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ABSTRACT

The aim of this work was to develop linear modsisgithe image analysis coupled with density mesameants to
monitor the dilution of the Physalis juice in thencentrations ranging from 0 to 100% in mass ofgupulp. A
sample corresponding to 20% in the mass of juidp pas for validating purposes and a predictionl8f9+0.3%.
The models with three parameters showed the besligtions, providing this technique with a promgsiuture for
the monitoring the dilution of fruit juices.
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INTRODUCTION Industrialization and processing can contribute to
enlarge the diversity of the fruit distribution ve&y
Physalisis a fruit belonging t@Golanaceadamily  in particular the production of fruit juices (Saoch
and commonly found in temperate, subtropicaet al. 2007).
regions throughout the world. In Brazil, the staté-ruit juices are consumed and appreciated as
of Rio Grande do Sul is the main producer ohatural sources of carbohydrates, carotenoids,
Physalis especiallyangulataandperuviana(Agra  vitamins,  minerals and other important
et al. 2009; Peixoto et al. 2010). The sale of thisomponents (Sandi et al. 2004, Pinheiro et al.
fruit in local markets has attracted the interdst 02006; Mosqueda-Melgar et al. 2011; Granato et al.
different scale producers, since a fast growing@011). The color of the juice represents an
demand has been observed. This has happened dugortant feature for marketing purposes. It is
to some of its key nutritional features such ashigmainly influenced by the concentration, especially
levels of antioxidants and cancer fighting and als¢n citrus fruits, and color also represents an
as food supplementation (Chaves et al. 2008).  important attribute of quality classification
Physalis peruviands largely sold as fresh fruit, (Marques et al. 2004) and acceptability of
usually packed inboxes of roughly 450 g coveregpurchase (Pace et al. 2001; Meléndez-Martinez et
with thin transparent plastic film. This form of al. 2005; Ulloa et al. 2007; Meléndez-Melgar et al.
distribution may, however, reduce the fruit shelf2011).
life. There are not many studies on post-harvesdn order to analyze and characterize the fruit-Hase
storage of this fruit, which is critical in keepitlge  product properties, industry commonly uses
fruit quality and extending its shelf life. typical physicochemical analyses such as density,
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viscosity, specific heat, thermal conductivity, .etcwas reported to be a successful approach of
Techniques such as spectrophotometrypbtaining digital measurement of the wine color by
colorimetry (Eagerman, 1978; Moura et al. 2005)a non-invasive method. Thus, image analysis
capillary  electrophoresis  with  contactlessrepresents an important alternative tool for the
conductivity detection (Petr et al. 2011), gasstudy and characterization of both the concentrated
chromatography—mass spectrometry (GC-MS) arand diluted fruit juices. Therefore, this work atne
also used. Besides the high cost, these techniquies develop and validate an image-analysis-based
usually present long time delays, or require thee ugechnique coupled to typical physicochemical
of several purification steps (Perez-Cachopilaranalysis in order to monitor the dilution of
2011; Nitra, 2011). Sensory analysis is anothePhysalis Peruviandin natura” concentrated juice
methodology used to evaluate the juice dilutionpulp.

however, it usually requires a large number ¢

variables and a trained team, which is generall

very time consuming and presents high costl ATERIALSAND METHODS

(Granitto et al. 2007).

Image analysis represents an importanMaterials _ _ _

characterization technique in food science anfhysalis peruviana fruits, provided by the
technology (Fernandes et al. 2013), not only due t62/braz®, Vacaria-Brazil, were transported and
its precision / accuracy, but also because of jtgfored at 7.0 + 0.5°C. Selected fruits had their
non-invasive feature. These characteristicdlatural protection capsule removed and were
coupled to negligible time delay, provide a widelndividually weighed before preparing the juice
range of applications, as characterization occyrs PUlP, which was obtained after processing the
the analysis of image graphical elements, namgguits for 3 min at 25,000 rpm in a food
pixels (Lupetti et al. 2005; Blasco et al. 2009)Multiprocessor = (MR2100  system  Polytron,
Some important applications regarding the use dfinematica, AG Lucerne, SWltzerIand)..The juice
image analysis for fruit characterization includePUlP was labeled as sample M100, as it contained
fruits and vegetables classification in/during thel00% of Physalis “in natura” juice pulp. The
storage (Perera, 2010; Cubero et al. 2011fample MO contained only water. Each
Fernandez-Vazquez et al. (2011) reported thitermediate sample was prepared by adding water
correlation between the instrumental and sensof the juice pulp according to percentages shown
evaluation in orange juice. Martin et al. (2007)in Table 1, leading to a final composition in a Bas
evaluated the color of different wines using d@sis. The sample containing 20% of juice pulp
panel of eight observers, a tele-spectroradiomety@s used for validation purposes only. For sample
and a digital camera. Their report indicated thaPreparation, an analytical balance (Bio Precisa
the two analytical methods led to approximatelynodel: FA 2104N, accuracy: 0.0001) was used.
the same results. Consequently, image analysis

Table 1 — Sample composition (mass percentagehyfsalisjuice pulp).

MO M5 M10 M20 M35 M50 M60 M70 M80 M100
0 5 10 20 35 50 60 70 80 100
Image Analysis at 1x and positioned 0.3m away from the cuvette

From the 5010 quantity of each sample, 418"  containing the samples, aimed at framing all the
%_ were individually transferred to a different cuvettes in the same shot. The images were
polystyrene cuvette (Kartell SPA, Italy) with 10 processed by a multi-task software (Fernandes et
“m of light path. All the samples were placed in aral. 2012), using the RGB color system (Gonzalez
appropriate chamber in order to reduce angnd Woods, 2002; Khatchatourian and Padilha,
possible environmental interference and provid2008). From each sample, a set of 16,000 pixels
all the samples with the same illuminationwas selected and for each pixel of each set, red
intensity. Photographs were taken using aifR), green (G) and blue (B) components were
Olympus (Model: D-595) camera, with zoom fixeddetermined. This number of pixels was high
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enough not only to assure a robustness feature validation was performed as previously reported
the image analysis procedure considered, but al$éxy Isfer et al. (2010).
to lead to a short confidence interval for eaclocol The sample M20 was not used for parameter

component of each sample. estimation; it was only used for validation
purposes. Finally, not only parameter variance and
Physicochemical Analyses covariance, but also image analysis and

After taking the necessary pictures, other typicaphysicochemical variances were considered for
physicochemical analyses were performedevaluating the model uncertainty of a given
Density measurements were carried out using prediction, as shown Eq. (01).

density meter ANTON — PARR (Model: DMA

5000) with measurement range of 0-3 glend \/Np[amassjz NPT Np(amassj EE"mass]
smass =

2
ai-aj

resolution of 10° g/cn?. Electrical conductivity =2 55 +20 > oa
was measured with a BUNKER conductivity - o o1
meter of range 0-1999S/cm and resolution of 10 (1)
'uS/cm. Viscosity measurements were obtaineq,here: NP

using a Brookfield equipment (Model: RV- . .
I +Pfqo) coupled  to ?h ep softwegre Rheocalcparameters;sfli is the variance of parameter or
' 2

(Version: V3.1-1), using I8mPas of resolution. Vvariablea; s;_, is the covariance of parameters or
Finally, total soluble solids as °Brix (TSS) wasyariablesa; anda.

evaluated using a refractometer RL3 (Polskie

Zaklandy Optyczne S.A.) with measurement range

of 0-90 °Brix, with resolution 18 Brix. All the RESULTSAND DISCUSSION
analyses were carried out in triplicates.

oai 0aj

is the number of variables and

Figure lpresents the juice samples used in this
Parameter Estimation study. A gradient color was generated according to
The mass percentage content Rifiysalis juice  the dilution level, as the higher the juice pulp
pulp was correlated to average values of imaggmount, the darker the sample was.
analysis component R, component G, componentaple 2 presents the mean and standard error
B, density (dens), electrical conductivity (cond),results concerning image analysis components R,
viscosity (visc) and total soluble solids contentG and B. It was observed that the standard error
(brix), in order to develop a calibration curve ofyalues were low not only due to the large number
the dilution monitoring system. Concerning theof pixels selected, but also due to the low
parameter estimation, the sum of square of thgariability of the pixel color components within a
distances between the model predictions angingle sample, indicating a good sample
experimental values was considered as thgRomogeneity and dilution. Table 3 presents the
objective function. The parameter estimation taslther typical physicochemical analyses results,
was an optimization problem, which consisted imlso showing low standard error values, with the
calculating the set of parameters that led to thexception of viscosity analysis. Higher viscosity
minimum value of the objective function. This deviations probably occurred due to temperature
problem was numerically solved with the aid of ayariations during the analysis as triplicate anedyz
Levenberg-Marquadt-based method (Levenbergyere carried out in a row for each sample and the

1944; Marquadt, 1963) using T(as convergence ysed viscosity meter did not have a temperature
criteria and 1.5 as initial guess. The statisticatontroller.

M100 M80  M70

Figure 1 — Juice samples.
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Table 2 — Image analysis (R, G, B) results.

Sample R G B

MO 151.6%0.03 154.760.03 159.840.03

M5 159.580.02 156.9%0.04 122.320.03
M10 173.410.02 156.9%0.04 69.720.03
M20 173.4@0.02 156.910.04 69.130.02
M35 175.820.02 141.540.07 33.180.02
M50 174.980.03 137.960.08 37.4%0.03
M60 172.26:0.03 131.0%0.07 32.480.03
M70 166.630.03 124.280.06 27.6&0.03
M80 156.180.03 113.180.04 25.5%0.03
M100 145.880.03 104.480.04 26.380.03

Table 3 — Other analysis results.

Sample cond(puS/cm) brix(°Brix) dens (g/cn?) visc(mPas)
MO 20£0.1 0.0@0.00 0.9981680.000003 2.20.2
M5 662.20.3 1.020.02 1.00145%0.00005 2.90.6

M10 1213.@¢0.7 1.880.07 1.005%0.0001 4.61.0
M20 2185.@¢2.9 3.620.07 1.012840.00007 6.91.7
M35 3377.511.1 5.930.09 1.023%0.0002 13.73.1
M50 4422.58.5 8.5@:0.06 1.035810.00003 21.23.9
M60 5472.527.5 10.530.03 1.04360.0002 25.87.1
M70 5542.511.8 12.230.09 1.05230.0008 43.39.3
M80 5645.219.4 13.8&0.12 1.0587%#0.00005 8716

M100 5915.823.3 16.930.09 1.075%0.0004 24423

For modeling purposes, different types of lineaparameters estimates that were higher than their
models containing three and four parameters werespective standard error, indicating the parameter
developed, aimed at mass percentage of juice pufjpatistical significance. It also must be stresbedl

in each sample prediction. The number ofeveral models were assembled by the
parameters was chosen in order to avoid ovecombination of the image analysis components R,
parameterization and experimental error fittingG, B and the physicochemical analysis, but only
Table 4 presents a summary of the best developéite models presented in Table 1 had higher “r”
models and parameter estimation tasks, containinglue and parameters with statistical significance.
the values of the objective function, correlationThis modeling procedure was also adopted by
coefficient (r), parameters estimates, paramete@choa Martinez et al. (2004) to study the mixtures
standard deviation and covariance estimates. Adf jalapefio pepper.

the models presented “r’ values roughly equal to Figure 2 presents the residual values of selected
and low values of the objective function indicatingmodels from Table 4. On average, model P4M1
that the model predictions were close to theresented the lowest residual values as it cordaine
experimental data. It would be important tomore parameters and also the lowest value of the
emphasize that the reported models presentedbjective function.
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Table 4 — Summary of parameter estimation.
Parameters M odel
Model label: P3M1
Model equation: mass = a0+adnd+a2dens

Objective Function: 2.0 r =0.999
3 Parameters Parameter Covariance
a0 = (-121.0+2.6)0™ (a0-al) = +7.5007
al = (+10.9+3.010" (a0-a2) = -6.820"
a2 = (+ 121.3+2.6)0" (al-a2) = -7.590°

Model label: P3M2
Model equation: mass = aO+aikc+a2dens

Objective Function: 2.5 r =0.999
3 Parameters Parameter Covariance
a0 = (-133.2+1.3)0™ (a0-al) = +4.52072
al = (-13.3+4.2)0°° (a0-a2) = -1.840"
a2 = (+133.6+1.310™ (al-a2) = —4.4107

Model label: P3M3
Model equation: mass = a0+déns+aR

Objective Function: 2.6 r =0.999
3 Parameters Parameter Covariance
a0 = (-131.7+1.1)0™ (a0-al) = -8.840™
al = (+131.0+0.910™ (a0-a2) = -1.210*
a2 = (+6.5+ 2.2)10 (al-a2) = +4.84072

Model label: P3M4
Model equation: mass = a0+dé&ns+azrix

Objective Function: 2.8 r =0.999
3 Parameters Parameter Covariance
a0 = (—6.4+1.9)0" (a0-al) = -3.990"
al = (+6.5+2.0).0" (a0-a2) = +1.740%
a2 = (+29.6+9.010" (al-a2) = -1.8A0"

Model label: P3M5
Model equation: mass = a0+Rta2cond

Objective Function: 2.7 r =0.999
3 Parameters Parameter Covariance
a0 = (-3.5+2.8)0™ (a0-al) = +8.280™
al = (+10.145.010° (a0-a2) = —2.590
a2 = (+57.5+0.710" (al-a2) = -2.740™

Model label: P3M6
Model equation: mass =a0+8%a2dens

Objective Function: 2.4 r =0.999
3 Parameters Parameter Covariance
a0 = (-126.1+1.5)0" (a0-al) = —9.5302
al = (—24.7+7.8)0° (a0-a2) = —2.090"
a2 = (+126.7+1.410" (al-a2) = +8.8407°

Model label: P4AM1
Model equation: mass = a0+Bta2 G+a3dens

Objective Function: 1.3 r =0.999
4 Parameters - Parameter Covariance
Zg _ E;ﬂg’éi;??;i%ﬁz (a0-al) = +1.44.0° (al-a2) = -1.940"
a2 = (-2 1'0;9'2102 (a0-a2) = -6.680° (al-a3) = -1.210°
o (a0-a3) = -4.540" (a2-a3) = +5.610°

a3 = (+116.946.210™
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-1.2

Figure 2 - Residual values of selected models.

As mentioned earlier, sample M20 was used foanalysis components as independent variables for
validation purposes only. Figure 3 presents theredicting the percent content of the juice pulp in
predictions of all the models reported in Table 4he sample M20, contrary to the models P3M1,
and the respective uncertainty obtained with th®3M2 and P3M4. The best prediction was
aid of Eq. (01). Models P3M1, P3M2 and P3M4obtained by the model P3M6, simultaneously
used density coupled to electrical conductivitykeeping a low uncertainty value. This model
viscosity and brix, respectively to obtain theindicated that image analysis provided better
predictions of 19.7+0.3, 19.84£0.3 and 19.7+0.3%prediction values if its result was compared to the
of mass content of the juice pulp in the sampleresults of the models P3M1, P3M2 and P3M4 that
These predictions could be regarded as very goawntained typical physicochemical analysis
as the experimental mass percentage value of juiceupled to density. This conclusion was also
pulp was 20% in the sample M20 with lowerachieved by Godinho et al. (2008) when studying
values of the prediction uncertainty. Modelssoft-drinks classification by the image analysis.
P3M3, P3M5, P3M6 and P4M1 used the image
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Figure 3 — Models predictions.
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The number of parameters plays a key role on theernandes JK, Umebara T, Lenzi MK, Alves ETS.
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