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Abstract: Color, being one of the most important sensory characteristics, could be associated to the
phenolic compound content and/or the antioxidant activity of fruits and vegetables. In this study,
linear ordering was used to build quality rankings of red table grapes based on color parameters
or phenolic compounds. First, the principle component analysis (PCA) was used to show the
association between color of red grape skins (evaluated in CIE L*a*b* and L*C*h systems) and their
individual phenolic compounds (investigated by the HPLC), total polyphenol content (TPC), total
anthocyanins (ACNSs), as well as the antioxidant activity (DPPH) of five table grape varieties. It
could be observed that the lightness (L*) and hue angle (h) are the color coordinates strongly related
to some phenolic compounds and ACN, whereas a* was related to DPPH and TPC. Five distinct
clusters could be observed from PCA analysis with dark-colored grape varieties showing high levels
of ACN (3.48-5.83 mg/g), low lightness (47.8-53.0), and high h values (353.7-359.8°). L*, a*, and
h color coordinates were used to build table grape ranking. The second ranking was built based
on phenolic compound content. Results of the two rankings were correlated. High Tau Kendall
correlation coefficient (0.51, p = 0.000) indicated that linear ordering analysis, based on the simple
color measurements, could be a useful tool for rapid screening of the quality of grapes. This could be
valuable information for producers and consumers of the fruit making decision on the market.

Keywords: anthocyanin content; color coordinates; linear ordering analysis; polyphenol content;
principle component analysis; radical scavenging capacity; quality assessment; table grapes

1. Introduction

In recent years, a change has been observed in the consumers’ behavior on the food
market. Their growing awareness on the impact of a diet on human health has led con-
sumers to approach their diet in more selective ways, often choosing quality products, such
as functional or/and organic/bio food. This has forced the food producers to single out
their products with health attributes for which the consumers will be able to pay a higher
price. Among the fruit, table grapes are one of such food products [1].

Grapes are one of the most popular fruit worldwide. Their worldwide production was
about 78 million tons in 2018, including 36.2% (28.2 million tons) produced in Europe [2].
Table grapes, which are intended for consumption while fresh, can be in the form of either
seeded or seedless varieties and range widely in terms of color, size, and flavor. The
annual production of table grapes accounted for 25.6 million tons in 2020/2021 worldwide,
including 1.4 million tons produced in Europe [3].

Grapes are important sources of bioactive compounds. They contain high amounts of
phenolic acids and polyphenols, whose presence in the human diet has been previously
related to the lower risk of chronic diseases such as cancers or cardiovascular diseases [4].
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In grape berries phenolic acids (hydroxycinnamic and hydroybenzoic acids), stilbenes
(resveratrol), flavonols (quercetin, kaempferol, and myricetin), flavanone and anthocyanins
are the most important antioxidant active compounds. Most of them are in the skins (30%)
and seeds (60%) of grapes, while only around 10% is in the pulp [5]. The composition
of grapes strongly depends on the variety, maturity stage of grape berries, viticultural
and environmental factors [5]. In red grape varieties, the main phenolic compounds
are anthocyanins [6,7]. They account for 42-51% of total phenolics in red grape berries,
followed by hydroxycinnamic acid derivatives (30-31%) and flavan-3-ols (8-19%) [7].
Others [8] reported that, apart from anthocyanins, the predominant polyphenols in red
grape skins are flavonols in the form of glycosides (130-200 mg/kg fresh weight), followed
by flavan-3-ols (41-93 mg/kg) and hydroxycinnamic acid derivatives (12-19 mg/kg). For
white grapes, the predominant polyphenols are flavan-3-ols (54-97 mg/kg), followed
by flavonols (25-98 mg/kg) and hydroxycinnamates (13-38 mg/kg), which constitute
32-59%, 27-49%, and 13-19% of total phenolic compounds, respectively [8]. As reported
by Aubert et al. [7], pink and white grapes are rich in hydroxycinnamic acid derivatives
(43-74%), followed by flavonols for white cultivars (17-43%) or anthocyanins for pink
colored cultivars (21%).

Phenolic compounds are responsible not only for the antioxidant activity of the fruit
but also play an important role in the sensory characteristics, such as taste and color [7].
Flavan-3-ols and their polymeric forms proanthicyanidins contribute to bitter and astringent
taste of the berries [9]. Anthocyanins are responsible for the red, purple, and blues color
of fruit. When making purchasing decisions, consumers have always been attracted by
the color as a sign of a “good” quality product. In the case of fruit, the more vivid color
the higher quality of the fruit is attributed [10]. Color, being one of the most important
sensory characteristics, could be associated with the phenolic compound content and/or
the antioxidant activity of fruit and vegetables [10,11]. Recently, many efforts have been
made to obtain the grape varieties of high polyphenol content, which provides beneficial
health effects for humans [4]. Since flavonols and anthocyanins are abundant in grape
skins, their content could be related to the color of grape berries.

There are only few studies showing the relationship between color and the antioxidant
activity of fruit and vegetables [10-12]. Most commonly, the hue angle (h) as a color
parameter was associated with the pigments in fruit and vegetables [10]. However, apart
from chroma coordinates (a*, b*), lightness (L*) was also related to the antioxidant activity
of grapes and onions [11].

The aim of this study was to investigate the association between the color of red
grape skins (evaluated in CIE L*a*b* and L*C*h systems) and their individual phenolic
compounds, total polyphenol content (TPC), total anthocyanins (ACNSs), as well as the
antioxidant activity (DPPH) of fruit using the multivariate approach. To this end, the
linear ordering analysis was used, for the first time, to build two quality rankings of table
grapes, namely, the first ranking based on phenolic content or the antioxidant activity
and the second one based on color coordinates. A scientific hypothesis is that there is
a significant relationship between the color of grape skins and their phenolics and/or
antioxidant activity. Thus, a high correlation between the two rankings could indicate that
color measurements could be used as a tool for screening the quality of grapes expressed
as phenolic content. This could eliminate extraction and hydrolysis methods used to test
phenolic content of fruit, and it could replace the cost and time-consuming analytical
techniques of phenolic determination with simple and quick color measurements to get the
knowledge on phenolic content. The rankings built will show what position of our product
is in the set of similar products in other words where our product is placed in the quality
hierarchy. Finally, the rankings of table grapes created by the linear ordering could be used
by producers as a good source of information to distinguish and promote their products
within the group of similar products and for consumers to easily find the knowledge on
the quality of the product.
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2. Materials and Methods
2.1. Materials

Five table grapes varieties (Vitis vinifera L.)—namely Red Globe (dark red, seeded), Red
Globe (pink, seeded), Autumn Royal (blue-black, seedless), Black Magic (violet-black, seeded),
and Palieri (violet-black, seeded)—were purchased fresh from local suppliers (in 2015). These
commercial varieties are the most popular table grapes among consumers in Europe.

2.2. Sample Preparation

From the grape berries, skins were separated manually, freeze-dried (—50 °C), grinded
to powder in a mortar, and stored in the freezer at —20 °C until analysis. Approximately
1 g of the powdered skins were weighted and extracted with 10 mL of methanol (Sigma-
Aldrich, Steincheim, Germany, HPLC purity) in a closed container for 30 min on the
magnetic stirrer (MS-H-Pro plus, Chemland, Poland) with electronic control for constant
speed. The process was proceeded at ambient temperature, in the dark, and under nitrogen
to avoid phenolic compound oxidation. Then, after filtration through paper filters (type
388 filter, Filtrak, Niederschlag Barenstein, Germany), the supernatant was collected, and
the residues were re-extracted following the same procedure. All filtrates were combined,
mixed, and used for the analyses.

2.3. Color Measurements

The color of table grape skins was determined by Minolta Chroma Meter CR-200b
(Konica Minolta, Tokyo, Japan) in CIE L* a* b* system, where L* is lightness and a* is green
(if-) or red (if+) and b* is blue (if-) or yellow (if +). The mode of measurement was SCI
(specular component included), source of light was D65 and measuring area diameter was
8 mm. The colorimeter was calibrated, before analysis, using a white ceramic reference
standard. Samples were placed in a plastic container and covered with a plastic plate. The
measured layer was 10 mm thick. The chroma—C* and hue angle-h values were calculated
using a* and b* coordinates, and hue was expressed in degrees (°).

2.4. Total Polyphenol Content (TPC)

Total polyphenol content (TPC) was determined spectrophotometrically at 765 nm on
a Cary 1E UV-Vis Spectrophotometer (Varian, Berlose, Australia) using Folin—Ciocalteu’s
reagent (Sigma-Aldrich, Steincheim, Germany), as described by Singleton and Rossi [13].
The results were expressed as mg of gallic acid equivalents (GAE) per g of skin powder.

2.5. Anthocyanin Content (ACN)

Total anthocyanins (ACNs) were investigated by the pH-differential method [14].
Briefly, two dilutions of the same sample were prepared by adding an aliquot of the extract
(100 puL) to 3900 puL of potassium chloride (0.025 M, pH 1) and to 3900 pL of sodium acetate
(0.4 M, pH 4.5), respectively. After mixing, the absorbance of the samples were measured at
537 nm and 700 nm on the spectrophotometer Cary 1E. ACNs were calculated using the
Lambert-Beer law (¢ = 26,900 L/mol/cm, MW = 449.2 g/mol) as cyaniding-3-glucoside
(Cyglu) per g of powdered skins.

2.6. HPLC Analysis of Phenolic Compounds

Identification of phenolic compounds was performed using Waters 2695 high-performance
liquid chromatograph equipped with a Waters 2996 photodiode array detector (Waters,
Milford, MA, USA) and BDS Hypersil C18 column (250 x 4.6 mm, 5 um, Thermo Scientific,
Marietta, GA, USA). Chromatographic conditions were as follows. The mobile phase
consisted of a mixture of acetonitrile (A) and water (B) acidified with formic acid 1%
(v/v). All solvents (of HPLC grade) were purchased from Sigma-Aldrich (Steincheim,
Germany). Water for the HPLC mobile phase was purified using a Milli-Q system (Millipore,
Bedford, MA, USA). All determinations were performed at room temperature. The initial
composition was 10% A and 90% B. The flow rate was 0.3 mL/min. Then, the linear
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increase up to 13% A in the next 20 min, followed by the linear increase during the next
10 min up to 13.5% A (flow rate 0.5 mL/min), followed by the linear increase to 18% A
(flow rate 0.6 mL/min) during the next 10 min, followed by the linear increase during the
next 25 min to 35% A (flow rate 1 mL/min), followed by the increase to 100% A during the
next 5 min (flow rate 1 mL/min) and a linear decrease during the 5 min to initial conditions
(10% A, flow rate 0.3 mL/min), which was kept for 10 min to re-equilibrate the column.
The eluate was detected using a Waters 2996 photodiode array detector set at 280, 309 and
380 nm for phenolic acids, flavonoids and resveratrol, respectively. The injection volume
was 10 pL. The separated peaks were identified by the comparison with the retention times
of individual standards peaks and quantified using calibration curves of standards. All
results were expressed in pg/g of powdered skins.

2.7. DPPH Radical Scavenging Activity

The antioxidant activity of powdered grape skins were determined by the method reflecting
the mechanism of the scavenging of DPPH® radicals (DPPH-dphenyl-picrylhydrazyl from
Sigma-Aldrich, Steincheim, Germany) according to the procedure by Sanchez-Moreno et al. [15].
The results were expressed in umol trolox equivalent (TE) per g of powdered skins.

2.8. Statistical Analysis

All results were shown as mean =+ standard deviation of ten replicates. The calculations
were performed using Statistica 13.3 software (StatSoft, Tulsa, OK, USA) with Plus package
for linear ordering analysis (StatSoft, Krakow, Polska). Normal distribution was checked
by Shapiro’s W test and variance homogeneity by Cochran-Hartley—Bartlett test. The
significant effect of variety on the parameters studied (except DPPH) was shown by one
way ANOVA using Welch’s F test (since there was lack of variance homogeneity), and
significant differences were calculated using Tukey’s HSD test in post-hoc analysis. For
DPPH parameter Kruskal-Wallis, one way ANOVA was used for testing the effect of
variety since there was lack of normal distribution of DPPH data. The correlations between
parameters were shown by R Spearman’s coefficient (between DPPH and other parameters)
and r Pearson’s coefficient. To show the relation between measured parameters, PCA
(principle component analysis) was performed. This multivariate approach enabled more
insight into the obtained data.

Finally, linear ordering analysis was performed to build rankings for the comparative
quality assessment of table grapes. The procedure is a useful tool in the promotion of
the product, in comparison to other products, by the construction of hierarchy of similar
objects. First, the data was chosen, and it was decided if the parameters are stimulants
(positive effect on the studied phenomenaquality) or destimulants (negative effect on the
studied phenomena). The normalization procedure of all variables (total and individual
phenolic compound contents, antioxidant activity and color coordinates) was performed
using the equations:

for stimulants, x;; = (x;; — min{x;;})/(max{x;;} — min{x;}), 1)

for destimulants, x';; = (max {x;;} — x;;)/ (max{x;;} — min{x;;}), )

where x;; is the value of j variable for the object i, max and min correspond to maximum and
minimum values within the j variable set of data. The normalization procedure enabled
the adjustment of the size of the input variables in the range from 0 to 1 [16]. The specific
variables used in the method were chosen, based on the cluster analysis performed, in
order to separate groups of normalized variables, resulting in similar ordering of the objects
(grape varieties), and then, one variable from each cluster was chosen (with the smallest
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distance in the cluster). As the aggregation measure-AM (composite indicator) mean value
of the normalized variable values was calculated:

m
AM; =) xjj ®3)
=1

where x;; is the value of j variable for the object i [16]. All analyses were calculated at the
confidence level of 0.05.

3. Results and Discussion
3.1. Color of Table Grape Skins

Values of color coordinates of table grape skins, in both the Cartesian (L*a*b*) system
and polar (L*C*h) system, are shown in Table 1.

Table 1. Color parameters of table grape skins.

Table Grape Varieties
Color Coordinat
olorf-oordinates Autumn Royal Black Magic Red Globe Red Globe (Pink) Palieri
L* 47.76 £ 1204 48.35 + 0.46 4 62.11 £ 0.74P 70.92 +0.872 53.00 & 0.53 ¢
a* 12.14 +031°¢ 12.62 +£ 043P 16.22 £ 0.102 526+ 0.10 9 12.65 +0.34 b
b* —135+0.18¢ —0.43 4+0.134 408 +0.25b 10.92 + 0.24 2 —0.05+0.05¢
C* 12.22 £ 0.32°¢ 12.63 £ 043P 16.73 £ 0.09 2 12,12 +£0.22°¢ 12.65 +£0.34b
h (°) 353.66 + 0.76 ¢ 358.05 + 0.58 b 14.12 £ 0.89 ¢ 64.31 + 0.68 d 359.8 £ 0.242

27¢ in row mean values with the same letters in the superscript showed lack of significant differences (p > 0.05).

The effect of variety was statistically significant, and the darkest table grapes (the low-
est L* values) were Autumn Royal and Black Magic, showing blue-black and violet-black
skins. The lightest were Red Globe varieties, especially pink-colored ones. Lutz et al. [17]
also reported that juice from Autumn Royal grapes presented lower L* values (18.4) than
juice from Red Globe grapes (19.3). When analyzing chroma coordinates a* and b*, Autumn
Royal, Black Magic, and Pallieri showed similar share of red color of the berries. The level
of redness in Red Globe was the highest, and in Red Globe, pink-colored was the lowest
among tested varieties. Significant differences were observed when taking into account
the b* chroma coordinate. Negative b* values showed the high blueness of the samples,
especially for Autumn Royal variety. Red Globe varieties with positive b* values showed
yellowness of the skins. The higher redness (a*) and higher yellowness (b*) of Red Globe
juice, in comparison to Autumn Royal juice, have been previously observed [17]. When
analyzing the polar coordinates, such as hue angle (h), it could be observed that Autumn
Royal, Black Magic, and Palieri varieties could be put to the fourth quadrant of the polar
color space (270-360°), and the values around 360° indicated a rather dark red/violet
color. Red Globe varieties could be placed in the first quadrant of the polar color space
(0-90°), indicating that Red Globe was rather light red / orange-colored, whereas Red Globe
pink was rather orange/yellow-colored variety. Comert et al. [10] reported previously
the hue angle for black grape was 215.5, whereas for red grape, it was 25.6. The value
of the h coordinate, obtained in this study for Red Globe red-colored, is similar to the
result shown by the authors [10]. The color of the table grape skins is the result of phenolic
compound content, which was partially discussed by others [8,9,18,19]. Generally, the
darker color is associated with the higher total phenolic content [18,19], but the content of
individual phenolic compounds also plays a crucial role [8,9,19], which is discussed later in
this manuscript (Section 3.3).

3.2. Total Polyphenol and Anthocyanin Content and the Antioxidant Activity

Results of phenolic compound content and the antioxidant activity of table grape skins
were shown in Table 2.
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Table 2. Total polyphenol content (TPC), total anthocyanin content (ACN), and the antioxidant
activity (measured by DPPH assay) of table grape skins.

Table Grape Varieties

A;:;g}n Black Magic  Red Globe Re((;,icr;li((;be Palieri
TPC 713+ 0362 837+0522 677+023P 25840139 588+020°
mg GAE/gDW . . ) ) ) . } ) )
ACN
mg Cyglu/g  5.83+£0.072 529+004> 12540014 010+0.00¢ 348+003°¢
DW
DPPH 6221 +8.06° 90.00 £3972 89.70+2.672 3203 +6.41P 6224 +267P
wmol TE/g DW ) ) ) . : ) . ) . )

27¢ in row mean values with the same letters in the superscript showed lack of significant differences (p > 0.05). Note:
GAE—gallic acid equivalent; Cyglu—cyanidine-3-glucoside equivalent; TE—trolox equivalent; DW—dry matter.

The range of TPC in grape skins was 2.58-8.37 mg GAE/g FW (fresh weight), with
the highest content found in the Black Magic variety and the lowest in the Red Globe pink
variety. Similar results have been previously reported by Yilmaz et al. [5] for skins of some
red grape varieties (99-169 mg GAE /100 g FW). TPC value for Autumn Royal, provided
by Izcara et al. [20], was 118 mg GAE /100 FW, which was significantly lower than TPC
observed in our study (7.13 mg GAE/g DW = 169 mg GAE /100 g FW) but the final result
was shown by the authors for the whole berries, not for skins. TPC values obtained by
Xia et al. [21] for grape skins were in a wide range from 7.94 to 44.64 mg GAE/g DW. The
lowest TPC value appeared for the Euro-American hybrid [21], which was similar to the
TPC of the Black Magic variety from our study (Table 2). Shen et al. [22] reported 3.5 times
lower TPC in skins of the Red Globe variety (456.3 mg GAE/kg FW) in comparison to our
results (6.77 mg GAE/g DW = 1529 mg GAE/kg FW). In this study, ACN content varied
from 0.10 mg Cyglu/g DW for the Red Globe pink variety to 5.83 mg Cyglu/g DW for
the Autumn Royal variety. Since ACNs are responsible for the color of red grape varieties,
dark-colored grapes contained the highest content of these compounds, which was also
observed by Samoticha et al. [19].

The antioxidant activity (DPPH) of table grapes ranged in a wide range from 32 to
90 umol/g DW. Among the varieties, Black Magic and Red Globe showed the highest
antioxidant activity, whereas the lowest was determined for Red Globe pink. Similar results
were shown by Xia et al. [21] and Yilmaz et al. [5] for some red varieties cultivated in
Europe and America, Shen et al. [22] for the Red Globe variety. Whereas Izcara et al. [20]
reported two times lower radical scavenging activity for the Autumn Royal variety (172 mg
TE/100 g FW) in comparison to our results (62.21 umol TE/g DW = 369 mg TE/100 g FW).
Since the antioxidant activity has been previously reported to be significantly correlated
with the phenolic compounds [5,19,20], the correlation coefficients were calculated. Gen-
erally, the higher the content of phenolic acids and polyphenols, the higher antioxidant
activity was. In our study, the correlation coefficient (R Spearman) between DPPH and
TPC values was 0.736 (p = 0.000), whereas between DPPH and ACN was only 0.282, but it
was statistically significant (p = 0.047). Although among all varieties, Autumn Royal was
characterized by the highest ACN content (5.83 mg Cyglu/g DW) and high TPC value
(7.13 mg GAE/g DW), its antioxidant activity was similar to the antioxidant activity of
the Pallieri variety and lower in comparison to the Red Globe, showing ACN equaled to
1.25 mg Cyglu/g DW and TPC equaled to 6.77 mg GAE/g DW. Thus, the exceptionally
high antioxidant activity of Red Globe, in relation to its TPC and ACN, is noteworthy. That
could be the result of individual phenolic compound composition of these two varieties
(Red Globe and Autumn Royal), which is discussed in Section 3.3. It is also possible that
the Red Globe variety is rich in other phenolics antioxidant active constituents, which was
previously mentioned by others [20]. Moreover, various interactions between antioxidant
active compounds may occur, which may influence the final antioxidant properties of
grapes [19]. Lutz et al. [17] reported that the synergistic effect between antioxidant vitamins
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and phenolic compounds could contribute to the high antioxidant activity of the fruit.
Moreover, some vitamins, such as vitamin C, could regenerate some phenolic compounds
due to the lower redox potential of vitamin C in comparison to the redox potential of
phenolics [23].

3.3. Phenolic Compounds in Table Grape Skins

Table 3 includes HPLC results on phenolic compound content.

Table 3. Phenolic compound content in table grape skins.

Table Grape Varieties
Phen(]);lvcvs)(pg/g Autumn Royal Black Magic Red Globe Red Globe (Pink) Palieri
Sinpic acid (SA) 101.7 4 12.48 2 4817 +291°¢ 10.21 £ 0.62°¢ 38.20 + 6.52d 67.18 4+ 2.54
Ferulic acid (FA) <LOD <LOD 16.75 + 0.57 <LOD <LOD
hydroxycinnamic 7448 +3.722 16.73 +0.15° 10.05 + 0.24 5.88 4 0.53 274+ 0.12¢
acid (hCynA)
Resveratrol (Res) 528.7 4 44.89 2 323.5 +28.77P 0.26 £ 0.014 <LOD 94.56 + 2.69 ¢
Quercetin (Q) 171.1 £7.232 106.5 & 0.88 © 29.95 +0.114 14.68 & 1.95 ¢ 112.2 +452b
Taxifolin (T) 96.02 +9.80 P 12.06 + 0.76 4 28.22 +0.89 ¢ 15.73 +£2.324 187.6 + 6.63 2
Myricetin (M) 2071.8 + 268.0 @ 10125 4 41.43° 7.23 £0.27°¢ 23.48 +3.04 ¢ 64.21 4 4.95°¢
Kaempferol (K) 80.89 +3.47b 1.18 +£0.004 3.024+0.114 54.87 4+ 4.67 148.0 £ 0.752
Hesperidin (H) 2812.9 + 218,52 2618.1 +£161.1P 241.3 +8.78°¢ 358.8 4 19.58 ¢ 2473.1 +39.68 P
Eriodictyol (Er) 6.62 = 0.63 P 14.17 +£0.172 6.57 £ 0.33P <LOD 3.93+0.26°
Rutin (R) 213.4 +17.24¢ 435.8 + 36.90 4 2188.3 £ 118.6 2 1587.6 +177.9P 702.4 4 14.62
Total (mg/g DW) 6.16 & 0.59 459 4 0.27 2.54 +0.13 2.10 £ 0.22 3.86 & 0.08

27¢ in row mean values with the same letters in the superscript showed lack of significant differences (p > 0.05).
Note: LOD—Iimit of detection; DW—dry matter.

As shown in Table 3, among phenolic compounds, flavonoids were the most abundant
in grape skins. However, the qualitative and quantitative characteristic of the compounds
depends strongly on grape variety, which was previously reported by others [8,19,24]. For
dark-colored, blue-black, or violet-black, varieties, flavonols—namely, hesperidin (H) and
myricetin (M)—were the most abundant flavonoids. M has been previously reported as a
specific flavonol to red grape varieties found mainly in skins [8,19]. The level of myricetin
derivatives in red grape varieties has been previously reported within the range from 19 to
36 mg/g FW [8], which is similar to the result shown in this study for the Palieri variety
(13.08 mg/kg FW after recalculation of 64.21 pg/g DW from Table 3). Among flavonols,
quercetin (Q) was also present in a high quantity in dark-colored grapes and among stilbens—
resveratrol (Res). Rutin (R) was the predominant flavonoid (glycoside of quercetin) in Red
Globe varieties (responsible for their yellow color). Since various extraction procedures
and quantification methodologies were applied, it was hard to compare directly our results
to the literature numerical data. Higher levels of quercetin glucoside in red grapes than
in white grapes were observed by others [8]. Lutz et al. [17] reported the presence of
resveratrol in Red Globe skin, at the level of 0.77 ppm, which is in the same range for the
variety as in this study.

3.4. PCA Analysis—Association of Color Parameters with the Phenolic Content and the
Antioxidant Activity

PCA was performed to put more insight into the data matrix and to show the structure
of the relationships between all parameters. The first four principle components (PCs) with
eigenvalue greater than 1 were extracted, and together, they explained around 99% of the
total variance, including PC1 explaining 55.96% of variance and PC2 explaining 25.66%
of variance. A projection of the variables (parameters) and a projection of the scores on
the principal component plane, with PC1 and PC2 on the X and Y axes, respectively, are
presented in Figure 1. As can be seen from Figure 1a, PC1 was positively correlated with



Appl. Sci. 2022,12, 6146

8of 12

PC 2:25.66%

1.0

05

0.0

-0.5

-1.0

ACN (loaded value = 0.98), Q (0.98), H (0.97), Res (0.91), sinapic acid-SA (0.83), M (0.82),
and hue angle-h (0.93), and it was negatively correlated with R (—0.94), L* (—0.95), and
b* (—0.89). PC 2 was positively correlated with DPPH (0.93), a* (0.84), C* (0.78), ferulic
acid-FA (0.74), TPC (0.73), and eriodictiyol-Er (0.69).

5

S o

o
*

DPPH
i 4
Red/GIobe
3
2 qulack Magic
X 1
&8
& o
« og®
°
g o
Palier Autumn Royal
-2
-3 -
Red Globe pink
-4
-5
0.0 0.5 1.0 -8 6 -4 2 0 2 4 6 8
PC 1:55.96% PC 1: 55.96%
(a) (b)

Figure 1. Projections of the variables (a) and scores (b) onto the factor plane defined by principal
components (PC1 and PC2). Note: SA—sinapic acid; FA—ferulic acid; hCynA—hydroxycinnamic
acid; Res—resveratrol; Q—quercetin; T—taxifolin; M—myricetin; K—kaempferol; H—hesperidin;
Er—eriodictyol; R—rutin; L*—lightness, a* and b*—color coordinates, C*—chroma, h—hue angle;
TPC—total polyphenol content; ACN—total anthocyanin content; DPPH—antioxidant activity.

As it could be observed, strong associations between color parameters, namely L*,
h. and some phenolic compounds, such as ACN, Res, H, M, R, and Q, have been noted
(Figure 1a). Moreover, a* color coordinates was highly related with the DPPH and TPC
values. Thus, simple measurement of color parameters may be used as a fast and low-cost
method of screening the quality parameters of grapes (antioxidant activity and phenolic
content), which would be useful for consumers and producers. Especially, as it was shown
in the Figure 1b, those variables distributed the grape samples along PC1 and PC2 and
five distinct clusters could be observed. What is noteworthy, the dark-colored table grapes
(Black Magic, Palieri, Autumn Royal) were on the right sight of the PC1 axis and showed
high levels of ACN, Res, M, Q, H, high hue angle, and low lightness (L*), as well as R
content. On the other side of PC1 axis (negative PC1 values) are Red Globe varieties,
both with high lightness and R content. Moreover, when analyzing distribution of the
samples along the PC2 axis, Red Globe and Black Magic were the two varieties placed
on the positive side of the axis and showed high antioxidant activity, measured by the
DPPH assay, in contrast to Red Globe pink variety located on the negative PC2 values with
low antioxidant activity. Application of PCA for easy interpretation of data, according the
similarities and differences in fruit and vegetables based on the antioxidant content, has
been previously reported by others [9,11].

3.5. Linear Ordering Analysis for Building the Quality Ranking of Table Grapes

Linear ordering analysis was used to build quality rankings of table grapes for the
first time. First, the complex phenomena in the analysis was chosen as quality of red grapes
expressed as individual phenolic content, TPC, ACN, and/or DPPH values. The specific
variables used in the method were chosen based on the cluster analysis performed in order
to separate groups of normalized variables, resulting in similar ordering of the objects
(grape varieties), and then, one variable from each cluster was chosen (with the smallest
distance in the cluster). There were: taxifolin (T), R, M, Q, and TPC. The quality of table
grapes was also expressed by color coordinates (the second ranking). Similarly, cluster
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analysis was applied, and a*, L*, and h were chosen. Since a different effect of the chosen
variables was observed on the quality of table grapes (L* color coordinates were marked
as destimulants—the higher the values, the lower place in ranking—other variables were
marked as stimulants), the normalization of the data was applied according the equations (1
and 2). The aggregation procedure (AM) was based ‘not on the pattern objects’ (arithmetic
means of normalized values). Table 4 presents results (AM values and ranks) of linear
ordering rankings for the chosen variables. The higher the value of AM, the higher the
quality of table grapes. The correlation between results of these two rankings (rank) was
statistically significant, as the Tau Kendall coefficient equaled 0.51 with p = 0.000. The AM
values could be easily calculated based on the equations (1-3), using the values of color
coordinates (L*, a* and h), and the rank of the grape variety, in the quality hierarchy of
other grape varieties, could be determined. Since, there is significant correlation between
the two rankings (Table 4), simple color measurements could give us information on the
phenolic content. The grape varieties with the AM values above 0.7 (calculated from L*, a*,
and h color coordinates) will show high phenolic content, grapes with AM values from 0.4
to 0.7 will show moderate phenolic content, and grape varieties with AM below 0.4 will
show low phenolic content.

Table 4. Results of linear ordering analysis for the quality assessment of table grapes, based on two
set of variables: Taxifolin (T), quercetin (Q), myricetin (M), rutin (R) and Total polyphenol content
(TPC) as well as Lightness (L*), red (a*) and hue angle (h). AM—Aggregation measure.

Variables Ranking No. 1 Ranking No. 2
T, Q, M, R and TPC Values L*a*h Values

Grape Variety Rank Rank* (Meaﬁ%alue) Rank  Rank* (Meaﬁh\galue)
Autumn Royal 4 1 0.595 23 3 0.811
Autumn Royal 9 1 0.559 10 1 0.852
Autumn Royal 3 1 0.597 6 1 0.862
Autumn Royal 6 1 0.571 18 2 0.837
Autumn Royal 2 1 0.606 12 2 0.847
Autumn Royal 5 1 0.578 17 2 0.838
Autumn Royal 10 1 0.530 13 2 0.846
Autumn Royal 7 1 0.569 5 1 0.863
Autumn Royal 8 1 0.563 20 2 0.822
Autumn Royal 1 1 0.627 2 1 0.880
Black Magic 29 3 0.372 4 1 0.864
Black Magic 17 3 0.399 7 1 0.858
Black Magic 28 3 0.390 15 2 0.841
Black Magic 30 4 0.368 1 1 0.886
Black Magic 26 3 0.377 8 1 0.858
Black Magic 25 3 0.371 3 1 0.875
Black Magic 27 3 0.376 14 2 0.845
Black Magic 23 3 0.398 11 2 0.847
Black Magic 24 3 0.391 16 2 0.841
Black Magic 11 3 0.421 9 1 0.854
Palieri 21 2 0.453 22 3 0.813
Palieri 16 2 0.458 29 3 0.785
Palieri 15 2 0.458 30 3 0.778
Palieri 12 2 0.469 24 3 0.804
Palieri 14 2 0.455 27 3 0.794
Palieri 13 2 0.460 25 3 0.800
Palieri 20 2 0.453 26 3 0.799
Palieri 22 2 0.452 28 3 0.789
Palieri 18 2 0.451 21 3 0.821
Palieri 19 2 0.452 19 2 0.822
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Table 4. Cont.
. Ranking No. 1 Ranking No. 2
Variables T,Q,M,R ancfl; TPC Values L*a*h éalues
Grape Variety Rank Rank* (Meaﬁ%alue) Rank  Rank* (Meaﬁh\galue)
Red Globe 33 4 0.335 31 4 0.473
Red Globe 36 3 0.379 38 4 0.452
Red Globe 37 4 0.334 40 4 0.443
Red Globe 35 4 0.348 34 4 0.456
Red Globe 39 4 0.348 32 4 0.473
Red Globe 32 4 0.333 33 4 0.468
Red Globe 34 4 0.351 36 4 0.456
Red Globe 31 4 0.336 37 4 0.454
Red Globe 38 4 0.362 39 4 0.452
Red Globe 40 4 0.358 35 4 0.456
Red Globe pink 48 5 0.166 45 5 0.072
Red Globe pink 46 5 0.149 50 5 0.057
Red Globe pink 44 5 0.139 41 5 0.086
Red Globe pink 45 5 0.130 43 5 0.078
Red Globe pink 50 5 0.163 46 5 0.071
Red Globe pink 49 5 0.149 42 5 0.084
Red Globe pink 42 5 0.139 44 5 0.072
Red Globe pink 43 5 0.128 48 5 0.068
Red Globe pink 41 5 0.116 49 5 0.057
Red Globe pink 47 5 0.160 47 5 0.070

AM
variables: T, Q, R, M, TPC

* Places of samples in the ranking were coded as 1 when the sample got rank from 1 to 10, as 2 when the rank was
from 11 to 20, 3 when the rank was from 21 to 30, 4 when the rank was from 31 to 40, and 5 when the rank was
from 41 to 50.

Figure 2 shows graphical interpretation of the AM results. From the charts, it could be
observed that dark-colored grapes were assessed very high when taking the ranking based
on phenolic content (Figure 2a), as well as ranking based on color coordinates (Figure 2b),
whereas pink variety got the lowest rating (AM values) in both rankings. However, the
differences between AM values were higher for color-based ranking than for phenolic
content-based ranking (Table 4).

0.7 1.0
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“E._Red G|0beya 09} “8._Red Globe
06 “o_ BlackMagic 08 “o. Black Magic
“2._Red Globe pink “©1 "% Red Globe pink
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(a) (b)

Figure 2. Graphical presentation of linear ordering of 5 objects (table grape varieties in ten replication
each) based on the parameters: taxifolin—T, quercetin—Q, rutin—R, myricetin—M and total phenolic
content TPC (a) and color coordinates: lightness—L*, redness—a*, hue angle—h (b).

Previously, linear ordering analysis was successfully applied to build comparative
quality rankings for honey quality [25], but for the first time, the linear ordering was used
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for scoring the table grape quality. The method could be used for food product promotion
such as grapes on the market. The ranking built on color coordinates will show what
position of table grapes is in the set of other grape varieties. This could eliminate the
extraction and hydrolysis methods used to test phenolic content of fruit and could replace
the cost and time-consuming analytical techniques of phenolic determination with simple
and quick color measurements to get the knowledge on the phenolic content.

4. Conclusions

In this study, the color coordinates of red table grape skins were related to their
phenolic content and the antioxidant activity. High relation was observed between color
parameters: namely, lightness, hue angle, and some phenolic compounds, such as quercetin,
hesperidin, myricetin, rutin, resveratrol, and ACN. Moreover, a* color coordinates are
highly related to the DPPH and TPC values. Thus, simple measurement of color parameters
may be used as a fast and low-cost method of screening the quality parameters of grapes
(antioxidant activity and phenolic content) which, would be useful for consumers and
producers. Thus, the linear ordering method was applied to build comparative quality
rankings based on phenolic compounds and color coordinates. This was done, for the first
time, for table grapes. Significant Tau Kendall correlation coefficient (0.51), between the
two rankings, showed that color coordinates, as simple measures, could be used to assess
the quality of fruit and could replace time and cost-consuming analytical techniques of
phenolic determination. This enables the promotion of the product (grapes) on the market,
within the set of other grape varieties, since the aggregation measures (AM values) could
be easily calculated from the L*, a*, and h color coordinates and compared to the ranking
showed in this study.
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