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ABSTRACT

BACKGROUND: Wine colour is an important quality parameter, being the first
sensorial attribute evaluated during wine tasting. The perception of wine colour can
be different depending on many factors, including the depth of the sample under
observation. The main objectives of the present study were to measure the colour of

Port wines, using CIE L*a*b* parameters at different depths with different

cle

L ﬁ instrumental techniques (spectrophotometry and colorimetry), and to compare the
obtained results with the sensory (visual) perception of colour samples.

RESULTS: Representative profiles of Lightness (L*), Hue (H*) and Chroma (C*) at
different depths were obtained using Port wine samples from different categories and
ages. In general, relatively good correlations between the colorimetric and
spectrophotometric methods were obtained for the L* and H* parameters. The
results of the sensory tests also showed good correlations between the visually-
assessed hue scores and the colorimetric measurements of the H* parameter,
particularly at the lower depths tested (up to 4.0 mm).

CONCLUSIONS: Overall, the results indicate that the colorimetric method can be
used for estimating wine colour parameters, providing useful information about the

colour profile of wines at different depths.
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1. INTRODUCTION

Colour is an important quality parameter in wines, being one of the first
evaluated attributes during wine tasting. Wine colour is the result of a complex
mixture of pigments, which changes over time, due to chemical reactions between
themselves and also with oxygen and other wine components.

From a sensorial perspective, colour is the visual perception of the refracted or
reflected radiation from an object under a specific light source [1]. Wine colour is
normally assessed visually in a standard glass tilted at an approximate 45° angle,
where the wine adopts an oval shape. Since wine is a translucent product, its colour
perception depends on the observed depth in the glass [2,3,4]

Port wine, a fortified wine produced exclusively in the Douro Demarcated
Region in Portugal, can have many distinctive colours, depending on the particular
style, which is mainly related to its ageing process. Ruby-style Ports are kept (mostly
or exclusively) in the bottle during the ageing process, which results in a more or less
intense evolution of their deep red colour, depending on age and style. In this type of
wines, in ascending order of quality (and usually of price range), the following official
categories are found: Ruby, Ruby Reserve, Late Bottled Vintage (LBV), Crusted and
Vintage. Tawny-style Ports, on the other hand, are kept in wood casks for ageing,

having more orangel/yellow hues comparatively to Ruby-style wines. Tawny Ports
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are branded in the following official categories: Tawny, Tawny Reserve, 10-years
old, 20-years old, 30-years old, 40-years old and “Colheita”, which is a wine from a
single harvest. Except for Vintage and Colheita, all other Port styles normally result
from blends of wines of different age, which are later classified in the previously-

described categories.
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Different pigments are responsible for the colour of red wines, anthocyanins
and their derivatives being the most important ones [5,6,7]. During the winemaking
process, anthocyanins react with flavonoids and yeast metabolites, forming
polymeric pigments, in a process known as co-pigmentation [8,9]. The decrease of
anthocyanins concentration and formation of orange-brown polymeric pigments is
believed to be associated with the colour change observed in Port wine during
ageing. In wines aged in wood casks, several reactions occur between anthocyanins
and oxygen (due to the controlled oxidation during the ageing process) and with
other wood components [10,11,12]. Oxidation reactions normally occur at a slower
rate in wines aging in bottle, which accounts for the colour differences found
between Ruby-style and Tawny-style wines [8,11,13].

Spectrophotometric methods have traditionally been used to characterize the

colour of a particular wine or to compare the colour of different wines. The current
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Q) OlV (Office International de la Vigne et du Vin) reference method for wine colour
| ) analysis is based on the measurement of the transmittance spectrum in the UV-
QVisible range and on the mathematical calculation of the tristimulus values using the
q) 1976 CIE (Commission International de I'Eclairage) L*a*b* colour model [14]

Besides spectrophotometric analysis, other techniques like spectroradiometry or
O image analysis have recently been used to measure wine colour. These instrumental
O techniques have several advantages over spectrophotometry, allowing for the

analysis of samples at different depths and angles, thus simulating more closely the

visual experience of the observer.

Martinez et al. [15] compared wine colour measurements obtained by

spectroradiometry and spectrophotometry and observed differences between the two

methods at different depths, which were mainly attributed to different sample
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thicknesses, illumination setups and glass type interferences. Huertas et al. [3]
measured wine colour with a spectroradiometer at regularly-spaced points of a wine
sample poured in a standard glass and found significant differences in the Lightness
(L*) and Chroma (C*) parameters, but non-significant changes in the Hue (H*)
parameter, depending on the area being measured. In another work, Martin et al. [4]
used a digital camera and a tele-spectroradiometer to measure wine colour at
different depths, observing good correlations between the results obtained with these
two methods.

Defining wine colour is a complex subject, since many factors need to be taken
into account. Most previous studies published so far were undertaken with still (table)
wines and the information regarding the colour profiles of Port wines of different style
is scarce. Also, most published studies about Port wine colour to date [5,16,17,18]
were focussed on the physical-chemical characterization of colour, but lack a
sensory (visual) evaluation of wine colour. Given the importance of colour in
classifying Port wines (and establishing its age) and standardizing colours a more
comprehensive method of analysis of Port wine colour could be helpful for Port wine
producers and for regulatory authorities.

The main objectives of the present study were to use different spectroscopic
techniques (spectrophotometry and colorimetry) to measure the colour of Port wines
using CIE L*a*b* parameters at different depths, and to compare the results with the

visual (colour) perception of the same wines.

2. MATERIAL AND METHODS

2.1 Samples

Two sets of Port wine samples were used for the colour profile analysis. The
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first set consisted of 39 samples of different ages and categories: 15 Ruby-style
Ports (four “Ruby, three “Ruby Reserve”, five “LBV 2011”, one “Vintage 2013” and
two “Vintage 2002”) and 24 Tawny-style Ports (six “Tawny”, one “Tawny Reserve”,
eight “10-year old”, three “20-year old”, one “40-year old” and five “Colheita” from the
1940, 1963, 1975, 1994, and 2001 harvests).

The second set consisted of 41 Port wine samples of different ages and
categories: 20 Ruby-style Ports (five “Ruby, five “Ruby Reserve”, two “LBV 20117,
two “LBV 20107, one “LBV 2009”, two “Vintage 2013” and three “Vintage 2014) and
21 Tawny-style Ports (five “Tawny”, five “Tawny Reserve”, five “10-year old”, two
“20-year old”, two “30-year old”, one “40-year old” and one “Colheita” from the 1995
harvest). Only this second set was used for the sensory (visual) assessment of
colour.

These samples were selected as representative of the different Port wine styles

and were kindly supplied by IVDP (Instituto dos Vinhos do Douro e Porto).
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2.2. Colour analysis
2.2.1 Spectrophotometric (UV-VIS) measurements

For the spectrophotometric measurement of wine colour, a Helios Alpha UV-Vis
double-beam spectrophotometer from Thermo-Scientific (Waltham, MA, USA) was
used. Samples were transferred to a 1.0 mm path-length quartz cuvette and the
transmittance spectrum at wavelengths between 300 and 800 nm was recorded (at 1
nm intervals), using distilled water as blank. The theoretical transmittance values at
other path-lengths (2.0, 3.2, 4.0, 4.8 and 6.0 mm) were calculated from the 1.0 mm
path-length readings using the Beer-Lambert-Bouguer law equation Abs = -logio(T) =
abc, where Abs represents absorbance, T the transmittance, a the molar
absorptivity, b the path-length of the cuvette and c the concentration of absorbing
pigments in the sample. The obtained transmittance results were converted
mathematically to the CIE tristimulus values X, Y, Z (assuming a D65 illuminant and
an observation angle of 10°) which were thereafter used to calculate the CIE L*a*b*

parameters according to the OIV reference method (OIV, 2006).

2.2.2. Colorimetric measurements

The colorimetric (reflectance) measurements were performed using a Konica
Minolta (Tokyo, Japan) CR-400 colorimeter using D65 as the reference illuminant. A
prior calibration of the colorimeter (blank reading) was performed using the white
calibration tile provided with the equipment as background. Different volumes of Port
wine samples (2.5, 4.0, 5.0, 6.0 and 7.5 mL) were transferred using a graduated
pipette to a glass Petri dish (with a diameter of 4.0 cm) in order to measure colour at
different depths (2.0, 3.2, 4.0, 4.8 and 6.0 mm, respectively). The Petri dish

containing the sample was placed over the white calibration tile and placed directly
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above it in a fixed horizontal position. Measurement of the CIE L*a*b* colour
parameters was made in triplicate for each wine sample, with three seconds of
interval between replicates. The triplicates values of each wine sample was
averaged. For the colorimetric results the wines classified on the same age category

Q) were averaged, with the exeption of the wines from “Colheita”, which were
pes|  considered individuallly.

QO

* ﬁ 2.2.3. CIE colour parameters
H The CIE L*a*b* colour system was used to characterize colour in both
spectrophotometric and colorimetric methods, using the parameters L*, a* and b*
where L*, represents the clarity/luminosity of the subject (L*= 0 corresponds to black,
and L*= 100 corresponds to white), a* represents the red/green colour component
@ (wherein a*> 0 red, and a* <0 green) and b* represents the blue/yellow colour

component (b*> 0 yellow, b*< 0 blue). From the a* and b* values, the parameters

| ) Chroma or colour purity (C*), and Hue angle (H*) were calculated using the following

Qformulae: C* =(a**+b*?)¥2 ; H* = arctan(b*/a*) (OIV, 2006).

QO
QO
<

This article is protected by copyright. All rights reserved.



2.3 Visual assessment of wine colour

Twelve naive (untrained) panellists were asked to assess the colour of the Port
wine samples placed in Petri dishes at the same depths used for the colorimetric
measurements in order to correlate colorimetric readings with human colour
perception. Two sample sets were made, one for Ruby-style wines (five “Ruby, five
‘Ruby Reserve”, two “LBV 20117, two “LBV 2010”, one “LBV 2009”, two “Vintage

2013” and three “Vintage 2014) and another for Tawny-style wines (five “Tawny”, five

cle

L ﬁ “Tawny Reserve”, five “10-year old”, two “20-year old”, two “30-year old” and one
“40-year old”). For each sample set, five linear scale tests were performed (each
linear test represent one established depth), where the untrained panellists were
asked to assess all the samples in terms of hue in order to compare the scores with
the results obtained in the colorimetric readings at the same depths. The sensory
test consisted of placing the Petri dishes on an unstructured (one-meter) horizontal
linear scale according to their hue (H*), using two “anchor” samples in the
extremities of the scale, representing the lowest and highest values of hue (H*)
previously measured by colorimetric readings, for each sample set. The distance
between each sample and the left anchor (corresponding to the lowest H*) was
measured using a ruler. All sensorial assays were performed using a white
background under controlled light conditions (D65 equivalent lighting, T=6500 K) in a

standard sensory analysis room and the samples were presented randomly to each
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untrained pannelist.

2.4. Statistical analysis

A multivariate statistical analysis was performed in order to analyse the

similarities of different Port wines. To accomplish this, a Principal Component
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Analysis (PCA) using Varimax Rotation with Kaiser normalization was done using
the L*, H* and C* parameters obtained with the colorimeter at different depths. A
Linear Discriminant Analysis (LDA), using the Stepwise method and Wilks’ lambda,
was also performed to assess which variables were more important for
discrimination the Port wine samples into different categories. The default statistical
confidence level was considered to be 99% (p<0.01) in all tests. All statistical

analyses were done with SPSS Statistics software (IBM, Armonk, NY) version 23.

3. RESULTS

3.1. Colorimetric results

The chromatic characteristics of the Ruby-style Port wine samples measured at

different depths are depicted in Figure 1.

Figure 1 here please

A decrease in Lightness (L*) and Hue (H*) parameters was observed with
increasing depth in all Ruby-style samples (Figure 1). As expected, Vintage Ports
from relatively recent harvests, such as 2013 and 2014, had darker (lower L*) and
redder colours (lower H* values), followed by LBV 2011 and 2010, with similar
colours, LBV 2009, Reserve Rubys and standard Rubys. The older 2002 Vintage
Port samples showed higher values of L* and H* comparatively to the other Ruby-
style categories. As for the Chroma (C*) parameter, a decrease was observed in
most Ruby samples with increasing depth, except for the 2002 Vintage Port samples

which showed an increase in C* up to 4.0 mm depth followed by a decrease at
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higher depths (Figure 1). Specifically, Vintage 2002 presents a very different
behaviour in terms o L*H*C* parameters, which could be explained with the fact that
this particular wine is the most aged among Ruby styled wines having greater loss of
colour is resulted by formation of polymeric pigents thorugh oxidation through the
ageing of a wine. In general Ruby styled wines are less aged than the tawny styled
wines Therefore, the colour of vintage 2002 will be different from Ruby port wines

and similar to tawny port wines.

Figure 2 here please

The results obtained in the colorimetric analysis of Tawny-style Port wines are
shown in Figure 2. The results show a clear distinction between the different
categories and an increase in darkness (lower L*), redness (lower H*) and higher
colour purity (higher C*) with increasing depth (Figure 2). Higher H* values were
obtained for older Tawny Port wines, as expected. In the Colheita samples, however,
there were similarities in the hue of older wines from the 1940, 1975 and 1963
harvests (Figure 2).

Wines from standard Tawny and Tawny Reserve categories had their highest
Chroma (C*) values at 4.0 mm depth, whereas Tawnies with an age indication (10-,
20- and 40 years-old) and Colheitas (from the 1940, 1963, 1975, 1994 and 2001

harvests) had their highest C* values at 6.0 mm depth (Figure 2).

3.2. Comparison of transmittance and reflectance results
To understand the magnitude of the differences between the

spectrophotometric (transmittance) and the colorimetric (reflectance) methods,
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correlations were used to compare readings of the same samples at the same

depths (Table 1).

Table 1 here please

Good linear correlations were obtained for the L* values obtained from
spectrophotometric and colorimetric methods. For Ruby-style wines, the
spectrophotometric results gave much higher L* values than the colorimetric values
(by a factor of 2 to 4, obtained from the slope values) (Table 1). These results were
expected since in the spectrophotometric method the light source is positioned in
front of the detector, increasing the (measured) luminosity of the sample, while in the
colorimeter the measured radiation is the radiation reflected by the sample to the
detector, which is in an adjacent position to the light source. On the other hand, in
Tawny-style wines the Pearson’s correlation coefficient (R) and the slope of the
linear correlations increased with depth, with a slope value close to 1 at depths
between 2.0 and 3.2 mm and increasing at higher depths, indicating that the values
obtained by both methods were similar at these depths (Table 1).

Concerning the hue parameter (H*), good correlations were also obtained
between the two methods (particularly in Tawny-style wines), with slope values close
to 1 in the case of Tawny-style wines and somewhat lower in the case of Ruby-style

wines. A decrease in R with depth in Tawny-style wines (from 0.967 to 0.919) and an
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increase with depth in Ruby-style wines (from 0.767 to 0.949) was also observed
(Table 1).
Finally, relatively poor correlations were observed in the Chroma parameter

(C*) obtained with both methods. An increase in slope (and correlation coefficient)
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with depth was observed in Ruby-style wines, while a decrease up to 4.0 mm depth

was observed in Tawny-style wines (Table 1).

3.3. Visual assessment of wine colour

A Visual assessment of wine colour approach allowed the study of both the
visual classification order of each sample according to its colour, and of the
dispersion of the visual scores.

The relationship between the visual scores obtained from the sensorial
assessment and the H* values obtained by colorimetry for Ruby- and Tawny-style

wines are depicted in Figures 3 and 4, respectively.

Figure 3 here please

Figure 4 here please

As shown in Figure 3, a linear correlation between the visually perceived
colour hue and the H* parameter measured by the colorimeter can be observed for
Ruby-style wines at all tested depths. However, in Tawny-style wines a non-linear
pattern was observed, indicating that the panellists used the scale in a non-linear
manner for more aged wines (with higher H* values), particularly at higher depths
(Figure 4). Higher linear correlations were found at greater depths (4.8mm and 6.0
mm) in Ruby-style wines (Figure 3) and at shallower depths (2.0 mm to 4.0 mm) in
Tawny-style wines (Figure 4).

Regarding the dispersion of the visual scores, the panel was able to make a

better distinction between the Tawny-style wines than the Ruby-style wines, as
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shown by the lower standard deviations in the sensorial scores (Figures 3 and 4). In
Ruby-style wines, only at lower depths (2.0 to 4.0 mm) there was some degree of
consensus (lower standard deviations) between the colour classifications by the

panellists (Figure 3).

3.4. Statistical analysis

Different physical-chemical and sensorial parameters are normally used to
discriminate different categories of Port wines. Although it was not the objective of
this study to discriminate categories of Port according to their colour alone, a
multivariate analysis of the results was performed in order to evaluate a possible
discriminatory power of the CIELab colour parameters (L*, C and *H*) using the
colorimetric method.

A Principal Component Analysis (PCA) was done using the L*, H* and C*
colour parameters obtained from the colorimetric measurements. Two components
were extracted: the first (horizontal) component explained 68.9% of the variance of
the results, while the second (vertical) component explained 28.3%, giving a total
97.2% explained variance (Figures 5 and 6). The first component was found to be
mostly influenced by the lightness (L*) and hue (H*) parameters, while the second
one was mostly affected by Chroma (C*) at different depths (Figure 5). The
proximity of the factor loadings of L* and H* suggests that these parameters are

highly correlated. On the other hand, the C* parameter values at different depths
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were more spread, with C* at 2.0 mm depth having the lowest factor loading on the
first component.
The first component allowed a clear discrimination between Tawny- and Ruby-

style Ports (Figure 6). Moreover, the first component also allowed to distinguish
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between Tawny-style Ports of different ages and categories, suggesting that L*
(lightness) and H* (hue) are the most important parameters for distinguishing wines
of these categories. On the other hand, Ruby styles of Port were more discriminated

by the second component (Chroma or C* values) (Figure 5 and 6).

Figure 5 here please

Figure 6 here please
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A Linear Discriminant Analysis (LDA) was also performed using the L*, H* and
C* colour parameters obtained at the different depths tested. In this analysis
“Colheita”, “LBV” and “Vintage” samples were not used, since at least two samples
from the same year were necessary. Therefore, the model was only applied to wines
of the Ruby, Ruby Reserve, Tawny, Tawny Reserve and Tawny with age indication
(10-, 20-, 30- and 40-year old) categories. Before LDA, a Box's M test was
performed to analyse the similarity of variance-covariance matrices from the different
wine samples. The results showed differences in the dispersion between Port wine
categories (p<<0.01), which was expected since the number of Port wine samples
per category was unequal while some categories (such as 10-year old Tawny Ports)
were known to have greater variations in colours than others.

The normality of the distribution was tested using a parametric (Shapiro-Wilks)
and a non-parametric test (Kolmogorov-Smirnoff). The two tests gave conflicting
results: in the Shapiro-Wilks test normality for the first discriminant function (D1) was
rejected (p=0.003) but not for the second function (p=0.011); on the other hand, the
results of the Kolmogorov-Smirnoff test indicated that the first function (D1) followed
a normal distribution (p=0.019) while the second (D2) did not (p=0.001). However,
since the number of samples used (n=56) is above 50, it was assumed that the
variables approach asymptotically a normal distribution. Using the Wilks' Lambda
criteria, it was confirmed that the first two functions were highly discriminating
(p<<0.01) and that the first discriminant function (F1) explained 72.3% of the total
variability among groups, while the second function (F2) explained 25.9% of inter-
group variance (for a total of 98.3% of the total variability explained by the

mathematical model).
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Equation 1: Discriminant function 1 (F1)

F, =113 % H, — 0.210 * H, g + 0.0620 x L,

Equation 2: Discriminant function 2 (F2)

F,=225%L,—217 % H,g + 0.101  H,

The most discriminant variable for function F1 was colour hue at 2.0 mm depth,
followed by hue at 4.8 mm depth, whereas for function F2 the most discriminant
variable was lightness variable at 2.0 mm depth and hue at 4.8 mm depth. Using
both discriminant functions (F1 and F2), an internal cross-validation with the same
samples used for the model was made in order to perceive the accuracy of
discrimination of the discriminant functions, which resulted in 69.6 % of the original
grouped cases (samples) being correctly classified in the different Port wines
categories. In general, Tawny-style wines had higher correct classification scores
than Ruby-style wines (Table 2). The categories that had poorer classification scores
were standard Ruby (55.6%) and 20-year old Tawny (60.0%), with some categories
(notably Ruby and Tawny categories and 10-year old Tawny) showing higher

dispersion of results than others (Table 2).

Table 2 here please

Accepted Article

This article is protected by copyright. All rights reserved.



Accepted Article

4. DISCUSSION

Port wines from different categories are known to differ in transparency, colour
intensity and tonality. Ruby Ports are normally more opaque and more intensely
coloured than Tawny Ports, since they have a naturally higher pigment
concentration. The colour hue or tonality ranges from deep red (in Ruby wines) to
light gold (in Tawny wines).

From the results obtained in this work, it can be observed that the lightness (L*)
parameter did not allow to differentiate well wines within the different Ruby-style
categories of wines, since all samples presented similar L* values at all depths with
exception of vintage 2002 category which presented different among Ruby styled
wines (Figure 1). However, there were visible differences in the H* and C*
parameters between wines of different categories, which also changed particularly at
lower depths (2.0, 3.2 and 4.0 mm). A very different behaviour was observed in the
older Vintage 2002 sample, which showed a more similar pattern to Tawny wines,
with an increase in Chroma (C*) up to 4.0 mm depth and a decrease at higher depth.

Light transmission and scattering usually occur in translucent materials and a
major part of the visual quality of wine is caused by its translucency [3]. In a previous
study, Bakker, Bridle & Timberlake [4] have shown that in Port wines both lightness
(L*) and hue angle (H*) can be affected by the optical path and also that there is a
poor correlation between the H* and colour tint, particularly in older samples. The
results reported here show a similar variation of hue angle (H*) and lightness (L*)
with depth, which is consistent with the results previously reported by these authors.

The chroma (C*) parameter was affected by depth, although its behaviour was

more complex, depending on the wine style: in Ruby-style wines, a decrease in C*
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was observed with increasing depth, except for the older (2002 Vintage Port) wines;
in Tawny-style wines an asymptotical pattern was observed, with C* increasing with
depth, particularly from 2.0 to 4.0 mm, in all categories, suggesting that colour purity
increases down to 4.0 mm depth.

Being a translucent matrix, the colour of a wine is expected to be affected by
the quality and direction of illumination, viewing geometry and the inclusion/exclusion

of specular component [1]. In the case of colorimetric measurements, where the

cle

L ﬁ reflected radiation is measured at a near 0° angle (with the specular component

ﬁ included), some translucency errors can occur by light trapping, meaning that not all

light reaches the detector. On the other hand, in the spectrophotometric method, a

< monochromatic beam of light passes (and is transmitted) through the sample,

minimizing the effect of light trapping [1].

@ Since in the spectrophotometric method the results are extrapolated (using the

Q) Beer-Lambert-Bouguer law) from a path-length of 1.0 mm to higher path-lengths

l ) (2.0, 3.2, 4.0, 4.8 and 6.0 mm), possible refraction or reflection effects at these

thgher path-lengths are not taken into consideration by this approach. On the other

hand, the colorimeter used (Konica Minolta CR-400) is designed so that the sample

Q) is illuminated almost equally from all directions (measuring the vertically reflected

O radiation from the wine sample), which creates more realistic illumination conditions,
O comparing to visual assessment of translucent liquids such as wine.

The visual assessment results showed a better colour distinction at shallower
depths (2.0, 3.2 mm and 4.0 mm) for both styles of Port wine (Ruby and Tawny). The
relationship between measured and visually perceived colour has previously been
described in the literature, for different wine types at different depths [1,14,19]

In this work we obtained good linear correlations between the H* parameter and the
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perceived hue of Ruby-style Port wines, particularly at higher depths, despite a high
dispersion of the visual scores was also observed. In Tawny-style wines, a curved
pattern was obtained with increasing depth which could be partially related to
contrast effects previously described in the literature such as the Bezold—Briicke shift
or the Abney effect [20]. The Bezold—Brticke shift, in particular, could have had an
interference in the visual scores obtained by the panel, since the curvilinear graphs

show that the panellists had more difficulty in classifying older samples of Tawny-

cle

L ﬁ style wines at higher depths, classifying older samples as less red (higher H*) than
the colorimeter. Another factor, which could have interfered in the different
perception of wine colour, is the difference of age between the Ruby- and Tawny-
style wines used in this work. In fact, most Ruby-style wine samples were relatively
young (except for the 2002 Vintage Ports) while some of the Tawny-style wines
where much older (up to 40-year old).

The LDA model obtained with the colorimetric results had a relatively limited
discriminatory power (about 70%), since the number of samples per category was
limited. However, it provided interesting information regarding which parameters
(and observation depths) could be used for discrimination purposes. In fact, lightness
(L*) and hue (H*) at 2.0 mm and, to a lower extent, hue (H*) at 4.8 mm depth, were
the most discriminating parameters of the different Port wine categories, suggesting
that visual observation at these particular depths could help distinguish visually

between Port wines. Still, further work is necessary to improve the discriminatory

Accepted Art

power of this model.

5. CONCLUSION
The colorimetric method used in this worked proved to be a fast and easy

alternative to measure wine colour at different depths, being more similar to the
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visual perception than the spectrophotometric readings. Moreover, the multivariate
analysis demonstrated that the measurements at different depths could be used to
distinguish Port wines from different categories. However, further research is
necessary to improve the discrimination model and to clarify the complex
phenomena involved in visual colour perception and its relationship to instrumental
readings. Although other methods are available nowadays to measure accurately
colour, such as digital image analysis or tele-spectroradiometry, they often require
expensive equipment and sophisticated software. Due to its simplicity, the use of a
colorimeter could be useful for the wine industry, particularly where wine colour is an

important quality parameter, such as Port.
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FIGURE LEGENDS

Figure 1. Lightness (L*), Hue (H*) and Chroma (C*) values for Ruby-styled Port wine
samples (grouped by category) with increasing depth (mm); symbols represent the
mean and error bars represent the standard error of the mean (n>3) for each

category.

Figure 2. Lightness (L*), Hue (H*) and Chroma (C*) values for Tawny-styled Port
wine samples (grouped by category) with increasing depth (mm); symbols represent
the mean and error bars represent the standard error of the mean (n>3) for each

category.

Figure 3. Plots of relationships between hue angle (H*) and sensorial scores by the
panellists for Ruby Port wines at different depths (2.0, 3.2, 4.0, 4.8 and 6.0 mm);
error bars represent standard deviations (n=10); scores represent the distance

between the sample position and the “0” (left) anchor.

Figure 4. Plots of correlation between hue angle (H*) and sensorial scores by the
panellists for Tawny Port wines at different depths (2.0, 3.2, 4.0, 4.8 and 6.0 mm);
error bars represent standard deviations (n=10); scores represent the distance

between sample position and the “0” (left) anchor.

Figure 5. PCA plot of factor loadings of the different variables used in the study. D1
and D2 represent the first and second extracted components. C, L and H represent
the colour parameters C*, L* and H* respectively, while the following number

represents the measured depth (in mm).
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Figure 6. PCA plot of scores of the different Port wine samples. D1 and D2
represent the first and second extracted components. Ovals with solid lines
represent groups of Ruby-styled Ports while ovals with dashed lines represent

Tawny-styled Ports.
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Figure 1. Lightness (L*), Hue (H*) and Chroma (C*) values (obtained from the
colorimeter Konica CR-400) for Ruby-styled Port wine samples (grouped by
category) with increasing depth (mm); symbols represent the mean and error bars

represent the standard error of the mean (n>3) or each category.
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Figure 2. Lightness (L*), Hue (H*) and Chroma (C*) values (obtained from the
colorimeter Konica CR-400) for Tawny-styled Port wine samples (grouped by

category) with increasing depth (mm); symbols represent the mean and error bars

represent the standard error of the mean (n>3) for each category.
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Figure 3. Plots of relationships between hue angle (H*) and sensorial scores by the
panellists for Ruby Port wines at different depths (2.0, 3.2, 4.0, 4.8 and 6.0 mm);
error bars represent standard deviations (n=10); scores represent the distance

between the sample position and the “0” (left) anchor.
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represent the first and second extracted components. Ovals with solid lines
represent groups of Ruby-styled Ports while ovals with dashed lines represent

Tawny-styled Ports.
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Table 1: Linear correlation equations of the CIE L*a*b* parameters obtained by the

spectrophotometric vs. colorimetric measurements at different depths.

Ruby wines Tawny wines
Dept | Lightness(L*) | Hue(H*) Chroma(C*) Lightness(L*) Hue(H*) Chroma(C*)
h
2.0 y=2.17x- y=0.750x+3.62 | y=0.380x+37.4 | y=0.919x+43.4 | y=1.03x-2.39; | y=0.632x+44.2
mm 3.49; ; ; ; R=0.967 ;
R=0.894 R=0.767 R=0.190 R=0.757 R=0.664
3.2 y=2.89x- y=0.666x+8.90 | y=1.20x+9.45; y=1.29x+26.9 y=0.980x-3.18 | y=0.335x+56.9
mm 20.4, ; R=0.523 R=0.894 R=0.941 R=0.475
R=0.876 R=0.792
4.0 y=3.34-30.0 | y=0.681x+9.90 | y=1.46x+2.20 y=1.45x+20.5 y=0.958x+5.5 | y=0.314x+58.3
mm R=0.859 R=0.835 R=0.635 R=0.912 1 R=0.338
R=0.930
4.8 y=3.69x-37.5 | y=0.718x+10.1 | y=1.57x-0.895 | y=1.60x+14.9 y=0.953x+6.7 | y=0.366x+56.0
mm R=0.833 R=0.869 R=0.692 R=0.920 2 R=0.349
R=0.924
6.0 y=3.97x+44. y=0.791x+9.84 | y=1.66x-3.04 y=1.79x+7.87 y=0.959x+7.5 | y=0.555x+48.0
mm 1 R=0.949 R=0.746 R=0.928 9 R=0.401
R=0.779 R=0.919
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Legend: “y” represents the values obtained by the spectrophotometric method; “x” the values obtained with the

colorimetric method and R the Pearson’s correlation coefficients; correlations were calculated using the average

values (n=3) of the parameters for each wine sample
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Table 2: Cross validation with the F1 and F2 linear discriminant functions using the predicted

group membership

Predicted Group Membership

Original

R. R. 10 20 30 40 Total
Categories Ruby Tawny

Ruby Tawny years years years years (%)
Ruby (%) 55.6 33.3 11.1 .0 .0 .0 .0 .0 100.0
R. Ruby (%) 375 62.5 .0 .0 .0 .0 .0 .0 100.0
Tawny (%) .0 .0 81.8 9.1 9.1 .0 .0 .0 100.0
R. Tawny (%) .0 .0 .0 83.3 16.7 .0 .0 .0 100.0
10 years (%) .0 .0 .0 23.1 69.2 7.7 .0 .0 100.0
20 years (%) .0 .0 .0 .0 40.0 60.0 .0 .0 100.0
30 years (%) .0 .0 .0 .0 .0 .0 100.0 .0 100.0
40 years (%) .0 .0 .0 .0 .0 .0 50.0 50.0 100.0
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