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ABSTRACT

Motivated by the lack of studies that standardize and optimize the parameters of texture tests, this study aimed to
determine the operating conditions T&A to maximize the discrimination among samples of fruit presefiegexture
of the commercial guava preserves was evaluated using a texturorheté&esign Central Composite Rotational
(DCCR) method was applied with four independent variables: speed test, sample volume, time between compression
cycles and compression percentage. Only the compression percentage and test speed were significantly influenced by
the texture parameters evaluat€e optimum operating region PA to better discriminate d#rences in texture
parameters depended on the variable to be optimized, and for adhesiveness a compression of 75% and a compression
speed of 0.23 mm-s are recommendeddetect difierences among the samples for the parameters of cohesiveness,
gumminess and resilience, the use of 15% compression and 2.59 mm-s speed is suggested. In both cases, one must
employ the shortest time between two cycles and use a smaller sample size to save both the time of analysis and of the
sample, respectivelfror the parameters of hardness, elasticity and chewiness, optimal regions were not identified.

Keywords. design central composite rotational; food quality; testing machines.

INTRODUCTION An instrumental texture evaluation is performed by
The textural quality of food can tEssessed by ins- quantitative techniques that are capable of simulating the

trumental or sensory analysis (Chen & Opara, 2013), aﬂﬁeclha;(')%aé rr;\ovemen;[]s O,f biting or chlewmhg (Barran%ou
several factors, such as amount of sughrand acidity et al, )-Among the instrumental techniques, the

. . xture profile analysis is widel for generatin
(Souzeet al.,2014), may explain the variable texture oge tl.J e profile analysis is widely use.d or generating
) . .m11It|pIe parameters that correlate well with sensory textural
fruits, Furthermore, aspects such as moisture and chemica : .
roperties (Szczesniak, 1963a). Parameters such as test

composition of the fruit can also change the texture, gs . :
they can affect the yield and therefore the moisture conteS teed, percentage compression, time between two
y y mpression cycles and sample geometry are factors that

of the processed product (Cetial., 2017). influence the measurement of texture (Szczesniak, 1963b).
According to the International Organization for A wide variety of parameter values of the texture profile
Standardization (ISO) (2009), texture is defined as “all thgnalysis (TR) test can be found in various studies.
mechanical, geometrical and surface attributes of Schiasset al.(2019) used PA to analyze samples of berry
product perceptible by means of mechanical, tactile ang|ly, with a pretest, test, and post-test speed of 1.0 mm:-s,
where appropriate, visual drauditory receptors”. compression distance of 40.0 mm and first and second
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compressions of 10 s. Cuei al. (2019) andAlveset al. Experimental design and statistical analysis

(2019) analyzed fig jam and pepper jam respectivéth The Design Central ComposiRotational (DCCR)

a test speed of 1.0 mm-s, compression of 60% and a tifi@thod with four independent variables (totaling 28
between cycles of 10's. assays) was used to assess the effect of independent

The quality and reliability of laboratory tests depengariables on the rheological properties of each sample.
on how the tests are conducted, and standardizationTige independent variables were test speed (mm/s), sample
essential for the correct measurement of food parametefg|ume (cm3), time between compression cycles (s) and
Mechanisms of standardization are often critical to ensugdmpression percentage (%). The tests were performed
repeatability and avoid variations in the parameters thg{10 replicatesTable 1 shows the experimental design for
may mask the true texture of the food. testing the levels 6FPA and independent variabléghe

Brazil is one of the largest producers of guava, angvels used in the present study were chosen through
processing the guava into preserves represents g@vious tests and data from the literature.
alternative way to add value to the fruit (Pereital., With the data obtained, we performed the analysis of
2019). Howeverthere are laye diferences in the physical the effects using the program Statistica 8.0, the surface
and sensory characteristics among the brands génerated responses and mathematical models BiPthe
industrialized guava preserves found in the market, evparameters influenced by the independent variables (test
among products from the same brand, and the standardiggeed, time between two compressions, sample volume
tion of these parameters is essential to maintain produgid compression percentage) were evaluated.
quality and acceptability (tti et al.,2020). The effects of the factors (speed, time between two

Motivated by the lack of studies that standardize ansbmpression cycles, sample volume and compression
optimize the parameters of texture tests in guava prespercentage) were analyzed by linequadratic, and
ves, this study aimed to determine the conditions thaifteraction of response (texture parameters) methods for
must be employed ifiPA to maximize the discrimination each guava preserve, using the model described by

between guava preserve samples. equation 1:
MATERIALAND METHODS Y =B+ BX +BX+BX+BX,+ B X 2+ B X7+ B X2+
M ateri a| S + B4 X ’+ B:LZX:LXZ + Bl3xlx3 + BlAX1X + 23X2X3 + ﬁ24X2X4 t+
ﬁ34 4 4 (1)

Three guava preserve brands (designat®land C)
bought locally in the town of Lavras, Minas Gerais, BraziY IS the parameter studie, 8., B,, By, B,, By, By Bsy Po
were evaluatedThe A and B guava preserves werePi Bis B Bry Bos By, @re the regression coefficients, x
prepared with guava pulp, sugtiquid sugar and citric X2, %s andx, are the independent variables of test speed,
acid, and C was prepared with guava and s\igachose time between two compression cycles, sample volume and

to use three different brands because the texture GMPression percent, respectiveiyde is the experi-
influenced by the composition of the formulations and b{éntal errar

processing conditions. To eptimize the loperating region with a higher
_ _ discrimination capacitywe used variable D defined in
Texture profile analysis (TPA) equation 2, and the visualization of surfaces used to

Atexturometer (AXT2i, Stable Micro Systems Model, choose the optimal region of operation of the texturometer
Goldaming, England) and a cylindrical stainless steel proléhich is equivalent to the region where there is a greater
measuring 6 mm in diameter were used to evaluate tHiscrimination among samples (higher D values) according
parameters of hardness, adhesiveness, elasticity the parameters of texture analysis.
gumminess, cohesiveness, chewiness and reS|I|enceDoi [(P,- P2+ (P, - P)*+ (P, - P)]* )
the guava preserve.

The samples were cut into parallelepipeds measuring P,, P, andP_ are the values of the texture parameters
2 cm in height with varying lengths and widths; thus, iexperimentals for texture of branisBandC, respectively;
was possible to obtain the volumes described in the expke variableD parameter correlated with the difference in
rimental design (@ble 1). Samples with 5 cm3, 10 cm? andexture parameters among the samples evaluated.

7.5 cm?3 volumes were cut with a width and height of 2 cm  To check whether the optimized region provided greater
and a length of 1.25 cm, 1.87 cm and 2.5 cm, respectivetiiscrimination among samples, the discrimination of
Samples with a 2.5 cm? volume were 1 cm long, 1.25 ceamples in the optimized region with parameters was
wide and 2 cm high. Samples with a volume of 12.5 cngompared to a non-optimized regitte used th&ukey
were 2.5 cm in length and width, and the height waest (5% significance) in the program Sisvar (Ferreira, 2014)
standardized at 2 cm. for theTPA parameters in both regions.

Rev CeresVicosa, v 68, n.6, p. 530-538, nov/dec, 2021




532 MarieleAntunesVieiraet al.

RESULTSAND DISCUSSION For brand B, gumminess and chewiness parameters
did not fit the model (@ble 2). Howeveifor brand C, the
Evaluation of the effects on the parameters of  a3rameters of adhesiveness, cohesiveness and resilience
the texture profile analysis (TPA) were used in the model. The other study variables
The significant variables (g 0.05) for each model (hardness, elasticitgumminess and chewiness) did not
parameter were estimated using mathematical moddiisthe model.
(Table 2) for the texture parameters ofetiént brands; The increases in the speed and percentage of the
significant parameters are typed in the highlightetb(@ compression cycles and the hardness of brAratsd B,
2).A decision was made not to eliminate the non-significaptroduce a significant negative quadratic; so the paremeters
coefficients from the complete models, as their removalave an optimum point, over which an increase provides
would cause a decrease in the coefficient of determinatitower hardeness. The region near the central point (1.41
(R?), and the model would account for less than 70% aim-s and 45%, respectively) of the parameter reaches its
the total variance of the responses. highest hardness value. This occurs because high rates
For the different brands, models for the parameters of deformation of the sample cause breaks in the structure
hardness, elasticiticohesiveness and resilience weref the preservegt low deformations, this response does
used. The parameters of adhesiveness, gumminess aotloccurand the higher deformations are associated with
chewiness did not fit the model (thg F_ . was less than greater strengthAccording Peleg (2019), the use of
the F ....\N the analysis of variance) and therefore werdifferent compressions will frequently result in very
not considered in the response surface determinationdifferent degrees of hardness, meaning that the compres-

Table 1: Experimental design for texture profile analysis

Coded Variables Real Variables
Esays Xl X2 X3 X4 Xl X2 XS X4
1 -1 -1 -1 -1 0.83 5 5 30
2 +1 -1 -1 -1 2 5 5 30
3 -1 +1 -1 -1 0.83 10 5 30
4 +1 +1 -1 -1 2 10 5 30
5 -1 -1 +1 -1 0.83 5 10 30
6 +1 -1 +1 -1 2 5 10 30
7 -1 +1 +1 -1 0.83 10 10 30
8 +1 +1 +1 -1 2 10 10 30
9 -1 -1 -1 +1 0.83 5 5 60
10 +1 -1 -1 +1 2 5 5 60
11 -1 +1 -1 +1 0.83 10 5 60
12 +1 +1 -1 +1 2 10 5 60
13 -1 -1 +1 +1 0.83 5 10 60
14 +1 -1 +1 +1 2 5 10 60
15 -1 +1 +1 +1 0.83 10 10 60
16 +1 +1 +1 +1 2 10 10 60
17 -2 0 0 0 0.23 7.5 7.5 45
18 +2 0 0 0 2.59 7.5 7.5 45
19 0 -2 0 0 1.41 25 7.5 45
20 0 +2 0 0 1.41 12.5 7.5 45
21 0 0 -2 0 1.41 7.5 2.5 45
22 0 0 +2 0 1.41 7.5 12.5 45
23 0 0 0 -2 1.41 7.5 7.5 15
24 0 0 0 +2 1.41 7.5 7.5 75
25 0 0 0 0 1.41 7.5 7.5 45
26 0 0 0 0 1.41 7.5 7.5 45
27 0 0 0 0 1.41 7.5 7.5 45
28 0 0 0 0 1.41 7.5 7.5 45

x,. test speed (mm-s);:xtime (s) between two compressiong; sample volume (cm?); ,xcompression percentage (%).
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sion caused by chewing affects the perception of fogthrameters that depend on the second compression cycle
hardness. (cohesiveness, springiness, gumminess and chewiness)
The TPA hardness test is the peak force during thef TPA, as the second cycle permits recovery of the
first cycle in which the sample is compressed (Alvatez resilient structure of the sample from the first compression
al., 2002).According to Rosenthal (2010), breakage off it is not high enough to rupture the cellular structure of
the material occurs when the peak of the seconbe food.
compression is smaller than the first peak, which Rosenthal (2010) examined how the modification of
indicates the occurrence of a breakdown of the interntde TPA parameters influences the properties of a starch-
structure. glycerol gel. For deformations ranging from 25% to 90%,
The variable x(time between compression cycles) dican exponential relationship between hardness and
not significantly influence the hardness; none of theompression percent was observed. The hardness
variables analyzed were expected to significantlincreased with the increasing compression percentage up
influence this parameter because hardness is calculated0%; above a 90% deformation, a rupture of the gel
in the first compression cycle. The time betweeduring compression was observed, causing a decrease in
compression cycles can influence the calculation dfie first peak strength.

Table 2: Estimation of models foF PA parameters with significantfetts for brand#, B and C

Parameter Model R?
Brand A
Y = 2.42 + 0.09x; — 0.33x% + 0.06x, — 0.13x2 + 0.16x5 —
Hazigess 0.11x2 — 0.03x, — 0.3x%2 — 0.16x,%, + 0.02x;x5 + 0.74

0.06x,x, — 0.08x,x5 + 0.22x5,x, — 0.21x3x,

Y = 0.88 — 0.35x; + 0.001x2 — 0.02x, + 0.01x2 +

0.02x5 — 0.01x2 — 0.029x, — 0.08x3 — 0.07x,x, — 0.75
0.001xyx3 — 0.002x1x, — 0.07x,x3 + 0.02x,x, — 0.02x3x,
Y = 0.34 + 0.05x; + 0.07x2 4+ 0.01x, + 0.001x2 —

Cohesiveness  (,03x; + 0.01x2 — 0.13x,4 + 0.7x2 + 0.03x,x, + 0.86
(dimensionless) 0 02x,x; — 0.02x,x, — 0.03x,%5 — 0.02x,%, + 0.05x5%,

Y = 0.06 + 0.01x; + 0.04x2 + 0.01x, — 0.02x2 — 0.01x5 +

Springiness
(mm)

Resilience 0.01x%2 — 0.13x, + 0.07x3 + 0.018x,x, — 0.01x,x; — 0.96
0.01x,x4 + 0.016x,x3 — 0.01x,x4 + 0.017x3x,
Brand B
Hardness Y =1.99 — 0.02x; — 0.23x% + 0.05x, + 0.05x% + 0.12x; —
(N) 0.016x2 — 0.09x, — 0.25x3 — 0.11x;x, — 0.09x;x; + 0.81

0.02x,x, — 0.14x,x3 — 0.01x,x, + 0.021x3x,
Adhesiveness Y = —1.31+0.57x; — 0. 25x% + 0.08x, + 0.15x% —
(N-s) 0.04x; — 0.01x% — 1.36x, — 0.25x3 + 0.11x,x, — 0.96
0.03x1x3 + 0.36x1x4 — 0.02x,x3 + 0.06x,x, — 0.09x3x,
Y =0.86 — 0.51x; — 0.01x2 — 0.02x, — 0.05x2 + 0.01x3 —

Springiness ¢ 003x2 + 0.12x, — 0.4x% — 0.01x;x, — 0.02x,x; + 0.9

(Mm) 9 01x,x, — 0.02x,%5 + 0.02x,%, — 0.01x3%,
_ Y =0.36 + 0.02x, + 0.01x2 + 0.01x, + 0.01x2 — 0.03x3 +
Cohesiveness o (3.2 _ 0 15, +0.0822 + 0.01x,x, + 0.02x,%; — 0.8"
(dimensionless)

0.02x1x4 + 0.02x,x3 — 0.01x,x, + 0.02x3x,

Y =0.06 + 0.02x; + 0.01x? 4+ 0.01x, + 0.02x3 — 0.01x; +
Resilence  0.01x2 — 0.15x, + 0.07x% + 0.01x;x, + 0.02x;x3 — 0.9¢

0.02x1x4 + 0.01x,x3 — 0.01x,x, + 0.01x3x,

X,. speed test, x time between compressions; sample volume; x percentage of compression.
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According to Pons & Fiszman (1996), increasedf sampleA was not influenced by the levels of the
compression speeds generally lead to an increaseparameters used in tlM@A. According to Pons & Fiszman
hardness because at lower compression velocities, 11996), the contribution of the adhesiveness parameter to
sample has a longer time to relax and dissipate the applibeé TPA is low due to problems associated with the
force.We observed this behavior in the model adjustetheasurement, especially for sticky foods, which stick to
to the hardness of samplésnd B (Bble 2), where the the surface of the probe during the upward movement of
negative coefficient of the quadratic test probe speehde first compression cycle. It has been reported by
enhanced the rigidity of the guava until reaching Bobraszczyk (1997) that “single-point” methods for
maximum point. assessing adhesiveness have limitations, owing to the

Springiness is a perception of “rubber” in the mouthiscoelastic properties of most food products.

(Huanget al.,2007). The Exponent Lite Express software The cohesiveness is the rate at which the material is
calculates springiness as the ratio between the time taldisintegrated under the mechanical action being performed
to reach the peak force in the second compression cyeled is determined by calculating the ratio between the
to the time spent in the first compression cycle. For tharea of the first and second compression cycles (Pereira
springiness of samplés and B, there were significant et al, 2013). The linear effects (positive) and quadratic
negative linear and quadratic effects in the velocity antbmpression percentage (negative) influenced the
compression percentage, respectiviglgiicating that the cohesiveness values for all the samples. This result
elasticity of the guava preserve increased with increasingdicates that for higher compression percentages, lower
compression percentages in the samples and reachedhlues for sample cohesiveness were obtained because
maximum levelThere was a linear decrease of fii¥\  of the existence of a linear effect in the adjusted model,
parameter with increased speed. The guava presepassibly due to a greater force upon the material in first
sample C was not associated with a significant regressioycle by increasing the compression distaAceimilar
model for thisTPA parameterAccording to Rosenthal result was obtained by Rosenthal (2010). Fogescal.
(2010), for starch gels and glycerol, the elasticity increas€3017) reported in their studies with cheese that
with progressive increases of up to 75% compressi@ohesiveness is not influenced by the way the product is
before stabilizing. In the study by Pons & Fiszman (1996¢ut, but by the compression degree, since it has isotropic
in the é-carrageenan/LBG and gellan systems the waitibghaviorAlvarezet al.(2002) afirm that the greater the
time had an important effechathe measurement of deformation percentage, the greater will be the
springinessAs the degree of compression increasedragmentation of the specimens tested. The above is
significantly lower values (p < 0.05) were recorded for thdesirable so that the chewing process would be imitated,
springiness parameterhis was due to the fact that atalthough certain variables, such as springiness or
higher compression levels the potential damage to the gehesiveness, may turn out to be physically direction-
structure was greater and recovery was less likelless. The use of compression degrees above to 85% may
indicating that deformation caused structural weakeningause fragmentation of the material, causing anisotropic

Adhesiveness is the work necessary to overcome thlearacteristics become imperceptible for certain variables,
attractive forces between the surface of the food and ottserch as chewiness.
objects, in this case, the probe (Pereiral, 2013); this Resilience is a measure of how much the sample returns
parameter corresponds to the negative area of the grafter the mechanical action, and its value is determined by
force versus the time of the fifBPA cycle.The value of the area of stress versus the strain curve of the linear
adhesiveness for guava preserves sample B wigion. This parameter does not belong in conventional
influenced positively and negatively by the velocitytexture profile analysis, btitPA has been applied to allow
squared test. The percentage of compression values welaser examination of the elastic recovery of the sample,
significantly negative in the linear model and were positivand greater elastic behavior (property of a solid material)
for the adhesiveness of the same sanmpke.observed indicates higher resilience (Peregtaal, 2013) According
an positive interaction between the speed test and theguirimet al (2010) the resilience is correlated with the
percentage of compression. The adhesiveness of samgleface sensory attributes.

C showed significantly positive for the linear term for The parameters of cohesiveness and resilience were
speed and significabtly negative for the sample volumesry similar in all of the brands tested regarding the effects
and linear compression. Significant interactions betweeaf the independent variables and the response surfaces.
these factors were observed; the interaction between ther resilience, no significant influence of sample size was
speed and sample volume was positive, while thabserved, as was the case with cohesiveness. Hawever
interaction between the volume and percentage &r both parameters, there were significant negative linear
compression was negative. The value of the adhesiveneffects and a positive quadratic effect of compression rate
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in the quadratic model. Similar results were obtained Hitted to equation 2 are shown irable 3, where the
Huson & Maxwell (2006) which verified that the increasesignificant coefficients (p d” 0.05) are highlighted.
in the compression rate increased the resilience. The time between two cycles,>and sample volume
Data from this study show that the values of th,), with a constant height tested at different levels did
variables obtained biyPA are influenced by variations in not significantly influence the texture parameter values.
test parameters except for the time between two cyclEsr the parameters of hardness, springiness and
and the sample size. Thus, to compare similar gels studidtewiness, the values of D were not influenced by the
by different authors, the parameters used in the analypigrameters of thEPA test; i.e., for these texture variables,
must be similgrespecially the test speed and percentagke entire range of tested values of THRA parameters

of compression. did not differ in the ability to discriminate between
o . . . samples.
Optimization of the independent variables in the Figure 1 shows the response surface analysis for
texture profile analysis (TPA) variable D, including the responses for adhesiveness,

Design Central Composite Rotational (DCCR) analysisohesiveness, gumminess and resilience generated by the
was applied to identify the optimal operating region omodels described ifable 3.
the parameters that best discriminates the samples, usingThe effect of the percentage of compression and the
variable D as the dependent variable (Equation 1) telocity test on the texture parameters (adhesiveness,
measure the difference between the measured valuesdohesiveness, gumminess and resilience) can be observed
the different texture parameters. The mathematical modétsthese figures. The greatest differences occurred for

Table 3: Estimated models for variable D of the samples for the discrimination of texture parameters

Parameter Model R?
Adhesiveness Y =0.88-0.81x; + 0. 88x§ +0.11x, + 0.11x% - 0.11x; — 0.1x2 +
(N's) 0.51x4 + 0.22x% — 0.01x,x, — 0.32x; %3 — 0.49x; x4 — 0.29x,%5 — 0.73

0.09XZX4 - O.ZBX3X4
Y=0.04+0.06x, + 0.09x% - 0.01x;, — 0.01x% 4+ 0.001x; +

0.02x% — 0.03x, — 0.01xZ + 0.03x;x;, + 0.04x; x5 — 0.02x,x, — 0.70
0.03xe3 - 0.001x2X4 - 0.04X3x4

Gumminess ¢ = 49-03 +12. 5xq — 1.23x% + 5.29x, — 3.71x% + 2.24x5 —

(N'mm)  512x2 —17.59x, — 0.83x2 — 3.49x,x, — 4.11x,x; — 4.04x,x, — 0.67
5.14x,x3 — 3.03x,x, — 6.46x3%,
Y =0.01 + 0.001x; — 0.02x2 + 0.001x, — 0.02x2 + 0.001x; —

Resilience  0.01x% — 0.03x, — 0.01xZ — 0.03x;x, — 0.05x,x3 — 0.04xx, — 0.76
0.02x,x3 — 0.027x,x4 — 0.04x3x,

X,: speed probe, xtime between compressions, sample volume; x percentage of compression.

Cohesiveness
(dimensionless)

Table 4: Tukey test results for thEPA parameters for diérent brands of guava preserve obtained using non-optimR&dest
operating conditions

Brands
Parameter
A B C

Hardness (N) 0.70 £0.32 1.19 +0.58 1.26 +0.52
Adhesiveness (N-s) -0.26 £ 1.93 -0.09 £ 1.5% -0.04 £ 0.64
Springiness (mm) 0.72+0.14 0.73+0.14 0.79+0.12
Cohesiveness (dimensionless) 27.15+5.80 43.53 +7.28 45.06 + 10.05
Gumminess (N-mm) 0.35+0.18 0.38+0.17 0.39+0.14
Chewiness (N-mm) 34.13 + 28.23 58.86 + 33.63 63.73 + 15.36
Resilience 0.11+£0.18 0.15+£0.17 0.26 £0.14

Mean * value standard deviation (n = 5); Means followed by the same letters in line do not differ according to the Tukey test at a 5%
probability
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adhesiveness in the regions of high and low compression The texture profile analysis simulates chewing and
percentage test speeds. For the other parametérss requires large deformations (20% to 50%) (Hwing
(cohesiveness, gumminess and resilience), regions whate 2007).According to various authors, these defor
there were major differences between the samplesations cause the sample to collapse and are not suitable
corresponded to lower compression percentage levels dodthe calculation of some parameters, such as adhesive-
higher speed tests. ness (Pons & Fiszman, 1996; Dobraszczyk, 1997), because

Table 5: Tukey test results for tHEPA parameters of texture profile analysis ofefiént brands of guava preserve obtained using
optimizedTPA operating conditions

Parameter Brands
A B C

Hardness (N) 1.25+0.22 1.25+0.54 0.70 £ 0.27
Adhesiveness (N-s) -4.42 £1.79 -4.04 £1.23 -1.39 + 0.69
Springiness (mm) 0.91+0.12 0.88 + 0.04 0.76 £ 0.02
Cohesiveness (dimensionless) 44.40 + 5.22 43.91+5.28 27.06 + 3.57
Gumminess (N-mm) 0.35+0.01 0.36 £ 0.01 0.38 = 0.00
Chewiness (N-mm) 40.65 + 8.40 38.72 + 3.98 20.45+5.78
Resilience 0.02 £ 0.08 0.07 £0.08 0.16 + 0.08

Mean + value standard deviation (n = 5); Means followed by the same letters in line do not differ according to the Tukey test at 5%
probability
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Figurel: Surface Respondériable D: (a) adhesiveness, (b) cohesiveness, (¢) gumminess and (d) resilience.
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this parameter is a characteristic of surface-dependarit75% compression and a compression speed of 0.23
effects of the combined forces of adhesion and cohesiomm-s are recommended to detect differences among the
(Adhikari et al.,2001; Huanget al.,2007; Besbhest al., samples for the cohesiveness parameudrile for
2009). gumminess and resilience, the use of 15% compression
Thus, the operating region where a greater discrimand 2.59 mm-s speed is recommended. In both cases, one
nation of the texture parameters studied can be obtainedist employ the shortest time between two cycles and
depends on the parameter being analyzed. For adhesiuge a smaller sample size to save both analysis and sample
ness, the regions with the highest compressiaime, respectivelyThe optimal region for discriminating
compression percentages (75%) and lowest velocitidse parameters of hardness, elasticity and chewiness was
(0.23 mm:-s) showed the greatest discrimination, while tmot determined for the different preserve samples
parameters of cohesiveness, gumminess and resiliemrmlyzed. Using the Tukey test at a 5% significance level,
corresponded to regions of low compression percentagbs region with optimized parameters of texture discrimina-
(15%) and high speeds (2.59 mm:-s). The time betwegaon was determined for the brands studied.
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