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Abstract — Camembert soft cheeses were prepared from cheese milk modified using membrane tech-
nologies to obtain different casein contents (27-83§ and different ionic strengths estimated from

the dilution factor of milk with a lactose solution (0.6 compared to 1.0 in normal milk). Renneting was
performed at pH 6.0 or 6.4. The amount of water remaining in the draining curds, expressed as the water
to casein ratio, R {g™1), was calculated from the whey drainage kinetics data. A kinetics of variation

of R during drainage was obtained in each of the experimental conditions and was characterised by
fitting with a descriptive mathematical model involving 2 relaxation processes and 5 parameters:
R (g waterg ! casein) = R1 exp(-tl) + R2 exp(—2) + R3. The R values at the end of drainage,
obtained from the model for t = 1 000 min, fitted well with the water amounts determined in the
drained curds by chemical analysis. The values of the equation parameters, obtained by fitting the equa-
tion to experimental data, were correlated to the levels of factors which were varied in the experiments.
This allowed a mean value for each parameter to be obtained, and values for the effects of factors. The
amount of water remaining in drained curd at the end of drainage was dependent on the milk casein
content and pH at renneting factors through a negative effect. Prediction of final values of R by cal-
culation from this data was possible. However, the correlation with experimental values was low. In
addition, the drained curd composition and rheological properties were determined and the effects of
the factors on these curd characteristics were quantified. A positive effect of the pH at renneting on
the dry matter and ash contents of drained curd was observed. Incidentally, these factors also mod-
ified its rheological properties.
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Résumé— Etude de I'évolution de la teneur en eau du caillé au cours de I'égouttage, de la
composition et des propriétés rhéologiques du caillé égoutté, en relation avec le pH a I'empré-
surage, la teneur en caséine du lait et sa force ionigu2es fromages a pate molle de type Camem-

bert ont été préparés a partir de laits modifiés par des technologies a membranes pour obtenir diffé-
rentes teneurs en caséine (27-¥gd) et différentes forces ioniques estimées d’'aprés le taux de
dilution par une solution de lactose (0,6 par comparaison a 1,0 dans le lait non modifié). L’emprésurage
était réalisé a pH 6,0 ou 6,4. La quantité d’eau résiduelle dans le caillé en cours d'égouttage, expri-
mée par le rapport de la quantité d’eau du caillé & la quantité de caséine du lait initgfh) Rt

calculée a partir des données de I'égouttage. Une cinétique de R était obtenue pour chaque expérience
d’égouttage. Un ajustement de ces cinétiques a un modele mathématique a été réalisé en utilisant une
équation a 3 étapes, R (g eglicaséine) = R1 exp(xt) + R2 exp(—2) + R3. R3 était une mesure

de I'humidité du caillé en fin d’égouttage. Une valeur pour chacun des 5 paramétres de I'équation a
ainsi été obtenue pour chaque expérience. Ces valeurs ont été corrélées avec le niveau des facteurs dans
les expériences a l'aide d’'un calcul de régression linéaire, ce qui a permis d’obtenir une valeur
moyenne pour chaque parametre et un intervalle de variation de cette moyenne, quantifiant I'effet de
chaque facteur. Ces données ont été introduites dans I'équation, qui permettait alors de calculer
Rcalc., une valeur prédictive pour R en fonction des niveaux choisis pour les facteurs. Pour les fro-
mages en fin d’égouttage, la valeur de Rcalc. a été calculée (t = 1 000 min) et comparée a la teneur
en eau du caillé déterminée expérimentalement par I'analyse. L'effet des facteurs sur la composition
du caillé et sur ses propriétés rhéologiques a également été étudié.

caillé / teneur en eau / égouttage / propriété rhéologique / composition

1. INTRODUCTION during coagulation. Water removal depends
on the endogenous syneresis behaviour,

Curd formation is an essential step inwh|ch is closely related to the dynamic char-

cheese manufacture because it determinaCter of the casein [41]. Also, any change

the composition and structure of Cheese?r?character of coagulum as affected by milk

. . composition and by external conditions, like
although considerable changes in curd stru “utting, salting, effective pressure on the
ture oceur later, dunng pressing, saltlr]g an%urd and the possibility of whey flowing

ripening. The formation of curd is achlevedOut through pores between curd grains
in cheese manufacture by the coagulatlomlOuld modify on the one side, the part of'

of casein through rennet ad_dition fOIIOWedWater retained by the curd and, on the other
by curd syneresis and drainage of whey,

Many biochemical changes occur in the pro-SIde’ its specific properties [38, 40, 43].
tein network during curd formation and The drastic changes in the ability of
drainage, such as the differential concencasein to retain water which occur during
tration of casein and fat in curd, the reducthe rennet coagulation process, resulting
tion of casein micelle voluminosity, the from the release of the hydrophilic caseino-
decrease of water content [43] and the solmacropeptide from the casein micelle, from
ubilisation of calcium phosphate from thethe decrease in the native hydration of casein
casein micelle due to milk acidification by during milk acidification and from the rear-
lactic bacteria. The development of theseangement of the network of casein parti-
phenomena depends on the rates of wheyes in curd, have been reported in the liter-
expulsion, and concurrently on the acidifi-ature [32, 42]. The evolution of the amount
cation process, but also on the compositionf water remaining in curd (@ casein)
and treatments applied to milk before andluring curd drainage has been also studied
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and reported, for example by Casiraghi et akxtensively in an earlier report [8]. The gen-
[3]. This parameter can be calculated froneral outline was as follows.

the water balance, by determination of the

amount of water drained off in whey. This 2 1. Milk

requires a very accurate determination of “ :
the weight of whey during drainage, which . . :
was generally not achieved, because loss M.|Ik'samples of different casein level
due to evaporation is difficult to reduce."’.Ind |on|c'stren'gth Were prepargd from ultra-
Calculation of this parameter may allow af|ltered skim milk by recombination of reten-

better understanding of the effect of milktatle' _permc(:aate and a 5[|hlgl Ia%tgsg/\_/vaterff_
composition on whey expuision, indepen-Z0 ) O T RATO D EUEC T on
dently of coagulum composition. equal to 1 (w/w). Milk samples were heat
While investigations on drained curdtreated (72 °C, 20 s), using an Actijoule
properties are available for several cheesequipment, model 1959 (Actini, Evian-les-
varieties such as Cheddar, Cheshire oBains, France).
Emmental [4, 5, 11, 15, 48], and also soft
cheeses [18, 36], no systematic investiga-
tion have been done on Camembert drained
curd and its composition and rheological
properties in relation with the composition
of milk or the technological parameters.

2.2. Curd preparation

Curd was prepared from 2 kg of milk.
Milk was inoculated with 1.54 g per 100 L
of a mesophilic lactic starter (MM 100 from

Thus, the objective of this work was to Texel, Dangé Saint Romain, France), which
characterise the drainage process and th®rresponded to ¥ 10° CFUML-and was
properties of the drained curd duringmaintained at 12 °C during 18 h for premat-
Camembert cheese making. In first part ofyration. Milk was then warmed and incu-
the work, the water amount remaining in thepated at 33 °C. When the pH of milk reached
curd on drainage was calculated from thes.0 or 6.4, rennet was added (7.4 mg chy-
drainage data already described [8] an¢hosin per 100 L, from a liquid rennet solu-
the kinetics versus time were drawn. Fittingtion containing 520 ni§j~ chymosin — SBI
of the experimental curves to a two relax-Gand Gassiot, France). The coagulum
ation process equation was performed tgmaintained at 33 °C) was cut into 2 cm side
obtain a descriptive model. The effects ofcubes, 40 min after rennet addition. Mould-
variation in the conditions during coagula-ing occurred 40 min later and was performed
tion were investigated. Three factors werénto the drainage pilot device [37]. The
tested at two levels each: the pH at rennethape of the mould was cylindrical (11 cm
ing, the casein level in milk and the ionicin diameter, 16.5 cm in height) with a per-
strength. In a second part of the work, thdorated bottom. At this time, measurements
drained curd obtained at the end of theyf the whey drainage kinetics began, as
drainage process was characterised, itgeights and pH of whey and temperature
chemical composition and rheological prop-as a function of time over 18 h. A tempera-
erties were determined and the effect of theyre gradient was applied in the drainage
factors on these parameters were quantifiegoom, from 28 °C to 18 °C over 18 h. The

curd was turned over after 1 h and 4 h of
drainage.

2. MATERIALS AND METHODS The yields of drained curd were calcu-

lated as the weight of drained curd obtained

Experimental conditions for curd manu-per kg of milk (no correction was made for
facture and experimentation were describethe different water contents).
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2.3. Analyses i.e. at the initial pH value, as the reduction of
the pH from 6.4 to 6.0 led to the dissolu-

Biochemical analyses were performeotion o'f'colloidal salts. The dilution was
on milk (m), whey (w) and drained curd (C)_qL_lantlfled fr_om_ the total K contents c_)f_ the
Fractionation of total nitrogen matter in milk milk. The dilution factor of the modified
was according to the Rowland proceduré‘nl}k was jchen calculated as the ratio pf total
[35] to separate non-casein nitrogen (NCN}< in mod[f[ed milk compared to that in the
and non-protein nitrogen fractions (NPN).hon-modified one.

Total nitrogen matter (TN) in milk and nitro-

gen matter in the NCN and NPN fractions 2 4. Calculation of R

were obtained from N analysis using the ~
Kjeldahl method and the converting factors
6.38, 6.25 and 6.19 respectively for TN
NCN and NPN (values which take into
account the corrections for precipitate vol
ume during fractionation, if any). Dry mat-
ter (DM) of milk, whey and drained curd

was obtained by weighing before and afte[ng curd at the time t, it was Rexp.(t)

drying in an oven during 7 h at 102 (+2) oC'obtained as the difference between Rm and

C?"C'Um a}nd potassium contents were dete[he amount of water contained in the drained
mined using atomic absorption spectropho-

tometry [1]. The casein content of milk (CN) whey at time t . Rexp.(f) = Rm — ((1.000 -
was calculated as CN = TNm — NCNm DMw) x Weight of whey (1)) / CN. The
* value DMw, used for this determination,

The water to casein ratio in the drainedvas the average value of DM determined
curd, Wc/CNc, was determined from chem-on the total whey obtained, assuming a con-
ical analyses, as Wc/CNciggh) = (1 000 — stant composition of whey during the whole
DMc) / (0.989x TNc). The coefficient 0.989 process.
arose from the following: it was considered
that TNc contained 95% of paracasein and
that paracasein corresponded to 96% of the
casein (CNc) before renneting, due to the . L
caseino-macropeptide release. The water 1he experimental kinetic curves of Rexp.
content in the non-fat part of drained curdVere described by two relaxation processes

was calculated as: W/nFc = (1 000 — DMc) Pf widely different relaxation times1, 12),
(1 000 — Fatc). as shown in the following equation derived

from the model used in the corresponding
The ionic strength (IS) in the non-modi-whey drainage kinetics [8]:

fied milk at its native pH was kept as a ref- 1 :
erence (IS = 1.0). In modified milks, the ISR (9 wate—CN) = R1xexp(-tt1) +
variation (at the native pH) was estimated as R2x exp(-tt2) + R3
proportional to the dilution performed in )
milk through the addition of the lactose solu-with R, the water to casein ratio in the drain-
tion. Dilution of milk with lactose solution ing curd at time t. The equation (1) involved
does not proportionally lower the ionic 5 parameters: R1, R2 and R3, the water to
strength since some salts in the micelle cacasein ratio, respectively during the relax-
pass into the soluble phase. This slight modation processes 1 and 2, and at the end of
ification of ionic strength was neglectedcurd drainagetrl andt2, the relaxation
with regard to the dilution factor. Moreover, times during processes 1 and 2. The initial R
ionic strength pertains to its initial value,in milk (Rm) could be calculated as

Total water present in milk and the resid-
‘ual water present in the draining curd were
calculated from the water contents in milk
“and in drained whey, as R, expressed in g
wateifg! casein of the milk. In milk, it was
Rm = (1 000 — DMm) / CN. In the drain-

2.5. Characterisation of R kinetics
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Rm = R1 + R2 + R3. During the rapid relax-fat level in the milks varied in the experi-
ation process, R tended towards R2 + R3nents. However the effect of the fat level
At the end of the slow relaxation processwas not tested separately and remained
i.e. att >>12, R tended towards R3. Thus,included in the CN effect. The effects of
R3 represented the fraction of R remainingactors on the parameters of equation (1)
in curd at the end of drainage and consewere derived by means of a linear regres-
quently, the final value of R in the drainedsion model. First, a linear regression analy-
curd. sis including the overall factors, i.e. factor
effects and first order interactions, was per-
. formed on each parameter. The effect quan-
2.6. Rheological measurements tifies the variation of the mean value of the
_ ) . parameter as induced by the variation of a
Rheological properties of the drainedfactor level of one coded unit, meaning one
curd were performed with an Instron Uni-p5if of the total variation of the factor level
versal testing machine (model 4501) using, the design. Interactions between factors
the series IX software (Instron). A com-measuyred the difference in a factor effect
pression test using a 100 N load cell and gccording to the factor being tested at the
plate of 60 mm in diameter was performedpigh or low level of a second factor. Sec-
Sampling from the drained curds maintainegynq  data were reanalysed with factors at a
at 12 °C involved the cutting of 8 cylinders gjgpjficance leveP < 0.05. This allowed
(20 mm in diameter and 20 mm height),an average value for each parameter to be
5 near the ring and 3 at the centre of eachptained, and values for the “effect” corre-
piece of curd. They were equilibrated at th'%ponding to each significant factor and the

temperature for 1 h prior to compressiongetermination coefficient of this reduced
Cheese specimens were compressed g{gdel.

30 mnitint until 85% compression was

reached. The rheological parameters were

the fracture stress, the fracture (Hencky) 3. RESULTS AND DISCUSSION
strain, the work at fracture and Young’'s

modulus. The fracture stress data were cor- 3 1 Residual water during drainage
rected for the increase of the cylinder surface

during compression assuming a constant 3.1.1. Kinetics of Rexp. from drainage
volume of the sample. data

3.1.1.1. Rexp. as a function of time
2.7. Experimental design
An example of Rexp. variation as a func-
Three factors were studied, pH at ren4tion of the draining time is given in Figure 1
neting (ren.pH), casein level in milk (CN) for four experiments involving different lev-
and ionic strength (IS), using an experi-gls of factors. At the time t = 0, the initial
mental design at two |e\{e‘|33 ren.pH = 6.0/5jye of Rexp. equalled Rm, the value exist-
and 6.4; CN = 27 &g~ (CN 27) and g in milk. During the first 10 min of the

37 L(CN 37);1S=0.6 (1S 0.6) and 1.0 : ;
(Ing.g;. (Eight e)xperiment(s Were) ?r?ade tOearly drainage, Rexp. drastically decreased

test the factors, four at the lower level ancp:'g' 1_a). During further draining, up FO
four at the upper level. A 3-time repetition of400 Min, Rexp. followed an exponential
one experimentation was performed to tesgurve. In a late drainage (400-1 000 min), no
the repeatability. Two experiments werechange in Rexp. was observed. Roughly, a
repeated for confirmation. The fat/CN ratiosame course of change of Rexp. during
in milk was maintained constant, so that thelrainage was obtained, whatever the
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Figure 1. Water content of the draining curd, Rexpg(§casein), during the course of whey drainage
experiments on 4 different milk samples: ren.pH = 6.0 or 6.4 (ren.pH—/+), CN = 27 ekg3¥ g
(CN—/+), IS = 1.0. Expanded scales in the inset. The arrows indicate the reference axes.

Figure 1. Evolution de la teneur en eau du caillé, Rexgrtgaséine), pendant 'égouttage de 4 laits
dans différentes conditions expérimentales : ren.pH = 6.0 ou 6.4 (ren.pH—/+), CN = 27lap87 g
(CN—/+), IS = 1.0. Expansion d'échelle dans le médaillon. La fleche indique I'axe des ordonnées.

experiments; however, specific differenceavere plotted against the value of the pH of
in relation with the factor levels were apparwhey at the same time. The relation is shown
ent (Figs. 1la and 1b). The effects of CN anth Figure 2. Rexp. decreased in a quite linear
ren.pH factors are apparent at the differenvay as the pH of whey decreased, which
stages. At t = 0, Rm varied according to th&eems to suggest that the residual water
CN level of the milk, from 33[g1CN, atthe amount in curd is determined by the value
lower CN level (CN = 27), meaning the non-of the pH in the draining curd [3]. An effect
modified milk, to 22 g1 CN (CN =37),as of CN was also observed in the 6.0 to
shown in Figure 1a. Moreover, a lowers.5 pH range, the higher CN, the lower Rexp.
ren.pH led to both a lower Rexp. during theThis CN effect decreased and finally disap-
second drainage stage and a higher fingleared as the pH decreased from 5.5 to 5.0.
Rexp. (Fig. 1b).
One milk, corresponding to the follow-
3.1.1.2. Rexp. as a function of pH ing factor levels (CN = 27, ren.pH = 6.0,
IS = 0.6), behaved very differently from the
The values of Rexp. obtained betweerothers, since Rexp. remained much higher at
10 min to 800 min of drainage in Figure 1,the end of the first draining stage, leading to
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Figure 2. Relation between the water content of the draining curd, Rexp., and the pH of the whey at
each time of drainage (from 10 to 800 min) for the 13 assays, ren.pH = 6.0 or 6.4 (pH-/+),

CN =27 or 37 kg 1 (CN—/+), IS = 0.6 or 1.0 (IS—/+).

Figure 2. Relation entre la teneur en eau du caillé, Rexp. et le pH du lactosérum au cours de I'égout-
tage (de 10 min a 800 min) pour les 13 essais, ren.pH = 6,0 ou 6,4 (pH-/+), CN = 27 ou

37 gkg1 (CN—/+), IS = 0,6 ou 1,0 (IS—/+).

a Rexp. value in the 1Zgylrange at pH 5.5, Was chosen as it led to a better fitting of
which compared to a value in the &g experimental data when compared to the
range for other milks. The following same without a constant or to a single relax-

decrease of the Rexp. value as the pﬁ“on .pr'ocess equation. _ o
decreased from 5.5 to 5.0, showed a linear A fitting of Rexp. experimental kinetic

slope at higher values than the other sanfUrVes to equation (1) was done, which
allowed for each experiment individual val-

ples. This result was confirmed when repeat; .o +o pe obtained for the parameters and a

ing the experiment. This highlights th(?corresponding Rfit. equation. An example of

importance of the factor levels and of theirg ;o a fitting is given in Figure 3 for the
interactions on the residual water contengyxperimental conditions: CN = 27, ren.pH =

of curd during drainage. 6.4, 1S = 1.0. Differences between adjusted
and experimental data appeared mainly in

3.1.2. Fitting of Rexp. kinetics the early drainage, presumably due to the
and effect of factors turning over of the curd mass. The correla-

tion coefficient between Rexp. and Rfit. in
Equation (1), involving two exponential this experiment was= 0.987. The aver-
relaxation processes and a constant ternage correlation coefficient obtained for the
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Figure 3. Comparison of R values obtained from experimental data (Rexp.) of a whey drainage
kinetics (ren.pH = 6.4, milk CN = 27, IS = 1.0) with: (Rfit.) the fitting to the equation (1), R =
R1 exp(—ttl) + R2 exp(-t2) + R3 obtained by the least square method, and with (Rcalc.) the curve
calculated from equation (2) keeping into account the average effects of factors CN, IS and ren.pH.

Figure 3.Comparaison des valeurs de R obtenues a partir des données expérimentales de I'égouttage
(Rexp.) pour la cinétique (ren.pH = 6,4, milk CN = 27, IS = 1,0), avec (Rfit.) I'ajustement par la
méthode des moindres carrés a l'aide de I'équation (1), R = R1 edp*tR2 exp(-72) + R3,

et avec (Rcalc.) les valeurs calculées a l'aide de I'équation (2) prenant en compte les niveaux des fac-
teurs ren.pH, CN et IS.

Rexp. » » = Rfit.

whole set of experiments was 0.990 (SD factor levels. For instance, R1 will be cal-
=0.006). culated as: R1 =19.00 — 4.8&€N — 1.31x

~_ren.pH.
The effects of the factors on the kinetics

parameters were calculated and are given A higher CN level in milk led to a
in Table 1, as well as the average values alecrease mainly of R1 but also of R2, which
the parameters. The value of Rm, the watexas in accordance with the lower Rm value
in milk, was modified by a negative effect ofin milk. The incidence on R3 was lower,
CN, —6.08 g1, which obviously resulted the —0.13 @ effect value was observed,
from the ultrafiltration treatment of milk. corresponding to a relative variation of 4%
Significant effects of CN and ren.pH wereonly of the residual water content in the
observed on R1, R2 and R3. Consequentlglrained curd. The pH at renneting showed
in equation (1), the parameters had to bavo opposite effects on R according to the
replaced by their average value and thstage of curd drainage. The effect of ren.pH
effect values from Table | according to theon R1 was negative, which could be related
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Table I. Effect of the renneting pH (ren.pH), the casein level in milk (CN) and the ionic strength (IS)

on the water to casein ratio in initial milk (Rm) and on the parameters of the equation (1) giving the
residual water in curd during drainage:

Rexp. = RIx EXP (-tf1) + R2x EXP (-th2) + R3.

Rm, R1, R2, R3inglcaseinytl, 12 in min. (= 13).

Tableau I. Effet du pH a I'emprésurage (ren.pH), de la teneur en caséine du lait (CN) et de sa force
ionique (IS) sur le rapport de la teneur en eau et en caséine dans le lait (Rm) et sur les paramétres de
I’équation (1) donnant la teneur résiduelle en eau du caillé en cours d'égouttage :

Rexp. = R1x exp (—Utlz + R2x exp (-tf2) + R3.

Rm, R1, R2, R3 en.gcaséinerl, 12 en min. fi = 13).

Effect of factors

ren.pH CN IS Average value r2
Rm ns —-6.08 ns 27.86 0.999
R1 -1.31 —-4.68 ns 19.00 0.979
11 ns 0.6 -0.8 4® 0.754
R2 1.42 -1.28 ns 5.67 0.924
12 -6.6 12.5 ns 1129 0.951
R3 -0.17 -0.15 ns 3.24 0.660

(@ Significant interaction® = 0.05): CNx IS = —1.1.

() Significant interaction® = 0.05): CNx IS = —6.7; CNx ren.pH = —4.3; ren.pH IS = -5.4.
@ |nteraction significative (= 0,05) : CNx IS = —1,1.

®) |nteraction significative{= 0,05) : CNx IS = —6,7 ; CNx ren.pH = —4,3 ; ren.pH IS = -5,4,

to the lower syneresis of the coagulum whei positive effect of CN, meaning a lower rate
renneted at a higher pH [46]. The effect orof drainage during the whole process at the
R2 was positive, which could be related tchigher CN level. The ren.pH factor showed
the larger extent of variation of the pH val-a negative effect or2 only. IS had an effect
ues during the slow drainage relaxation proef small amplitude oml. It was the only
cess for the high ren.pH curds (Fig. 2). Theeffect of IS on the equation parameters, apart
effect on R3 was negative, and this couldrom some significant interactions, which
be related to the curd structure itself aszould mean that a significant effect of IS of
formed during the early rennet coagulatiodow amplitude could be suspected and could
of milk which conditioned the casein matrix possibly arise and be quantified from a com-
structure of the curd [23]. The effect of pHplementary study.
observed on R was related to the changes Finally, taking into account the average
induced by pH on the endogenous syneresig|ues of the constants and the effects of
rate, reported as having a maximum in thgactors reported in Table I, the equation
5.5-5.2 pH range [33]. No significant effectallowing the calculation of the water in curd
of milk ionic strength was rgporteq on the(Rcalc.) will be:
residual water content of milk during curdgeg)c. (g watég! CN) = (19.00 — 4.6&
drainage. CN — 1.31x ren.pH)x exp(~t/(4.8 + 0.6¢
The average values ofl andt2 were CN —0.8xIS — 1.1x CN x IS)) + (5.67 —
close to those obtained studying the whey.28x CN + 1.42x ren.pH)x exp(-t/(112.9
drainage [8], which stands to reason as they 12.5x CN — 6.6x ren.pH — 6.% CN x IS
relate to the same drainage experiments: 4.3 CNx ren.pH — 5.4x IS x ren.pH))
The timest1 andt2 were both modified by + (3.24 — 0.15 CN — 0.17x ren.pH). (2)
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These results agree well with those obtaineRcalc. was determined at the times
previously on the whey drainage kineticst = 20 min and t = 1 000 min (meaning the
[8] and are complementary. They are irend of drainage) for the higher and lower val-
accordance with the results reported in thees of CN and of ren.pH (Fig. 4). This allowed
literature on the dependence on pH of théo visualise the inverse effect of the rennet-
solvation and voluminosity of native or ing pH factor on the water amount remain-
renneted casein micelles [7, 42, 44]. Othering in curd at two different stages of drainage.
wise, the comparison of our results withThe values of Rcalc. for t = 1 000 mthus
those of the literature is not easy, as theorresponding to the final drained curds,
methods applied are different leading to thallowed a forecast to be made of the water
determination of different characteristics ofcontent of the drained curd in relation with
casein. For example, the values of solvatiothe CN and ren.pH levels.

and voluminosity of native or renneted

micelles, as determined by viscometry, 3.1.4. Comparison of experimental

quasi-elastic light scattering or ultracen- and calculated water contents
trifugation techniques could not be com- in curd

pared with the water to casein ratio calcu-

lated from curd drainage in the present The \yater contents of the drained curds

study. Moreover, in the previous investiga-,|q be determined in three different ways:
tions referenced, authors experimented ORexp. (t = 1 000 min), from drainage data:

milk and ren.pH adjustment by addition ofggc. (t = 1 000 min), from calculation
an acid solution. using equation (2); or from chemical anal-
ysis of the drained curd. Chemical analysis
3.1.3. Forecasting of variation in R of the drained curd allowed determination of
the effective water amount recovered in
The amount of water remaining in a curdthe curd and, from this data, the water to
at any moment of the drainage could beasein ratio in drained curd (Wc/CNc) was
calculated from equation (2). As an examplegalculated as described in Materials and

114 L]

0- i

! Figure 4.Rcalc. values cal-

9 o culated from equation (2)
t =20 min . .

° » for the drainage times

=

(]

‘o 8] e t=20 min and t = 1 000 min

5 P and the factor levels: CN

g o ™ =27 or 37 kg 1 (CN—/+),

S 6 i IS = 1.0, as a function of

® the renneting pH (pH).

® 5 , Figure 4. Valeurs de
t = 1000 min

Rcalc. obtenues a partir de
I'équation (2) aux temps
3 v —. t=20 min ett= 1000 min,
pour les niveaux des fac-
‘ ‘ ‘ ‘ ‘ teurs CN = 27 ou 37-kg?

5.9 6 6.1 6.2 6.3 6.4 6.5 (CN—/+), IS = 1’0, en fonc-

. pH i tion du pH a I'emprésu-
e — CN+ ® Rexp.(CN) # Rexp.(CN¥) rage (pH).
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Figure 5. Comparison of the
amounts of water in drained
curd, (Rexp., t =1 000 min),
obtained from drainage data
and (Wc/CNc), determined
from chemical analysis of
curds.

Figure 5. Comparaison des Rexp. = 0.948x + 0.416
teneurs en eau du caillé R?= 0,655
égoutté obtenues d’'aprés les .

résultats de I'égouttage
(Rexp. &t =1 000 min) et par ‘ ‘

I'analyse chimique des caillés 25 30 85 40
égouttés (Wc/CNc). WCc/CNc in curd ( water g.g"' CNc)

Rexp. (water g.g™ CN)
(LN}

N

Methods. The values of Wc/CNc were plot-  To test the validity of the mathematical
ted against the values of Rexp. (t =model of equation (2) in predicting the water
1 000 min). The relation is shown in Fig- remaining in curd, the comparison of Rcalc.
ure 5. The results showed that Wc/CNc wagt = 1 000 min) values with the Rexp.
related to Rexp. by a correlation coefficient(t = 1 000 min) ones was performed (Fig. 6).
r = 0.809. However, it was observed thafThe correlation obtained was lows 0.760,

the Rexp. values obtained from drainageneaning that the predictive values of Rcalc.
data were higher than the Wc/CNc ones bgalculated using equation (2) did not
about 10%. The occurrence of some watedlescribe accurately the experimental values
evaporation from whey during the process i®f Rexp. As a matter of fact, some of the
probable. As a matter of fact, the mass bakegression coefficients obtained from exper-
ance of water in the experiments showed #nents, reported in Table |, are lowl( R3),
water recovery of about 98.83% (SD = 0.38)vhich indicates that the model in equa-
[8], meaning 11.7 g water loss per kg oftion (2) can be improved. It is likely that an
milk. This value, related to the casein leveeffect of IS has to be taken into account, as
in milk, led to a decrease of the final waterit appeared in some data of the present
amount of R of 0.43 to 0.31 g wafigr!  experiment, but at a significance level
casein, according to the casein level in milislightly lower than was chosen.

being 27 or 37 §g1, respectively. How-
ever, the results reported in Figure 6 showed
that, apart from the difference between the
absolute values themselves, the calculation 3.2.1. Yields

of Rexp. from the whey drainage data

allowed a prediction of the variation in the  Curd yield was 163.1Kg ! as an average
residual water content that will occur infor the whole experimentation (Tab. Il). Sig-
drained curd as a result of modification ofnificant effects of the CN and ren.pH
the cheesemilk and/or the coagulation confactors were observed. No significant effect
ditions. of IS was observed. The CN effect was

3.2. Drained curd characterisation
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positive and amounted 28.&kg 1 for a vari- ing a yield increase of about 5.&g ™ per
ation range of 5 g of casein in milk (accord-glkg CN increase in milk. This increase
ing to the experimental design), representeould be roughly distributed as follows: 0.96 g

4.0

w
)]
!

Figure 6. Comparison of the
mo D‘?'g amounts of water in drained
o curd (Rcalc.), calculated
’ according to equation (2), and
(Rexp.), obtained from
oo drainage data. t = 1 000 min.
' Figure 6. Comparaison des
teneurs en eau du caillé égoutté
au temps t = 1 000 min ;
(Rexp.), valeurs obtenues a
25 ‘ partir des données de I'égout-
25 30 35 40 tage ; (Rcalc.), valeurs calcu-
Rexp. (water g.g”' CN) Iées a I'aide de I'équation (2).

@
=}

Rcalc. (water g.g‘1 CN)

Table II. Effect of the renneting pH (ren.pH), of the casein level in milk (CN) and of the ionic
strength (IS) on the composition of drained curdddt curd).P = 0.05. DM, dry matter; TNM,

total nitrogen matter; total Ca, total calcium; W/nFc: water in non-fat cheese.

Tableau II. Effet du pH a I'emprésurage (ren.pH), de la teneur en caséine du lait (CN) et de sa force
ionique (IS) sur la composition du caillé égoutt&ga! caillé).p = 0,05. DM, matiére séche ; TNM,
matiere azotée totale ; total Ca, calcium total ; W/nFc : eau dans le fromage dégraissé.

Effect of factors

ren.pH CN IS Average value r?

Yield of curd gkg™! milk -3.2 28.0 ns 163.1 0.977
DM 7.8 nga) ns 429.7 0.580
TNM ns 8.7 n&) 198.7 0.741
Fat ns ns ns 192.7 -
Ash 1.19 1.08 0.85 14.30 0.928
Total Ca 0.60 ns 0.47 3.00 0.841
pH 0.08 ns ns 4.64 0.660
Ca/TNM 0.30 ns 0.20 1.53 0.812
Fat/DM ns -0.013 ns 0.446 0.417
TNM/DM ns 0.013 ns 0.463 0.697
W/nFc néo) -0.011 né) 0.706 0.704

@ significant atP = 0.08, CN = 7.4 significant atP = 0.08, IS = 3.7() significant atP = 0.07, ren.pH = -0.6;
@ significant atP = 0.07, IS = -0.6.

(@) Effet significatif ap = 0,08, CN = 7,4 {) effet significatif ap = 0,08, IS = 3,7 {9 effet significatif &
p = 0,07, ren.pH = -0,6( effet significatif ap = 0,07, IS = —0,6.
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of paracasein, 1 g of fat and about 3.09 g afapid syneresis during cheese making [41].
water (from the R3 value in Tab. I), with the The results in Table Il showed a positive
remaining 0.55 g. According to Kosikowski effect of CN on ash. It could be explained by
[20], Lawrence et al. [21] and Mistry and a renneting step performed on micelles of
Maubois [29], the yield increase usinga higher mineral content. Although the same
protein standardisation by ultrafiltration is ren.pH was used, the soluble-colloidal min-
due to reduced losses of fat and caseins &ral equilibria in milk at a given pH were
whey and to a better retention of whey prodifferent in milk concentrated by ultrafil-
teins into curd. These 0.55 g of yieldtration, due to the increased concentration of
increase could be ascribed to a better retewasein [1]. The coagulum obtained had a
tion of whey proteins. The positive corre-lower ability to early syneresis, however,
lation between the yield of curd and theafter acidification, this coagulum seemed to
casein plus fat content has often beemcquire a higher permeability, as it led to a
reported in the literature [6, 11, 21] and varfinal drained curd having a higher DM con-
ious yield formulas have been proposed irtent [28]. No effect of CN was observed on
relation to the milk protein and fat contentsthe total Ca content of the drained curd. This
[12]. may be explained by the large pH decrease

The effect of ren.pH on the yield wasocceurring during the drainage of the
negative and was mainly due fo a highefc@membert coagulum, down to an average
retention of water in curd at low ren.pH, ag’H value of 4.64 in the drained curd. Thus,
shown by the positive effect of ren.pH on®VeN if more Ca was initially re.t"".'F‘Ed.'” the
DM. These data were in accordance Witﬁ:oggulum, th_e subs_equent acidification led
the negative effect of ren.pH observed oriC itS 10Ss during drainage. The low amount
R3 (Tab. I). No significant effect of ionic ©f €& remaining in the drained curd did not
strength on the yield of curd was observed?/loW differences to be observed.

A higher pH at renneting led to a drier

3.2.2. Composition drained curd with a higher mineral content.

The pH and the buffering ability (Ca/TNM)

The composition of drained curd wasof curd were also increased. Similar results
modified by the three factors (Tab. II). CN have been reported in the literature [21, 49].
had a positive effect on the TNM and onThe decrease in DM content with the reduc-
the ash contents. A positive effect wagion of ren.pH was mainly due to the
observed on DM & = 0.08 only. A higher increase in the residual water content of curd
retention of milk TNM occurred in the curd, as judged by the increase in the values of
as demonstrated by the positive effect oR3 and W/nFc (Tabs. | and Il). The dem-
CN on TNM/DM. It was in relation with ineralisation of curd in relation to the
the higher incorporation in curd of whey decrease in ren.pH would be due to a con-
proteins, of proteose peptone (for example&ersion of calcium and phosphate from col-
the 1-25BCN peptide) and of caseino- loidal into dissolved forms, which were thus
macropeptide as a result of milk ultrafiltra- removed from the curd network during whey
tion [3, 10, 24, 34]. A lower retention of drainage [17, 19, 22]. According to Lucey
water, thus giving a lower moisture in curdand Fox [26], the pH effect on the dem-
had been already reported in relation to theeralisation of cheese will be greater when
concentration of milk by ultrafiltration [2, acid is produced prior to whey drainage to
13, 14, 16]. It has been explained by the forebtain a lower pH at renneting (as in the
mation of a coarser gel network from milk case for Camembert and Cheddar cheeses),
having a higher protein level [13, 14]; it isthan when acid is produced mainly after
expected that the coarser gels have a largeroulding, because then a smaller propor-
permeability and hence undergo a morgion of whey is removed after the initial
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drainage. Despite these differences in curdmounting to 0.446, was modified only by a
composition in relation to the change innegative effect of CN, presumably in rela-

ren.pH, no significant effects were detectedion with the concomitant positive CN effect

in total nitrogen fraction and fat recoveryobserved on TNM [25, 30]. Thus, the addition
of the curd. This points to the effect of of fat, made at a constant fat/CN ratio = 1,
ren.pH on curd composition being due tcallowed drained curds to be obtained having
differences in the drainage process. At thquite the same composition regarding fat,
higher ren.pH, less water was retained oand this allowed the effects observed for the
the curd due to a greater drainage, a€N factor, which, in the design, include both

reported in the previous paper [8]. casein and fat variations, to be attributed

The variation of milk ionic strength had M&inly to the casein content in milk, apart
no significant effect on the yield and on the™om the yield of curd.
water retention of curd (R3). However, a To resume, the results showed that the
positive effect was observed on ash, totatomposition of the drained curd varied
calcium and protein recovery. It was relateciccording to the factor levels. A drier curd
to the dilution of milk by addition of the with a higher mineral content was obtained
lactose solution that decreased the non-prgrom a milk having a higher casein and fat
tein content of milk. A negative effect of IS content and renneted at a higher pH.
was observed on the water content in the
non-fat curd. This effect was not significant 35 3 Rheological properties
for DM, presumably because the variations
of fat masked the phenomenon. These tne rheglogical properties of drained
results are in accordance with those obtainedq varied according to the changes in milk
previously [9), as the effec.t of ionip strengthand curd composition (Tab. IIl). The con-
observed on the whey drainage kinetics wageqyences of varying process parameters
so tiny that it was no more significant aftérg,,ch a5 casein concentration or pH at ren-
modelling, in spite of small significant heting on rheological properties of curd are
effects observed on the experimental datﬁrobably mainly due to the effects of these
themselves [8]. parameters on curd composition or pH in
The fat content of drained curds, 192kgg.  curd. Due to the low number of experiments,
as an average, was modified by none of thi¢ is anyway impossible to test the effect of
three factors and fat recovery was 96.9%ach parameter through a model including
whatever the conditions. The fat/DM ratio,curd composition and pH.

Table Ill. Effect of the renneting pH (ren.pH), of the casein level in milk (CN) and of the ionic
strength (IS) on the rheological properties of the drained Burd).05.

Tableau lll. Effet du pH a I'emprésurage (ren.pH), de la teneur en caséine du lait (CN) et de sa
force ionique (IS) sur les propriétés rhéologiques du caillé égputt,05.

Effect of factors

ren.pH CN IS CNcren.pH CNxIS Average value r?

Young modulus (kPa) ns 305 @s ns -10.5 152.7  0.874
Fracture strain 0.018 -0.025 ns 0.021 ns 0.379 0.586
Fracture stress (kPa) 2.55 4.76 ns 1.96 ns 33.80 0.824

@ Significant atP = 0.07, IS = -8.3.
(@ Effet significatif ap = 0,07, IS = -8,3.
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An increase in CN led to an increase in  The positive interaction between ren.pH
curd rigidity (Young modulus) and in curd and CN on the firmness and longness of
firmness (fracture stress). The fracture straicurd outlined the importance of curd min-
was lowered at higher CN, meaning the forerals and hence, of curd structure during the
mation of a shorter curd. Similar resultsdrainage process. A higher mineral content
were already reported in relation with theof casein particles would lead to the estab-
increase in casein and fat contents of milk [Sjshment of a higher number of high strength
27]. The increase in the solid character ofnteractions between caseins.
curd at higher CN could be due, according to  No significant effect of ionic strength
Prentice et al. [31], to the higher total solidwas observed on the rheological properties
(DM) and the higher total protein (TNM) of drained curd in the present study. This
contents of curd (Tab. Il). The proteins anctould be related to the lack of effect of IS on
particularly casein are effectively recog-curd composition.
nised to give a solid appearance to curd as
they promote a continuous elastic frame-
work [46, 47]. The decrease both in the

residual water content of curd, R3 (Tab. 1), We are indebted to J. Fauquant, N, Hamard
and in the water in non-fat curd, W/nFCLeconte and J.M. Samson for perfbrming milk

(Tab. II)! c_ould be also_ implieq. As a matteryreparation in the laboratory pilot hall. The study
of fact, it is reported in the literature thathas been carried out with financial support from
water could act as a lubricant between caseihe Commission of the European Communities,

ACKNOWLEDGEMENTS

particles and fat [27, 36], thus a decrease ifAgriculture and Fisheries (FAIR) specific RTD

the water content of curd could reduce th
ability of caseins to move between casei

rogramme, CT 96-1056, Cheese Texture
mprovement through Rationalisation and Opti-
Misation of Structure. It does not necessarily

micelles and fat, so that a firmer curd whichreflect its views and in no way anticipates the
is more resistant to any deformation wasCommission’s future policy in this area.

produced [22, 46].

The ren.pH had an incidence on most of REFERENCES

the rheological properties of curd. This was
presumably in relation with the mineral con-14
tent of the micelle at renneting. Colloidal
calcium and phosphate form crosslinks
within the casein network at coagulation(?]
[22]. In this way, minerals play an important
role in curd rigidity and firmness, which
depends on the number and type of bonds i)
the protein network [47]. It may be assumed
that a coarser curd will be produced, hav-
ing a more cross-linked structure [17] and
thicker strands [13, 14] within the network, [4]
which are more resistant to fracture. The
decrease in curd firmness and curd long-
ness with decreasing pH at renneting wa,
probably due to the mineral solubilisation
of curd, leading to a reduction of cross-links
and also to the swelling of casein particles]
[39], which increased the water content of
curd at lower pH at renneting.

Brulé G., Maubois J.-L., Fauquant J., Etude de
la teneur en éléments minéraux des produits
obtenus lors de l'ultrafiltration du lait sur mem-
brane, Lait 54 (1974) 600-615.

Bush C.S., Caroutte C.A., Amundson C.H.,
Olson N.F., Manufacture of colby and brick
cheeses from ultrafiltered milk, J. Dairy Sci. 66
(1983) 415-421.

Casiraghi C.P., Peri C., Piazza L., Effect of cal-
cium equilibria on the rate of syneresis and on
the firmness of curds obtained from milk UF

retentates, Milchwissenschaft 42 (1987)
232-234.

Casiraghi E., Lucisano M., Pompei C., Corre-
lation among instrumental texture, sensory tex-
ture and chemical composition of five italian
cheeses, Ital. J. Food Sci. 1 (1989) 53—-63.
Chen A.H., Larkin J.W., Clark C.J., Irwin W.E.,

Textural analysis of cheese, J. Dairy Sci. 62
(1979) 901-907.

Colin O., Laurent F., Vignon B., Variations du
rendement fromager en pate molle. Relations
avec la composition du lait et les parametres de
coagulation, Lait 72 (1992) 307-319.



570

(7]

8l

El

(10]

[11]

(12]

(23]

[14]

[15]

[16]

(17]

(18]

(19]

(20]

C. Daviau et al.

Creamer L.K., Water absorption by renneted[21]
casein micelles, Milchwissenschaft 40 (1985)
589-591.

Daviau C., Famelart M.-H., Pierre A., [22]
Goudédranche H., Maubois J.-L., Rennet coag-
ulation of skim milk and curd drainage: effect of

pH, casein concentration, ionic strength and hea[t23]
treatment, Lait 80 (2000) 397-415.

Daviau C., Pierre A., Famelart M.-H.,
Goudédranche H., Jacob D., Garnier M., o
Maubois J.-L., Characterisation of whey[ ]
drainage kinetics during soft cheese manufac-
ture in relation with the physicochemical and
technological factors, pH at renneting, casein[25]
concentration and ionic strength of milk, Lait

80 (2000) 417-432.

de la Fuente M.A., Changes in the mineral bal{26]
ance of milk submitted to technological treat-
ments, Trends Food Sci. Technol. 9 (1998)
281-288. 27]

Emmons D.B., Kalab M., Larmond E., Lowrie
R.J., Milk gel structure. X. Texture and
microstructure in Cheddar cheese made from
whole milk and from homogenized low-fat milk,
J. Texture Stud. 11 (1980) 15-34.

Emmons D.B., Ernstrom C.A., Lacroix C.,
Verret P., Predictive formulas for yield of cheese
from composition of milk: a review, J. Dairy
Sci. 73 (1990) 1365-1394.

Green M.L., Glover F.A., Scurlock E.M.W.,
Marshall R.J., Hatfield D.S., Effect of use of [29]
milk concentrated by ultrafiltration on the man-
ufacture and ripening of Cheddar cheese,

J. Dairy Res. 48 (1981) 333-341.

Green M.L., Turvey A., Hobbs D.G., Develop-
ment of structure and texture in Cheddar cheese,
J. Dairy Res. 48 (1981) 343-355. (30]

Green M.L., Marshall R.J., Brooker B.E., Instru-
mental and sensory texture assessment and frac-
ture mechanisms of Cheddar and Cheshire
cheeses, J. Texture Stud. 16 (1985) 351-364.

Guinee T.P., O'Gallaghan D.J., Mulholland
E.O., Harrington D., Milk protein standardiza-
tion by ultrafiltration for Cheddar cheese man-
ufacture, J. Dairy Res. 63 (1996) 281-293.

Keller B., Olson N.F., Richardson T., Mineral
retention and rheological properties of Moz-
zarella cheese made by direct acidification,
J. Dairy Sci. 57 (1974) 174-180.

Kfoury M., Mpagana M., Hardy J., Influence

de laffinage sur les propriétés rhéologiques du33]
Camembert et du Saint-Paulin, Lait 69 (1989)
137-149.

Kindstedt P.S., Kiely L.J., Barbano D.M., Yun

J.J., Impact of whey pH at draining on the trans-
fer of calcium to Mozzarella cheese, in: Cheesd34]
yield and factors affecting its control, FIL-IDF
9402, Brussels, Belgium, 1993, pp. 29-34.
Kosikowski F., New cheese making procedureq35]

utilizing ultrafiltration, Food Technol. 40 (1986)
71-77, 156.

[28]

[31]

[32]

Lawrence R.C., The use of ultrafiltration tech-
nology in cheesemaking, Bull. FIL-IDF 240
(1989) 1-14.

Lawrence R.C., Gilles J., Creamer L.K., The
relationship between cheese texture and flavour,
N. Z. J. Dairy Sci. Technol. 18 (1983) 175-190.

Leconte P., Facteurs de coagulation du lait par
voie enzymatique, Revue des ENIL 150 (1991)
19-22.

Lelievre J., Rigidity modulus as a factor influ-
encing the syneresis of renneted milk gels,
J. Dairy Res. 44 (1977) 611-614.

Lou Y., Ng-Kwai-Hang K.F., Effects of protein
and fat levels in milk on cheese and whey com-
positions, Food Res. Int. 25 (1992) 445-451.

Lucey J.A., Fox P.F., Importance of calcium
and phosphate in cheese manufacture: a review,
J. Dairy Sci. 76 (1993) 1714-1724.

Masi P., Addeo F., An examination of some
mechanical properties of a group of Italian
cheeses and their relation to structure and con-
ditions of manufacture, J. Food Eng. 5 (1986)
217-229.

Mietton B., Desmazeaud M., de Roissart H.,
Weber F., Transformation du lait en fromage,
in: de Roissart H., Luquet F.M. (Eds.), Bactéries
Lactiques. Aspects fondamentaux et technolo-
giques, Vol. 2, Lorica, Uriage, France, 1994,
pp. 55-133.

Mistry V.V., Maubois J.-L., Application of
membrane separation technology to cheese
production, in: Fox P.F. (Ed.), Cheese, Chem-
istry, Physics and Microbiology. 1. General
Aspects, Chapman & Hall, London, UK, 1993,
pp. 493-522.

Ng-Kwai-Hang K.F., Politis I., Cue R.I.,
Marziali A.S., Correlations between coagula-
tion properties of milk and cheese yielding
capacity and cheese composition, Can. Inst.
Food Sci. Technol. J. 22 (1990) 291-294.

Prentice J.H., Langley KR., Marshall R.J.,

Cheese rheology, in: Fox P.F. (Ed.), Cheese:
Chemistry, Physics and Microbiology. 1. Gen-

eral aspects, Chapman & Hall, London, UK,

1993, pp. 303-340.

Ramet J.P., L’égouttage du coagulum, in: Eck
A., Gillis J.C. (Eds.), Le Fromage, Lavoisier
Tec & Doc, London, UK, 1997, pp. 42-60.

Roefs S.P.F.M., van Vliet T., van den Bijgaart
H.J.C.M., de Groot-Mostert A.E.A., Walstra P.,
Structure of casein gels made by combined acid-
ification and rennet action, Neth. Milk Dairy
J. 44 (1990) 159-188.

Rosenberg M., Current and future applications
for membrane processes in the dairy industry,
Trends Food Sci. Technol. 6 (1995) 12-19.

Rowland S.J., The determination of the nitro-

gen distribution in milk, J. Dairy Res. 9 (1938)
42-46.



(36]

[37]

(38]

[39]

[40]

[41]

[42]

Residual water amount in draining curd

Solorza F.J., Bell A.E., Effect of calcium, fat

and total solids on the rheology of a model soft
cheese system, J. Soc. Dairy Technol. 4 (1995)43)
133-139.

Tiros, European Contrat, Fair, CT96-1056,
1999.

van den Bijgaart H.J.C.M., Syneresis of rennet-
induced milk gels as influenced by cheesemak-
ing parameters, Thesis, University of Wagenin-[45]
gen, The Netherlands, 1982.

van den Bijgaart H.J.C.M., van Vliet T., Walstra
P., Zoon P., On the rate of swelling of (paraca-
sein) micelles after a drop in temperature, Neth[46]
Milk Dairy J. 43 (1989) 85-88. 47

van Dijk H.J.M., Syneresis of curd, Thesis, Uni-
versity of Wageningen, The Netherlands, 1982.

van Dijk H.J.M., Walstra P., Syneresis of curd. [48]
2. One dimentional syneresis of rennet curd in
constant conditions, Neth. Milk Dairy J. 40
(1986) 3-30.

van Hooydonk A.C.M., Hagedoorn H.G.,
Boerrigter 1.J., pH-induced physicochemical
changes of casein micelles in milk and their
effect on renneting. |. Effect of acidification on

[44]

(49]

571

physicochemical properties, Neth. Milk Dairy
J. 40 (1986) 281-296.

van Vliet T., Walstra P., Water in casein gels:
how to get it out or keep it in, J. Food Eng. 22
(1994) 75-88.

Walstra P., The voluminosity of bovine casein
micelles and some of its implications, J. Dairy
Res. 46 (1979) 317-323.

Walstra P., The syneresis of curd, in: Fox P.F.
(Ed.), Cheese, Chemistry, physics and Micro-
biology. I. General Aspects, Chapman & Hall,
London, UK, 1993, pp. 141-191.

Walstra P., van Vliet T., Rheology of cheese,
Bull. FIL-IDF 153 (1982) 22-27.

Walstra P., Luyten H., van Vliet T., Consistency
of cheese, Proc. 12th Int. Dairy Congr., The
Hague, The Netherlands, 1986, p. 159.
Wolfschoon-Pombo A.F., Influence of calcium
chloride addition to milk on the cheese yield,
Int. Dairy J. 7 (1997) 249-254.

Yun J.J., Barnabo D.M., Kindstedt P.S., Larose
K.L., Mozzarella cheese: impact of whey pH at
draining on chemical composition, proteolysis
and functional properties, J. Dairy Sci. 78 (1995)
1-7.

To access this journal online:
www.edpsciences.org




572 C. Daviau et al.



