasmin-
ogen-derived activity in milk. Cutting time showed a linear
relationship with MD with longer cutting times associated
with higher MD.

Fracture strain

As for MD, the 1-d pH was the variable most related to the
fracture strain. Again, the relationship was not linear, as
lower fracture strain (ef) were observed for pH values
around 5.05. As for MD, the plasminogen-derived activity
in milk was not linearly related to ef. Intermediate plas-
minogen-derived activities were associated with lower ef.
The higher plasminogen-derived activities responsible for
the non linearity of the relationship were due to three
samples only. The C-variant of b-casein was not linearly
related to ef and presented a bimodal distribution (Fig. 2c).
For each mode, a different relationship was observed. For
the first mode corresponding to lower values, higher C-
variant concentrations were associated with higher ef. For
the second mode, no relationship was observed. The
phosphorus concentration in milk was linearly related to ef

with higher concentrations for cheeses with higher ef. The
fatty acid composition was ranked next. It was the first axis
of a PCA performed on the proportions of the fatty acids
measured in the milk, which was linearly related to ef.
More unsaturated fatty acids were associated with higher
ef. Plasmin activity in milk was also linearly related to ef.
Higher plasmin activities were present in milks that gave
lower ef. The relationship between the total microflora
(expressed in log form) and ef was not linear. A minimum
fracture strain was seen for intermediate microflora levels.
Longer brining times were linearly related to higher ef.
Cutting temperature was linearly related to ef ; higher cut-
ting temperatures were seen for cheeses with a lower ef.
Resting time was not linearly related to ef. Intermediate
resting times were associated with lower ef.

Fracture stress

The kinetics of acidification was the variable most related
to fracture stress (sf). The relationship was not linear and
higher sf were observed for intermediate slopes. Resting
time was linearly related to sf except for one outlier.
Longer resting times were associated with higher sf. Brining
time was positively correlated to sf. Phosphorus concen-
tration in milk was linearly related to sf such that higher sf

were observed for higher concentrations. As with MD, the
clotting time showed a non-linear relationship with sf.
Higher sf were associated with intermediate clotting times.
Plasminogen-derived activity in milks was linearly related
to sf. Higher plasminogen-derived activities were associ-
ated with lower sf. Total microflora was not linearly re-
lated to sf. Intermediate microflora levels were associated
with lower sf. The c+k casein concentration in milk was

linearly related to sf. Higher concentrations of c+k casein
were associated with higher sf. As for ef, the bimodal dis-
tribution of the C-variant of b-casein concentration was
responsible for two relationships. For the lower values (the
first mode), a linear one was observed with higher C-vari-
ant of b-casein concentrations showing higher sf. For the
second mode, as for ef, no relationship was observed.
Finally the fatty acid composition was linearly related to
sf. Higher unsaturated fatty acid proportions were related
to lower sf.

Discussion

As yet, we have described relationships between variables,
and not influences. Our goal here is to discuss whether
some of these relationships could be real influences. We
structure the discussion in three parts : first, we discuss the
influence of the milk composition; secondly, the influence
of the technological practices ordered chronologically;
and thirdly, the influence of clotting time and acidification
variables, i.e., interactions between milk properties and
technological practices.

Influence of milk composition on cheese rheological
properties

Milk fat composition. It is well known that a higher fat
content leads to a less firm and elastic body (Adda et al.
1982) which in terms of rheological properties can be
translated into a higher fat content giving a higher MD

and a lower sf (Walstra et al. 1987). In our case, how-
ever, the total fat content was poorly ranked in the three
models, which suggests that a weak relationship or no
relationship at all was observed between the total fat
content and the rheological variables, although full fat
milk was used. With regard to fat composition, in a simi-
lar technology, for Comté cheese, whose main difference
is a cooking temperature of 53–56 8C, Masson et al. (1981)
found little difference between milks and cheeses. In our
study, a linear relationship was observed between the fat
composition and ef. Cheeses with a higher C18 (all forms
and especially unsaturated C18) proportion showed a
higher deformability. Steffen (1975) reported a relationship
between cheese firmness and iodine value for Emmental.
A higher iodine value (i.e., a more unsaturated fat) results
in a softer body. Even in cheeses processed with a very
different technology, Camembert cheeses, the influence
of milk fat composition on rheological properties is evi-
dent. Milks with higher proportions of unsaturated fatty
acids give softer cheeses (Houssin et al. 2000). Moreover,
for processed cheese analogues, made with four fats of
very different physical properties, fat fluidity influenced
the mechanical properties at fracture (Marshall, 1991).

Mineral-protein influence on cheese rheology. We ob-
served relationships among the cheese rheological proper-
ties and phosphorus concentration in milk, some caseins
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(C-variant of the b-casein) and milk pH. It is impossible
to identify a direct influence of any of these three vari-
ables. Milk pH influences the equilibrium between the
colloidal and soluble forms of phosphate (Gaucheron
et al. 1995) and thus micelle geometry. The geometry of
the micelles (their average diameter) influences clotting
time, firming time and gel firmness (Remeuf et al. 1991) –
i.e., gel mechanical properties – for pressed cheeses. This
could lead to the relationships we observed, and illus-
trates the importance of gel structure to cheese structure
(Green & Grandison, 1993) although the gel was cut,
heated and pressed differently for each of the cheeses in
this study.

The relationship between the presence of the C-variant
of b-casein on the sensory quality of the hard cheese,
Beaufort, was investigated by Marie & Delacroix-Buchet
(1994). They found that cheeses with C-variant of b-casein
were firmer than cheeses without it. In our study, two
modes of C-variant of b-casein were identified corre-
sponding to two herds, on the one hand, and the third
herd, on the other hand. The first mode of the distribution
of the C-variant of b-casein showed a positive correlation
with ef and sf in accordance with the observations of
Marie & Delacroix-Buchet (1994). The second mode, how-
ever, for which the proportion of the C-variant was much
more important, showed no relationship with the mech-
anical properties of the cheeses. As the second mode cor-
responded to a different cheesemaker as well as a different
herd, different practices may have masked the C-variant
effect.

Proteolysis: influence of microflora and enzymes on
cheese rheology. The level of indigenous microflora and
the activity of milk enzymes can affect proteolysis. In-
digenous microflora levels controlled by microfiltration
influence proteolysis in Comté cheese but not its texture
(Bouton & Grappin, 1995). The non-linear relationship
we observed between the indigenous microflora level
and ef and sf may be an artefact. In fact, the proportion
of C-variant of b-casein was correlated with the level of
microflora (P<0.001). This results from the fact that one
farmer-cheesemaker owned a herd with a higher level
of C-variant and had milking practices that led to a lower
level of indigenous microflora. Moreover, the proteolysis
variables measured during ripening (Bugaud et al. 2001b)
were not related to the microflora level (data not shown).

Enzyme activities may be related to proteolysis (Law-
rence et al. 1987) and therefore possibly to cheese texture
(Walstra et al. 1987). The only enzymes we quantified
were plasmin and plasminogen. Plasminogen activity in
milk was much more related to cheese rheological proper-
ties than was plasmin activity. Visser (1993) showed that
high cooking temperatures enhance plasmin activity in
ripening cheese, which may be due to an increased con-
version of plasminogen into plasmin. We can thus suppose
than the plasminogen activity measured in milk represents
potential plasmin activity in cheese. In our study, the non-

linearity of the relationships between plasminogen activity
and rheological properties is due to only three cheeses.
Except for these three cheeses, plasminogen activity was
positively correlated with MD and negatively with ef and
sf, which is in accord with proteolysis breaking down
cheese structure, leading to a less elastic and resistant
body. We can therefore assume that plasmin activity in
cheese influences cheese texture.

Influence of technological practices

Influence of work in vat on cheese rheology. Cutting tem-
perature was related to MD and ef. We wondered
whether it was actually the temperature when cutting that
was important or whether this cutting temperature also
reflected the temperature at renneting and in the interval
until cutting. This would involve at least two different
phenomena: cutting temperature could influence grain con-
traction, i.e., syneresis, the temperature at renneting and
its evolution could influence rennet activity, i.e., gelation
and gel structure. These two phenomena are well known
to influence cheese texture (see Walstra, 1987). Neverthe-
less, the shape of the relationship does not allow us to
distinguish between them.

Curd grain aggregation: resting time influence on cheese
rheology. Akkerman et al. (1993) found that resting time
after work in the vat, during which curd grains were left
undisturbed for a few minutes, promoted fusion of adjac-
ent curd grains. Greater fusion increased the fracture
stress, which was what we observed for Abondance
cheeses. This is associated in the final cheese with higher
sf, as observed by Akkerman et al. (1993).

Influence of brining on cheese rheology. Brining time and
brining temperature can affect NaCl uptake by the cheese.
Brining time affects the diffusion of salt into the cheese
(Geurts et al. 1974; Guinee & Fox, 1993; Simal et al.
2001). Chamba (1988) investigated the effect of brining
conditions on salt absorption and its kinetics on Emmental
cheeses, and observed a linear relationship between salt
uptake by the cheese and brining temperature. Moreover,
relationships between salt concentration and cheese
mechanical properties are well documented (Walstra et al.
1987): salt concentration is negatively correlated with MD

and positively with ef and sf. In our study, the relationships
between brining time and rheological properties agree with
those found by Walstra et al. (1987). For brining tempera-
ture, however, the relationship we observed was not linear
and therefore does not agree with the observations of
Chamba (1988).

Influence of clotting time and acidification

Influence of clotting time on cheese rheology. We found
a non-linear relationship between the clotting time and MD
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and sf. Intermediate clotting times were associated with
higher MD and sf. It is difficult to link the clotting time to
gel structure. As the amount of rennet was not related to
cheese rheological behaviour, we can only suppose that
the milk properties were responsible for differences in
clotting time and that these differences could lead to dif-
ferences in the gel mechanical properties. These mechan-
ical properties might influence the cheese texture (Green
& Grandison, 1993).

Influence of acidification kinetics and 1-d pH on cheese
texture. In Abondance cheese, acidification occurs during
pressing. The pH after 1 d greatly influences cheese rhe-
ological properties. The relationships were not linear. Two
components could be distinguished: for pH<5.05 and
pH>5.05. Above pH 5.05, pH was positively correlated
with ef and negatively with MD, in accord with the find-
ings of Lucey & Fox (1993) who reported variations of tex-
ture between pH 5.1 and 5.3 for Cheddar cheese. They
suggested that variations of pH modify Ca solubility and
therefore cheese texture. At pH<5.05, we may suppose
that other phenomena might be involved. The relationships
we observed are likely to correspond to a real influence
of the acidification kinetics and 1-d pH on the rheological
properties of Abondance cheese.

Conclusion

Our study fulfilled its objectives, in that we could hier-
archize the respective influences of milk properties and
technological parameters on cheese rheological properties
after ripening. For this particular cheese variety, milk
properties and cheesemaking variables have somehow the
same overall influence. Milk properties of interest concern
mainly the protein-mineral equilibrium and plasmin sup-
posed activity, and, to a lesser degree, the milk fat com-
position. The technological practice having most influence
is brining. However, it is noteworthy that the most influ-
ential variables of all are acidification kinetics and 1-d pH
which result from the interaction between technological
practices and milk properties.

Further studies are required to confirm these prelimi-
nary results and establish the overall mechanisms involved
in the development of cheese texture. The same strategy
could be applied to other cheese characteristics such as
aroma. Such information on the influence of both milk
property and technological practice would be of great
interest for cheesemakers in optimizing their process. A
further step in the investigation would be to study the in-
fluence of breeding practices on the milk properties shown
to be important to cheese characteristics.

We thank Yolande Noël for constructive criticism and Chris-
tine Achilleos for her expertise in rheological measurements. This
paper is part of a project coordinated by the GIS Alpes du Nord
and financed by INRA and FNADT.
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