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Abstract

This study evaluated the correlation between instrumental and sensory textural measurements
of light processed cheeses. Nine formulations of cheeses with different contents of fat and
moisture were processed. The sensory characterization of cheese texture was performed using
Quantitative Descriptive Analysis. Nine trained judges evaluated the texture attributes
“consistency”, ‘“viscosity”, “adhesivity” and “spreadability” using an unstructured
9-centimeter scale. Rheological evaluations were measured at 10 and 25 °C in a rotational
rheometer, HAAKE MARS, using a serrated parallel plate sensor with a 1 mm gap. “Yield
stress”, “apparent viscosity (1;0)”” and the mechanical spectra of cheeses at a frequency range
from 0.01 Hz to 10 Hz were measured. Instrumental parameters, including “firmness”,
“chewiness”, “gumminess”, “cohesiveness” and “springiness”, were also measured in a
mechanical universal testing machine (Instron). All instrumental measurements, except
“cohesiveness”, correlated with the sensory attributes of texture (|r] > 0.50 and p < 0.10).
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Texture properties are increasingly recognized as important attributes of the quality,
acceptability and consumption of food (Szczesniak, 2002). Sensory descriptive methods can
determine the most desirable consumer characteristics of cheeses and differentiate different
types of cheeses to segment consumers by preference (Murray & Delahunty, 2000; Bleibaum
et al.,, 2002; Meilgaard et al., 2006). Texture characteristics are sensory properties by
definition (ISO 1981), and diverse instrumental techniques for the evaluation of texture are
encountered in the literature.

However, sensory evaluation in the food industry is difficult due to the cost and time required
for training and leading a sensory panel. The use of instrumental methods that correlate with
sensory measures is an interesting alternative because instrumental measurements are usually
cheaper and easier to control (Lassoued et al., 2008).

Many instrumental methods to determine the properties of food texture have been developed
(Bourne, 2002). Texture Profile Analysis has been effectively applied to a range of foods,
including chocolate (Martinez-Cervera et al., 2011), yogurt (Sandoval-Castilla et al., 2004),
dulce de leche (Ares et al., 2006), ice cream (Lim et al., 2008), apples (Perera et al., 2010),
juice (Guillermin et al., 2006), bread (Wang et al., 2007), snacks (Bower & Whitten, 1999),
sausage (Dong, 2009), rice (Prakash et al., 2005), wine (Meullenet et al., 1998) and cheeses
(Lemay et al., 1994; Guinee et al., 2000; Messens et al., 2000; Gonzalez et al., 2001; Irigoyen
et al.,, 2002; Van Hekken et al., 2007). Instrumental measurements of hardness are well
correlated with sensory hardness and springiness, but instrumental techniques do not
accurately profile the entire sensory textural experience. Tamime et al. (1999) evaluated the
sensory and instrumental measurements of the texture of processed cheeses with fat
substitutes and reported that spreadability was positively correlated (p < 0.05) with the
instrumental parameter elasticity and negatively correlated with cohesiveness. A significant
correlation (|r] > 0.50 and p < 0.10) between the sensory and instrumental measurements of
firmness in Manchego cheese has also been observed (Gonzalez-Vinas et al., 2001).

Many complications are associated with the development of imitative tests. Mimicking the
human sensory experience requires the simulation of the physical changes that occur in the
mouth due to salivary interactions and changes in phase and temperature. Mastication is also
a dynamic process, and traditional mechanical tests only measure a ‘single’ event, the forces
and deformations that are associated with the ‘first’, and sometimes ‘second’, bite during
consumption (Brown et al., 2003).

The accurate measurement of the fundamental rheological properties to determine their role
in sensory texture is one alternative approach. Fundamental rheological properties are
theoretically linked to the gel network structure and interactions. Therefore, these properties
provide insight into the molecular basis of texture (Brown et al., 2003). Irigoyen et al. (2002)
verified the correlations between the subjective (sensory) and fundamental (rheological) tests
of the texture of low-fat cheeses using a stepwise procedure that fit the prediction models to
the instrumental sensory measurements.
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The final product composition, including variable concentrations of fat, moisture and casein
in the cheese matrix, primarily affects the cheese texture (Jack & Paterson 1992; Irigoyen et
al., 2002). These constituents greatly influence the sensory and instrumental textural
properties of cheese and affect the sensory and rheological parameters (Pereira et al., 2005).
Fat content is primarily related to cheese texture because of the structural distribution of
protein and fat; proteins form an open matrix that traps fat globules within the cells (Bryant et
al., 1995). The amount of fat distribution within the cells of the matrix protein determines the
deforming ability of the cheese in response to stress; an increase in the fat-to-protein ratio
weakens the protein structure and increases cheese flexibility.

A growing demand for low-fat dairy products exists in the marketplace because of the
potential association between high saturated fatty acid and cholesterol levels with
cardiovascular diseases such as arteriosclerosis (Pearce, 1996). Consumers reject low-fat
cheeses with elevated casein concentrations, which strengthen the protein-protein interactions
and increase the cheese firmness (Sheehan & Guinee, 2004; Floury et al.,, 2009). The
dissolution of the matrix protein by increasing the moisture content of the product enables the
recovery of creaminess and satisfies the consumer demand for low-fat cheese (Olson and
Price, 1961; Zalazar et al., 2002).

The present study evaluated the texture properties of processed cheeses with different levels
of fat and moisture using subjective, imitative, and fundamental methods and correlated
measurements of sensory texture with the mechanical properties.

2. Material and Methods
2.1 Samples

Nine formulations of low-fat processed cheese were utilized. The Central Composite
Rotatable Design (CCRD) was used with two factors (fat and moisture) at two levels (2%), and
four axial points (2x2) and the central point to define the formulations. The central point was
repeated three times to estimate the pure error for a total of 11 trials (2% + 2x2 + 3) (Figure 1).

The processed cheese samples were produced through the direct hot acidification of milk at
70 °C in accordance with previous technology (Alves et al., 2007). Products were composed
of a dairy mass (raw skim milk, lactic acid 85% PA), cream (Funarbe), water, whey protein
concentrate (2.0% - WPC 34% - Gemacom), NaCl (0.80% - Cisne), emulsifying salts (0.70%
- Joha S9) and potassium sorbate (0.020% - Gemacom) and nisin (0.017% - Danisco) as
preservatives. Processing was performed in an open pan with mechanical agitation. The
addition of ingredients to the different formulations was controlled by mass balance, which
varied the total content of fat and water between products. The products were stored under
refrigeration (10 £ 1 °C) prior to instrumental and sensory analyses.
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Figure 1. Disposition of the experimental points in the Central Composite Rotatable Design.

2.2 Chemical Analysis

Chemical analyses (moisture, fat and protein contents) of the experimental cheeses were
performed in duplicate according to Pereira et al. (2001).

2.3 Instrumental Analysis
2.3.1 Texture Profile Analysis

The TPA was performed in a universal testing machine (Instron — Series 3367, United Stated
2005) at 10°C. A double compression cycle test was performed to a 20% compression of the
original portion height (40 mm high and 50 mm diameter) using a 15-mm aluminum cylinder
probe and a 5 s gap between compression cycles. Force-time deformation curves were
obtained using a 1 KN load cell at a crosshead speed of 1.0 mm/s (Gallina et al., 2008).
Firmness (N), chewiness (J), gumminess (N), cohesiveness (dimensionless) and springiness
(mm) were quantified by automatic evaluation of the force (N) x time (s) curves in Blue Hill
2.0 software (Instron, United States, 2005) (Bourne 1978). All measurements were performed
five times, and repetitions of the central point estimated the pure error.

2.3.2 Rheological Analysis

The rheological measurements were performed using a Modular Advanced Rheometer
System (HAAKE MARS, Thermo Electron Corp., Germany) equipped with a water bath
(Phoenix 2C30P, Thermo Electron Corp., Germany) and a serrated parallel plate system, PP
20S DIN (20 mm diameter), with a 1 mm gap size for all formulations. All of the
measurements were performed at 10 and 25 + 0.15°C, and the samples were maintained at
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rest for 5 minutes for temperature stabilization and structural rearrangement. A new sample
was used in each test.

Rotational Tests - The apparent viscosity (1) and yield stress (t,) of all formulations were
determined. Samples were subjected to a constant shear rate of 10 s™ for 5 min to eliminate

thixotropic effects and obtain the apparent viscosity. The yield stress values were obtained
using the tangent crossover method. Steady stress sweep measurements were obtained across
a range of steady stress rates (5 -1800 Pa) at 120 s.

Oscillatory Tests — The viscoelastic properties of processed cheeses were determined. The

linear viscoelastic region was determined using oscillatory stress sweeps between 0.1 to
500.0 Pa at 1.0 Hz. The results indicated that shear stresses of 0.3 Pa, 10.0 Pa and 115.0 Pa
were in the linear viscoelasticity range for formulation groups F2, F5 and F6, F1, F3 and F9,
and F4, F7 and F8, respectively. Frequency sweeps were performed from 0.01 to 10 Hz to
determine the mechanical spectra of the processed cheeses and obtain the elastic (G”) and
viscous (G”) moduli values. The tan 6 (G"”’/G’) was calculated for each point. Temperature
sweeps were also performed from 5°C to 35°C at frequency of 1 Hz to verify the viscoelastic
behavior of the processed cheeses as a function of temperature. The measurement data were
analyzed using the Haake RheoWin Data Manager.

2.4 Sensory Evaluation

A trained panel performed sensorial characterizations of the formulations using Quantitative
Descriptive Analysis (QDA) (Stone et al., 1974; Stone & Sidel, 2004). The sensory panel was
composed of nine trained judges (six females and three males between 20 and 32 years old)
who were selected based on their discrimination ability between samples (p.Fsampre < 0.50),
the repeatability of results (p.Frepemimion > 0.05) and consensus with a panel of judges, as
recommended previously (Damésio & Costell, 1991). Testing was performed in a sensory
laboratory that was equipped with individual booths (ISO 1988). The intensities of the
sensory attributes ‘‘consistency’’, “‘spreadability’’, “viscosity” and “adhesivity” were scored
on 9-centimeter nonstructured line scales from “‘low’” (0) to “‘high’” (9). The sensory
attributes evaluated were: consistency (Force necessary to spread the cheese with a spoon),
spreadability (Ability to spread the cheese on a cracker with a spoon), viscosity (Force
necessary to pull the cheese from the spoon to the mouth) and adhesivity (Force necessary to
remove the cheese which adheres to the palate).

“Consistency” and “spreadability” were evaluated using a plastic spoon (visual evaluation). A
saltine cracker was used to evaluate spreadability of the samples. “Viscosity” and “adhesivity”
were evaluated orally (i.e., oral evaluation). Samples at 10°C were presented to the judges at
room temperature (25°C). A balanced complete block experimental design evaluated the
samples with repetitions of the central point to estimate the pure error. The samples were
served randomly on a separate plastic tray, and each sample was identified with a three-digit
random code. The judges evaluated only one sample per session, and judges rinsed their
mouths with mineral water between sample evaluations.
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2.5 Satigtical Analysis

One-way (samples) analysis of variance (ANOVA) was performed on the instrumental
measurements to evaluate differences between the processed cheese samples. The G’, G” and
tan o values at 4.64 Hz were used to statistically analyze the results. Two factors, samples and
assessors, were considered in the ANOVA for sensory parameters (i.e., complete block
experimental design). The principal component analysis (PCA) with varimax rotation and the
average values of sensory parameters were applied to the correlation matrix.

The correlations between the instrumental and sensory texture measurements were
determined using the PCA and Pearson correlation coefficient (r). Regression analysis was
used to model the relationship between the instrumental and sensory data. The instrumental
parameters of texture (TPA) and rheological parameters at 10°C were correlated with the
sensory attributes that were visually examined at 10°C ("consistency" and "spreadability").
"Viscosity" and "adhesivity" were correlated with the rheological measurements at 25°C.
According to Engelen et al. (2003), 25°C is the mean oral temperature during the
consumption of semisolid foods at 10°C. All analyses were performed using the SAS
statistical program version 9.1 (SAS Institute, Inc., Cary, NC, USA).

3. Results and Discussion

3.1 Chemical Analysis

The fat, moisture and protein contents of light processed cheeses are presented in Table 1.
Different combinations of fat and moisture produced cheese samples with different matrix
protein contents. A reduction in fat and moisture content increased cheese protein (casein)
levels. These results are similar to Soares et al. (2002) and Cunha et al. (2006) for the
centesimal composition of low-fat cheeses.

Table 1. Centesimal composition of the light processed cheese samples

Processed cheeses Moisture (%) Fat (%) Protein (%)
F1 64.90 +0.10 16.50 £ 0.20 14.02 £0.25
F2 69.75+0.10 16.40 £0.10 10.01 +£0.20
F3 69.75+0.10 10.50+0.13 14.35+0.25
F4 65.47 £0.10 11.50 £ 0.32 18.14 £ 0.04
F5 71.02 +0.10 13.00£0.18 12.07 +£0.30
F6 67.20 £ 0.00 18.50 £ 0.53 10.54 £ 0.09
F7 63.50 +0.10 13.10 £ 0.08 18.46 £ 0.25
F8 66.67 +0.05 8.45+0.13 19.40+0.17
F9 67.23 +0.24 13.20+0.18 15.49 +£0.24
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Fat and moisture inversely influenced the percentage of protein in the processed cheese
samples; products with different combinations of fat and moisture (F1, F3 and F9) presented
similar matrix protein levels (approximately 14.6%) due to moisture compensation in the
protein content, which was generated by the fat reduction. Elevated protein content
(approximately 18.7%) was observed when fat reduction did not accompany the increase in
moisture content (F4, F7 and F8). However, the processed cheese samples with greater
percentages of fat also presented elevated moisture content (F2, F5 and F6) and low protein
levels (approximately 10.9%).

3.2 Instrumental Analysis
3.2.1 Texture Profile Analysis (TPA)

ANOVA indicated that different combinations of fat and moisture affected firmness,
gumminess, chewiness, elasticity and cohesiveness (p < 0.10). The averages of each sample
and the relationships to the instrumental measurements are presented in Table 2.

Table 2. Means of the texture properties of the light processed cheeses

Texture Properties

Firmness Gumminess Chewiness Choesiviness Elasticity

(N) (N) J) (dimensionless) (mm)
F1 0.29 0.25 1.18 0.87 4.46
F2 0.02 0.02 0.00 1.20 0.00
F3 0.23 0.08 0.00 0.96 0.00
F4 1.64 1.26 8.78 0.77 6.95
F5 0.04 -0.04 0.00 -1.24 0.00
F6 0.02 0.03 0.00 1.45 0.00
F7 1.93 1.42 10.09 0.74 7.10
F8 2.34 1.58 10.51 0.67 6.66
F9 0.23 0.23 0.92 0.96 4.16
M SE 0.0002 0.0006 0.0112 0.0003 0.0156

MSE: mean square error; N: Newton; J: Joule; mm: millimeter.

The F4, F7 and F8 formulations (high casein matrix) exhibited greater intensities of firmness,
gumminess, chewiness and elasticity, but the F2, F5 and F6 formulations (low casein matrix)
presented lower intensities in these parameters. Processed cheeses F1, F3 and F9
(intermediate casein content) demonstrated intermediate intensities on instrumental
measurements. These results demonstrate the relationship between these constituents with the
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protein matrix. A lower fat and moisture content yields a greater casein content, which favors
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protein-protein interactions and causes a hardening of the curd. The increase in texture
strength properties following a reduction in the fat content of the curd is consistent with
previous studies (Rudan et al., 1999; Sheehan & Guinee, 2004; Cunha et al., 2006; Floury et
al., 2009; Silva et al., 2012). The combination of different fat and moisture levels yielded
products with different texture profiles.

3.2.2 Rheological Measurements

All of the rheological parameters of light processed cheeses, such as yield stress, apparent
viscosity, elastic and viscous moduli, and tan d, were significantly different (p <0.10, F test).

Rotational Tests - The measurements of the rheological properties at two temperatures (10°C
and 25°C) are presented in Table 3. The yield stress (1,) and apparent viscosity (Map)
decreased with increasing temperature. This result is generally observed in cheese
(Rosenberg et al., 1995) because the temperature increase promotes a weakening of
protein-protein interactions and partially liquefies fat (Hennelly et al., 20006).

Table 3. Measurements of the rheological properties at 10°C and 25°C

Temperature 10°C Temperature 25°C

Processed chesses To Nap To Map
(Pa) (Pa.s) (Pa) (Pa.s)
F1 318.50 96.83 158.10 33.89

F2 10.22 5.41 6.20 4.47
F3 171.01 60.68 115.40 23.15
F4 1112.00 137.76 740.60 46.58

F5 14.07 19.85 11.50 9.07

F6 14.61 8.83 7.80 6.83
F7 935.30 137.05 614.90 32.87
F8 1669.00 154.47 878.70 46.58
F9 188.93 105.07 135.67 34.09
M SE 1.1630 82.6987 223.8530 5.5714

MSE: mean square error; T,: yield stress; n,,: apparent viscosity.

Oscillatory Tests - Figure 2 illustrates the predominant viscoelastic behavior of the
formulations in the studied frequency ranges at 10°C (a) and 25°C (b). The formulations with
higher moisture content and the same fat content yielded greater tan 6 values at high
frequencies at 10°C. Fat content also increased the intensity of this rheological parameter.
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The tan & value increased as a function of fat content at the same moisture level; formulations
F8, F9 and F6 exhibited 8.7% and 18.7% fat, respectively. The same behavior was observed
in cheeses F2 and F3 (70% moisture) and formulations F4 and F1 (65% moisture). Therefore,
the higher fat content formulations and higher moisture levels produced higher tan & values
(i.e., these cheeses exhibited fluidity characteristics). All formulations demonstrated the
viscoelastic behavior of a concentrated solution at 25°C because of the crossing of
components (G’ and G™) at a very low frequency, which demonstrated the predominance of
the elasticity component. Viscoelasticity measurements (G’ and G”) increased with
temperature, and the tan 6 value was less than 1 for all formulations, which suggested a
strengthening of the protein matrix.

A temperature scan (5°C to 35°C) was performed at 1 Hz to verify the viscoelastic behavior
of processed cheese. Figure 3 illustrates the curves of the temperature sweeps. The curves of
the temperature sweeps revealed that the G’ (Figure 3a) and G” (Figure 3b) moduli
demonstrated the viscoelastic behavior that is commonly observed in cheeses at 22°C.
However, exceeding this temperature elicited a sudden change in the behavior of the
processed cheeses, and the G’ and G” values increased with increasing temperature. Hennelly
et al. (2006) reported a similar viscoelastic evaluation of imitation cheese supplemented with
inulin; the cheeses with lower inulin content and the control behaved like typical cheese (i.e.,
G’ and G” decreased with increasing temperature). However, the viscoelasticity moduli
demonstrated an abrupt increase at high temperatures in formulations with higher inulin
concentrations, which was caused by the gelling matrix of the cheese. The weak link between
inulin and water leads to development of a gelled structure.
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Figure 2. Predominant viscoelastic behavior of light processed cheeses. (a) Tan 6 at 10°C.
(b) Tan 6 at 25°C.

Ingredients such as starch, guar gum, microcrystalline cellulose (MCC) and whey protein
concentrate (WPC) form gels during temperature increases, which immobilizes large amounts
of water and decreases the mobility of molecules (Cunha, 2007). WPC also forms aggregates
with casein at approximately 25°C, which strengthens the protein matrix via protein-protein
bonding (Cunha, 2007). Therefore, the results in this study may be due to the interaction of
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WPC with the water content, which strengthened protein-water interactions in the casein
matrix with increasing gelation temperatures.
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Figure 3. Viscoelastic behavior of processed cheeses from 5 to 35°C at 1 Hz. (a) Elastic
moduli. (b) Viscous moduli.

3.3 Sensory Analysis. Quantitative Descriptive Analysis

The sensorial panel included nine judges who demonstrated satisfactory discrimination and
repeatability of results (Damasio & Costell, 1991). The sample x judge interaction was

58

www.macrothink.org/jfs



< ISSN 2166-1073
Institute™ 2012, Vol. 1, No. 1

significant for all attributes. Therefore, the principal effect (samples) was recalculated using
the interaction mean square as the denominator. The processed cheese samples differed
among themselves (p < 0.001, F test) for all texture attributes.
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The PCA revealed that the first principal component explained 91.96% of the data variation
(Figure 4), and this component sufficiently discriminated the sensorial attributes of the
formulations. However, only one dimension was considered. The spatial separation of the
nine formulations suggested the formation of three distinct groups: (i) samples F4, F7 and F8;
(i1) formulations F1, F3 and F9; and (iii) formulations F2, F5 and F6. Sensorial attributes are
represented by vectors. Each abscissa and ordinate of a vector is a linear correlation between
a sensorial attribute and the first and second principal component, respectively. All attributes
were correlated (p < 0.10) with the first principal component.
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Figure 4. The relationship of the sensorial descriptors and the light processed cheese samples
to the two principal components.

Formulations F4, F7 and F8 exhibited greater intensities in consistency, viscosity and
adhesivity, which is due to the relationship between the fat and moisture content of the
processed cheese and the protein content. The formulations with lower levels of fat and
moisture exhibited a high casein content. These formulations caused a hardening of the
matrix proteins due to the elevated number of protein-protein interactions, which increased
the intensity of these texture attributes (Fox & Guinee, 2000). Formulations F2, F5 and F6
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were characterized by spreadability, which exhibits an inverse relationship with consistency
and viscosity. The more viscous samples exhibit an inferior spreadability on a cracker
(Garruti et al., 2003). The formulations with greater casein percentages (F4, F7 and F8, i.e.,
lower fat and moisture content) exhibited the opposite behavior. Formulations F1, F3 and F9
were located in the central region of the graph, which indicated an intermediate intensity of
these attributes. A reduction in fat and a gradual increase in moisture content produce
sensorial similar cheeses (Verma & Gupta, 1981).

3.4 Correlation: Sensory and Instrumental

Visual Texture - Figure 5 presents the Principal Component Analysis of the rheological
measurements at 10°C and the sensory texture attributes that were evaluated visually (e.g.,
consistency and spreadability). Only one dimension was considered because the first
component explained 99.7% of the data variance. Consistency, apparent viscosity, initial
stress, G’, G”, gumminess, firmness, elasticity and chewiness were positively correlated (p <
0.10) with the first principal component, which indicated that these attributes exhibit the
same linear trend. These results also suggest a direct correlation between these attributes
because they are positively correlated with the same main component, which has been
suggested by Bleibaum et al. (2002), Salvador et al. (2009) and Silva et al. (2012). The
sensory attribute spreadability and instrumental measures were inversely correlated (p < 0.10)
with the first principal component. The Pearson correlation coefficient confirmed the
correlations that were suggested by the PCA, and significant correlations (|r] > 0.50 and p <
0.05) were observed for all of the comparisons mentioned above. A positive correlation (p <
0.01) between the viscoelasticity (G’ and G’’) and consistency of cheese textures has been
previously observed (Pereira et al., 2005).
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Figure 5. Correlations of sensory and instrumental properties of texture measurements at
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10°C.
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Oral Texture — Figure 6 presents the Principal Component Analysis (PCA) of the rheological
measurements at 25°C and the orally evaluated sensory texture attributes (viscosity and
adhesiveness). Only one dimension was considered because the first component explained
99.9% of the variance. Viscosity and adhesiveness were positively correlated (p < 0.10) with
the first principal component, and therefore, these attributes can be directly associated with
initial tension, viscosity, G’ and G”. The Pearson correlation analysis confirmed the
correlations between the sensory and instrumental measurements at 25°C. The correlation
between oral viscosity and apparent viscosity at 10 s™ confirmed the proposal of Shama and
Sherman (1973), which suggested that the value of apparent viscosity at a strain rate of 10 s™
is a sensory consistency index of semisolid products.
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Figure 6. Correlations of sensory and instrumental properties of texture measurements at
25°C.

Firmness or consistency is the best predictor of sensorial attributes using an evaluation of the
cheese surface instrumentally or in the mouth (Drake et al., 1999). Consistency exhibited the
highest correlation (r = 0.9467) with instrumental measurements in this study, which was
predicted by the apparent viscosity at a strain rate of 10 s™.
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The instrumental parameter apparent viscosity (n,,) exhibited a stronger correlation with
sensory consistency (r = 0.9467), sensory viscosity (r = 0.9318) and sensory adhesiveness (r
= 0.9331) than the other instrumental measurements. The instrumental measurement
elasticity was also a better predictor of sensory spreadability (r = -0.9450) than the other
mechanical parameters. Therefore, regression models established a prediction model of
sensory attributes from these instrumental texture measurements in processed cheeses (Table
4).

Sensory evaluations from a properly trained panel can correlate with instrumental
measurements and provide practical information for the food industry. The mechanical
properties can predict the consistency, viscosity, sensory spreadability and adhesiveness of
the cheeses, which is advantageous for the industry due to the rapid acquisition of
instrumental measurements.

Instrumental measurements present an interesting alternative to sensory evaluation, but
sensory evaluation is not dispensable. Sensory evaluation must calibrate and measure the
correlations between human perception and instrumental detection (Wilkinson & Yuksel,
1997). Therefore, the mechanical properties of light processed cheeses can be used routinely,
but these processes are not permanent substitutes for sensory evaluation.

Table 4. Prediction model of sensory attributes from instrumental measurements of texture in
the processed cheese

Attribute Model R’ MSE
Intercept 1.4037

Consistency 0.9279 0.5739
Slope 0.0432
Intercept 1.1069

Viscosity 0.9342 0.5633
Slope 0.0450
Intercept 0.6741

Adhesivity 0.9609 0.3823
Slope 0.0487
Intercept 7.0109

Spreadability 0.9097 0.8513
Slope -0.8426

R?: coefficient of determination; MSE: mean square error.

4. Conclusions

Low-fat cheeses that are formulated with little water yield an excessively rigid protein matrix
and elevated rheological parameters. These properties may present difficulties in product
flow in industrial pipes and low sensory acceptance due to the extremely rigid texture.
Therefore, fat reduction in processed cheeses should be coupled to a concomitant increase in
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water content during processing to dilute the matrix protein. The resulting product may
exhibit satisfactory sensory and mechanical parameters.

However, the sensory evaluations of a properly trained panel provide measurements that
correlate with instrumental measurements. The correlations between instrumental and sensory
measurements provide practical information for the food industry because the sensory
texture attributes of processed cheeses can be more quickly and economically predicted from
the rheological parameters (7o, Nap, tan 8) or textural properties.
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