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pH 4,6 et en azote non protéique augmentent dans le fromage; cette augmentation est plus forte dans le jus. Sur cette même période, la concentration dans le jus en phosphate organique augmente tandis que les concentrations en calcium et en phosphate inorganique diminuent, suggérant une précipitation sous forme de sels à la surface des fromages. Le suivi de la répartition des composants azotés et minéraux dans le jus et le fromage permet d'affirmer que la caractérisation analytique du jus permet l'étude approfondie de l'action séquentielle des enzymes protéolytiques et des transfert de minéraux se produisant au cours de l'affinage. © InralElsevier, Paris. fromage à pâte molle 1 phase aqueuse 1 protéolyse 1 minéraux 1 affinage 1. INTRODUCTION Chee se can be considered in most cases as a biphasic system constituted of a network of paracasein, in which fat globules and bacterial colonies are dispersed, and an aqueous phase. The composition of the aqueous phase changes continuously during ripening due to the activity of the numerous enzymes involved: the indigenous milk enzymes, the rennet enzymes, the extracellular enzymes of bacteria and fungi and the intracellular enzymes resulting from the Iysis oflactic acid bacteria [4]. The cheese matrix and the aqueous phase are dynamic systems, the composition of which differs according to the type of cheese and the stage of ripening.

Most of the few studies on the characterisation of the aqueous phase expressed from cheese by pressing, named juice, concern hard cheeses. Studies have been reported on the effect of salt content on proteolysis [19], the partition oflactose, lactic acid and electrolytes between Cheddar curd and whey [15], the salt crystals [16], the buffering properties of Emmental cheese and juice [14], the effects of technological manufacturing parameters and ripening conditions on chee se composition [18], and the dynamics of bacterial populations [20]. However, almost no information is available on juice expressed from semi-hard or soft cheeses due to the technical difficulties encountered in expressing juice from these types of cheeses. Sandberg et al. [19] failed to express juice from Camembert cheese.

Recently, Pierre et al. [17] expressed the liquid fraction from soft goat milk chee se at different stages of ripening by an adjustment of the sandlcheese ratio. Adjustment of the kinetics of the applied pressure enabled us to express juice from Camembert cheese up to 16 d of ripening. To increase our understanding of proteolysis in Camembert cheese during ripening, this paper reports our first results on the proteolytic and physico-chemical changes that occur in Camembert and juice during ripening.

MATERIALS AND METHODS

Cheese

Camembert chee ses made from pasteurised milk inoculated with Penicillium spores were supplied by a French manufacturer. Cheeses from a single batch were ail collected at one time after brining and ripened at 13 "C and 95 % humidity for 12d and inverted 6 times. Then the cheeses were cooled at 6 "C for 2 h before being packed in a cellophane-based film and ripened for a further 4 d at 6 oc. Cheeses were taken at different times of ripening (0,2,4,6,8,Il,13 and 16 d) and frozen at -20 "C until analysed.

Expression of juice from Camembert cheese

The sand/cheese ratio was calculated as a function of the water content of cheeses according to the method of Pierre et al. [17]: 850 g of whole frozen cheese were grated and rapidly mixed with 1 0 Il g of Fontainebleau sand with a grain size between 150-250 urn (Prolabo, France), i.e., a 1.19 sandlcheese ratio (w/w). Juice was expressed immediately by pressing at 16 "C using the hydraulic press described by . For Camembert cheese, the pressure was increased linearly over 3 h up to 1.6 MPa, and up to 3.5 MPa during the fourth hour. Identical pressing conditions were introduced regardless of the age of the cheese.

Biochemical analysis of the cheese

The pH was measured before freezing at the centre of the cheese and 6 mm under the surface using a penetrating electrode (PHC2431 ) Iinked to a PHM93 pH-meter (Radiometer, Copenhagen, Oenmark). The results presented are the average of two determinations, with a coefficient of variation of < 0.5 and < 0.8 % respectively for the pH measured at the centre and beneath the surface of the cheese. Subsequent analyses were performed on grated cheese. Total solids (TS) were determined after dessication for 7 h at 102-105 oc.

For nitrogen determination an aliquot of grated cheese was suspended in a sodium citrate solution, as described by Gripon et al. [8]. Total nitrogen (TN), nitrogen soluble at pH 4.6 (SN) and non-protein nitrogen (NPN) soluble in 12 % trichloroacetic acid were determined by the Kjeldhal method. The results are the average of two determinations, with a coefficient of variation of < 2.2, 5.3, 0.67 and 1.8 % respectively for TS, TN, SN and NPN. The concentrations of calcium (Ca), magnesium (Mg) and potassium (K) were determined using atomic absorption spectrometry (AA300 Varian, Les Ulis, France) [2]. Chloride (CI), inorganic phosphate (PI) and lactate were determined by ionie chromatography (Dionex, Jouy-en-Josas, France) [5]. ln order to compare the composition of cheese and cheese juice, the results are expressed in g per kg of water in cheese, as fol1ows:

X g•kg-I water in chee se = R*I 000/(1 OOO-TS)
where R is the result of nitrogen or minerai determination, and TS is g-kg"' of cheese.

Biochemical analysis of cheese juice

Immediately after pressing, the pH of the cheese juice was measured, and the juice sam-505 pies were stored at -20 oc. Samples were thawed before analysis by incubating for a few minutes in a 30 "C water bath.

TS and nitrogen contents (TN, SN and NPN) were determined as previously described for cheese samples, with a coefficient of variation of < lA, 5.98, 1.1 and lA %, respectively. Free amino acids and ammonia were determined on a 3 % sulfonic acid filtrate using a Pharmacia LKB-Alpha Plus series 2 amino acid analyser (Pharmacia Biotech., Saclay, France).

A sam pie ofjuice, diluted 1:10 with 8 mol-L:' urea, was mixed with an equal volume of 0.125 mol-L'! Tris-HCI, pH 6.8, containing 4 % (w/v) sodium dodecyl sulphate (SOS), 20 % (v/v) glycerol and 10 % (v/v) ~-mercaptoethanol and heated at 100 "C for 3 min. A sample (7.5 ul.) was taken for SOS-PAGE according to the procedure of Laemmli [II]. Following electrophoresis, gels were stained with 0.1 % (w/v) Coomassie blue R250 in 50 % (v/v) methanol-7 % (v/v) acetic acid and destained in 15 % methanol-7 % acetic acid.

oe-Lactalbumin (a-La) and ~-Iactoglobulin (~-Lg) were quantified by RP-HPLC analysis (Waters 600E analyser, Milford, MA); the juice was diluted 1:20 with buffer A (0.106 % trifluoroacetic acid [TFA]), filtered through a OA5-11m filter and a sample offiltrate was injected onto a C 4 Vydac column (214TP5415,

Touzart & Matignon, France). Soluble proteins were eluted at 40 "C using a linear gradient formed from buffer A and buffer B (80 % acetonitrile and 0.100 % TFA) as follows: 37-57 % buffer B over 37.5 min at a flow rate of 1 ml-rnirr '. a-La (Sigma, Saint-Louis, MO, USA) and ~-Lg (Sigma) were used for calibration.

The concentrations of Ca, Mg, Na, K, CI, PI' citrate and lactate were determined as described for cheese analysis. Total phosphate (PT) concentration was determined colorimetrically according to the lOF method (Standard 33C) [3]. The concentration of organic phosphate (Po) in the juice was calculated as PT concentration minus PI concentration.

To compare the composition of juice and cheese, the results are expressed in g per kg of water in juice as follows:

X g•kg-I water in juice = R * 1 000/(1 000-TS)
where R is the result of determination, and TS is expressed as g-kg" of juice.

3.RESULTS

Expression of juice from Camembert cheese

Preliminary experiments showed that it was necessary to adapt the protocol used for Emmental cheeses [18] to the structural and compositional characteristics of Camembert cheese. To avoid bursting of the cheese cloth and consequent leakage of chee se paste into the collecting channels of the cheese press, the rate of pressure increase had to be reduced twice. Thus, juice was successfully expressed from 0-16 d ripened Camembert cheeses, as shown infigure 1. Further optimisation of the pressure increase and the sand/cheese ratio are probably necessary for a more efficient expression of juice, especially from old Camembert cheeses.

During the expression of juice, two fractions were distinguished and were collected separately. The volume of the first fraction, expressed between 0 and 0.5 MPa (0-5 bars), decreased as ripening progressed, while the volume of the second fraction, expressed from 0.5 MPa to the end of pressing, was almost constant throughout ripening. Both fractions were analysed. The first fraction was, at ail stages of ripening, more concentrated in ail determined components th an the second fraction. This observation has also been made by Pierre et al. [17] for Sainte Maure cheese. Both fractions changed similarly and the weighted averages ofboth fractions are presented.

A liquid fat phase was also expressed (up to -40 gkg " water in cheese) from O-ll-d-old chee se. At the latest ripening times (13 and 16 d), a semi-solid phase, which looked like the outer part of ripened Camembert, was expressed. This phase caused total fouling of the holes in the hoop and bursting of the cheese clotho The change in the cheese texture due to proteolysis of the chee se matrix appears to negatively affect the expression of juice from Camembert cheeses.

The total amount of juice expressed from Camembert chee se decreased during ripening (figure 1): from 740 to 186 g of juice-kg ' water in cheese were expressed from cheeses ripened from 0 to 16 d, respectively, representing from 67 to 19 % of the total water contained in the cheeses (figure 2).

pH and proteolysis in cheese andjuice

Changes in the pH of the cheese me asured 6 mm under the surface and at the centre of the cheese during the ripening period are presented in table 1. As described by Le Graët and Brulé [12], the pH at the centre of the cheese remained at -4.9-4.8, whereas the pH of the outer layer increased after 6 d of ripening to a final pH of 6.0 when the Camembert cheeses were 16 d old.

During the ripening period, the pH of the 400 507 juice expressed from whole cheese, i.e. a mixture of the core and the surface, increased from 4.9 to 5.7 (table I), thus showing a similar change to that of the outer part of the cheese.

The level of TS in the cheese (table I) increased from 460 to 523 g•kg-I during the first 13 d of ripening and then stabilised due to the wrapping of the cheeses. Such a decrease in water content in cheeses, mainly due to evaporation in the ripening room, corresponds to a 14.2 % concentration of the cheese constituents.

To compare proteolysis in the juice and in the cheese, the nitrogen contents in juice are expressed per unit of water in the juice, and their concentration in chee se per unit of water in the cheese. TN increased from 357 to 470 g-kg-' water in cheese, i.e. a relative increase of 32 % over 16 d. SN represented 6 % of the TN in fresh cheese, increased slightly to 8.7 % of the TN in 4-d-old cheeses and rose sharply to 20 % after 6 d of ripening (table II), when the Penicillium completely covered the chee se Ripening lime (deys)

Figure 2. Water content in Camembert cheese (1 000-TS) over the ripening period and the amount of juice expressed from the cheese. Table I. Change in pH and total solids in Camembert chee se and correspondingjuice (TS expressed in g•kg-I of chee se and juice respectively) during the ripening period.

Tableau 1. Évolution au cours de l'affinage du pH et des extraits secs du camembert et du jus correspondant (TS, exprimé en g•kg-I de fromage ou de jus respectivement). nonprotein nitrogen and free amino acids) in Camembert cheese and correspondingjuice throughout the ripening period. Results are expressed in g-kg"! water in cheese and g•kg-1 water in juice respectively.

Day of

Tableau II. Évolution au cours de l'affinage des composants azotés (TN : azote total, SN : azote soluble à pH 4.6, NPN : azote non protéique et de la somme des acides aminés libres) dans le camembert et le jus correspondant. Les résultats sont exprimés respectivement en g-kg"! d'eau dans le fromage et en g-kg! d'eau dans le jus.

ND: not determined. ND : non déterminé.

surface. The SNrrN ratio remained constant thereafter. A similar change was determined in the NPNrrN ratio, which varied from 3 to 4.3 % in fresh cheeses (from 0 to 4 d of ripening), reached II % at d 6 and then remained constant.

The TS of the juice showed an increase of 21 and 42 % respectively after II and 16 d of ripening (table J). Increases of juice TN for the same two ripening stages were 149 and 256 %, respectively (table II). The SNrrN ratio increased until 8 d of ripening (from 0.67 to 0.88) and then decreased slightly (up to 0.81 at d 13). The same general tendency was observed for the NPNffN ratio (from 0.28 to 0.61 at 8 d, and a subsequent decrease to 0.42). The concentration of amino acids (including NH 3 ) showed the greatest increase. The concentration of most amino acids increased during ripening, except that conceming asparagine, which was not present in the juice expressed from 8-d-old cheeses (figure 3). Compared to the earlier stage of ripening there was a significant increase in the concentration of methionine expressed from Il-d-old cheese, but it did not increase further after this stage of ripening. The concentration of ammonia showed a sharp increase between 8 and II d.

The electrophoretic profiles also showed the extent of proteolysis in the cheese by analysis of the juice (figure 4). From 0 to 4 d of ripening, the profiles were identical and showed the presence of intact a,-and j3-caseins in the juice. The profiles changed at d 6 and d 8, notably with the lower level of intact caseins and numerous bands arising from the degradation of caseins. The profiles did not change thereafter.

The concentrations of a-La and j3-Lg in the juice were also quantified. During ripening, the concentration of a-La remained constant during the first 4 d of ripening (l.4 g•kg-1 water in thejuice) and then decreased (0.4 g-kg! water in the juice at 16 d). The concentration of j3-Lg increased slightly throughout the ripening period, i.e. from 4.2 to 5.7 g•kg-I water in the juice. These values, which were lower than those usually present in milk, confirm that the milk used to make the Camembert cheeses was heat-treated.

Mineral analysis of the juice

The results for minerai determinations on the chee se and on the juice are respectively presented in table Ill. In cheese, the concentrations of Ca, Mg, Pi' K and CI increased slightly from 0 to 6-8 d of ripen- 30 ~------------------------------- ing, and thereafter increased more rapidly until d 16. The concentration of lactate also increased during the early stages of ripening, but then decreased until the end of ripening (table III). In juice, the concentrations of Ca, Mg, Pp PI and lactate increased from o to 4 d of ripening and then decreased to 16 d of ripening. The concentrations of Po, K, Na and Cl in the juice increased slightly throughout ripening (table III). No citrate was detected in the juice during the ripening period.

At d 0 (pH = 4.9), the Ca/P I mass ratio was 0.91 and 0.88 in the chee se and in the juice, respectively. At d 4 (pH = 4.8), the concentrations of Ca and PI were maximal in the juice (6.2 and 6.5 g-kg :' water in the juice) and the Ca/P I ratio was 0.84 and 0.95 in the Camembert cheese and in the juice, respectively. At this stage of ripening, -1/3 of Ca and 1/2 of Pl were present in the casein matrix. After 4 d, the Ca/P 1 ratio remained unchanged in the chee se (0.86 at d 16), but decreased to 0.85 in the juice.

DISCUSSION AND CONCLUSION

The juice occluded in the matrix of the Camembert cheese can be expressed by an adaptation of the pressing conditions described for hard cheeses [18] and for Sainte Maure cheese [17]. Water in Camembert cheese appears to be less readily available than that in hard cheeses such as Emmental, or ev en than that in soft lactic cheeses such as Sainte Maure. Indeed, Salvat-Brunaud et al. [18] and Thierry et al. [20] also observed a decrease in the amount of expressable juice during the ripening of Emmental, but they were able to express -30 % of the water from 60-d-old cheeses. Pierre et al. [17] expressed the same .proportion (33 %) of water from 58-d-old goat cheeses. Expressability of juice from chee se appears to be related to the cheese variety, i.e. the curd type (renne t, lactic or mixed), the curd treatments (stirring, cooking, pressing, etc.) and to the stage of ripening.

During the first 4 d of ripening, the fermentation of lactose to lactate by lactic acid bacteria continues and the pH consequently decreases. This acidification leads to the solubilisation of Ca, Mg, Pp Pl and Po (Brulé et al.[2]; Le Graët et al. [13]) from the casein network into the aqueous phase. The relatively high proportion of SN components and the electrophoretic profiles indicate the predominance of large casein fragments generated under the action of the rennet enzymes [21].

The aqueous phase becomes less expressable after d 6 of ripening (figure J), when the pH of the outer layer of the chee se starts to increase due to the growth and the metabolic activity of the surface mould Penicillium, i.e. the degradation of lactate [6] and a notable ammonia production which, in spite of the high buffering capacity of the juice (5.07 g-kg' of PI)' causes an increase in pH. A similar change of SN and NPN in cheese and in juice, marked by a large increase from 6 d of ripening, confirms that the chee se juice is a good indicator of the proteolytic mechanisms occurring during the ripening of Camembert cheese. Apart from the whey proteins, which mainly remain intact, the TN of the juice appears to be a complex mixture of large casein fragments which are insoluble at pH 4.6, medium and small peptides, free amino acids and ammonia compounds. The large increase in NPN components in the juice, i.e. from -30-35 % of TN at d 0-4 rising to 61 % at d 8, indicates the appearance of small and medium peptides and suggests the predominant action, from 6-8 d of ripening, of the rnicrobial proteinases and peptidases of Penicillium [7]. The activity of the peptidases from 6 d of ripening is confirmed by the higher proportion of ami no acids in TN. Most of the increase in the cheese TS results from the evaporation of water in the ripening rooms, but a relatively significant part is also caused by proteolysis itself. Indeed, each breakdown of a peptidic bond consumes one water molecule.

The pH increase at the surface of the cheese leads to the precipitation of differ-ent salts. In the juice, the decrease in the weighed ratio Ca/PI' from -0.95 at d 4 to 0.85 at d 16, is probably related to the precipitation of Ca in higher amounts than inorganic phosphate at the surface of the cheese, given that the precise composition of salt precipitating at the rind of the Camembert cheese remains unknown. Il could be composed of tricalcic phosphate or magnesium phosphate (Brooker [1]; Holt [9]; Le Graët et al. [13]). In parallel with the decrease in the concentrations of Ca, Mg, PT and PI in the juice from d 4 to d 16, the organic phosphate concentration increased during ripening, indicating proteolysis of the paracasein network with the release of phosphorylated peptides into the juice. However, the exact nature (phosphoserine or phosphopeptide) and origin (u s1 -' u s2 -and ~-caseins) of the organic phosphate cannot be determined by the method used. As the phosphopeptides bind strongly to divalent cations such as Ca and Mg, it is possible that Ca and Mg bound to phosphopeptides were also released into the juice. However, this phenomenon, leading to an increase in ionie concentration in the juice, seems to be of less importance than the precipitation phenomenon since the global result was a depletion of Ca and Mg in the juice. The linear increase in the concentrations of K and CI in the water of the chee se and in the water of the juice indicates that these elements remain soluble within the cheese throughout the ripening. Identical results have been reported for Cheddar (Morris et al. [16]) and Mozzarella cheese (Kindstedt and Guo [10]) conceming Na and K.

Further work is required to identify the products of proteolysis and thus to quantify the degradation of the paracasein network, and to c1arify the mechanisms responsible for strong water binding during ripening, which may be due to proteolysis of the casein matrix or to changes in the partition of salts. In other respects, separate analysis of the juice expressed from the centre of the cheese will allow assessment of the ripening effects caused by the surface flora.

Figure 1 .

 1 Figure 1. Juice expression from Camembert cheeses at different ripening times as a function of pressure increase.

Figure 1 .

 1 Figure1. Expression de jus de camembert au cours de l'affinage. La quantité de jus extraite est exprimée en fonction de la pression appliquée.

Figure 2 .

 2 Figure 2. Évolution au cours du temps d'affinage de la quantité d'eau dans le fromage (calculée à partir de l'extrait sec) et de la quantité de jus extraite de ces fromages.

Figure 3 .

 3 Figure 3. Change in amount of ami no acids and ammonia in the juice expressed from Camembert cheeses at different ripening times.

Figure 3 .Figure 4 .

 34 Figure 3. Évolution des quantités d'acides aminés et d'ammoniaque dans le jus extrait de camembert à différents temps d'affinage.

Figure 4

 4 Figure 4. Électrophorégramme SDS-PAGE d'un lait en poudre reconstitué (ligne M) et des jus extraits de camembert à différents temps d'affinage (lignes 0-16, les numéros correspondant au temps d'affinage en j).

Table II .

 II Change of nitrogen components (TN: total nitrogen, SN: soluble nitrogen at pH 4.6, NPN:

		Camembert cheese		luice
	ripening					
		pH surface	pH centre	TS (g-kg ")	pH	TS (g-kg')
	0	4.87	4.88	461	4.99	115
	2	4.91	4.86	488	4.90	121
	4	4.83	4.78	478	4.85	124
	6	4.82	4.76	488	4.95	129
	8	4.94	4.80	469	5.25	129
	Il	5.30	4.78	504	5.43	139
	13	5.76	4.81	524	5.55	147
	16	6.00	4.86	526	5.71	163

Table III .

 III Change in minerai composition of Camembert cheese and of the corresponding juice as a function of ripening time. Results are expressed in g•kg-I water in chee se and g•kg-l water in juice respectively. Organic phosphate (Po) concentration in juice was calculated as total phosphate (PT) minus inorganic phosphate (PI) concentrations. Évolution au cours de l'affinage de la composition minérale du camembert et du jus correspondant. Les résultats sont exprimés respectivement en g-kg! d'eau dans le fromage et en g-kg " d'eau dans le jus. La concentration du phosphate organique (Po) dans le jus a été calculée par soustraction de la teneur en phosphate inorganique (Pl) à la teneur en phosphate total (PT)'

	Tableau III. ...... e t=ï Day of Ca Mg K Na PT Pl Po CI C'> Lactate ::;> ripening 0 Cheese Juice Cheese Juice Cheese Juice Juice Juice Cheese Juice Juice Cheese Juice Cheese Juice a o ã
	0 2 4 6 8	9.7 10.2 10.2 10.3 10.6	5.5 5.8 6.2 6.1 4.7	0.4 0.4 0.4 0.4 0.4	0.3 0.5 0.6 0.6 0.3	2.8 2.5 2.4 2.5 2.6	2.2 2.4 2.4 2.6 2.6	11.6 12.1 11.8 12.9 13.9	7.1 6.5 7.7 7.3 6.4	10.7 11.8 12.1 11.7 10.9	6.2 5.6 6.5 5.8 4.8	0.9 0.9 1.2 1.4 1.6	20.7 18.1 20.1 20.8 23.7	16.3 17.9 17.2 19.4 21.6	32.6 41.6 44.5 38.9 23.0	23.4 27.2 27.5 27.1 19.2	C'> a 0-C'> ::l. o :r C'> C'> en C'>
	Il	11.5	4.2	0.5	0.3	3.1	2.9	15.0	6.2	13.4	4.0	2.2	23.7	24.3	26.5	16.9	
	13	12.3	3.6	0.4	0.3	3.0	2.9	14.8	6.1	15.2	3.9	2.2	30.1	34.6	14.7	14.0	
	16	13.8	3.3	0.6	0.3	3.5	3.1	16.0	6.3	16.0	3.9	2.4	25.7	26.6	23.4	11.7	
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