
Applied Engineering in Agriculture

Vol. 21(3): 465−471 � 2005 American Society of Agricultural Engineers ISSN 0883−8542 465

 

OPTICAL MONITORING OF MILK COAGULATION AND INLINE

CUTTING TIME PREDICTION IN MURCIAN AL VINO CHEESE

M. Castillo,  R. González,  F. A. Payne,  J. Laencina,  M. B. López

ABSTRACT. A fiber optic sensor measuring light backscatter (880 nm) was installed in an industrial manufacturing vat for
Murcian al Vino cheese to monitor milk coagulation and predict cutting time. The coagulation of 20 manufacturing batches
was analysed. Light backscatter profile responded consistently to typical coagulation rate changes normally encountered
during processing. The light backscatter parameter, t2min, was used with the equation tcut = �0  t2min  (1 + � [protein], %) to
predict cutting time with an R2 of 0.8 and standard prediction error of 1.1 min. The constant � corrects the cutting time
prediction for the effect of protein concentration. The regression coefficient �0 is the only parameter needed in plant
calibration.

Keywords.  Monitoring, Coagulation, Curd, Cheese, Cutting time, Fiber optic, Light backscatter.

n cheese manufacture, the choice of the correct moment
to cut the curd is one of the most carefully supervised
operations for the cheesemaker. Cutting the curd after
a pre-established period is questionable if there is varia-

tion in the composition of the raw material or in manufactur-
ing conditions (Gunasekaran and Ay, 1996). The evaluation
of curd by visual and tactile observation can be more or less
acceptable,  depending on the experience of the cheesemaker
(Hori, 1985). According to Mayes and Sutherland (1984), in
standardised manufacturing conditions, delaying the cutting
improves the yield. However, in normal manufacturing con-
ditions this practice produces a higher moisture content curd
of lower quality. A simple, sanitary, inline, and non-destruc-
tive technology is needed by the cheese industry for monitor-
ing coagulation and predicting cutting time to increase yield,
quality and homogeneity of the final product.

In a recent paper, Lucey (2002) described the different
coagulation monitoring systems, while Castillo (2001) and
O’Callaghan et al. (2002) reviewed cutting time prediction
methods. Among the different methods proposed, near
infrared light backscatter (LB) has generated great interest.
Payne et al. (1993) proposed the use of the inflection point of
the LB profile to predict the parameter K20  (Formagraph) and
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stated that a protein term is needed for cutting time prediction
if protein content varies. This finding allowed the develop-
ment of a sensor employing optical fibers (CoAguLite,
Reflectronics Inc., Lexington, Ky.) that monitors cow milk
coagulation and predicts cutting time. Castillo (2001)
adapted this sensor for use in the manufacture of goat cheese.
Castillo et al. (2003) proposed an algorithm that contains a
protein term and one coefficient, β0, which improved the
prediction of cutting time when protein concentration varied
between 3% and 7%.

The application of cutting time prediction technology to
the manufacture of Murcian al Vino goat cheese (MAV) is of
special interest for Spain following the recent creation of its
Denomination of Origin, the initiation of exports of this
cheese from Spain to other countries, such as the United
States, Germany, and Italy, and the growing importance of
the Murciana goat breed.

The objectives of this study were to: a) apply a near
infrared LB sensor under processing conditions normally
encountered in MAV cheese manufacturing; b) analyse the
effect of main coagulation factors affecting LB parameters;
c) determine if cutting time can be predicted using LB
parameters.

MATERIALS AND METHODS
The coagulation of goat milk for manufacture of MAV

cheese was monitored during August and September 2000
using a LB sensor installed inline in an industrial cheese vat
(Lácteos Montesinos, S.L., Jumilla, Murcia, Spain). Coagu-
lation of 20 batches was monitored. The flow diagram in
figure 1 shows the procedure followed in the manufacture of
the cheese, the monitoring of coagulation, and sample taking.

MILK CHARACTERISTICS

The milk from goat farms in the Region of Murcia (Spain)
was transported in isothermal tankers to the manufacturing
plant, where it was refrigerated until processed (fig. 1). On
the day of manufacture, a previously measured quantity of
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Figure 1. Flow diagram of the process used to monitor coagulation and predict cutting time in the manufacture of Mucian al Vino cheese.

milk was pasteurised and poured into the cheese vat. Milk
temperature was measured using a digital thermometer
(3206, Digitron Instrumentation Limited, Mead Lane, Hert-
fordshire, U.K., precision ± 0.3°C). Milk pH was measured
using a glass electrode (52-03, Crison Instruments S.A.,
Alella, Barcelona, Spain) connected to a pH-meter (micropH
2001, Crison Instruments S.A., Alella, Barcelona, Spain).
The pH meter had a sensitivity of ± 0.01 pH units and was
calibrated every testing day using a two-point calibration
method (Buffer salt 7.02, and Buffer salt 4.00: Crison
Instruments S.A., Alella, Barcelona, Spain). Milk coagula-
tion temperature and initial milk pH data are shown in
table 1.

Before the starter culture and the enzyme were added, two
milk samples were taken aseptically from the vat to
determine the fat and protein concentration. For this, a
MilkoScan S-50 machine (Foss Electric, Barcelona, Spain)
was used, with measuring precision of 1.5% for fat and 1.0%
for protein, and with repeatability of 0.5% for both fat and
protein. The average composition data of the Murciana goat
milk used in the manufacture and the corresponding standard
deviations are summarized in table 1.

PRE-ACIDIFICATION AND COAGULATION OF THE MILK
An amount of 182 mg of anhydrous CaCl2 per L of milk

was added using a commercial calcium chloride solution
(Betelgeux S.A. Gandía, Valencia, 48.8% w/w). The milk
was stirred for at least 10 min before adding the starter
culture, which was a mixture of the commercial cultures
STA-IDC 12 (Streptococcus thermophilus) and DOM 3
(Lactococcus lactis spp. lactis and L. lactis spp. cremoris)
supplied by the Centro Sperimentale del Latte S.p.a. (Italy).
The STA-IDC 12 culture was added at a dose of 4.9 mg L−1

of milk, while DOM 3 was applied at a dose of 2.5 mg L−1.
The cultures were added directly to the milk, which was
stirred for 20 to 30 min. At this point, coagulation of the milk
was induced by the addition of powdered calf rennet (80%
chymosin, 1400 IMCU g−1; Chr. Hansen S.A, Madrid, Spain)
at a concentration of 0.30 g L−1, previously dissolved in
distilled water.

MILK COAGULATION MONITORED BY 
LIGHT BACKSCATTER SENSOR

The near infrared LB sensor used for monitoring the
coagulation (CoAguLite, Model 4, Reflectronics, Inc.,
Lexington, Ky.) consisted of two of 600 micrometers
diameter fibres. One fiber transmitted infrared radiation
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Table 1. Process data collected at Lacteos Montesinos cheese plant during Murcian al Vino cheese manufacture.[a]

Test
ID

M
(kg)

MF
(%)

MP
(%)

CT
(�C)

pH C
(kg)

Y[b]

(%)
CF[c]

(%)
CP[c]

(%)
CM
(%)

FRP[d]

(%)
PRP[e]

(%)
1 − 4.9 3.6 − − − − − − − − −
2 2556 4.8 3.4 33.8 6.50 362 14.2 55.1 35.6 43.3 92.6 83.2
3 2483 4.7 3.4 31.7 6.52 309 12.5 69.7 41.0 55.8 81.2 66.9
4 2256 4.7 3.7 32.0 6.52 323 14.3 54.4 34.8 45.8 89.2 73.2
5 2219 4.9 3.5 32.7 6.53 − − 54.3 36.0 44.4 − −
6 1492 4.5 3.5 32.8 6.53 198 13.3 61.9 41.3 53.6 85.8 71.9
7 1598 4.7 3.6 33.7 6.62 209 13.1 63.3 43.4 54.4 79.5 72.4
8 4090 5.0 3.7 33.4 6.63 556 13.6 45.4 36.0 43.5 69.8 75.3
9 2978 4.8 3.7 33.7 6.58 463 15.5 57.0 37.5 51.7 89.6 76.3

10 2000 4.8 3.5 32.2 6.58 264 13.2 61.7 36.0 41.5 99.7 79.9
11 1655 5.3 3.7 33.7 6.51 214 12.9 72.2 49.5 57.4 74.9 74.2
12 2300 4.9 3.7 33.5 6.59 293 12.7 78.1 52.7 58.5 84.7 74.8
13 1889 5.0 3.6 34.3 6.54 263 13.9 64.0 38.6 46.5 96.0 79.4
14 3000 5.1 3.8 33.7 6.59 430 14.3 75.7 − 54.3 98.1 −
15 2073 5.0 3.7 33.2 6.43 274 13.2 53.2 36.9 43.4 80.3 74.0
16 3702 5.1 3.9 34.0 6.45 519 14.0 53.1 37.4 43.7 81.9 74.9
17 2200 5.1 3.9 34.0 6.52 305 13.9 59.8 42.4 53.4 76.1 70.0
18 2811 5.2 3.9 33.0 6.45 383 13.6 53.7 37.7 44.1 78.3 74.6
19 2100 5.3 4.0 33.4 6.48 295 14.0 52.9 36.7 42.6 80.7 73.4
20 3050 5.3 4.0 34.1 6.44 411 13.5 − − − − −

Avg. 2445 4.9 3.7 33.3 6.53 337 13.7 60.3 39.6 48.8 84.6 74.6
SD 690 0.2 0.2 0.7 0.06 104 0.7 8.9 5.0 5.9 8.5 3.9

[a] M, milk; MF, milk fat; MP, milk protein; CT, coagulation temperature; C, cheese; Y, yield; CF, cheese fat; CP, cheese protein; CM, cheese 
moisture; FRP, fat retained in processing; PRP, protein retained in processing; SD, standard deviation; −, data not available.

[b] Y = (cheese, kg / milk, kg) × 100.
[c] Dry basis.
[d] FRP = cheese, kg × (1− cheese moisture, % / 100) × CF, % / fat in milk; Fat in milk = milk, kg × milk fat, % / 100.
[e] PRP = cheese, kg × (1− cheese moisture, % / 100) × CP, % / protein in milk; Protein in milk = milk, kg × milk protein, % / 100.

(880 nm) into the milk sample. The other fiber transmitted
reflected radiation from the particles present in the milk to a
silicon photo-detector. Figure 2 shows the main components
of the monitoring and data compilation system. The sensor
was removable from the vat for cleaning purposes. Further
details on LB sensor and data acquisition system were
presented by Castillo et al. (2000).

The data acquisition system was activated (t = 0)
simultaneously with enzyme addition by means of a switch
fitted next to the vat (fig. 2). The real-time calculation of the
LB ratio (R), the first derivative of R (R’ = dR/dt), and the
second derivative of R (R’’ = dR’/dt) were calculated as
described by Castillo et al. (2003). The parameters obtained
from the LB profile were: tmax, the time between the addition
of the enzyme and the maximum value of R’ (min); t2max, the
time between the addition of the enzyme and the maximum
value of R’’ (min); t2min, the time between the addition of the
enzyme and the minimum value of R’’ (min); R’max, the
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OPERATOR
SWITCH

CHEESE VAT

ON
OF

SENSOR PLASTIC
CONE

Figure 2. Schematic of fiber-optic sensor technology and data acquisition
system installed at Lacteos Montesinos cheese plant for monitoring coag-
ulation of Murcian al Vino cheese.

maximum value of R’ (min−1 ); Rmax, the R value at time t max
(dimensionless); and Rcut, the R value at the time of cutting
established by the cheesemaker (dimensionless).

DETERMINATION OF CUTTING TIME
Cutting time was subjectively selected by the cheesemak-

er. A stainless steel spatula was introduced into the curd at an
angle and levered upwards. Cutting time was reached when
it was observed that the sides of the cut were smooth and the
whey expelled and collected inside the cut was yellow and
transparent, with few fines. At this point the cheesemaker
pressed a switch (fig. 2) to halt data acquisition and register
cutting time, tcut.

CHEESE ANALYSIS

Once data acquisition was halted, the gel was cut for 1
min. After syneresis, pressing and salting (fig. 1), the weight
of cheese obtained was measured and samples of the fresh
cheese (300 g) were taken for chemical analysis. The cheese
samples were taken to the laboratory in a portable refrigera-
tor. Chemical analysis of the cheese was carried out in
triplicate.  Protein content was determined using the Kjeldhal
method (IDF, 20B, 1993), fat content by the Gerber method
(IDF, 152A, 1997), and dry extract content by the IDF 4A
method (1982).

STATISTICAL ANALYSIS
Regression analysis of the data collected was performed

using the Statistical Analysis System package (SAS, version
8.00, 1999, SAS Institute Inc., Cary, N.C.). The best models
for cutting time prediction with one, two, or three parameters
were obtained using the “Maximum R2” procedure, includ-
ing the independent variables (pH, temperature and fat and
protein levels) in the analysis, as well as all parameters
derived from the LB profile. Complementary regression
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analysis for obtaining and selecting simpler and more
effective models for cutting time prediction was performed
using the “GLM” (linear regression) and “NLIN” (non-linear
regression) procedures. Pearson correlation coefficients were
calculated using the “CORR” procedure.

RESULTS AND DISCUSSION
COAGULATION CONDITIONS AND MURCIAN AL VINO 
CHEESE PRODUCTION DATA

Process data are summarized in table 1 for the 20 MAV
manufacturing batches studied. It is observed that the
coagulation temperatures and initial milk pHs on the
different days of manufacture all fell within a relatively
narrow range. The coefficient of variation (CV) for coagula-
tion temperature and initial pH were 2.1% and 0.9%,
respectively, while the maximum variation registered for
those factors were 2.6°C and 0.2 pH units.

Table 1 shows production data and the equations used to
calculate the production parameters. The average mass of
milk processed was 2445 ± 690 kg and the average fat and
protein content (w/w) was 4.9% ± 0.2% and 3.7% ± 0.2%,
respectively. The percentages of fat and protein retained in
processing (FRP and PRP, respectively) were calculated as
the amount of fat or protein in the cheese compared to the
amount initially present in the milk. The average FRP and
PRP figures (table 1) suggested that in the manufacturing
conditions used here, fat is captured in the curd more
efficiently than protein, perhaps reflecting a poor proportion
of casein in the milk. The cheese yield was calculated as the
percentage of cheese compared to the quantity of milk
coagulated,  and on average, this yield was 13.7% ± 0.7%. A
high variability in both moisture content (CM) and the
percentages of fat and protein retained during the manufac-
turing process (CV 12.1%, 10.0%, and 5.2%, respectively) is
seen in table 1. This variability was attributed to the
subjective visual cutting time selection method. This sug-
gests that the use of an objective cutting time prediction
system might improve the homogeneity of the final product.

OPTICAL MONITORING OF MILK COAGULATION IN
MURCIAN AL VINO CHEESE-TYPE GELS

Figure 3 shows the typical LB profile obtained during
coagulation in the manufacture of MAV. After the enzyme
was added, a slight initial drop in R was observed, followed
by a sigmoidal increase. R typically increased �15% during
the coagulation process which had an average duration of
28 min. Payne et al. (1998) reported light backscatter
increases of 92% for cottage cheese and 30% to 50% for
enzymatic coagulation of cow milk. Castillo et al. (2000)
found increases of between 15% and 21% for enzymatic
coagulation of goat milk.

Table 2 summarizes the LB parameters obtained. The time
elapsed between the addition of the enzyme and the inflection
point of the LB curve, tmax, was measured to be 10.0 ± 0.8 min
and the average cutting time, tcut, was 28.1 ± 2.5 min. In
general, the ratio tcut /tmax, which expressed the relationship
between the primary and secondary phases of coagulation,
was 2.8 ± 0.1. The average maximum slope of the LB ratio,
R’max , was 0.018 ± 0.002 min−1.

Table 3 shows the Pearson correlation coefficients
observed among the various dependent (tmax, t2max, t2min, tcut,
R’max, Rmax, and Rcut) and independent (temperature, pH,
and fat and protein concentrations) variables. Although the
temperature changes during manufacture fell within a narrow
range (table 1), it can be observed that the effect of
temperature on the variability of the LB parameters was the
most significant coagulation factor (table 3). R’max, was
positively correlated to temperature (r = 0.77; P < 0.0001),
while the time parameters tmax, t2max, t2min, and tcut were
negatively correlated to temperature (-0.658 < r < -0.635; P <
0.003), indicating an increase in the coagulation rate with
increasing temperature. As expected, increased coagulation
rate, i.e. increased R’max, had a negative correlation to tmax,
t2max, t2min, and tcut (-0.748 < r < -0.614; P < 0.004). These
results agreed with the data reported for the coagulation of
cow milk (Ustunol et al., 1993) and goat milk (Castillo, 2001)
using LB. The decrease in the time parameters, tmax and tcut,
and the increase in R’max with increasing temperature have
been attributed to the combined effect of the temperature on
the hydrolysis phase and especially on the aggregation phase
of milk coagulation (Castillo, 2001). Regarding the Rmax and
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Figure 3. Typical light backscatter profile and derived parameters obtained in the manufacture of Murcian al Vino cheese. R, light backscatter profile;
R’, first derivative of R; R’’, second derivative of R.
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Table 2. Summary of light backscatter parameters collected at Lacteos Montesinos cheese 
plant during Murcian al Vino cheese manufacture, and cutting time values.[a]

Test
ID

tmax
(min)

tcut
(min)

t2max
(min)

t2min
(min)

tcut/tmax
(dimensionless)

Rmax
(dimensionless)

R’max
(min−1)

Rcut
(dimensionless)

1 10.3 29.1 8.2 12.4 2.8 0.995 0.013 −
2 10.0 30.9 8.2 11.5 3.1 1.023 0.016 1.162
3 10.2 30.9 8.3 11.9 3.0 1.025 0.015 1.127
4 11.7 32.2 9.8 13.3 2.8 1.031 0.014 1.138
5 9.35 28.0 7.6 11.1 3.0 1.031 0.017 1.134
6 10.6 30.4 8.6 12.4 2.9 1.034 0.018 1.153
7 9.9 28.9 7.9 11.7 2.9 1.037 0.019 1.158
8 10.2 29.8 8.3 11.8 2.9 1.030 0.016 1.141
9 9.6 28.3 7.6 11.3 2.9 1.040 0.019 1.161

10 11.4 30.0 9.4 13.1 2.6 1.041 0.017 1.152
11 9.3 26.2 7.4 10.9 2.8 1.041 0.019 1.150
12 10.2 27.7 8.2 11.8 2.7 1.042 0.020 1.160
13 8.0 22.4 6.3 9.6 2.8 1.048 0.023 1.168
14 9.6 25.8 7.6 11.1 2.7 1.039 0.018 1.193
15 9.7 27.0 7.8 11.4 2.8 1.036 0.018 1.149
16 9.2 25.5 7.4 10.8 2.8 1.038 0.019 1.159
17 10.6 28.8 8.6 12.4 2.7 1.039 0.019 1.161
18 10.5 29.1 8.7 12.3 2.8 1.031 0.018 1.142
19 9.3 24.2 7.4 11.0 2.6 1.041 0.020 1.146
20 9.8 25.9 7.9 11.6 2.6 1.041 0.022 1.162

Average 10.0 28.1 8.1 11.7 2.8 1.034 0.018 1.154
SD 0.8 2.5 0.8 0.9 0.1 0.011 0.002 0.015

[a] Light backscatter parameters are defined in materials and methods section; −, data not available.

Rcut parameters, temperature was the sole independent
variable having a significant effect (table 3). Similarly,
Castillo (2001) found that both Rmax and Rcut increased
significantly with temperature in goat milk.

A strong positive correlation (0.826 < r < 0.846; P <
0.0001) was observed between the three main time parame-
ters (tmax, t2max, t2min) and tcut, and a strong negative
correlation was observed between R’max and tcut  (-0.748; P <
0.0001). These strong correlations resulted in their inclusion
in prediction algorithms for tcut, as proposed by Payne et al.
(1993) in cow milk and Castillo (2001) in goat milk. A weak
correlation was observed between Rmax and Rcut (r = 0.528:
P < 0.02). Rmax was found by Castillo et al. (2003) to be
sensitive to factors such as the chemical composition of the
milk and temperature, and not useful for predicting cutting
time.

CUTTING TIME PREDICTION EQUATIONS IN 
MURCIAN AL VINO CHEESE

The best single-, two-, and three-variable models for
predicting the cutting time selected by the cheesemaker were
determined using the SAS Maximum R2 procedure. The
variables taken into account in this selection were the LB

variables, tmax, t2max, t2min, R’max, and Rmax, and the
independent variables, temperature, pH, fat concentration
and protein concentration. As shown in table 4, the best
single-variable  model (model I) contained the LB variable
t2max and an intercept. Model I predicted tcut with a standard
prediction error (SEP) of 1.39 min and explained 72% of the
variability observed in tcut. Model II showed that the second
best predictive parameter of tcut was protein concentration.
The inclusion of protein concentration increased the deter-
mination coefficient, R2 to 0.86 (model II) and reduced the
SEP to 1.00 min. Van Hooydonk and van den Berg (1988)
considered that the precision of tcut prediction should be
�1 min. Model II met this criterion, but needed three
regression coefficients. Model III showed that the third best
predictive parameter was R’max. But once R’max was
included in the prediction equation, the substitution in model
III of the time parameter t2max by the time parameter t2min
(both strongly correlated; table 3) allowed a slight improve-
ment of both R2 and SEP (model IV). The usefulness of R’max
as a predictive parameter was logical since it measures the
maximum rate of increase in R against time. Models III and
IV required the previous estimation of four determination
coefficients, which, on an industrial scale, is not practical,
and in exchange, gives only a slight reduction in the SEP,

Table 3. Linear relationship between independent and dependent variables during the processing of Murcian al Vino Cheese.[a]

Temperature pH Fat Protein tmax t2max t2min tcut R’max Rmax

tmax -0.641** 0.136ns -0.403ns -0.177ns − − − − − −
t2max -0.658** 0.088ns -0.386ns -0.182 ns 0.994*** − − − − −
t2min -0.635** 0.107 ns -0.397 ns -0.166 ns 0.988*** 0.974*** − − − −
tcut -0.658** 0.230ns -0.631** -0.531* 0.841*** 0.846*** 0.826*** − − −
R’max 0.770*** -0.147ns 0.449* 0.497* -0.614** -0.614** -0.617** -0.748*** − −
Rmax 0.526* 0.088ns 0.278ns 0.371ns -0.310ns -0.291ns -0.383ns -0.497* 0.803*** −
Rcut 0.684** 0.189ns 0.135ns 0.291ns -0.313ns -0.355ns -0.338ns -0.457* 0.518* 0.528*

[a] N = 20; ***P < 0.001, **P < 0.01, *P < 0.05, nsnot significant; Dependent variables explained in the text.
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Table 4. Algorithms for cutting time prediction in Murcian al Vino cheese manufacturing using the fiber−optic milk coagulation sensor system.[a]

Identification Model β0 β1 β2 β3 γ R2 SEP (min)

I*** tcut = β0 + β1 t2max 6.05 2.73 − − − 0.717 1.389
II*** tcut = β0 + β1 t2max + β2 [Prot, %] 27.00 2.50 -5.19 − − 0.861 1.002
III*** tcut = β0 + β1 t2max + β2 [Prot, %] + β3 R’max 30.80 2.08 -4.05 -252.12 − 0.880 0.964
IV*** tcut = β0 + β1 t2min + β2 [Prot, %] + β3 R’max 27.73 1.80 -3.93 -339.25 0.892 0.913
V*** tcut = β0 t2min (1 + γ [Prot, %]) 4.04 − − − -0.109 0.831 1.048
VI*** tcut = β0 t2min (1 + γ [Prot, %]) 3.19 − − − -0.067 0.791 1.134
[a] N = 20. β0, β1, β2, β3, γ, regression coefficients. R2, determination coefficient (corrected for the means). SEP, standard error of prediction. 

*** P < 0.0001. Prot, protein.

which decreased from 1.00 min (model II) to 0.96 min (model
III) or 0.91 min (model IV).

Models II, III, and IV presented SEP of � 1 min, but they
all need experimental determination of many regression
coefficients. A practical prediction model for industrial
application would contain only one parameter. A one−param-
eter model could be adjusted in the plant for calibrating the
predicted cutting time with the operator observed cutting
time by adjusting the one variable. Castillo et al. (2003)
found that the algorithm tcut = β0 t2min (1 + γ [protein])
adequately predicted tcut for a wide range of protein
concentrations (3% to 7%), where γ was considered constant
(in goat milk γ = -0.067). This model contained a LB
parameter, t2min, and a protein term that corrected the
gradient β0 depending on protein content by using the
constant �. Thus, theoretically, only the gradient β0 would be
required in plant calibration. These authors claimed the
proposed prediction algorithm is based on the fact that
gradient β0  decreases significantly as protein concentration
increases. It was expected that the effect of protein concentra-
tion on this gradient is constant if estimated within a wide
range of protein concentrations. In order to find a tcut
prediction model with just one regression coefficient to be
determined in the plant, model V (Castillo et al., 2003) was
obtained by non-linear regression. Model V presented very
similar R2 and SEP values (0.83 and 1.05 min, respectively)
to models II, III, and IV, but uses fewer regression
coefficients. Using the SEP of model I as a reference value,
model V reduced the SEP by a �25%. The value of γ
observed (-0.109) was slightly smaller than the γ value of
-0.067 published by Castillo et al. (2003). To evaluate the
importance of selecting a certain γ value on the tcut
prediction, a new β0 value was estimated by non-linear
regression using model V and assuming the � value of -0.067
reported by Castillo et al. (2003) (model VI). Model VI had
R2 and SEP values of 0.79 and 1.13 min, respectively. In other
words, the assumption of a constant value for � (-0.067) with
practical prediction purposes would allow to reduce the
model I SEP by 18% instead of by the 25% observed with
model V. This means a 7% of reduction less if γ was
considered constant and not calibrated in plant. Figure 4
compares the performance of prediction model V and VI to
predict tcut. Note that for model V an estimation of both �0
and γ was made, while for model VI only β0  was estimated.
The small difference observed between the value of γ
estimated and its value reported by Castillo et al (2003) was
attributed to the small protein concentration variation (CV =
5.4%) encountered (table 1) as compare with the wide range
of protein concentrations (CV = 34%) used by Castillo et al.
(2003). These authors reported a strongly significant effect of
protein concentration on t cut (P < 0.0001) working under lab

conditions. Thus, the short range of protein concentration
encountered during MAV cheese processing might be the
reason for the small significance (P < 0.05) of the correlation
between tcut and protein concentration observed in the
present work. For that reason we consider that estimate of
-0.067 for γ made by Castillo et al. (2003) to be more accurate
for goat milk.

Finally, our results validated the cutting time prediction
algorithm proposed by Castillo et al. (2003). By using a
constant value of γ = -0.067, this equation only required in
plant calibration of the gradient β0. It predicted t cut with an
R2 of 0.79 and a SEP of 1.13 min. In plant calibration of
model V parameters, β0  and γ, will yield slightly better
predictive equations. Even though in plant calibration of just
β0  will slightly increase the SEP, a model assuming a
constant value of � (model VI) will suffice for prediction
purposes (fig. 4).

CONCLUSIONS
The equation tcut = β0 t2min (1 + � [protein], %), which

included the LB parameter t2min and the protein concentra-
tion, allowed the subjective cutting time established by the
cheesemaker to be predicted with R2 of 0.8 and SEP of
1.1 min in the manufacture of Murcian al Vino cheese. The
� constant represented the effect of protein concentration on
the β0  regression coefficient. The use of the optical sensor in
the manufacturing process of this type of cheese would
optimise the gel-cutting operation, helping to achieve better
homogeneity in the end product.
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Figure 4. Plot of predicted vs. actual cutting time values. � Prediction us-
ing model V; � Prediction usingmodel VI.
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