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The objective of this study was to characterize the effect of ripening on the taste of a typically bitter
Camembert cheese. The first step was to select a typically bitter cheese among several products
obtained by different processes supposed to enhance this taste defect. Second, the evolution of cheese
taste during ripening was characterized from a sensory point of view. Finally, the relative impact
of fat, proteins, and water-soluble molecules on cheese taste was determined by using omission
tests performed on a reconstituted cheese. These omission tests showed that cheese taste resulted
mainly from the gustatory properties of water-soluble molecules but was modulated by a matrix
effect due to fat, proteins, and cheese structure. The evolution of this matrix effect during ripening
was discussed for each taste characteristic.
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INTRODUCTION

Because of its fundamental role in consumer ac-
ceptance, the taste of cheese is one of its most important
organoleptic attributes. Among cheese gustatory char-
acteristics, bitterness has been particularly studied
because of its economical consequences as a major
cheese defect (1). It is generally accepted that bitterness
in cheese results from the accumulation of an abnor-
mally high concentration of hydrophobic peptides re-
leased during the proteolysis of casein (2).

However, many other substances such as amino acids,
amines, amides, substituted amides, long-chain ketone,
and some monoglycerides present in cheese might also
add to its bitterness (1). Kubickova and Grosch (3) found
that cadaverine, ornithine, and citruline, when present
in a French Camembert cheese, may cause a bitter note.
By determining the taste-active compounds in the
water-soluble extract of a goat cheese, Engel et al. (4)
showed that bitter taste resulted mainly from the
bitterness of both calcium and magnesium chlorides,
which in turn is partially masked by sodium chloride.
This last study showed that peptides are not systemati-
cally responsible for cheese bitterness and that some
compounds involved in other taste characteristics may
disturb the perception of bitter compounds. However,
the goat cheese studied was only slightly matured and,
overall, had a probably weaker level of bitterness than
a defective bitter cheese. Thus, to study the relative
impact of minerals, peptides, or other compounds on
bitter taste, it might be necessary to consider the total
taste characteristics of a typically bitter cheese at
different stages of ripening.

Because of its frequent occurrence, bitterness has
often been investigated on surface mold cheeses such

as Camembert cheese (5, 6). However, as it is a known
defect, it is difficult to select commercial products that
are consistently bitter as they are generally removed
by quality control procedures. Thus, such studies need
to use pilot cheese-making facilities with appropriate
treatments to obtain typically bitter cheese. To do this,
some modifications to the cheese-making process such
as an increased rennet quantity (7) or an accelerated
draining (8) can be used. However, the use of selected
Penicillium camemberti inoculum appears to be the
most efficient process parameter that can be modified
to obtain typically bitter Camembert cheese (5). Ad-
ditionally, as the growth of Geotrichum candidum would
seem to generally cause a decrease in bitterness (9), its
absence would appear as a bittering factor. Molimard
et al. (6), studying the correlation existing between
nitrogen content and bitterness of an experimental
cheese, discovered two strains of P. camemberti encoded
Pc2 and Pc3 that yielded particularly bitter cheese when
no Geotrichum was used.

Due to the metabolic activities of Penicillium on the
cheese surface, concentration gradients are formed
between the center of cheese and the surface. These are
responsible for the migration of potentially taste-active
components such as calcium or compounds acting on pH
(10). These phenomena added to the progression of a
proteolytic front may be responsible for the appearance
of gustatory differences existing among the center, the
under-rind, and the rind portions (11) and then for
changes in cheese taste. Thus, knowledge of both
gustatory characteristics and physicochemical composi-
tions of these different portions seems to be necessary
to explain the evolution of cheese taste during ripening.
The first step of this approach, described in this paper,
will focus mainly on the characterization of the sensory
consequences of ripening on cheese taste.

To investigate cheese taste, the water-soluble fraction
has been extensively studied because it is considered
by numerous authors to be responsible for this sensory
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property (12-15). However, bitter taste in cheese may
be due to relatively hydrophobic peptides, which might
be partially retained in the nonsoluble fraction. Thus,
in the case of a typically bitter cheese it is necessary to
evaluate the relative impact of water-soluble and non-
soluble fractions on the whole cheese taste prior to any
investigation of these fractions. A methodology to evalu-
ate the relative impact of fractions or components of a
liquid mixture on its taste has been proposed in a
previous study (4, 16). It consists of omitting one or
several subfractions of a mixture and evaluating the
consequence of this omission by making the comparison
between the taste profile of complete and incomplete
mixtures. To study the relative impact of the water-
soluble fraction on cheese taste, these omission tests
need to be performed on a reconstituted cheese that is
a mixture of fat, proteins, and water-soluble extract
(WSE) recovered throughout water extraction.

However, in contrast with studies performed on
mixtures made in physicochemical and sensory ac-
cordance with the WSE, it is impossible to obtain a
reconstituted cheese with the same structural organiza-
tion as a crude cheese. Even if the compositions of the
two products are similar, the presence of an organized
cheese matrix may probably change the perception of
taste-active compounds. By analogy with interactions
existing between some cheese matrix components such
as proteins or fat and cheese aroma (17, 18), it is
probable that changes in matrix structure may change
the perception of cheese taste. To confirm this hypoth-
esis, McSweeney (1) stated that the saltiness of Cheddar
cheese was perceived significantly more intensely in
grated cheese compared to whole cheese. This result
suggests that the gustatory properties due to taste-
active compounds could be modulated by the cheese
matrix structure. To fully explain cheese taste and its
evolution during ripening, it is then necessary to
consider this modulating effect and to follow its conse-
quences throughout cheese maturation.

The first aim of this work was to select a typically
bitter Camembert cheese and to characterize by sensory
analysis the respective evolution of the taste of its rind,
under-rind, and center portions to try to further link
tastes and chemical changes occurring during ripening.
Second, the influence of the cheese matrix and its
components on each gustatory property was also char-
acterized. The effect of the evolution of the cheese
matrix during ripening was discussed for each taste
attribute.

MATERIALS AND METHODS

Chemicals. All synthetic components used in this study
were of food grade and were purchased from commercial
suppliers. Pure water was obtained from a MilliQ system
(Millipore, Bedford, MA).

Cheese Manufacture. Experimental French Camembert
cheeses (45% fat in dry matter) were manufactured at the
Lycée Agricole de Saint Lô Thère (Saint Lô, France). Whole
fresh milk (210 L) was standardized to a fat concentration of
30 g/L after thermization of the milk (63 °C/30 s). After the
milk had cooled to 13 °C, 0.6% mesophilic bacteria PAL 25
(Standa Industrie, Caen, France) and calcium chloride at 10.2
g for 100 L of milk were added to the milk to achieve its
“prematuration”. When the milk pH reached 6.4-6.45, it was
pasteurized (75 °C/30 s). After the milk had cooled to 37 °C,
1% mesophilic bacteria PAL 25 and 0.2% Streptococcus ther-
mophilus ST 82-87 (Standa Industrie) were added to the milk
at the same time as calcium chloride (10.2 g for 100 L of milk).

The total amount of milk was divided into five batches of 40
L. Each of the five corresponding milk vats was then inoculated
with 2500 spores/mL of milk of the appropriate fungal culture.
When the pH reached 6.2-6.25, rennet “presure 520” (Labo-
ratoire Central des Présures, Prat, France) was added at the
concentration of 20 mL/L of milk for a “usual manufacture”
process. After a first phase of coagulation of 28 min, the curd
was cut up. The coagulum obtained after a resting time under
serum (30 min) was transferred into hoops to obtain cylinder
shapes, which were inverted three times: the first time just
after the transfer, a second one when the pH reached 5.70,
and a third one when the pH decreased to <5.1. Twenty-four
hours after the beginning of manufacture, cheeses were salted
in brine (density ) 1180) for 35 min and placed at 16 °C and
80% humidity for 24 h. They were then ripened at 12 °C and
95% humidity and inverted two times. On the 12th day after
manufacture, the cheeses were packed in a cellophane-based
film and ripened at 8 °C. Thus, 20 ((1) Camembert cheeses
of 250 g were obtained per vat.

Experimental Cheeses. Three series of experimental
cheese-making were performed according to Figure 1. The first
one, M1, was dedicated to the selection of the cheese-making
process. M2 and M3 were two batches of the selected process.
M2 allowed for the evolution of the cheese taste during
ripening to be studied, whereas M3 was dedicated to evaluate
the relative impact of WSE, fat, and proteins on cheese taste.

Cheese-Making M1. For the experimental Camembert selec-
tion, five series of 20 Camembert cheeses encoded Pc2,
ModPc2, Pc3, ModPc3, and Pc2xGc3 were made. As Table 1
indicates, each series differed from the others only by the
nature of the fungal culture used and/or by some eventual
changes in the process. Three cheeses of each type were taken
for microbiological and physicochemical analyses. All cheese
series were tasted in triplicate: one session on the 29th and

Figure 1. Organization of cheese-making.

Table 1. Manufacture Characteristics of the Five
Experimental Cheeses Tested

cheese fungal culturea
rennet

quantity
draining

conditionsb

Pc2 P. camemberti Pc2 20 mL/100 L normal
ModPc2 P. camemberti Pc2 25 mL/100 L increased
Pc3 P. camemberti Pc3 20 mL/100 L normal
ModPc3 P. camemberti Pc3 25 mL/100 L increased
Pc2xGc3 P. camemberti Pc3 (99%) ×

G. candidum Gc3 (1%)
20 mL/100 L normal

a Each fungal culture was inoculated at 2500 spores/mL of milk.
In the case of the association (Pc2xGc3), the mixture is prepared
with 99% Pc2 spores and 1% Gc3 spores. b Increased draining was
obtained by an increase of the temperature during this step of
the process.
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two sessions on the 30th day. On the 30th day, they were
frozen by submersion in a liquid nitrogen bath at -196 °C and
held at -80 °C until further physicochemical analysis.

Cheese-Making M2. Six vats of the cheese Pc3 were manu-
factured according to the cheese-making process described
above. At each tasting session, on the 9th, 16th, 21st, 28th,
35th, and 42nd days, 4 cheeses were tasted and 13 cheeses
were cut out in three parts (see below) and frozen by submer-
sion in a liquid nitrogen bath for further physicochemical
analysis and water extraction.

Cheesee-Making M3. Six vats of the cheese Pc3 were
manufactured. At 31 days of ripening, 90 cheeses were frozen
by submersion in a liquid nitrogen bath after elimination of
the rind. These cheeses were dedicated to sensory evaluation,
water extraction, and further physicochemical analysis.

Commercial Cheese Samples. Six samples of French
Camembert cheese (45% fat in dry matter) encoded from c1
to c6 were purchased from commercial suppliers. All cheeses
were tasted at ∼15 days before their optimum consumption
date. Ten lots of 250 g of each cheese were obtained from
retailers.

Twenty c6 cheeses were bought to be further compared to
the five experimental cheeses obtained from M1. They were
chosen to be tasted at 15 days before their optimum consump-
tion date. Five of them were used for sensory evaluation, and
the others were frozen for further water extraction and
physicochemical analysis.

Fifty c1 cheeses were bought and frozen at -20 °C. They
were used as control cheeses for the study of taste evolution
during ripening. At each ripening time of Pc3 (9, 16, 21, 28,
35, and 42 days of M2 manufacture), 6 c1 cheeses were taken
out of the -20 °C cold chamber, placed for 12 h at 2 °C for
defrosting, and cut out in three parts to be tasted.

Cheese Partition. After 40 min at -20 °C, the cheeses
were divided into three parts with a ham-cutting machine. The
portions obtained were named, respectively, rind, under-rind,
and center. The rind part corresponded to the maximum
thickness of mycelium. For a 35 mm thickness cheese, the
respective thicknesses of rind, under-rind, and center portions
were 3, 7, and 15 mm in order to obtain a weight of the center
portion equal to the weight of two under-rind portions.

Water Extraction: Extraction Procedure. The frozen
cheese portions were grated, dispersed in pure water (w/w )
1/2), and homogenized for 4 min in a 1094 homogenizer
(Tecator, Höganäs, Sweden). The suspension was centrifuged
at 20000g for 30 min at 4 °C. Three phases were separated: a
fat upper layer, a liquid fraction including water-soluble
molecules called C20000, and a pellet of proteins. The fat was
collected in freezer bags, and the protein pellet was dissolved
in water corresponding to 7.5% cheese weight. After filtration
on gauze, the C20000 was recovered. All of these fractions were
stored at -80 °C until further use.

Purification Procedure. Each C20000 obtained from
cheese portions of M2 manufacture was pooled and submitted
to a 100 kDa frontal ultrafiltration in a cell (V ) 400 mL, d )
76 mm; Millipore, Bedford, MA) with regenerated cellulose
membranes (Millipore). The filtration temperature and the
transmembrane pressure were, respectively, maintained at
approximately 8 °C and 4 bar. For each fraction corresponding
to one of the three cheese portions at one of the six ripening
dates, two portions of 300 mL of C20000 were successively
treated. The recovered permeate, called the water-soluble
extract (WSE), was immediately frozen until further use. When
they are used for sensory evaluation, these purified fractions
are freeze-dried to compensate for the initial dilution with
water due to water extraction.

The 37.5 kg of C20000 obtained from M3 manufactured
cheeses were pooled and submitted to tangential microfiltra-
tion in a pilot apparatus equipped with two 0.05 µm membrane
modules of 0.9 m2 each (wide volume ) 15 L; INRA, Labora-
toire de Recherches de Technologie Laitière, Rennes, France).
The retentate was rinsed with 43.5 L of osmosed water
corresponding to four successive diafiltrations. This process
allowed for the recovery of 19.7 kg of microfiltration retentate,
named RUF0.05, and 63.2 kg of microfiltration permeate

considered to be the WSE. All of the obtained fractions were
frozen at -80 °C until further use. When they are dedicated
to sensory evaluation, WSE and RUF0.05 were concentrated
by freeze-drying to compensate their dilution with water
during the extraction and purification steps.

Elaboration of a Cheese Model. Reconstituted Cheese.
Starting with the fractions recovered at each step of the
extraction/purification process of M3 cheeses, it is possible to
elaborate a reconstituted cheese if the corresponding fractionss
fat, protein pellets, microfiltration permeate (WSE), and
retentatesare at the same concentration as in the crude
cheese. The dilution of both microfiltration permeate and
retentate (WSE and RUF0.05) was compensated by freeze-
drying. Thus, fat, proteins from centrifugation pellets, and
freeze-dried microfiltration permeate and retentate were
mixed using an Ultraturrax homogenizer (Polytron 3100,
Kinematica, Littau, Switzerland) at 15000 rpm for15 min.

Omission of Fractions. In these cases, reconstituted cheeses
were prepared by omitting one of the constitutive fractions.
For each omission realized, the omitted fraction was replaced
by ultrapure water. The mixing of the components was made
in the same way as described above.

Physicochemical Analysis. Dry mater and pH values
were measured on the whole cheese (6). For nitrogen deter-
mination an aliquot of grated cheese was suspended in a
sodium citrate solution (19). Total nitrogen (TN), soluble
nitrogen at pH 4.6 (SN), and soluble nitrogen in phosphotung-
stic acid (SNPTA) were determined according to the Kjeldahl
method (6). The results are the average of three replications
with a variation coefficient of <5%.

Sensory Evaluation. General Conditions. The evaluations
were conducted under red light in an air-conditioned room (21
( 1 °C). The room was fitted with 16 separated booths
according to ISO 45486. To suppress olfactive sensations,
panelists’ nostrils were pinched. At each measuring session,
products were presented in a monadic way, according to a
Williams Latin square design (20) to balance report and
position effects. For each sensation studied, an appropriate
reference solution was chosen. The concentration of each
reference was adjusted in accordance with its mean intensity
in the studied cheeses. The quantification of each attribute
intensity was evaluated in comparison with the perceived
intensity of the corresponding reference solution adjusted to
a given concentration (Table 2). Prior to every other task,
panelists were asked to taste the reference solutions and to
memorize their respective intensities corresponding, by mutual
agreement, to 50% of their respective assessment scale.
Afterward, they had to taste each product and to mark the
intensity of each attribute on a 13-cm unstructured linear scale
anchored from “no sensation” to “strong”. A mark at the middle
of the scale corresponded for each attribute to the intensity of
the reference solution. During the tests, assessors could taste
some reference solution to recall each gustatory sensation and
its intensity. Data were recorded with the FIZZ computerized
system version 1.20 (Biosystemes, Couternon, France).

Cheese Selection. Fourteen assessors were selected for their
ability to recognize and quantify the taste of cheese. During
six 1 h sessions, panelists were trained in the evaluation
procedure and elaborated by consensus a list of adequate terms
to describe the Camembert cheese gustatory properties (Table
2). The products, which had been stored at 4 °C, were placed
at 15 °C for 2 h just before each session. The Camembert
cheeses were cut in 16 equal pieces on cardboard plates and

Table 2. Nature and Concentration of Reference
Solutions for Each Attribute

attribute reference compound concn in pure water

sour lactic acid 1.38 g/L
bitter L-leucine 10 g/L
salty sodium chloride 3 g/L
umami monosodium L-glutamate 0.6 g/L
sweet D-lactose 23.75 g/L
astringent potassium aluminum sulfate 0.33 g/L
sharp capsaicin 0.15 mg/L
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were covered immediately with cellophane film to limit oxida-
tion phenomena. At each tasting session, panelists were
instructed to carefully eliminate the rind without losing too
much under-rind, to taste the cheese portion, and to mark the
intensity of each attribute. Between samples, they had to rinse
their mouths with a piece of apple, some bread crumbs, and
some mineral water in that order. At every measuring session,
panelists had to taste two series of six cheeses. The six
commercial cheeses c1-c6 were evaluated three times during
three different sessions. The panelists were familiarized with
the product at the first session, which was not taken into
account in the data analysis. The five experimental cheeses,
Pc2, ModPc2, Pc3, ModPc3, and Pc2xGc3, were tested together
with c6. After the familiarization session, they were tasted five
times: once at 29 ripening days and twice at both 30 and 33
ripening days.

Taste Evaluation of Cheese Portions at Different Ripening
Stages. Fourteen other assessors were selected for their ability
to perceive basic tastes with a special emphasis on bitterness.
Thus, panelists were all sensitive to the bitter taste of 3 g/L
of L-leucine and 2 g/L of calcium chloride. During seven
sessions, they were familiarized with the quotation system and
with the evaluation procedure of cheeses. After cheese parti-
tion, the obtained portions were cut into equal pieces on
cardboard plates and were covered immediately with cel-
lophane film to limit oxidation. At the beginning of each
measuring session, the center of an ∼3 weeks old c3 Camem-
bert cheese was tasted by the panelists. This sample, called
“dummy”, allowed on the one hand limited “first sample effect”
(21) and on the other hand the ability to recall the evaluation
procedure. Additionally, to reveal a possible drift in the
panelists’ way of scoring throughout the study, the same frozen
control cheese c1 was tested at each measuring session. Fifty
samples of control cheese c1 were frozen at -20 °C before the
beginning of Pc3 ripening. At each ripening time when the
Pc3 cheese was studied, an appropriate quantity of control
cheese was defrosted and also divided into portions. Portion
by portion they were evaluated together with Pc3 as an
anonymous coded sample. During measuring sessions, a
dummy sample, four centers, four under-rinds, and four rind
portions were tasted by each assessor in that order. For each
portion of the cheese, the four samples were in fact two
replications of the Pc3 cheese and two replications of the
control cheese. Two 250 g Camembert cheeses had to be used
for each replication. The respective rind, under-rind, and
center of one of the two cheeses were tasted by the same seven
tasters. Each center was divided into eight pieces. The two
under-rinds of the same cheese were both divided in 16, and
a piece of each under-rind was given to each assessor. Each of
the two rinds obtained from the same cheese was cut into
quarters, giving a total of eight pieces. After the cutting, the
cardboard plates were covered with cellophane film.

Evaluation of the Reconstituted Cheeses: Omission Tests.
Sixteen assessors were selected for their ability to perceive
basic taste with a special emphasis on bitterness. The sensitiv-
ity to bitterness of L-leucine, calcium chloride, and 6-n-
propylthiouracil (PROP) was taken into account as the main
selection criteria. The panelists were trained to the taste
evaluation of mixtures of compounds in solution or in a
complex matrix such as cheese. The reconstituted cheese and
modified reconstituted cheeses in which one or several frac-
tions were omitted were prepared just before the measuring
sessions. A first measuring session allowed for the taste
comparison between grated cheese and reconstituted cheese
obtained from M3 manufacture. Taste profiles of both grated
and reconstituted cheese were compared to the whole cheese
evaluated in a previous session. During the second measuring
session, reconstituted cheese, WSE, and reconstituted cheese
in which WSE was omitted were evaluated for taste profile
determination. At each of the two measuring sessions, 4 g of
each product was tasted. Panelists were instructed as during
the training period to take the sample with a small plastic
spoon, to taste it, and to score the intensity of each attribute.
Between each sample, assessors were instructed to rinse their

mouths with apple, bread crumb, and mineral water in that
order. At each session, the products were tasted twice.

Statistical Treatment. The data were processed with the
SAS system release 6.12 (SAS Institute Inc., Cary, NC).
Analysis of variance was performed at level R ) 0.05, according
to the model attribute ) product + subject + product × subject,
with subject considered as a random effect. Means were
compared with the Newman-Keuls multiple-comparison test.

RESULTS AND DISCUSSION

Selection of a Bitter Camembert Cheese. The aim
of this step was to select a process which allowed for a
Camembert cheese to be made that would appear as the
best compromise among three main selection criteria:
first, the selected cheese must be strongly and typically
bitter; second, as the bitterness is often correlated to
the presence of small peptides, it had to be rich in
peptides and particularly in small ones; third, the
selected Camembert cheese had to have a gustatory
profile close to that of the bitter commercial Camembert
cheese.

Before the experimental cheeses were manufactured,
six 45% fat in dry matter Camembert cheeses were
purchased from commercial suppliers. Among them, c6
was selected as a reference of bitter commercial cheese
used for comparison with the experimental cheeses.

The five experimental Camembert cheeses, Pc2, Mod-
Pc2, Pc3, ModPc3, and Pc2xGc3, were manufactured
and compared to c6 from a gustatory point of view. As
shown in Figure 2, the significant differences among the
cheeses concerned bitterness and saltiness. As the
sweetness, astringency, sharpness, and umami notes
were markedly weaker in intensity, those four attributes
were not reported. Two cheeses, Pc3 and c6, had similar
gustatory profiles and were perceived to be significantly
more bitter than the others as their bitter intensity
reached over 60/100. In contrast, the intensity was
quoted as being weaker than the reference (50/100) for
the other products. These results confirmed the funda-
mental role played by Penicillium camemberti in the
development of cheese bitterness already claimed by
several authors (5, 6, 22). A strongly bitter Camembert
cheese may therefore be obtained by using Pc3 alone to
make pasteurized Camembert cheese ripened for 30
days without modifying the level of rennet or increasing
the draining.

To choose the experimental cheese to be further
studied, it was necessary to compare their relative
richness in peptides. Table 3 shows the results of pH,
TN, SN, PTASN, and peptides determination. Pc3 and
c6 appeared as being cheeses with the strongest SN,
PTASN, and peptides values and consequently the
richest products in peptides. Otherwise, pH values indi-
cate that increasing draining and higher rennet level
might delay the normal cheese maturation. This fact
could explain why those manufacturing processes did
not lead to their expected result concerning bitterness.

To conclude, Pc3 appeared to be a good compromise
of making a typically bitter Camembert cheese with a
relatively high level of peptides.

Cheese Taste Evolution during Ripening. Prior
to any interpretation of the results concerning evolution
of Pc3 cheese taste during ripening, it was necessary to
examine a possible drift in the panelists’ ways of scoring
during that period by using a control cheese. Figure 3
shows the portions of the control cheese and the at-
tributes for which significant differences appeared
among the six sessions corresponding to the six studied
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ripening stages of Pc3 cheese. For the center portion of
the control cheese, saltiness was quoted around 60/100
at the first session (ninth day of Pc3 cheese ripening)
and afterward decreased and stabilized at approxi-
mately 50/100. This phenomenon was not observed for
the saltiness of under-rind or rind, which seemed to
remain almost constant. Moreover, the decrease ob-
served for the center of the control cheese was signifi-
cant only when the 9th day (first session) was consid-
ered in comparison with the 21st day (third session).
The other changes concerned bitterness of both under-
rind and center of the control cheese, which decreased
at, respectively, the 21st (third session) and 28th days
(fourth session) of the study. This might be explained
by a strong intensity of an analogue portion of Pc3
cheese. Anyway, those slight changes in control cheese
evaluation did not express any systematic tendency and
might be related to the magnitudes and directions of
differences we observed in the taste profile of Pc3 cheese
during its ripening.

As Pc3 cheeses have weak levels of sweetness, umami,
and sharp notes, with means of less than 10/100, the
results concerning these three attributes are not pre-
sented. Figure 4 shows the evolution of sourness, bit-
terness, saltiness, and astringency during ripening of
the M2 manufacture serial for, respectively, Pc3 cheese
rind, under-rind, and center.

Figure 4a shows a decrease of the perceived sour note
between 9 and 35 days of ripening whatever the portions

considered. The decrease in sourness appears as being
first more pronounced in the rind, where it seems to be
stabilized after 21 days of ripening. The two other
portions seem to display similar decreases in sourness
until reaching the same intensity evaluated at around
25/100. According to perception mechanisms at receptor
level (23), the sour note in food products may be
partially due to H3O+ concentration. Several authors,
such as Le Graet et al. (10), showed the occurrence of a
pH gradient in the cheese at the beginning of the
ripening. This phenomenon would be due to lactic acid
consumption by the Penicillium on the cheese surface,
which may cause a fast pH increase. This could explain
why a sourness decrease occurred first in the rind.
However, as was previously showed by Biede and
Hammond (13), pH and sourness may not be correlated.
This last result is in accordance with those obtained by
other authors (1, 4) showing that the consideration of
H3O+ concentration was not sufficient to fully explain
the sour taste and that some other chemical species
such as sodium chloride may act on this taste charac-
teristic. The evolution of sourness in the other por-
tions may be explained by the migration phenomena of
taste-active compounds such as molecules that change
the pH or those that are responsible for some en-
hancing effect such as sodium chloride. Thus, before a
conclusion on the cause of the observed effect can be
made, physicochemical analysis of the related taste-
active compounds contained in the studied portions
seemed to be necessary.

Changes in bitterness affecting the different portions
of the cheese during ripening are given in Figure 4b.
As the evolution of bitterness in cheese portions is far
more important and opposite from punctual variations
due to a slight panel drift observed in the control cheese
(Figure 3), we conclude that it can be related to ripening
effects on Pc3 cheese. Moreover, the relatively strong
intensity of scored bitterness for Pc3 cheese under-rind
and center at, respectively, 21 and 28 days of ripening
may explain the weaker levels seen in the corresponding
portions of the control cheese at these times. The

Figure 2. Taste profile of experimental cheeses evaluated together with one commercial cheese (c6). The bars indicate the mean
gustatory intensity of the considered attributes for three replications. For each attribute, means with the same letter (a-c) are
not significantly different at the level of 5% according to Newman-Keuls tests.

Table 3. Nitrogen Determination in Experimental
Cheeses

exptl
cheese pH

TN (g/kg of
cheese)

SN
(%TN)

PTASN
(%TN)

peptides
(%TN)

Pc2 6.19 33.47 26.44 6.69 19.75
ModPc2 5.89 35.57 19.99 4.25 15.74
Pc3 5.94 31.80 30.31 8.14 22.17
ModPc3 5.71 35.96 25.22 5.78 19.44
Pc2xGc3 5.78 32.62 26.67 6.22 20.45
c6 6.47 34.49 36.13 9.63 26.50

a TN, total nitrogen; SN, soluble nitrogen; PTASN, phospho-
tungstic acid soluble nitrogen.
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evolution of Pc3 bitterness showed different tendencies
among the portions considered (Figure 4b). In the rind
portion, its intensity increased to 70 /100 between the
9th and 16th days of ripening and then decreased
between the 16th and 21st days. Afterward, its value
was almost constant. In the under-rind portion, the
bitterness increased from 30/100 to over 80/100 between
the 9th and 16th days and then appeared as being
approximately constant. In the center, the increase was
progressive between the 9th day, when its intensity was
around 20/100, and the 28th day, when it reached more
than 70/100. Many studies mention the probable caus-
ative linkage between proteolysis and cheese bitterness
(2, 6, 24). The known progression of proteolytic activity
from the surface of the cheese to its center during
maturation gives us a good explanation of the sequential
phenomenon observed. At the beginning of maturation,
the proteolytic activity due to the development of P.
camemberti on the surface is limited to the rind and
releases bitter peptides exclusively in this portion. After
2 weeks, the rind portion is completely made up of
mycelia, which appear to be less bitter than proteolyzed
material. During the same time, the proteolytic front
colonizes first the under-rind portion and then later the
center. This would cause an increase in the intensity of
bitterness in this portion. The stabilization of bitterness
that occurs afterward might be explained according to
Molimard et al. (6) by the absence of proteolytic activi-
ties generally due to Geotrichum. However, even if
bitterness seems to be linked with proteolysis, there is
no evidence showing bitter peptides and their metabo-
lism as being responsible for the evolution of bitter taste.
Other components such as mineral salts (4, 16) or bio-
genic amines (3) and modification of the cheese matrix
may also be implied in this evolution of bitter taste.

As for bitterness, the evolution of cheese astringency
during ripening (Figure 4c) seems to be related to
proteolysis. Instead of an increase, its intensity de-
creased in the under-rind and center portions; however,
no significant intensity change was shown for the rind.
These results agree with previous studies showing that
proteins and/or big peptides might be responsible for
cheese astringency (16, 25). The progression of the
proteolysis front could explain why astringency de-
creases first in the under-rind and more progressively
in the center.

Concerning saltiness, the effect of ripening is shown
in Figure 4d. First, even if the significant decrease of
the control cheese saltiness was the result of a punctual
change in the way of scoring (Figure 3), this panel drift
may just allow for the decrease of Pc3 saltiness in the
center portion to be explained. In contrast, it did not
imply any other significant consequences on the evalu-
ation of the experimental cheese. In the rind, the
saltiness decreased until the 16th day of ripening;
afterward, its intensity was almost constant. In both
under-rind and center portions, the salty taste seemed
to slightly increase even if this effect was not significant
in the center. It is well accepted that minerals and, more
especially, sodium, potassium, calcium, and magnesium
chloride may be involved in the salty taste (1, 4).
Moreover, some of those compounds may be affected by
a migration phenomenon occurring sometimes in the
opposite direction (10) or by a concentration effect
consecutive to water evaporation. Consequently, it
would be hazardous to give any definitive interpretation
without knowledge of the evolution of the composition
of mineral salts.

This sensory study revealed some differences appear-
ing in the cheese taste profile during ripening. To

Figure 3. Evaluation of panel drift among the six sessions of the study of Pc3 cheese ripening: changes of the perceived taste
intensity in the different portions of a control cheese. Control cheeses were evaluated at six sessions corresponding, respectively,
to 9, 16, 21, 28, 35, and 42 days of Pc3 cheese ripening. The points represent the mean gustatory intensity of the considered
attributes for two replications. For each attribute, means with the same letter (a-c) are not significantly different at the level of
5% according to Newman-Keuls tests.
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explain this evolution, it was necessary to follow the
concentration of compounds responsible for each of the
main taste characteristics. According to previous work
on goat cheese, the way to determine cheese taste-active
compounds may be to use omission tests on a reconsti-
tuted WSE (4, 16). The WSE is indeed considered by
numerous authors as being responsible for cheese taste
(1, 14). However, the other less soluble fractions have
to be taken into account in the case of bitter cheese
because of the possible hydrophobic nature of peptides
that are presumed to be the bitter stimuli. Thus, finally
it was necessary to evaluate the exact role of the WSE
in a context as close as possible to crude cheese.

Study of the Relative Impact of Fat, Proteins,
and WSE on Pc3 Cheese Taste: Characterization
of a Matrix Effect. To study the relative impact of fat,
proteins, and WSE on cheese taste, each cheese fraction
was totally recovered during the extraction process. By
mixing all of these components and making adjustments
when necessary at their appropriate concentration, we
obtained a reconstituted Pc3 cheese.

Prior to any omission test, the reconstituted cheese
must be compared to the crude one. Figure 5 shows the
related gustatory profile of whole, grated, and recon-
stituted Pc3 cheese. Reconstituted Pc3 cheese appears
to be saltier and less bitter than whole Pc3. Even if
the comparison between whole and grated cheese
shows only a tendency (P < 0.1) to increase the salti-
ness, the slight difference between grated and recon-
stituted cheese indicates that grating may be the main

cause of saltiness difference between whole and recon-
stituted cheese. This phenomenon, already referred to
by McSweeney (1), could be explained by an increase of
mineral salts availability due to cheese grating. In
contrast, the comparison between grated and whole Pc3
cheese indicates that even if grating might have a
tendency (P < 0.09) to decrease bitterness, its impact
was not sufficient to explain the highly significant
difference between whole and reconstituted cheese. As
freeze-drying, centrifugation, and homogenization in
water are often used as nondestructive techniques in
studies of bitter peptides, the specific loss of bitter
material is unlikely. Thus, the loss of bitterness in
reconstituted cheese may be linked with the difference
between its matrix structure and that of whole cheese.
In the reconstituted cheese, the matrix is almost totally
degraded due to water extraction. Comparison between
the taste profiles of whole and reconstituted cheeses
reveals indeed that structural organization of the cheese
matrix may increase the perceived bitterness due to
cheese taste-active compounds. To conclude, the weaker
bitterness and stronger saltiness in the reconstituted
cheese may be explained, on the one hand, by a
modification of taste-active compounds’ availability due
to cheese structure degradation and, on the other hand,
by a change of texture interacting with taste.

The results of omission tests made on bitter cheese
are given in Figure 6. First of all, when the WSE is
omitted, the resulting reconstituted cheese (fat plus
proteins plus RUF0.05) was tasteless, which indi-

Figure 4. Evolution of the perceived taste intensity in the different portions of cheese during ripening for sourness (a), bitterness
(b), astringency (c), and saltiness (d). The points represent the mean gustatory intensity of the considered attributes for two
replications. For each attribute, means with the same letter (a-d) are not significantly different at the level of 5% according to
Newman-Keuls tests.
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cates that this WSE contains cheese taste-active com-
pounds. In contrast, omission of fat and proteins to-
gether increased significantly the saltiness intensity of
the reconstituted Pc3 cheese, implying that those frac-
tions might act as masking agents for this taste char-
acteristic.

Pc3 cheese taste may then be explained as resulting
from the taste of the WSE containing taste-active

compounds modulated by a matrix effect. This modulat-
ing effect may be characterized as composed first of
masking due to fat and proteins, second of cheese matrix
structure effects on the availability of taste-active
compounds, and, finally, the effect of texture, which
must interact differently with the taste perception of
the cheese and its WSE. This effect can be quantified
for a given taste A using an index defined as matrix

Figure 5. Gustatory profile of crude, grated, and reconstituted Pc3 cheese. For each attribute, t tests were performed between
whole cheese and grated or reconstituted cheese. Significant (P < 0.05), very significant (P < 0.01), and highly significantly
differences with the whole cheese are indicated with *, **, and ***, respectively. When the P value is >0.05 but <0.10, it is shown
in parentheses. Each product was tasted twice by each panelist.

Figure 6. Comparison of gustatory profiles of reconstituted cheese, reconstituted cheese in which fat and proteins were omitted,
and reconstituted cheese in which the WSE was omitted. For each attribute, means with the same letter (a-c) are not significantly
different at the level of 5% according to Newman-Keuls tests. All omissions have been performed for two replicates.
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effect (A) and equal to the difference between the
perceived intensity of A in the cheese and the perceived
intensity of A in the corresponding WSE.

Evolution of the Matrix Effect on Cheese Taste
during Ripening. Every Pc3 portion already evaluated
at the 9th, 16th, 21st, 28th, and 35th days of ripening
as previously described (Figure 4) was submitted to
water extraction and tasted. Using the under-rind and
center portions, it was possible to calculate matrix effect
values for sourness, bitterness, and saltiness for each
ripening stage (Figure 7). The case of astringency is not
shown because it was quoted at an almost constant low
intensity of 5/100 in the WSE, confirming that the origin
of this sensation might be due to non-water-soluble
molecules, presumably protein or large peptides.

As attested by the weak values of the matrix effect,
the sourness intensities quoted for the extracts were in
good accordance with those obtained for the correspond-
ing cheese portions. Whereas a slight decreasing ten-
dency might be deduced from the curves, that taste
characteristic did not seem to be affected by any
modulating effect. Thus, the WSE gives a representative
judgment of the cheese sourness.

Conversely, negative matrix effect values appeared
for saltiness. They indicate a stronger value of WSE
saltiness in comparison with that evaluated in the
cheese, confirming results obtained previously with
reconstituted cheese whatever the ripening stage con-
sidered. However, this masking effect of the matrix on
saltiness seems to be weaker on the ninth day in
comparison with the other ripening times. This lighter
matrix effect might be partially explained by the brittle
texture and the greater ability of Camembert cheese to

release water when it is pressed at the beginning of its
maturation (26). Then because of the easier release of
water-soluble molecules, the taste of cheese would be
more comparable to that of its WSE.

Figure 7 shows that the bitter taste of cheese portions
and the corresponding WSE does not evolve in the same
manner during maturation. In both center and under-
rind portions, the matrix effect globally increased during
ripening. The profiles of the curves obtained for the two
portions are similar, and the evolution of the matrix
effect seems to be faster for the under-rind than for the
center. Considering a global tendency whatever the
portion, the matrix effect clearly increased between the
9th and 35th days of ripening. It would have been
possible to hypothesize a change of bitter material
extractability during ripening because, for example, of
the modification of cheese pH (2). However, the previous
results on reconstituted cheeses obtained from a 31-day-
old Pc3 Camembert cheese showed clearly that even if
a part of bitter material was retained in the non-water-
soluble fraction during water extraction, this part would
have a negligible impact on cheese bitterness (Figure
6). Thus, this evolution may be better explained by a
possible exhausting effect of the cheese matrix because
of its modification by lipolysis and proteolysis during
maturation. Additionally, a decrease of salty stimulus
availability in the cheese in comparison with the water
extract may increase the relative impact on the taste
of less soluble compounds such as bitter molecules.

Conclusion. This study allowed for the selection of
a typically bitter Camembert cheese and for the char-
acterization of the relative impact of fat, proteins, and
WSE on cheese taste. Although the WSE was shown to

Figure 7. Evolution of the matrix effect on sourness, bitterness, and saltiness during ripening of a Pc3 Camembert cheese.
Matrix effect on a taste X is defined as the difference between the mean perceived intensity of X in the cheese and the mean
intensity of X in the corresponding WSE. For each attribute, means with the same letter (a-c) are not significantly different at
the level of 5% according to Newman-Keuls tests. Calculation of each matrix effect value was performed starting with two
replications of taste evaluation for both cheese and WSE.
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contain the taste-active compounds, it was demon-
strated that a modulating effect of the cheese matrix
had to be taken into consideration to fully explain cheese
gustatory properties. Starting from that result, a study
has been performed to determine those taste-active
compounds in studying the WSE of a 31-day Pc3
Camembert cheese.

Otherwise, the parallel study of different cheese
portions revealed the existence of taste waves going
through the cheese along maturation. Those phenomena
might be due to migration of taste-active components.
Thus, knowledge of the composition evolution of the
different portions would enable the movements of
potentially taste-active compounds to be followed and
then to explain the changes appearing in cheese taste
properties. The main results of these physicochemical
analysis are discussed in a second paper.
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