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EFFECT OF RENNET AND SODIUM CHLORIDE CONCENTRATION ON MILK
COAGULATION PROPERTIES

Abstract
This work presents the effect of rennet and NaCl concentration on rennet clotting properties of whole milk powder

using the hot wire method. Rennet clotting time (CT), maximum slope at voltage profile (tmax) and maximum curd voltage
(FmaxV) were the coagulation parameters measured using this method. A factorial design was applied at constant pH (6.6),
temperature (35 °C) and added CaCl2 (1.8 mM), considering five levels of rennet concentration (0.0495, 0.043, 0.028,
0.013 and 0.0066 RU·mL-1 milk) and five final NaCl concentrations in milk (28.8, 25.5, 17.9, 10.3 and 7.0 mM). Rennet
concentration showed significant influence on CT and tmax, while NaCl concentration had a lesser impact. The quadratic
terms of rennet concentration were significant (P < 0.01) for the three parameters. Under the conditions studied, FmaxV
variation was important, reaching the highest values in a narrow range of rennet and NaCl concentration.

Resumen
En el presente trabajo se estudió el efecto de la renina y la concentración de NaCl sobre la coagulación de la leche

en polvo entera, utilizando el método del alambre caliente. Los parámetros medidos fueron: tiempo de coagulación (CT),
máxima pendiente del perfil del voltaje (tmax) y máximo voltaje del coágulo (FmaxV). Se utilizó un diseño factorial considerando
cinco niveles de concentración enzimática (0,0495, 0,043, 0,028, 0,013 y 0,0066 UR·mL-1 leche) y cinco niveles de
concentración final de NaCl en leche (28,8, 25,5, 17,9, 10,3 y 7,0 mM leche), a pH constante (6,6), temperatura constante
(35 °C) y NaCl adicionado (1,8 mM). La concentración enzimática mostró un efecto significativo sobre el CT y tmax
mientras que para NaCl se observó un menor impacto. Los términos cuadráticos de la concentración enzimática fueron
significantes (P< 0,01) para los tres parámetros. Bajo las condiciones estudiadas la variación de FmaxV, alcanzó el máximo
valor en un estrecho rango de concentración enzimática y de NaCl.

Keywords: Whole milk, rennet coagulation, coagulation properties, NaCl concentration, hot wire method
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INTRODUCTION

The content of NaCl in milk varies between 17 -
28 mM·L-1 (Walstra and Jenness, 1984). A significant
variation of Na content in milk in the central production
area of Argentina was previously reported (Sbodio et
al., 1989), while Zannier et al. (2002) showed variation
in individual cows ranging from 17.4 mM to 42.83
mM.

In the last years, many authors have reported the
effect of adding salts on the partition of Ca, Mg and
inorganic phosphate. Casiraghi and Lucisano (1991) and
Gaucheron et al. (2000) demonstrated that adding salt to
milk or casein systems promotes dissociation of calcium

and phosphate within the casein micelles into solution.
Famelart et al. (1999) also showed that the increase in
NaCl concentration of casein micelle suspensions resulted
in calcium and phosphorus solubilization from micelles
and increase in pellet hydration. Addition of salt has also
been implicated in promoting calcium solubilization from
paracasein in casein pellets and cheese (Creamer, 1985;
Kindstedt et al., 1992). Van Dijk (1991) showed that adding
740 mM NaCl caused a significant increase of Ca and Mg
in serum. On the other hand, previous work by Van
Hooydonk et al. (1986) and Grufferty and Fox (1985)
reported that the addition of NaCl to milk did not change
the phosphate concentration, implying that no micellar
phosphate was dissolved.
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Udabage et al. (2001) investigated the effect of
clotting time (CT) upon addition of 50 to 100 mM NaCl
showing that at 100 mM NaCl was enough to increase the
CT to 34 min. However, since NaCl addition to milk also
causes a decrease in pH, it was uncertain whether the
increase in CT observed was due exclusively to the NaCl
addition and not to the drop in pH. Different experiments
where the pH was kept constant showed a gradual increase
in CT as a function of the NaCl addition (Ramet et al.,
1983; Grufferty and Fox, 1985). Another interesting
observation was that when NaCl was added to milk, higher
rennet concentration was needed to obtain a CT similar to
that in milk without any NaCl added. These amounts of
additional rennet needed increased at higher NaCl
concentration (Zoon et al., 1989).

Through different methodologies, several studies
have shown the effect of high concentrations of NaCl on
milk coagulation properties. Grufferty and Fox (1985)
observed that the curd tension was not affected by addition
of NaCl up to 500 mM. On the other hand, Jen and
Ashworth (1970) reported that when NaCl or KCl was
added up to 100 mM the curd tension increased, while a
markedly decreased was observed at higher concentrations.
Since the authors measured the curd tension after 30 min
of rennet addition, it is possible that the results had been
influenced by the NaCl dependence on CT.

Zoon et al. (1989), using a Den Otter rheometer,
reported that after rennet and NaCl addition the modulus
G´ at constant pH (6.65) and constant CT showed no
significant differences. When CT was kept constant,
addition of NaCl up to 200 mM increased the modulus at
pH 6.65. At constant rennet concentration, this was
observed only up to 100 mM of NaCl, whereas at higher
concentration, gel forming and ageing was retarded (Zoon
et al., 1989). Udabage et al. (2001) showed that addition
of NaCl increased the storage modulus.

The effect of normal levels of NaCl concentration
on milk coagulation are somewhat contradictory when
using different tests to monitor the process. During the
manufacture of different kinds of cheese, milk coagulation
is generally performed under fixed temperature, addition
of Ca, pH, and clotting enzyme. We have previously
observed that Na content influences the clotting time
negatively (unpublished data). In general, Na content in
milk is very variable. Because of this Na variability, we
propose to study the influence of Na concentration in curd
formation. In this work, we used rennet gels made at
constant pH, temperature and CaCl2 addition to investigate
the effects of changes in the final NaCl concentration
(considering final NaCl concentration as natural Na
expressed as NaCl plus NaCl added) and rennet
concentration on the aggregation of renneted casein
micelles and the gel development. The goal of this work
was to study the effect of NaCl concentration, using levels
within the range of natural variation and to determine the
effects of rennet concentration on the coagulation

properties of rennet-induced whole milk gel. The process
of curd formation was monitored by the hot wire method
to adequately follow the milk coagulation during the actual
cheesemaking (Hori, 1985). A factorial design was applied
considering pH, temperature and added CaCl2 as fixed
effects.

MATERIALS AND METHODS

Experimental design and statistical analysis
Three responses were measured: clotting time (CT),

is the time were the tangent to the inflexion point on the
voltage output against time plot, maximum derivative (tmax),
the term tmax is the time of maximum slope of voltage profile
and maximum voltage (FmaxV). The FmaxV corresponds to
the maximum voltage in microvolts (µV). Both CT and
tmax are expressed in min.

A two level factorial, central composite rotatable
design (Mullen and Ennis, 1979) with two star points (1.41)
and three replicates of the central point (Montgomery,
1991) was chosen to study the effects of the independent
variables, rennet concentration and final NaCl
concentration. The coded individual variables are related
to the original units as given in the following equations
(1) and (2):

 
0.015

0.028  -  )RU·mL ( x
  ion concentratrennet  Coded

-1
1=     (1)

 
7.60

28.3  -  mM) ( x2
  ion concentrat NaCl final Coded =       (2)

The chosen levels to begin the experiment were - 1
and + 1, which limited the real work area. In this work, we
used rennet gels made at constant pH, temperature and
CaCl2, to investigate the effect of changes in the final NaCl
concentration (considering final NaCl concentration as
natural Na expressed as NaCl plus NaCl added) and rennet
concentration on the aggregation of renneted casein
micelles and the gel development. The central level of
rennet concentration was chosen as 0.028 RU·mL-1 milk,
in agreement with the optimised level obtained by Sbodio
et al. (2002). Similarly, pH and temperature were set at
6.60 and 35 °C, respectively. The central level of NaCl
was chosen as 28.3 mM, according to the average level
currently determined in the Argentina Central Area of milk
production (Zannier et al., 2002). The variables, symbols
and levels are shown in Table 1.

The factorial design was arranged to fit a 2nd order
polynomial in enzyme concentration (x1) and final NaCl
concentration in milk (x2). Three replicates at the center
of the design (runs 1, 2, 3) were done to allow for estimation
of «pure error» or experimental error. Table 2 shows the
variable levels and the corresponding experimental responses.

SOMENTA ©2006                                                                           Sbodio et al.: Effect of rennet and sodium chloride ...
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The Statgraphics software (Version 7.1., 1994) was
used to fit the second order model and generate the
response surface models. For the obtained data in the
experimental design, an analysis of variance (ANOVA)
was applied to analyze the significant differences in CT,
tmax and FmaxV considering rennet concentration and final
NaCl concentration as responses.

The experiment was randomized to minimize the
effects of unexplained variability in the observed responses
due to external factors. Tests to verify that the residues
satisfied the assumptions of normality, independence and
randomness were carried out (Montgomery, 1991).

Coagulation assay
Milk was selected so as to obtain that with the

lowest Na concentration, which was offered by La Turquina
(Santa Fe, Argentina) and low heat whole selected milk
powder (WPNI > 6.0) was prepared by spray drying by
SanCor C.U.L. (SanCor Cooperativas Unidas Ltda.
Sunchales, Santa Fe. Argentina). Milk substrate was

prepared by dissolving 120 g low heat whole dry milk in 1
L of distilled and deionised water (G-T Lab. Rosario,
Argentina) at 40 °C, covered with parafilm to avoid
contamination. A fixed amount of CaCl2 (3.6 mM)
(Cicarelli, Santa Fe, Argentina) and the corresponding
amount of NaCl was added to every 2 L assay sample to
get the final concentration of the design, stirred for 30 min
and warmed to 65 °C. Substrate solutions were kept
refrigerated for 24 h at 8 °C to allow time for complete
hydration and to reach the mineral equilibrium. Two L
substrate in a vessel were immersed in a 30 L recirculating
thermostatized bath (Haake type F2, Germany, Berlin) and
maintained at 35 ± 0.1 °C throughout the test. Once the
desired temperature was reached, the pH was adjusted to
6.6 with 85 % concentrated lactic acid (Mallinckrodt,
Chemical Works, Argentina). An Expandable Ion Analyzer
EA 940 (Orion Research Incorporated, Cambridge. MA
02139. USA), equipped with special electrodes adequate
to protein-fat solutions (accuracy ± 0.01 pH units) was
used to monitor the pH. When checking the drift of pH

Table 1. Processing variables and their corresponding levels of coded and non-coded values. Conversion from coded variable level to uncoded variable is
given by the following equations: Rennet concentration = 0.015 x1 + 0.028; Final NaCl concentration = 7.60 x2 + 28.3. RU (rennet units) defined as the
amount of enzyme coagulating 10 ml of reconstituted non-fat dried milk (12 % in 0.01 M CaCl2, pH: 6.0 at 30 °C).

Tabla 1. Variables de proceso y sus correspondientes niveles codificadas y no codificadas. La conversión para los niveles de las variables codificadas a
variables no codificadas está determinada por las siguientes ecuaciones: Concentración de renina = 0.015 x1 + 0.028; Concentración final de NaCl = 7.60
x2 + 28.3. RU (unidades de renina) definida como la cantidad de enzima necesaria para coagular 10 ml de leche sin grasa deshidratada y reconstituida (12
% en 0.01 M CaCl2, pH: 6.0 a 30 °C).
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Table 2. Central composite design arrangement and responses. a Coded variables; x1: rennet concentration; x2: final NaCl concentration. b CT: clotting
time; tmax: time of maximum slope of voltage profiles; FmaxV: maximum voltage (µV).

Tabla 2. Diseño rotacional central y respuestas. a Variables codificadas; x1: concentración de renina; x2: concentración final de NaCl. b CT: tiempo de
coagulación; tmax: tiempo de la pendiente máxima del perfil de voltaje; FmaxV: voltaje máximo (µV).

Variable levelsa  Responsesb 
Treatment 

x1 x2  CT (min) tmax (min) FmaxV (µV) 
1 0 0  7.58 8.66 3800 
2 0 0  8.74 9.41 4013 
3 0 0  7.00 10.00 4477 
4 0 +1.41  17.80 18.67 3189 
5 -1 +1  16.11 17.00 2703 
6 +1 +1  5.50 5.92 2737 
7 -1.41 0  23.67 26.00 2804 
8 -1 -1  17.80 18.67 3189 
9 +1 -1  4.67 5.58 1955 
10 +1.41 0  5.42 5.83 2591 
11 0 -1.41  6.75 7.25 3990 

Non-coded values 
Coded values x1 (RU·mL-1 milk) x2 (NaCl) mM 

+1.41 0.0495 39.1 
+1 0.043 35.9 
0 0.028 28.3 
-1 0.013 20.7 
-1.41 0.0066 17.3 

 



Table 3. ANOVA for the fitted models. *Significant at 1 % level. ** Significant at 5 % but not 1% level; x1: RU·mL-1 milk; x2: NaCl mM; CT: coagulation
time; tmax: maximum slope of voltage profile; FmaxV: maximum voltage.

Tabla 3. ANOVA para los modelos ajustados. *Significativo al nivel de 1 %. ** Significativo al 5 % pero no significativo al nivel de 1 %; x1: RU·mL-1

leche; x2: NaCl mM; CT: tiempo de coagulación; tmax: Máxima pendiente del perfil de voltaje; FmaxV: voltaje máximo.
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after renneting, it did not exceed 0.01 units. Twenty
milligrams of freeze dried starter Lyofast SBS (Sacco srl.
Via Manzoni 29/A 22071), in accordance with those used
in industrial practices, were thermostatized for 40 min at
42 °C in 100 mL substrate, then added to the assay sample
60 min before the addition of the coagulating enzyme. An
auto-heating sensor of 99 % platinum hot wire (Aldrich
Chemical Company, Inc. Milwaukee, WI, USA) of 0.10
mm diameter and 110 mm long was used to measure CT
and monitor curd processing. After verifying that the wire
reached the stationary heat dissipation level, the coagulant
(Calf Rennet, Caglificio Clerici, Italia) was added and the
starting time of the assay recorded. Two L of substrate
was coagulated with the corresponding rennet amount,
according to the design (0.0066, 0.013, 0.028, 0.043 and
0.0495 RU·mL-1 milk). Enzyme solutions were adjusted to
add no more than 1.5 mL·L-1 milk. CT was determined
according as Kopelman and Cogan (1975) and Sbodio et
al. (2002), where tmax at the maximum inflection in the
voltage profile drawing the perpendicular to the abscissa
at the point of maximum inflection and FmaxV with a software
developed by the research team (Sbodio et al., 2002).

The voltage output between the platinum wire
terminals was monitored automatically at 5 s regular
intervals and measured with a 6 ½ digit digital multimeter
(model 2000, Keithley Instruments, Inc., Cleveland, OH)
connected directly to an IBM PC. The electric current was
supplied by a power supply (6177C DC Current Source,
Hewlett Packard, USA) with 0.03 resolution. Voltage drop,
processed by a mathematical algorithm, was plotted as a
function of time, according to Sbodio et al. (2002).

RESULTS AND DISCUSSION

Composition analysis of low heat whole milk
powder showed the following results: fat, 25.15 %; protein,

25.22 %; moisture, 2.95 %; total mesophilic aerobic
bacteria count,  5 x 103 CFU/g; total coliform count, < 0.3
CFU/g; fecal coliform count, < 0.2 CFU/g and yeast and
mould count, < 10 CFU/g.

The central composite design and the responses
obtained for CT, tmax and FmaxV are presented in Table 2.
The reproducibility of the coagulation parameters
measured by the hot wire method was calculated for three
tests made under identical rennet conditions and final NaCl
concentration, considering pH, temperature, and CaCl2
added as fixed effects. The tests showed that the models
for CT and tmax had relatively high variation coefficients,
18.8 and 18.7, respectively. The variability of 88.98 %
was accounted for the model CT and 87.91 % for the model
tmax. The variation coefficients indicated that the
reproducibility of time measurements was less than 90 %.
Model FmaxV shows to be reproducible since its variation
coefficient was 9.7 % and the variability was 81.2 %.

Experimental data from the design were studied by
ANOVA and multiple linear regression analysis. ANOVA
results for the fitted model are presented in Table 3.
According to F-test, CT, tmax and FmaxV were significant at
1 % level. CT and tmax had R2 values of 0.8898 and 0.8791,
respectively, indicating that the second order models were
well described by significant variables.

Both, CT and tmax, were significantly affected by
rennet and final NaCl concentrations. The corresponding
P factors were 0.0026 and 0.0277 for CT, 0.0029 and
0.0352 for tmax, indicating a low contribution. Thus, CT
and tmax were affected by the quadratic factors (x1 and x2)
at P < 0.05, while FmaxV was not affected by the main effects,
but was significantly affected by quadratic term (x1), (P =
0.0299).

Table 4 shows the results of the regression analysis
to predict CT, tmax and FmaxV variation with respect to
changes in rennet concentration and final NaCl
concentration. CT and tmax decreased progressively as

SOMENTA ©2006                                                                           Sbodio et al.: Effect of rennet and sodium chloride ...

CT  tmax  FmaxV Source 
Df Ss F  Df Ss F  Df Ss F 

x1 1 306.89 389.10*  1 347.09 339.89*  1 281710.9 2.35 
x2 1 27.26 34.56**  1 27.45 27.89**  1 87525.8 0.73 
x1x2 1 1.59 2.01  1 1.01 0.99  1 401956.0 3.35 
x1x1 1 43.92 55.69**  1 35.42 34.69**  1 3835591.6 31.98** 
x2x2 1 15.45 19.59**  1 5.95 5.83  1 807501.7 6.73 
Lack-of-fit 3 45.94 19.41**  3 54.56 17.81  3 851152.7 2.37 
Pure error 2 1.58   2 2.04   2 239837.8  
Total 10 431.47   10 468.10   10 5811697.6  
R2  0.8898    0.8791    0.8123  
CV (%)   18.8 %    18.7 %    9.7 %  

 



rennet concentration increases; the negative slope 6.19 and
6.59 showed the highest contribution for CT and tmax,
respectively. At constant rennet concentration of 0.028
RU·mL-1 milk, the effects of NaCl concentration on CT,
tmax and FmaxV with pH, temperature and CaCl2 as fixed-
effects, showed changes in coagulation parameters. In this
experiment, CT was significantly affected by a final NaCl
concentration between 17.3 and 39.1 mM. At the central
design value of rennet concentration and a lower level of
final NaCl concentration, CT was 6.75 min. However, at
higher NaCl concentration CT was 17.8 min, tmax 7.25 min
and 18.67 min, respectively (Table 2). The CT values
observed show the effect NaCl concentration has on milk
coagulation when critical variables such as pH,
temperature, CaCl2 addition and rennet concentration are
kept constant. The use of this model would provide
(predict) the amount of rennet necessary to keep a constant
CT, in relation to the sodium contents, expressed as NaCl
concentration. The rheological characteristics of milk
during renneting were measured with a Bohlin VOR
Rheometer by Udabage et al. (2001). The authors reported
that CT was not affected by addition of 50 mM NaCl·L-1

(26.5 min), but the addition of 100 mM·L-1 NaCl to milk
was enough to increase the CT to 34 min. In a separate
work by Zoon et al. (1989) a rheometer was used to show
that when NaCl was added to milk, a higher rennet
concentration was necessary to obtain a similar clotting
time; with higher amount of rennet at pH of 6.65. In this
experiment results showed that the CT was significantly
affected when NaCl concentration was lower than 50 mM.

The effect of final NaCl concentration on FmaxV at
fixed level of rennet concentration (0.028 RU·mL-1milk)
showed that the maximum value 3990 µV was obtained at
minimum levels of final NaCl concentration, and the lowest
value of 3189 µV at maximum levels of final NaCl
concentration. Recently, Sbodio et al. (2005) showed that
the FmaxV obtained for calf rennet was influenced by
temperature and enzyme concentration, being significant
at p < 0.01, showing the slowest rate of voltage increase.
Grufferty and Fox (1985) observed that the curd tension
after 2.5 folds the clotting time was not affected by the
addition of NaCl up to 500 mM. On the other hand, when

measuring 30 min after rennet addition, Jen and Ashworth
(1970) reported that addition of NaCl or KCl up to 100
mM increased the curd tension, but markedly decreased it
at higher concentrations. It is likely that the results had
been strongly influenced by the NaCl dependence on the
CT. Zoon et al. (1989), using a Den Otter rheometer
reported that after rennet and NaCl addition, the modulus
G´ at pH 6.65 and constant CT, there were no major
differences. Conversely, the voltage monitored by a non-
destructive method, like the hot wired, showed that the
maximum values of voltage changed at final NaCl
concentration ranging from 17.3 to 39.1 mM, reaching the
maximum values at different times (data not shown),
implying that longer CT is needed to reach the maximum
firmness. Nájera et al. (2003) used a gelograph, based on
the principle of light absorption and scattering in
coagulating milk, to show that increasing enzyme
concentration produced a slight decrease in curd firmness,
particularly when the enzyme concentration increased from
14 to 56 IMCU·L-1. The non-destructive method used in
this experiment shows a significant difference.

In agreement with Nájera et al. (2003), this study
shows that the time for the protein to aggregate and to get
a more consistent gel was brief. The regression analysis
showed that FmaxV decreased as final NaCl increased.
Previous works have indicated that addition of NaCl to
milk leads to an enhanced serum-holding capacity and a
decreased viscosity. This was attributed to the lower
tendency of casein micelles to aggregate as observed by
electron microscopy and to the fact that few sodium ions
are probably bound to the casein micelle surface (Schkoda
et al., 1999).

Response surface plots (Figure 1a, b and c) illustrate
the main and interactive effects of rennet and final NaCl
concentration on CT, tmax and FmaxV. The levels chosen to
analyze the experiment are -1 and +1, which limit the real
work region. Figure 1a shows that CT increases as NaCl
increases and rennet concentration decreases. At maximum
rennet concentration from the region chosen (0.043
RU·mL-1 milk), CT varied from 3.54 min at minimum
NaCl concentration (20.66 mM) to 8.48 min at
maximum NaCl concentration (35.86 mM); and at
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Table 4. Effect of rennet concentration and final NaCl concentration in milk on CT, tmax and FmaxV. Linear regression with significant factors at P < 0.05.
CT: time where the tangent at the inflexion point on the voltage output against time plot; tmax is the time maximum slope of firmness profile; FmaxV :
maximum firmness.

Tabla 4. Efecto de la concentración enzimática y de la concentración final de NaCl en la leche sobre CT, tmax y FmaxV. Regresión lineal con factores
significativos a P < 0.05. CT: tiempo en la tangente del punto de inflexión en la gráfica del voltaje contra el tiempo; tmax: tiempo de la pendiente máxima
del perfil de firmeza; FmaxV : firmeza máxima.

Polynomion r2 

CT = 7.77 - 6.19 x1 + 1.84 x2 + 0.62 x1x2 + 2.78 x1
2 + 1.65 x2

2  0.8898 

tmax = 9.58 - 6.59 x1 + 1.85 x2 + 0.5 x1x2 + 2.50 x1
2 + 1.03 x2

2 0.8791 

FmaxV = 4097 - 187.6 x1 - 104.6 x2 + 317 x1 x2 - 824.1 x1
2 – 378.1 x2

2 0.8123 

Cienc. Tecnol. Aliment. 5(3) 182-188 (2006)                                       ISSN 1135-8122                                           ©2006 SOMENTA
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minimum (0.013 RU·mL1 milk) rennet concentration from
17.18 min at minimum NaCl concentration (20.66 mM) to
19.6 min at maximum NaCl concentration (35.86 mM).
This suggests that the higher the enzyme concentration,
the higher the influence on CT of NaCl, and vice versa. A
similar behaviour was observed for tmax (Fig 1b), that is, at
maximum rennet concentration, it varied from 4.25 min
(at minimum NaCl concentration) to 8.87 min (at maximum
NaCl concentration), and at minimum rennet concentration
tmax varied from 18.35 min (at minimum NaCl
concentration) to 21.05 min (at maximun NaCl
concentration). These results led to conclude that both CT
and tmax, are markedly influenced by NaCl, especially at
high enzyme concentration.

In the manufacturing process for soft, semihard and
hard cheese, the cheesemakers coagulate the milk between
7-8 min and a cutting curd between 1.5-2 min, twice the
clotting time. According to our results, to keep CT constant,
more enzymes will be needed as NaCl concentration in
milk increases. The addition of more enzymes would allow
maximum voltage in less time, but the quality of the cheese
will decrease. Consequently, in areas such as Argentina
where Na is very variable, the levels of enzyme added
would have to be determined so as to correct for the CT.
Figure 1c shows that as variables increase or decrease,
FmaxV decreases. An area (marked) can be observed around
the central values of the model where the maximum voltage
is obtained. The gradient method (Statgraphics, 1994) and
the calculation of the interaction results in a maximum
voltage ranging between 4097 and 4115 µV under the
following conditions: x1 = - 0.1 (0.0265 RU·mL-1) and 0
(0.028 RU·mL-1) and x2 = - 0.1115 (27.4 NaCl mM) and 0
( 28.3 NaCl mM) and a minimum between 2027 and 3112
µV for x1= 1 (0.043 RU·mL-1) and 1.3438 (0.048 RU·mL-1)
and x2 = - 0.6 (23.7 NaCl mM) and 0.1996 (29.8 NaCl
mM). These results suggest that the voltage, in the «normal»
range of Na contents (expressed as NaCl), is influenced
by the NaCl concentrations. Different methods were
previously used to evaluate NaCl effect on curd firmness,
but they do so only after the addition higher amounts of
NaCl than the natural concentration found in milk, and the
readouts were done 4-6 hours after coagulation took place
(Grufferty and Fox, 1985; Jen and Ashworth, 1970; Zoon
et al., 1989).

CONCLUSIONS

The CT and tmax were strongly affected by calf rennet
concentration at NaCl concentration in the range 17.3 to
39.1 mM. A multifactorial study showed that the most
important influence on CT and tmax was enzyme
concentration, and to a lower extent NaCl. As NaCl
concentration increased CT and tmax also increased, the
influence being higher at high enzyme concentrations. The
maximum voltage was also affected at low NaCl
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Figure 1. Response for RU·mL-1 milk vs NaCl mM; (a)
clotting time (CT); (b) maximum slope (tmax) and (c)
maximum voltage (FmaxV).

Figura 1. Superficie de respuesta para RU·mL-1 leche vs NaCl
mM; (a) tiempo de coagulación (CT); (b) pendiente máxima
(tmax) y (c) voltaje máximo (FmaxV).

a)

b)

c)

a)

b)

c)



concentration, in the range 17.3 to 39.1 mM. This result
was obtained in a limit range of the two studied variables.
These results could help producers to optimize enzyme
concentration to keep CT constant by analyzing Na
contents in milk, expressed as NaCl concentration.
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