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Abstract: Vegetables comprise a significant portion of our daily diet with their high content in
nutrients including fiber, vitamins, minerals, as well as phenolic compounds. Vegetable consumption
has been shown to be positively associated with the prevention of several degenerative diseases thanks
to their bioactive compounds. Accordingly, five selected vegetables, namely, red chicory, red onion,
eggplant, purple sweet potato, and black carrot were thoroughly assessed for their phenolic content
in this study. For this purpose, the total phenolic and flavonoid content of these five vegetables
and their antioxidant activities that are based on three common methods ABTS radical cation
decolorization assay (ABTS), Cupric Ion Reducing Antioxidant Capacity (CUPRAC), and DPPH
scavenging activity assay were determined. Additionally, HPLC-PDA/Electrospray ionization
coupled with mass spectrometry (HPLC-PDA/-ESI+-MS)-based identification and quantification
of the members belonging to polyphenols present in each vegetable were determined. Statistical
correlations between antioxidant activities and the specific type of phenolic compounds, such as
anthocyanins, flavonoids, anthocyanins, and phenolic acids were further elucidated. Phenolic acids
(chlorogenic and syringic acids) were found to be the most abundant compounds that are present in
all samples. Among the anthocyanins, cyaniding derivatives were present in all vegetables. In terms
of their antioxidant activities, the analyzed vegetables were ranked as red chicory > purple sweet
potato > black carrot > eggplant > red onion, in descending order. Superior antioxidant activities
exhibited by red chicory and purple sweet potato were attributed to the high content of phenolic
compounds, especially flavonols (quercetin-3,4-O-diglucoside) in red chicory and anthocyanins
(peonidin-3-caffeoyl p-hydroxybenzoylsophoroside-5-glucoside) in purple sweet potato.
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1. Introduction

Polyphenols are secondary major metabolites that are found in plants with various structures,
including lignin, tannins, phenolic acids, flavonoids, and numerous derivatives [1]. They are essential
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in various functions in plants and that are currently used in many food or pharmaceutical applications.
Plant metabolites are produced for their own growth and reproductive purposes, but they are also
essential for human health. Among these natural metabolites, polyphenols is a large class that is found
in a wide variety of fruits, vegetables, seeds, flowers, beverages, and various foods. Among them,
berries, vegetables, coffee, wine, or chocolate are common sources of polyphenols in the human diet [2].

Regarding their chemical structure, phenolic compounds consist of minimum of one phenol
group (aromatic ring). They can be sub-grouped as flavonoids and non-flavonoids, as illustrated in
Figure 1. Phenolic acids, which are listed under the group of non-flavonoids, are hydroxyl derivatives
of aromatic carboxylic acids that have a single phenolic ring and they can be either C1–C6 or C3–C6.
Flavonoids contain two phenolic rings that are linked by a carbon bridge of an oxygenated heterocycle,
having a C6–C3–C6 skeleton. Under the category of flavonoids, anthocyanins naturally occur as
glycosides and they have one or more sugars attached to an aglycon nucleus (anthocyanidin), with the
exception of 3-deoxyanthocyanins [3]. Initially, the interest for these compounds was due to the
bitterness, astringency, color, and odor that they exhibited. However, they were later recognized for
their nutritional value and associated potential health benefits [4].
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Various nutritional, clinical, and epidemiological studies have shown that polyphenols strengthen
health, prevent various neurodegenerative diseases, including cancer and metabolic disorders [6].
There are also numerous studies [7,8] that attest to the potential benefits of polyphenols in cancer
and diabetes, where both vegetables and fruits are recognized for their rich phytochemical content,
such as blue maize and various berry fruits. The ability to suppress oxidation is the most evident
benefit all these potential benefits to human health. The exposure of tissues to various aggressive
factors causes inflammation, but also the release of reactive oxygen species (ROS), which may be
beneficial in preventing the invasion of various pathogens. However, such a long response may
lead to tissue damage and irreversible degradation in some molecules, such as DNA or proteins [9].
There is consistent evidence to support that polyphenols can prevent this oxidative damage and
reduce inflammation [10]. Fruits, vegetables, cereals, teas, essential oils, various beverages, or food
products that are derived from them contain natural antioxidants and chemopreventive agents, such as
polyphenols, so a diet that is rich in polyphenols is highly advised. The recommended daily amount of
polyphenols is 1177 mg for men and 1192 mg for women [11].
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Antioxidant and anti-inflammatory activities, as well as other biological functions of polyphenols,
were attributed to their chemical structure. The aromatic structure and the multitude of hydroxyl
groups make these compounds good donors of electrons and hydrogen atoms, neutralizing free radicals
and other ROS [3]. There is much evidence regarding the antioxidant and anti-inflammatory effect of
polyphenols in vitro, but this effect is not always found in vivo. The inconsistency of in vitro and in vivo
observations raises many questions, especially about their role in human health. Free or conjugated
forms of polyphenols are absorbed in the upper gastrointestinal tract, but their bioavailability is
low [12]. Phenolic compounds are metabolized before they can be transported to different tissues
and organs through circulation, where they can exert their effects. Unabsorbed compounds can be
metabolized or released by the microbiota of the colon, having a local anti-inflammatory or an indirect
effect promoting the growth of probiotics [13].

When considering all of the great benefits of phenolic compounds, screening the possible sources of
the them and discovering their individual members that are present in each plant of interest is a popular
research area. Exploring new sources of polyphenols or deeper investigation of them may create new
opportunities that are associated with global nutrition and food requirements [14]. It is critical to
know the qualitative and quantitative distribution of the phenolic compounds, such as phenolic acids,
flavonoids, anthocyanins in medicinal plants, fruits or vegetables, and their other related characteristics,
including their antioxidant properties. Accordingly, this study targeted an inclusive understanding of
phenolic composition of five selected red-fleshed vegetables that are commonly consumed in Europe:
eggplant (Solanum melongena), red chicory (Cichorium intybus), red onion (Allium cepa), purple sweet
potato (Ipomoea batatas), and black carrot (Daucus carota cultivar Deep Purple). Determining the total
phenolic and flavonoid content of these five vegetables, their antioxidant activities that are based on
three common methods, mass spectroscopic identification, and quantification of the members of these
phenolic compounds present in each vegetable, including anthocyanins and statistical correlation
between antioxidant activities and the specific type of phenolic compounds, such as anthocyanins,
flavonoids, anthocyanins, and phenolic acids were aimed at this study. Although some of this
information could be readily available in the literature, a more comprehensive investigation was
targeted at this attempt. Additionally, to the best of our knowledge, the assessment of the impact that
was exhibited by the specific type of phenolic compounds on the antioxidant activity was examined
for the first time with this effort.

2. Results and Discussions

2.1. Total Polyphenol and Flavonoid Contents

We first determined the phytochemical contents, such as total phenolics and flavonoids in extracts
that were obtained from edible samples of red chicory, eggplant, red onion, black carrot, and purple
sweet potato. As reported in Table 1, the extracts had high amounts of total phenolic and flavonoid
compounds. The high levels of the total phenolic and flavonoid content found in our extracts are in
a similar range as reported in the literature for different varieties of the same vegetables that were
included in this study [6,15–19].

Table 1. Total Phenolics and Flavonoids content of the selected vegetables.

Analysi
Sample Total Phenolics mg

GAE/100 g FW *
Total Flavonoids mg

QUE/100 g FW **

Red chicory 216.15 ± 2.4 95.48 ± 0.9
Red onion 141.14 ± 1.7 61.95 ± 0.6
Eggplant 134.23 ± 1.3 101.79 ± 3.4
Purple sweet potato 167.47 ± 1.04 72.24 ± 2.2
Black carrot 189.50 ± 1.5 22.14 ± 1.3

* Expressed as mg gallic acid equivalents/100 g FW; ** Expressed as mg rutin equivalents/100 g fresh weight (FW).
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The total amount of phenolics found in our samples was in the range of 134.2–216.1 mg gallic
acid equivalents (GAE)/100 g fresh weight (FW), where red chicory contained the highest amount,
while eggplant had the lowest. Our results for red chicory (216.1 mg/100 g FW) and purple sweet
potato (167.4/100 g FW) were similar to the ones that were reported by Abbas and Han [15,17].

Some variations were observed in comparison of the other three samples with the literature. In the
eggplant, the concentration of phenolic compounds was 134.2 mg/100 g FW, where it was reported
as 943.64 mg/100 g extract in the literature [16]. The concentration of phenolic compounds in red
onion was 141.1 mg/100 g FW in our study, and the study with which we compared had 6.61 mg/g
DW [6]. Additionally, the concentration that we obtained in black carrot was 167.4 mg/100 g FW,
whereas 112.7 mg/g DW was reported in a previous study [18]. The differences in values are mostly
due to the reporting the concentrations either in fresh or dry weight. We reported as fresh weight in
our study, whereas Akanitapichat, Lisanti, and Toktas reported dry weight in the studies [6,16,18].
Additional factors that cause the variation in the results could be samples preparation, cultivation
method, harvesting time, and such.

The range of total amount flavonoids that were found in our samples was between 101.79–22.14 mg
rutin/100 g FW, where eggplant had the highest and black carrot had the lowest concentrations.
Our results were compared with the available published data [15–19], where different variations were
observed. The red onion that we analyzed contained a concentration of flavonoid of 72.24 mg/100 g FW,
while a previous study reported a concentration of 110.1 mg/100 g FW. The results are relatively close
in value, where both of the values were expressed as mg rutin equivalents/100 g FW [19]. In purple
sweet potato, the flavonoid concentration that we obtained was 72.2 mg/100 g FW, and another study
had a concentration of 65.7 mg/100 g powder [18]. The flavonoid concentration that was obtained in
eggplant was 101.7 mg/100 g, while another study had a concentration of 1991.2 mg/100 g extract [16].
The red chicory concentration of flavonoids was 61.95 mg/100 g FW and the concentration given in
a study in the literature was only 6.8 mg/100 g DW [15]. Black carrot contained a concentration of
22.1 mg/100 g FW, while another study expressed their results in 643.2 mg/100 g DW [18]. There are
fewer studies in which the values are expressed as mg/g fresh weight. Although there was a lot of
information regarding the total polyphenolics content of various samples in the literature, information
on flavonoids was scarce.

2.2. Antioxidant Activity

It is known that there is a correlation between antioxidant activity and phenolic content [20,21].
To investigate the antioxidant activity, three methods were tested in this study: ABTS, DPPH and
Cupric Ion Reducing Antioxidant Capacity (CUPRAC) methods act in the same way and their working
mechanism, namely single electron transfer (SET). The SET methods can detect the ability of a potential
antioxidant compound to transfer an electron to reduce any other compound, including metals,
carbonyls, and radicals [22].

The DPPH method is based on measuring the reductive ability of antioxidants against DPPH,
and this ability is measured as a decrease in the absorbance. The color is lost, following the reaction
between the extract and the DPPH [23]. By the ABTS method, ABTS is oxidized by peroxyl radicals or
other types of oxidants to an ABTS+ cation, which is highly colored [24]. CUPRAC is based on the
reduction of Cu (II) to Cu (I) by the combined action of reducing agents in the extract. Absorbance
measured is due to the concentration of the neocuproine-Cu (I) complex that formed following the
reaction [25]. Figure 2 shows the antioxidant activity values that were obtained for the analyzed
samples in our study.
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From the highest to the lowest, the order of the samples that were used in this study based
on the antioxidant activity was red chicory > purple sweet potato > black carrot > eggplant > red
onion. This order was constant for all three types of antioxidant assays used in this study, regardless
of the assay used. Red chicory showed the highest activity in all three methods, where the values
ranged between 11.2 ± 0.341–17.4 ± 0.346 µM/g FW. In the literature regarding the ABTS results,
red chicory had a lower value than that determined in this study for red chicory (5.067 ± 35.6 µM/g
FW) [26]. Red onion had the lowest antioxidant activity, where the values were between 1.6 ± 0.105
and 2.8 ± 0.469 µM/g FW. Following another study, the results that were obtained through ABTS and
DPPH assay were higher and are in between 21.31 ± 0.41–22.90 ± 0.01 µM/g DW [6]. The other three
samples exhibited antioxidant activity values that ranged between 7.8 ± 0.497–6.1 ± 0.604 µM/g FW for
CUPRAC, 10.8 ± 0.420–7.7 ± 0.552 µM/g FW for ABTS, respectively, 16.1 ± 0.805–2.8 ± 0.140 µM/g FW
for DPPH. The most significant difference between the literature and our antioxidant activity results
was observed in purple sweet potato, presenting higher values than ours, such as: 7.25 ± 0.01 mM/100 g
DW (ABTS) and 5.50 ± 0.01 mM/100 g DW (DPPH) and eggplant showing lower values than ours,
such as 66.74 ± 4.60 µg/mL (DPPH) and 53.18 ± 0.71 µg/mL (ABTS) [16,27]. The explanation for those
differences can be attributed to the extraction methods, solvents, and moreover the fact that the listed
studies have used dried powdered samples.

In order to verify the statistical correlation for antioxidant activity results, we used the Spearman’s
rank correlation coefficient (or Spearman’s rho, Table 2). The Spearman’s rho values for each set
of methods were as follows: rho CUPRAC, ABTS = 0,914; p < 0.001, rho CUPRAC, DPPH = 0.918;
p < 0.001, rho ABTS, DPPH = 0.946; p < 0.001. The data indicated a strong correlation between the
chosen methods.

Table 2. Spearman’s rank correlation coefficient for antioxidant methods.

Methods (CUPRAC) ABTS DPPH

Spearman’s rho

CUPRAC
Correlation Coefficient 1.000 0.914 ** 0.918 **

Sig. (2-tailed) . 0.000 0.000
N 15 15 15

ABTS
Correlation Coefficient 0.914 ** 1.000 0.946 **

Sig. (2-tailed) 0.000 . 0.000
N 15 15 15

DPPH
Correlation Coefficient 0.918 ** 0.946 ** 1.000

Sig. (2-tailed) 0.000 0.000 .
N 15 15 15

**. Correlation is significant at the 0.01 level (two-tailed).

2.3. Liquid Chromatography/Electrospray Ionisation Mass Spectrometry (LC-ESI+-MS) Identification Analysis

In this study, the chemical composition of phenolic compounds that were present in five different
vegetables (red chicory, eggplant, black carrot, purple sweet potato, and red onion) was determined.
Identification and peak assignment were primarily based on the comparison of mass spectrometric
data with relevant literature [28–30]. For each sample, a representative chromatogram was recorded
at 280, 360, and 520 nm. UV-Vis/MS spectra and chemical structure of each indetified compound are
listed in Supplementary materials. Red chicory was found to contain a large number of phenolic
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compounds when compared to the other vegetables through the chromatographic analyses (Figure 3
and Table 3). Our results were in agreement with the literature studies regarding the identification of
phenolic compounds in red chicory, as further explained [28,29,31,32].
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Table 3. Characterization of phenolic compounds in red chicory via positive mass spectrometry LC-
Mass Spectrometry (MS).

Peak
No.

Rt
(min)

[M + H]+

(m/z)
UV λmax

(nm) Tentatively Identified Compound

1 2.95 139 265 Hydroxybenzoic acid
2 3.79 156 260 Dihydroxybenzoic acid
3 6.26 167 270 Dihydroxy p-coumaric acid
4 8.03 155 290 Protocatechuic acid
5 11.10 449, 207 280, 517 Cyanidin-3-O-glucoside
6 11.90 355 320 Chlorogenic acid
7 12.23 291 279 Catechin
8 12.93 535, 287 280, 516 Cyanidin-3-O-(6”-malonyl-glucoside)
9 15.45 611, 303 250, 350 Quercetin-3-O-rutinoside (Rutin)

10 15.71 625,463,303 250, 350 Quercetin-3,4-O-diglucoside
11 16.15 465, 303 250, 360 Quercetin-3-O-glucoside
12 16.57 551, 303 255, 360 Quercetin-3-O-(6”-malonyl-glucoside)

The phenolic acids were represented by peaks 1–4 and 6, where the major peak 6 was assigned
to chlorogenic acid (m/z = 355). The other phenolic acids were identified as hydroxybenzoic acid
having [M − H]+ ion at m/z = 139 (peak 1), dihydroxybenzoic acid with ([M − H]+, m/z = 156) (peak 2),
dihydroxy p-coumaric acid ([M − H]+, m/z = 167) (peak 3), and protocatechuic acid ([M − H]+,
m/z = 155) (peak 4). Besides those that were identified in this study, some other compounds were
previously identified and reported in a recent study [28], where they reported the presence of many
derivatives of quinic acid, as well as malic acid and caffeic acid. Among them, three compounds were
identical to the ones that were found in the present study.
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The identified flavonoids were a total of five (peaks 7, 9–12), and they were represented by
catechin ([M −H]+, m/z = 291) (peak 7), quercetin-3-O-rutinoside (Rutin) ([M −H]+, m/z = 611) (peak 9),
quercetin-3-O-glucoside ([M − H]+, m/z = 465) (peak 11), quercetin-3-O-(6”-malonyl-glucoside)
([M − H]+, m/z = 551) (peak 12), and quercetin-3,4-O-diglucoside ([M − H]+, m/z = 625) (peak 10).

Among the ones determined in this study by Sahan [29], several other flavonoids were identified,
such as kaempferol, isorhamnetin, and myricetin and their different derivatives. Peak 5 and
8 were identified as anthocyanins and both were cyanidin derivatives: cyanidin-3-O-glucoside
with the molecular ion at [M − H]+, m/z = 449 and cyanidin-3-O-(6”-malonyl-glucoside) with the
molecular ion at [M − H]+, m/z = 535. Besides the anthocyanins that were identified in this study,
some other anthocyanins of delphinidin, malvidin, peonidin, and cyanidins, such as acylated ones (e.g.
cyanidin-3-O-(6”-O-acetyl)-glucoside) were also reported in the literature [28].

The appearance of these differences with the literature could be linked to numerous factors,
such as the type of the solvent used for extraction, the conditions in which the plant was cultivated,
variety, climatic conditions, cultivation method harvesting period, and also analytical conditions
(HPLC-MS).

Red onion was found to contain five compounds through the chromatographic analysis (Figure 4
and Table 4). The first compound identified was syringic acid, which is a phenolic acid (peak 1),
with a molecular ion at [M − H]+, m/z = 198. The other two compounds identified (peak 2 and 3) were
attributed to anthocyanins of glycosylated and ribiosylated cyanidins, respectively.Molecules 2019, 24, x 8 of 22 
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Table 4. Characterization of phenolic compounds in red onion via positive LC-MS.

Peak
No.

Rt
(min)

[M+H]+

(m/z)
UV λmax

(nm) Tentatively Identified Compound

1 8.23 198 290 Syringic acid
(Dimethoxy-4-hydroxybenzoic acid)

2 11.23 449, 611 280, 519 Cyanidin-3-O-glucoside &
Cyanidin-3-Olaminaribioside

3 12.91 535, 697 280, 519 Cyanidin-3-(6”-malonyl-glucoside) &
Cyanidin-3-(6”-malonyl- laminaribioside)

4 14.03 627, 465, 303 250, 360 Quercetin-3,4-O-diglucoside
5 17.65 465, 303 250, 360 Quercetin-3-O-glucoside

It was also found that cyanidin-3-O-glucoside that was co-eluted with cyanidin-3-O-
laminaribioside (peak 3) and cyanidin-3-(6”-malonyl-glucoside) co-eluted cyanidin-3-(6”-malonyl-
laminaribioside) (peak 4). The last two identified compounds were flavonoids, with molecular
ions of [M − H]+, m/z = 627 and [M − H]+, m/z = 465 at peak 4 and 5, which were identified
as quercetin-3,4-O-diglucoside and quercetin-3-O-glucoside, respectively. These results for red
onion followed the literature [33–35]. However, even though red onion is a popular vegetable,
most of the literature was focused on anthocyanins and flavonoids, and little information was
available regarding phenolic acids. Same derivatives of the anthocyanins and flavonoids identified
in this research were also reported in other studies [34] cyanidin 3-(6”-malonyl-3”-glucosyl),
cyanidin-3-(6”-malonyl-laminaribioside), and quercetin 4′-glucoside.

However, some other anthocyanins were identified and quantified in red onion, such as cyanidin
3-(3”-malonyl) glucoside, delphinidin-3,5-digalactoside, cyanidin 3-(3”-acetyl)glucoside, delphinidin
3,5-diglucoside, delphinidin-3-O-glucoside, and cyanidin 3-(malonyl)(acetyl) glucoside were also
present in the literature [30].

The eggplant had the fewest phenolic compounds determined as compared to the other samples.
Based on the chromatographic analyses, we were able to identify one anthocyanin and two phenolic
acids (Figure 5 and Table 5). Phenolic acids were the most dominant class, where the primary
compound was peak 3 assigned to 5-caffeoylquinic acid (chlorogenic acid) ([M − H]+, m/z = 355).
The other phenolic acid at peak 1, with a molecular ion of [M − H]+, m/z = 139, was identified as
hydroxybenzoic acid. Our data were in agreement and supported by several studies [36–38]. However,
according to the literature, eggplant contains a significant number of phenolic acids, and besides those
that were identified in this study, there were several derivatives of caffeoylquinic acid previously
reported [35]. Additionally, other phenolic acids have also been identified: dicaffeoylquinic acid,
feruoylquinic acid, and caffeoylshikimic. Besides the anthocyanin that was identified in this study,
other delphinidin derivatives, such as delphinidin-3-rutinoside-5-glucoside, delphinidin-3-O-glucoside,
and delphinidin-3-caffeoylrutinoside-5-glucoside were also reported in the literature [36,38].
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Table 5. Characterization of phenolic compounds in eggplant via positive LC-MS.

Peak
No.

Rt
(min)

[M+H]+

(m/z)
UV λmax

(nm) Tentatively Identified Compound

1 2.95 139 265 Hydroxybenzoic acid
2 10.26 611, 303 280, 524 Delphinidin-3-O-rutinoside
3 11.89 355 320 5-Caffeoylquinic acid (Chlorogenic acid)

The identified anthocyanin, at peak 2, was a glycosylated delphinidin represented by
delphinidin-3-O-(6”-p-coumaroyl-glucoside). The representative phenolic compounds in eggplant
are delphinidins, but especially the acylated one, as identified in this study. They are found in a high
concentration in eggplant and they are used as a natural blue dye since they are more stable than other
anthocyanins. In addition to anthocyanins being stable in acidic pH, acylated delphinidin derivatives
are also stable in neutral pH levels, which make them better candidates for their use as dyes. This is a
crucial benefit in food processing, where the pH that is required to achieve the desired color cannot be
ensured all the times [39].

Purple sweet potato was found to contain 15 phenolic compounds, where the most of them
were anthocyanins (Figure 6 and Table 6). The identified anthocyanins were the derivatives
of cyanidin and peonidin, accounting for a total of 10 anthocyanins. The complex structural
compounds identified were: cyanidin-3-p-hydroxybenzoylsophoroside-5-glucoside ([M − H]+,
m/z = 893) (peak 6), followed by peonidin-3-p-hydroxybenzoylsophoroside-5-glucoside ([M − H]+,
m/z = 907 (peak 8), cyanidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside ([M − H]+,
m/z = 1005) (peak 11), and peonidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside ([M − H]+,
m/z = 1069) (peak 12). The next class of compounds was phenolic acids, where five compounds
were identified. The most important and often common phenolic acids were: hydroxybenzoic
acid ([M − H]+, m/z = 139), chlorogenic acid ([M − H]+, m/z = 355), and ferulic acid ([M − H]+,
m/z = 195). Our results for the identity of the phenolic compounds that were found in purple
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sweet potato were in agreement available published data [40–42]. According to literature,
the anthocyanins identified in purple sweet potato were only derivatives of cyanidins and
peonidins, as confirmed in our study, but the authors [42] identified a few other derivatives,
such as cyanidin-3-sophoroside-5-glucoside, cyanidin-3-(6”,6”-dicaffeoylsophoroside)-5-glucoside,
peonidin-3-(6”caffeoyl-p-hidroxybenzoylsophoroside)-5-glucoside, cyanidin 3-caffeoyl-p-
coumarylsophoroside-5-glucoside, and peonidin-3-feruloyl-p-coumarylsophroside-5-glucoside.
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Table 6. Characterization of phenolic compounds in purple sweet potato via positive LC-MS.

Peak
No.

Rt
(min)

[M+H]+

(m/z)
UV λmax

(nm) Tentative Identified Compound

1 2.95 139 265 Hydroxybenzoic acid
2 3.86 156 260 Dihydroxybenzoic acid
3 8.16 198 290 Dimethoxy-4-hydroxybenzoic acid (Syringic acid)
4 10.15 787 278, 516 Peonidin-3-O-sophoroside-5-O-glucoside
5 11.28 463 276, 520 Peonidin-3-O-glucoside
6 11.98 893 320, 512 Cyanidin-3-p-hydroxybenzoylsophoroside-5-glucoside
7 11.98 355 320 Chlorogenic acid
8 12.78 907 276, 518 Peonidin-3-p-hydroxybenzoylsophoroside-5-glucoside
9 13.47 935 287, 521 Cyanidin-3-caffeoylsophoroside-5-glucoside

10 14.11 949 281, 521 Peonidin-3-caffeoylsophoroside-5-glucoside
11 14.44 1055 280, 522 Cyanidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside
12 15.28 1111 281, 522 Peonidin-3-dicaffeoylsophoroside-5-glucoside
13 15.44 1069 324, 520 Peonidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside
14 15.81 1125 301, 519 Peonidin-3-caffeoy-feruloylsophoroside-5-glucoside
15 16.75 195 328 Ferulic acid

The black carrot was found to Figure 7 and Table 7. Most of the identified compounds were
phenolic acids, of which the most common were: 5-caffeoylquinic acid (chlorogenic acid) ([M − H]+,
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m/z = 355), syringic acid (dimethoxy-4-hydroxybenzoic acid) ([M − H]+, m/z = 198), caffeic acid
([M − H]+, m/z = 181), and feruloylquinic acid ([M − H]+, m/z = 369).
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Table 7. Characterization of phenolic compounds in black carrot via positive LC-MS.

Peak
No.

Rt
(min)

[M + H]+

(m/z)
UV λmax

(nm) Compound

1 8.11 198 290 Syringic acid (Dimethoxy-4-hydroxybenzoic acid)
2 9.95 355 320 3-Caffeoylquinic acid (Neochlorogenic acid)

3 11.89 355, 919 320, 520
280, 520

5-Caffeoylquinic acid (Chlorogenic acid)
Cyanidin-3-(p-coumaroyl)-diglucoside-5-glucoside

4 13.14 787 287, 520 Cyanidin-3-(feruloyl)-glucoside-5-glucoside
5 13.64 181, 163 320 Caffeic acid
6 14.25 369, 195 330 Feruloylquinic acid
7 16.91 517 328 Ferulic acid

The other phenolic acids present were 3-caffeoylquinic acid (neochlorogenic acid) ([M − H]+,
m/z = 355), and 3,5-dicaffeoylquinic acid ([M − H]+, m/z = 517). The next class of
investigated compounds was the anthocyanins, where the two major compounds were
cyanidin-3-(p-coumaroyl)-diglucoside-5-glucoside ([M − H]+, m/z = 919 and cyanidin-3-(feruloyl)-
glucoside-5-glucoside ([M − H]+, m/z = 787). The relevant studies considered [43–46] that
our data are consistent with the literature, where no flavonoid was identified. Additionally,
no other anthocyanins other than cyanidins were identified. Additional phenolic compounds
were identified in black carrot in a previous study as cyanidin-3-xylosyl-glucosyl-galactoside,
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cyanidin-3-xylosyl- sinapoyl-glucosyl-galactoside, cyanidin-3-xylosyl-feruloyl-glucosyl-galactoside,
and cyanidin-3-xylosyl-coumaroyl-glucoside-galactoside [43].

2.4. LC-MS Quantification Analysis

The identified compounds were divided into phenolic acids, flavonoids, and anthocyanins.
All samples contained a high amount of phenolics and antioxidant activity potential. The total
amount of phenolic compounds in red chicory extract was 201.77 mg/100 g FW, where the flavonols
were abundant (135.4 mg/100 g FW). Among the flavonols, the major component was quercetin
3,4-O-diglucoside (82.5 mg/100 g FW). Anthocyanins were in a relatively high amount (39.2 mg/100 g
FW), where cyanidin-3-O-glucoside 30.9 mg/100 g FW). Among the most abundant phenolic acids,
hydroxybenzoic acids (14.81 mg/100 g FW) and protocatechuic acid (6.6 mg/100 g FW) were in the
highest amounts. Table 8 summarizes the level of the identified compounds. In a recent study, multiple
varieties of red chicory were analyzed and the hydroxycinnamic acid concentration was found to
be ranging between 47 mg and 362 mg/100 g FW, where chlorogenic acid was found to be the most
substantial amount, ranging from 14.2 mg to 89.5 mg/100 g. The total amount of flavonols was between
1.7 mg to 19.9 mg/100 g FW, where it represented a minority class, as expected. Moreover, the same
study reported anthocyanins only in two varieties of red chicory, where they were in minimal amounts
of 0.2 mg to 2.7 mg /100 g FW [47].

Table 8. Total polyphenolic compounds content in red chicory.

Red Chicory

Class of Compounds Compound mg/100 g FW

Anthocyanins Cyanidin-3-O-glucoside
Cyanidin-3-O-(6”-malonyl-glucoside)

30.91
8.289

Total Anthocyanins 39.20 1

Flavonols

Catechin
Quercetin-3-O-rutinoside (Rutin)

Quercetin-3,4-O-diglucoside
Quercetin-3-O-glucoside

Quercetin-3-O-(6”-malonyl-glucoside)

4.71
5.69

82.55
32.59
9.86

Total Flavonols 135.41 2

Hydroxybenzoic acid (HBA)
Protocatechuic acid

Hydroxybenzoic acid
Dihydroxybenzoic acid

6.63
5.75
2.42

Total HBA 14.81 3

Hydroxycinnamic acid (HCA) Dihydroxy p-coumaric acid
Chlorogenic acid

7.65
4.71

Total HCA 12.36 3

Total phenolic compound 201.77
1 expressed as mg cyanidin-3-O-galactoside/100 g FW; 2 expressed as mg rutin/100 g FW; 3 expressed as mg
chlorogenic acid /100 g FW.

In red onion, 56.5 mg/100 g FW of phenolic compounds were determined, where the phenolic
acids were in the highest concentration (25.9 mg/100 g FW). Syringic acid was demonstrated to be
a major compound, being the only phenolic acid that was identified and found in an amount of
25.9 mg/100 g FW. Quercetin derivatives was identified as another category of compounds with an
approximate amount to phenolic acids (25.1 mg/100 g FW), with quercetin-3,4-O-diglucoside being the
major compound (19.5 mg/100 g FW). Red onion was also found to contain anthocyanins at the level of
5.5 mg/100 g FW, where cyanidin-3-O-glucoside and cyanidin-3-O-laminaribioside (4.3 mg/100 g FW)
were the major compounds.



Molecules 2019, 24, 1536 13 of 22

Table 9 provides all of the concentration values of the identified compounds. In a study that was
conducted on several varieties of onion, the primary compound reported was quercetin, where it was
consistently high in all varieties, ranging from 7.7 to 46.3 mg /100 g FW. This can also be observed in
Table 9, where flavonols and particularly quercetin were in the most considerable quantities [48].

Table 9. Total polyphenolic compounds content in red onion.

Red Onion

Class of Compounds Compound mg/100 g FW

Anthocyanins

Cyanidin-3-O-glucoside+
Cyanidin-3-O-laminaribioside

Cyanidin-3-(6”-malonyl-glucoside)+
Cyanidin-3-(6”-malonyl- laminaribioside)

4.38
1.18

Total Anthocyanins 5.56 1

Flavonol Quercetin-3,4-O-diglucoside
Quercetin-3-O-glucoside

19.51
5.59

Total Flavonol 25.11 2

Hydroxybenzoic acid
(HBA) Syringic acid 25.90

Total HBA 25.90 3

Total phenolic compound 56.58
1 expressed as mg cyanidin/100 g FW; 2 expressed as mg rutin/100 g FW; 3 expressed as gallic acid/100 g FW.

Eggplant extracts had a concentration of 76.7 mg/100 g FW of phenolic compounds. Phenolic
acids represented the most abundant class of compounds, where 5-caffeoylquinic acid (chlorogenic
acid), with a concentration of 62.1 mg/100 g FW, was the major compound. Besides these compounds,
an anthocyanin (delphinidin-3-O-(6”-p-coumaroyl-glucoside)) which is an important compound in the
natural dye industry, was also present in a concentration of 8.7 mg/100 g FW. Table 10 shows all levels
of the identified compounds.

Table 10. Total polyphenolic compounds content in eggplant.

Eggplant

Class of Compounds Compound mg/100 g FW

Anthocyanins Delphinidin-3-O-(6”-p-coumaroyl-glucoside) 8.72

Total Anthocyanins 8.72 1

Hydroxybenzoic acid (HBA) Hydroxybenzoic acid 5.89

Total HBA 5.89 3

Hydroxycinnamic acid (HCA) 5-Caffeoylquinic acid (Chlorogenic acid) 62.15

Total HCA 62.15

Total phenolic compound 76.77 3

1 expressed as mg cyanidin-3-O-galactoside/100 g FW; 3 expressed as mg chlorogenic acid /100 g FW.
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The total amount of phenolic compounds in purple sweet potato was 234.8 mg/100 g FW. Phenolic
acids made up the highest portion under phenolic compounds, with the amount of 192.5 mg/100 g FW,
where the major compound was syringic acid (97.0 mg/100 g FW). It is a part of the hydroxybenzoic
acids class (119.3 mg/100 g FW), which are found in a higher amount than the class of hydroxycinnamic
acids. Additionally, hydroxycinnamic acids (73.1 mg/100 g FW) were found in a high amount, where
the major compound was chlorogenic acid (60.9 mg/100 g FW).

Among anthocyanins (42.3 mg/100 g FW), the major compound was peonidin-3-caffeoyl-p-
hydroxybenzoylsophoroside-5-glucoside (15.2 mg/100 g FW), and their concentration was lower when
compared to the other phenolic compounds that were quantified in purple sweet potato. Table 11
provides all values of the identified phenolic compounds.

Table 11. Total polyphenolic compounds content in purple sweet potato.

Purple Sweet Potato

Class of Compounds Compound mg/100 g FW

Anthocyanins

Peonidin-3-O-sophoroside-5-O-glucoside
Peonidin-3-O-glucoside

Cyanidin-3-p-hydroxybenzoylsophoroside-5-glucoside
Peonidin-3-p-hydroxybenzoylsophoroside-5-glucoside

Cyanidin-3-caffeoylsophoroside-5-glucoside
Peonidin-3-caffeoylsophoroside-5-glucoside

Cyanidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside
Peonidin-3-dicaffeoylsophoroside-5-glucoside

Peonidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside
Peonidin-3-caffeoy-feruloylsophoroside-5-glucoside

0.75
0.48
0.99
3.40
0.43
3.94
2.43

10.20
15.24
4.48

Total Anthocyanins 42.37 1

Hydroxybenzoic acids
(HBA)

Hydroxybenzoic acid
Dihydroxybenzoic acid

Dimethoxy-4-hydroxybenzoic acid (Syringic acid)

13.34
9.02
97.02

Total HBA 119.39 3

Hydroxycinnamic acids (HCA) Chlorogenic acid
Ferulic acid

60.92
12.19

Total HCA 73.11 3

Total phenolic compound 234.88
1 expressed as mg cyanidin-3-O-galactoside/100 g FW; 3 expressed as mg chlorogenic acid /100 g FW.

Black carrot contained a concentration of 56.8 mg/100 g FW phenolic compounds. Phenolic
acids were found in the highest amount, of which hydroxycinnamic acids (34.3 mg/100 g FW)
had the highest concentration. The major compound was (5-caffeoylquinic acid) chlorogenic acid,
which was found in a quantity of 21.7 mg/100 g FW). Of the phenolic acids, caffeic acid was
also abundant, 5.3 mg/100 g FW. The following class of compounds was anthocyanins, where
cyanidin-3-(p-coumaroyl)-diglucoside-5-glucoside was found in a concentration of 21.7 mg/100 g FW.
Table 12 presents all of the values of the identified compounds.
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Table 12. Total polyphenolic compounds content in black carrot.

Black Carrot

Class of Compounds Compound mg/100 g FW

Anthocyanins Cyanidin-3-(p-coumaroyl)-diglucoside-5-glucoside
Cyanidin-3-(p-coumaroyl)-diglucoside-5-glucoside

21.72
0.72

Total Anthocyanins 22.45 1

Hydroxybenzoic acids (HBA) Syringic acid (Dimethoxy-4-hydroxybenzoic acid) 0.035

Total HBA 0.035 3

Hydroxycinnamic acids (HCA)

(5-Caffeoylquinic acid) Chlorogenic acid
Feruloylquinic acid

3-Caffeoylquinic acid (Neochlorogenic acid)
Caffeic acid
Ferulic acid

21.73
3.043
1.283
5.346
2.937

Total HCA 34.33 3

Total phenolic compounds 56.82
1 expressed as mg cyanidin-3-O-galactoside/100 g FW; 3 expressed as mg chlorogenic acid /100 g FW.

2.5. Statistical Analysis

The data that were obtained from the spectrophotometrical analysis of the samples, as well as
the ones from the chromatographic analysis (polyphenols profiles), were subject to the principal
component analysis (PCA) (Figure 8). This chemometric method is a valuable tool in establishing
interrelationships between different variables, allowing for the detection and interpretation of
samples patterns, emphasizing their similarities and differences. Thus, the first two principal
components explained 93% of the data variance, showing good discrimination between the studied
samples. The variables with high relevance in sample differentiation include total phenolic content,
total flavonols content, but also some specific phenols, such as hydroxybenzoic, dihydroxybenzoic,
syringic, ferulic, and dihydroxy p-coumaric acids. Among anthocyanins, Cyanidin-3-O-glucoside
and Cyanidin-3-O-(6”-malonyl-glucoside), together with Catechin, Quercetin-3,4-O-diglucoside,
and Quercetin-3-O-glucoside can be considered to be marker compounds for the red chicory sample.
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The contributions of each type of polyphenols (phenolic acids, flavonoids and anthocyanins) to
antioxidant activity determined by three various methods (CUPRAC, ABTS, DPPH) were calculated
while using Pearson correlation coefficients (r). Table 13 provides the summary for correlations.
Significant correlations were obtained between anthocyanins content and all of the antioxidant methods
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applied, especially for anthocyanins content and ABTS (r = 0.952) and DPPH (0.984). Flavonols were
weakly correlated with high antioxidant potential on all three methods. No correlations were observed
between both phenolic acids’ classes (HBA/HCA) and all antioxidant methods: HBA-CUPRAC
(r = 0.113), HBA-ABTS (r = 0.390), HBA-DPPH (r = 0.515), also in case of HCA, the correlations were
the following: HCA-CUPRAC (r = 0.204), HCA-ABTS (r = 0.356), and HCA-DPPH (r = 0.184).

Table 13. Correlations between antioxidant activities and phenolic compounds (Anthocyanins.
Flavonols, HBA, HCA).

Phenolic Compounds
Assays

CUPRAC ABTS DPPH

Anthocyanins 0.819 0.952 0.984
Flavonols 0.646 0.459 0.556

HBA 0.113 0.390 0.515
HCA 0.204 0.356 0.184

Pearson correlation coefficients at p < 0.05.

From these correlations, we can infer that anthocyanins were responsible for the high antioxidant
activity of analyzed samples. The flavonols were found to be moderately responsible and both phenolic
acids (HBA/HCA) were not responsible for antioxidant activity.

3. Discussion

The purpose of this study was to separate, identify, and quantify the phenolic compounds of
red chicory, red onion, eggplant, purple sweet potato, and black carrot and evaluate the correlation
between their phytochemical composition and antioxidant acuity. Antioxidant activity analysis was
performed while using several methods (ABTS, CUPRAC, FRAP, and DPPH). Red chicory and purple
sweet potato had the highest antioxidant activity due to the high content of phenolic compounds,
especially flavonols (quercetin-3,4-O-diglucoside) in red chicory and anthocyanins (peonidin-3-caffeoyl
p-hydroxybenzoylsophoroside-5 -glucoside) in purple sweet potato. Phenolic acids in all samples
were the most common compounds found. Of the acid category, chlorogenic acid and syringic acid
were more abundant. Among the anthocyanins, cyanidin was present in all of the samples. The rarest
phenolic compounds found were: feruloylquinic acid (hydroxycinnamic acid) in black carrot and
catechin (flavonol) in red chicory. We believe that this study has been able to identify many phenolic
compounds that can be utilized in different industries, particularly in the food industry, where new
information and resources are continually being sought. There is a need for healthy alternatives for
coloring food and, among the compounds that were identified in this work, some can be evaluated as
natural colorants.

4. Materials and Methods

4.1. Chemicals and Reagents

All of the solvents and chemicals that were used in this study were purchased from Sigma-Aldrich
(Darmstadt, Germany).

The anthocyanin standards cyanidin-3-O-glucoside chloride, pelargonidin-3-O-glucoside chloride,
cyanidin-3-O-galactoside (purity 90%), cyanidin-3-O-arabinoside (purity 97%), cyanidin-3-O-glucoside
(purity 95%), and cyanidin (purity 95%) were purchased from Polyphenols AS (Sandnes, Norway).
Chlorogenic acid, caffeic acid, quercetin-3-O-rutinoside, quercetin-3-O-glucoside, ellagic acid, rutin,
and myricetin were also purchased from Sigma-Aldrich (Darmstadt, Germany).
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4.2. Plant Material and Extract Preparation

Eggplant, red onion, black carrot, purple sweet potato, and red chicory were purchased from a
local market in Cluj-Napoca, Romania. The vegetables were stored at −18 ◦C until further analysis.
Acidified methanol (MeOH + 0.03% HCl) was prepared before proceeding the extraction, and the
samples were fine grounded in a mortar. Subsequently, 10 grams of the grounded sample were mixed
with the solvent. The colored mixture was centrifuged at 3214 g, the supernatant was collected, and the
extraction procedure was repeated until the samples turned colorless. Further, the collected extracts
were evaporated at 40 ◦C under reduced pressure (Rotavapor R-124, Buchi, Switzerland), dissolved
in a known amount of acidified water, and filtered through 0.45 µm Millipore filter before all of the
qualitative and quantitative analyses. The extractions were carried out at room temperature.

4.3. Determination of Total Phenolic Content

The total phenolic content (TPC) of all the extracts was determined following the Folin–Ciocalteu
spectrophotometric method with small adaptations, as described by Singleton [49]. Briefly, the sample
(10 µL) (standard/extract) was mixed with 1800 µL distilled water, Folin–Ciocalteu reagent (120 µL),
and Na2CO3 (7.5% in water) (340 µL). After 60 minutes incubation in the dark and at room temperature,
the absorbance of the samples was measured at 750 nm. The results were expressed as mg of gallic
acid equivalents (GAE) per 100 g of fresh weight (FW).

4.4. Determination of Total Flavonoid Content

The total flavonoid content of the samples was determined according to the aluminum chloride
colorimetric method, based on the formation of a complex between the flavonoid and aluminum
described by Zhishen [50]. The extracts were mixed with 5% NaNO2 (90 µL), AlCl3 (90 µL),
NaOH (600 µL), and 720 µL of distilled water. After the solution was mixed well, the absorbance was
measured at 510 nm. Total flavonoid content was expressed as mg quercetin equivalents/100 g of fresh
weight (FW).

4.5. ABTS (ABTS Radical Cation Decolorization Assay) Radical Scavenging Assay

This assay is based on the capacity of an antioxidant to scavenge the ABTS radical cation (ABTS+)
as compared to a standard antioxidant (Trolox). The protocol was adapted to 96 wells microplate,
as described by Arnao [51]. The ABTS solution was prepared from a stock solution of 7mM ABTS and
2.45 mM potassium persulfate and kept at dark and room temperature for 12–16 h. ABTS was diluted
with EtOH until the solution had an absorbance value of 0.700 ± 0.02 at 734 nm before its use in order
to obtain the working solution from the stock solution. In a 96-well microplate, the samples and Trolox
standard (20 µL) were combined with the working solution (170 µL). After 6 min of incubation at
30 ◦C, the absorbance of the samples was measured at 734 nm. A standard curve was prepared using
different concentrations of Trolox and the results were expressed as µM Trolox/g sample.

4.6. Cupric Ion Reducing Antioxidant Capacity (CUPRAC) Assay

The cupric ion reducing the antioxidant capacity of the extracts was determined according to a
previously described method by Apak [52]. A mixture comprising 500 µL of CuCl2 (10 mM), 500 µL
neocuproine alcoholic solution (7.5 mM), and 500 µL ammonium acetate buffer (1M, pH 7.0), 0.49 mL
water, and 10 µL extract was left to stand at room temperature for 30 min. The absorbance was recorded
using a spectrophotometer (JASCO V-630 series, International Co., Ltd., Japan) at 450 nm against the
blank. A standard curve was prepared using different concentrations of Trolox and the results were
expressed as µmol Trolox/100 g FW.
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4.7. DPPH Assay Scavenging Activity Assay

DPPH scavenging assay was conducted according to the method that was reported by
Brand–Williams [53]. The working solution was prepared fresh in ethanol. 250 µL of the DPPH
solution was mixed with 35 µL of the sample and incubated for 30 minutes, and then the absorbance
was measured at 515 nm. A standard curve was prepared using different concentrations of Trolox and
the results were expressed as µmol Trolox/100 g FW.

4.8. HPLC-PDA/-ESI+-MS Identification and Quantification of Phenolic Compounds

ESI-MS (Electrospray ionization coupled with mass spectrometry) analysis was performed on
an Agilent 1200 system (Chelmsford, MA, USA) that was equipped with a binary pump delivery
system LC-20 AT (Prominence), a degasser DGU-20 A3 (Prominence), and a diode array SPD-M20
UV–VIS detector (DAD). The separation of the compounds was achieved on an Eclipse XDB C18
column (4 µm, 4.6 × 150 mm). The mobile phases consisted of solvent A—bidistilled water and 0.1%
acetic acid/acetonitrile (99/1) v/v, while solvent B was acetonitrile and acetic acid 0.1%. The gradient
elution system was programmed, as following: 0–2 min, isocratic with 5% (v/v) eluent B; 2–18 min,
linear gradient from 5% to 40% (v/v) eluent B; 18–20 min, linear gradient from 40% to 90% (v/v) eluent
B; 20–24 min, isocratic on 90% (v/v) eluent B; 24–25 min, linear gradient from 90% to 5% (v/v) eluent B;
25–30 min, isocratic on 5% (v/v) eluent B. Flow rate was set to 0.5 mL/min and column temperature
was maintained at 25 ◦C. The chromatograms were monitored at 280, 360, and 520 nm. Identification
of the compounds and peak assignments were done using their retention time, UV-VIS, and mass
spectra, and also when comparing with the commercial standards (chlorogenic acid, caffeic acid,
quercetin-rutinoside, quercetin-glucoside, ellagic acid, myricetin) and previously published literature.
A single quadrupole 6110 mass spectrometer (Agilent Technologies, Chelmsford, MA, USA) equipped
with an ESI probe was used for the mass spectrometric measurements. Measurements were performed
in the positive mode with an ion spray voltage of 3000 V and a capillary temperature of 350 ◦C.
Data were collected in full scan mode within the range 280 to 1000 m/z. For the quantification of
anthocyanins, phenolic acids, and flavonoids, standard curves of cyanidin-3-O-galactoside, chlorogenic
acid, and rutin were used, respectively, and expressed as mg/100 g FW.

4.9. Statistical Analysis

The statistical analysis of the results (spectrophotometric and chromatographic data) was
performed by principal component analysis (PCA) with cross-validation (full model size and center
data). In order for all of the variables included in the analysis to have an equal chance to influence
the model, the standardization was used as the scaling technique. All of the statistical analyses were
performed using Unscrambler X Version 10.1 software (CAMO Software AS, Oslo, Norway).

Linear Pearson correlation coefficient was also used to analyze the strength of correlation between
the results that were obtained for antioxidants assays.

5. Conclusions

The present study reveals important information regarding the phytochemical composition of
the most consumed reddish vegetables in our diet. The analyzed samples were found to be rich
in polyphenols, such as anthocyanins, flavonols, HBA, and HCA. The Linear Pearson correlation
coefficient was performed to evaluate the correlation between the quantitative analysis of each type of
phenolic compounds and their antioxidants activities. The obtained results clearly showed a correlation
between the high concentration of anthocyanins and high antioxidant activity.

Anthocyanins are vibrant natural pigments that are found in nature and their color is defined by the
proportions of the different anthocyanin forms, namely the red flavylium cation, the violet quinonoidal
bases, the colorless water or sulfite adducts, and the yellow chalcones. To date, anthocyanins have
had various applications, not only in the technological field as natural colorants, but also in the
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field of human health, since they are one of the bioactive components used as nutraceuticals and
in traditional medicine. As a nutraceutical, the bioavailability of anthocyanin is the key factor for
maintaining good health and in the prevention of degenerative diseases. Anthocyanins are of particular
interest to the food colorant industry due to their ability to impart vibrant colors to the product;
therefore, anthocyanins from various natural sources are used as food colorants in foods and beverages.
The application of anthocyanin-based colorants in fruit yogurt and many types of fruit-flavored dry
mixes is becoming more popular.

Besides the nutritional value and the health benefits due to the antioxidant potential, the five
analyzed vegetables also have a high scientific value due to a large number of compounds and their
variability, opening new opportunities in many other areas, such as the food industry, dye industry,
pharmaceutical, and many others.
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