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Effect of calcium and enzyme in cutting time prediction of
coagulating goats’ milk using a light scattering sensor
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Abstract

An on-line fibre optic sensor measuring backscatter at 880 nm was used for predicting the cutting time of goats’ milk. A factorial

design was utilised to test the kid rennet and enzyme from Mucor miehei at three levels of added CaCl2. A cutting time prediction

equation using the diffuse reflectance parameter, Tmax; predicted the cutting time with a standard error of 0.55min. Tmax and cutting

time decreased with CaCl2 addition. Coagulation was faster for kid rennet. The sensor was found useful for comparing the activity

of milk-clotting enzymes.

r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Backscatter of near infrared radiation was proposed
for predicting the cutting time (Tcut) in goats’ milk
(Castillo, Payne, Hicks, & L !opez, 2000). The authors
analysed the effect of pH, enzyme concentration and
temperature on prediction. But there are other variables
affecting milk coagulation, such as the type of enzyme
and the level of CaCl2 added. A better understanding of
these factors would allow for improved control of
coagulation and, consequently cheese yield and quality.
Cutting the curd after a fixed time or relying on the
subjective judgement of the operator may be practical,
but is not necessarily optimal. The effect of CaCl2
addition has been widely studied (Famelart, Le Graet, &
Raulot, 1999; de Kruif, 1999). Most authors believe that
the main effect of CaCl2 addition is on aggregation and
there is an indirect effect on hydrolysis resulting from
the lowering of pH. Many studies have analysed the
performance of milk-clotting enzymes, but only a few
have compared them using optical methods. Ustunol,
Hicks, and Payne (1991) and L !opez (1993) studied

several enzymes by diffuse reflectance. The goal of our
study was to determine, at pilot plant level, the effect of
CaCl2 addition and two different enzymes on diffuse
reflectance parameters in order to analyse their influence
on cutting time prediction.

2. Material and methods

2.1. Experimental design and statistical analysis

A factorial design with two factors (level of added
CaCl2 and enzyme type) was used. Two enzymes, kid
rennet (KR) and the enzyme from M. miehei (MM) were
tested. Milk was coagulated at three levels of added
CaCl2 (1.38� 10�3, 3.22� 10�3 and 5.06� 10�3mol L�1

milk). The experiment was randomly replicated three
times giving a total of 18 tests. Data were analysed using
the multivariate general linear model procedure of the
Statistical Packages for the Social Sciences (SPSS, 1999).
The treatment means were considered to be different at
Po0:05: CaCl2 added levels (CCAL), the type of
enzyme and the replication were established as the
model’s main effects, while batch and target tempera-
tures were included as co-variables. Replication, target
temperature and main interactions were later found to
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be insignificant and hence removed. The regression
procedure of SPSS (1999) was utilised for determining a
prediction equation for Tcut:

2.2. Goats’ milk preparation for adjustment of clotting

time

Milk was analysed by MilkoScan 133-B (Foss Electric
A/S, Hilleroed, Denmark). Five-litre batches of pas-
teurised milk were split into three 1500 g samples. The
anhydrous CaCl2 used to achieve each of the three
CCAL tested was diluted in de-ionised water for an
added volume of 2mLkg�1 of milk. Each calcium
dilution was added to one of the three samples. The
samples were stored at 21C until processed. At this
temperature the pH was adjusted to 6.5. When
necessary, a final pH adjustment was made at 21C
before coagulation. A constant sample dilution was
maintained by using de-ionised water as needed to bring
the volume added (HCl, NaOH and/or water) to
8mLkg�1 of milk.

2.3. Selection of enzyme concentration for clotting time

adjustment

The enzymes used were MM (143 IMCUmL�1,
Caglio Star Espa *na S.A., Murcia, Spain) and KR
(156mgL�1 of active chymosin, Grandines, System
Bio Industries, Sanofi, Paris, France). Both enzymes
were adjusted to a constant rennet clotting time (RCT).
Preliminary tests were used to select enzyme concentra-
tions, which determined a RCT of 470730 s at a CCAL
of 5.06� 10�3mol L�1 milk. RCT was measured by IDF
(1987) Standard 110A. A randomised block design with
two factors was applied to verify the RCT adjustment.
Samples were coagulated using both enzymes at the
three CCAL. The whole experiment was randomly
carried out three times with one batch of milk
(replication effect). This procedure was performed twice
more using two other batches (batch effect). The
variance analysis for RCT was performed as described
in the previous section but using the univariate general
linear model procedure of SPSS (1999) (Table 1). As
expected, the kind of enzyme was not significant.

2.4. Goat milk preparation for testing diffuse reflectance

The 50L batches of milk were processed as before,
except for differences in sample size. The procedure for
sample preparation is shown in Fig. 1.

2.5. Monitoring diffuse reflectance profiles

Each milk sample was placed into a vat and heated to
321C. Once thermal equilibrium was achieved, 7.00mL
(KR) or 1.80mL (MM) was diluted in de-ionised water

as needed to bring the volume added (enzyme and
water) to 20mL and added to the milk. After enzyme
addition, the milk was stirred (1min). Coagulation was
monitored using a fibre optic sensor (CoAguLite 4A,
Reflectronics, Inc., Lexington, KY). Reflectance mea-
surements were started simultaneously with enzyme
addition. The actual milk temperature was monitored
every minute. Reflectance profile and its first derivative
were generated for each sample according to Castillo
et al. (2000). Parameters determined were: Tmax; time to
the maximum slope of the reflectance ratio profile, Rmax;
reflectance ratio at Tmax and Rcut; reflectance ratio at
Tcut: Tcut was determined when the edges of cuts into the
curd, using a hand held knife, were clean and smooth
and the gel easily separated from the vat walls.

3. Results and discussion

Milk batches tested had the following composition:
3.35%70.02 protein, 4.83%70.27 fat, 4.66%70.07
lactose. Milk composition is known to affect RCT and
diffuse reflectance (Castillo et al., 2000). Three batches
of milk were used to verify the RCT adjustment and
another five were used in diffuse reflectance tests.
Because batch composition could have an effect on the
results, the batch was added as a co-variable to the
models. The batch was found to be statistically
significant for RCT (Table 1) and for Rcut:

3.1. Effect of CaCl2 added level

The variability due to CCAL was statistically
significant only for Tmax and Tcut: The least-square
means (LSM) of these variables decreased with calcium
addition (Table 2). The time difference between the two
extreme CCAL was significant (Po0:002). Since a pH
adjustment after calcium addition was made, the

Table 1

Analysis of variance and F -statistic for Berridge clotting time (batch as

co-variable)a

Source DF Sum of squares F value

Model 4 37250 17.1b

Batch 1 5532 10.2b

Type of enzyme 1 190 0.348c

Addition of calcium chloride 2 31418 28.8b

Error 47 25622

Corrected total 51 62872

aClotting times were measured after concentration of each type of

enzyme was selected in order to obtain a coagulation time of 470 s at

the added calcium chloride level of 5.06� 10�3molL�1 milk; DF,

degrees of freedom; sum of squares, Type IV; F value, ANOVA F -

statistic.
bSignificant at 99%.
cNot significant at the 0.05 level.
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decrease of Tmax and Tcut with CCAL was due to a
direct effect on aggregation and firming rates. Our
results were consistent with those of other authors
(L !opez, 1993; Famelart et al., 1999). Recently, de Kruif
(1999) studied the effect of CaCl2 addition by viscosity

and dynamic light scattering. The RCT determined by
both methods decreased when the calcium addition
increased by between 0 and 25mm. Some references exist
regarding the effect of CaCl2 addition on Tcut:
Lagoueyte, Lagaude, and Tarodo de la Fuente (1995)
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Fig. 1. Flow diagram of procedure for goats’ milk sample preparation.

Table 2

Effect of calcium chloride addition and type of enzyme on time to the maximum slope of the reflectance ratio profile (Tmax), actual cutting time (Tcut),

reflectance ratio at Tmax (Rmax), reflectance ratio at actual cutting time (Rcut), initial voltage (V0) and b coefficient (Tcut=Tmax) of coagulating goats’

milka

Tmax (min) Tcut (min) Rmax Rcut V0 (V) b

Added calcium chloride (mol L�1 milk)

1.38� 10�3 8.3a 16.4a 1.051a 1.102a 1.989a 1.986a

3.22� 10�3 7.8b 15.4b 1.050a 1.099a 2.004a 1.969a

5.06� 10�3 7.5b 14.8b 1.051a 1.097a 2.005a 1.971a

Type of enzyme

Microbial rennet 8.3c 16.2c 1.049c 1.094c 2.000c 1.951c

Kid rennet 7.4d 14.8d 1.053d 1.104d 1.998c 1.999c

aMeans with same letters are not significantly different (Po0:05). Comparisons are made only within the same column.
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found a decrease in RCT due to the addition of calcium
phosphate, though they found no differences in Tcut:
Erdem (1997) studied the effect of CaCl2 concentration
on clotting time and Tcut; finding a decrease in both with
increasing calcium concentration, especially between 1
and 10mm. Recently, Passos et al. (1999) monitored
coagulation with a thermal sensor at different levels of
added CaCl2 and found that calcium addition reduced
the duration of k-casein hydrolysis and Tcut:

3.2. Effect of milk-clotting enzyme

No significant differences were found between RCT
obtained with both enzymes (Po0:05). Consistently
with this, ANOVA did not attribute any significant
variation in the RCT to enzyme type (Table 1).
However, enzyme type was found to be statistically
significant for the parameters Tmax; Tcut; Rmax and Rcut:
The LSM of Tmax and Tcut were smaller for KR
(Po0:003) (Table 2). Tmax and Tcut for KR were,
respectively, 89% and 92% of the values obtained for
MM. This result was consistent with those obtained by
Ustunol et al. (1991). L !opez (1993) found a higher
degree of non-specific proteolytic activity for microbial
rennets than for different milk-clotting enzymes. In
addition, L !opez, Jord!an, Hell!ın, Castillo, and Laencina
(1997) compared the kinetics of k-casein hydrolysis in
Murciano-Granadina goats’ milk by different milk-
clotting enzymes. They found that the enzymatic rate
constant and the degree of k-casein hydrolysis at RCT
were smaller for MM than for KR. This could explain
why Tmax and Tcut were greater for this enzyme than for
KR. Since the light scattering changes have been
attributed to variation in particle size distribution and
protein crosslinking (Crofcheck, Payne, & Nokes, 1999),
the higher hydrolysis rate and higher degree of specific

hydrolysis at RCT observed in KR could result in faster
aggregation and firming processes, and, consequently, in
faster reflectance increase. In agreement with this, LSM
for Rmax and Rcut were significantly higher for KR,
which could be attributed to a greater extent of protein
crosslinking at Tmax and Tcut (Table 2).

3.3. Cutting time prediction

Tmax; Rmax; actual temperature and CCAL were used
to obtain several regression models for predicting
Tcut: Selection of the best 1-, 2- and 3-variable models
(Table 3) was conducted using the variable selection
procedure of SPSS (1999). The variables were removed
from the model in the following order: Rmax; actual
temperature and CCAL. Only the variable Tmax was
significant in all the models tested. To simplify in-plant
calibration, model IV was developed from model III
containing only Tmax without an intercept. Model IV
was the simplest, having a standard error of prediction
of 0.55min. This model accurately predicts Tcut inde-
pendently of temperature, added CaCl2 or enzyme type.
In addition, only one regression coefficient was needed
to predict Tcut: These results qualitatively agreed with
Castillo et al. (2000).

Acknowledgements

This study was possible thanks to the close collabora-
tion between the Department of Biosystems and
Agricultural Engineering (University of Kentucky) and
the Department of Food Technology (University of
Murcia). We are also very grateful to the S!eneca Project
(PB/19/FS/99) and a Predoctoral Grant from University
of Murcia for their financial support. Thank also to

Table 3

Algorithms for cutting time predictiona

Model number Model Coefficients SEP (min)

I Tcut ¼ b0 þ b1 Tmax
b+b2 Tempþb3 CaCl2 b0 ¼ �20:2 0.548

b1 ¼ 1:57
b2 ¼ 0:737
b3 ¼ �0:0857

II Tcut ¼ b0 þ b1 Tmax
b+b2 CaCl2 b0 ¼ 3:75 0.531

b1 ¼ 1:54
b2 ¼ �0:105

III Tcut ¼ b0 þ b1 Tmax
b b0 ¼ 2:23 0.533

b1 ¼ 1:69

IV Tcut ¼ b0 Tmax
b b0 ¼ 1:97 0.545

aN ¼ 18; SEP: Standard error of prediction.
bProbability that the F -test statistic will exceed its observed value o0.0001.
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Manuel Vivancos Navarro Cheese Plant for providing
pasteurised goats’ milk.
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