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Abstract: Potato peel represents a major by-product of the potato-processing industry
and a promising source of bioactive compounds with potential health benefits. This
study investigates the biochemical and nutritional composition of peels from five purple
and two red potato cultivars, with particular attention to their phytochemical profiles
and antioxidant properties. Total phenolic content, carbohydrates, proteins, and lipids
were quantified using UV-visible spectrophotometry. The phytochemical composition
was further characterized via High-Performance Liquid Chromatography coupled with
a Diode-Array Detector (HPLC-DAD). Antioxidant and radical-scavenging capacities of
the extracts were assessed through Ferric Reducing Antioxidant Power (FRAP) and 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assays. Significant variability was observed across
cultivars for all measured parameters. While all samples were rich in carbohydrates and
proteins, they shared a common phenolic profile dominated by chlorogenic acid and its
derivatives, as well as caffeic acid. Anthocyanin composition, however, was highly cultivar-
specific. Notably, all extracts demonstrated strong antioxidant and antiradical activities, in
agreement with their high total phenolic content. These findings highlight the potential
of red and purple potato peels as valuable sources of functional ingredients for food and
nutraceutical applications.

Keywords: polyphenols; potato peels; anthocyanins; agri-food by-products; food industry
sustainability

1. Introduction

In the last 50 years, the production and accumulation of food by-products have
increased. According to the Food and Agriculture Organization of the United Nations
(FAO), agri-food processing industries generate huge quantities of by-products, estimated
globally at 1.3 billion tons. These by-products cause pollution, and their disposal has
demonstrated a negative impact on the environment and the economy of industries [1].
To overcome this problem, researchers have been adopting strategies based on a circular
economic model to promote the reuse of by-products and obtain innovative products with
high added value, thereby fostering sustainable bioeconomy growth among industries [2].
Potatoes (Solanum tuberosum L.) rank as the fourth most consumed food in the world [3],
with a global production of around 370 million tons per year [4]. Potatoes are recognized
for their high starch content, averaging 18% of fresh weight. They also contain substantial
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protein concentrations ranging from 1 to 1.5% of tuber fresh weight, while lipids represent
the smallest fraction, amounting to 0.15% of fresh weight. Furthermore, raw potatoes are
rich in essential minerals such as potassium, phosphorus, and calcium, which are integral
to many enzymes and play a crucial role in metabolic regulation [5]. These micro- and
macronutrients are distributed not only in the pulp but also in the peel, which therefore
represents a good source of bioactive compounds, essential amino acids, vitamins, and
minerals [6]. Less than 50% of the globally grown potatoes are consumed fresh, while
the rest are processed into potato-based food products and ingredients by the industry.
The peeling process in potato-processing industries generates significant quantities of
by-products, with peel accounting for 6-10% of the total potato waste [7], equivalent to
around 70-140 tons produced per year [8]. This results in a large amount of by-products
containing a high content of value-added bioactive molecules, including polysaccharides,
proteins, carbohydrates, vitamins, and polyphenolic compounds [9]. These compounds
have demonstrated several beneficial properties for human health and exhibit potential
for exploitation in the food, pharmaceutical, and nutraceutical industries [10,11]. Notably,
phenolic acids, particularly chlorogenic acid (CGA), are widely accumulated in potato tuber
peels and contribute to the high antioxidant activity of potatoes alongside hydroxycinnamic
acids [12]. CGA has been reported to possess antidiabetic, anti-obesity, antioxidant, anti-
inflammatory, antimicrobial, and anti-hypertension properties [13] and to slow down the
entry of glucose into the bloodstream [5]. There are approximately 5000 cultivated potato
varieties worldwide, with the main varieties featuring white—yellow flesh and skin [14].
Cultivated potato varieties exhibit considerable biodiversity, with a recent and increasing
number of red- and purple-colored cultivars containing anthocyanins, a family of water-
soluble bioactive flavonoids responsible for the vibrant colors such as red, blue, and purple
observed in plants [15]. Interestingly, these phenolic compounds, which contribute to
their unique chemical composition, are found in higher concentrations in the potato peel
compared to the pulp [16]. Due to the high content of anthocyanins, these colored cultivars
exhibit enhanced antioxidant, anticarcinogenic, anti-inflammatory, and neuroprotective
activities and have demonstrated potential in preventing and treating diabetes and heart
conditions [17]. Although some studies have reported on the nutritional and biochemical
composition of purple potatoes, they have mainly focused on the pulp while neglecting the
peel. Hence, in compliance with the European Commission’s circular economy action plan,
the present study aims to investigate, for the first time, the biochemical and nutritional
composition of the peels from five purple and two red potato cultivars and evaluate them
as sources of healthy ingredients for the formulations of nutraceuticals.

2. Materials and Methods
2.1. Reagents and Standards

Concentrated sulfuric acid 96%, orthophosphoric acid 85%, sodium nitrate, potassium
chloride, phenol, copper sulfate, sodium hydroxide, sodium potassium tartrate (all of
RPE ACS Reagent Ph Eur grade), methanol (LC-MS grade), acetonitrile, calcium, iron,
phosphorus, magnesium, manganese, potassium, sodium, zinc, aluminum, boron, barium,
chromium, copper, strontium, vanadium, and nickel (all of RS standard solution for ICP)
were purchased from Carlo Erba (Val de Reuil Cedex, France). Chloroform (RPE ACS
Reagent Ph Eur grade), hydrogen peroxide solution 30% (for analysis), sodium carbonate,
Folin—Cijocalteau reagent, analytical standards of gallic acid, caffeic acid, chlorogenic acid,
malvidin-3-glucoside albumin, and vanillin were purchased from Sigma-Aldrich (Merck,
Milan, Italy). 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ),
ferric chloride, 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), and
ferrous sulfate were purchased from Sigma-Aldrich (St. Louis, MO, USA). For standard
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lipid stock, commercial canola oil was obtained from a local market. For aqua regia
preparation, superpure nitric acid 67-69%, and superpure chloridric acid 34-37% (for
trace analysis, Carlo Erba, Milan, Italy) were used. Ultrapure water (conductivity lower
than 18.2 M(Q)) was distilled and filtered through a Milli-Q system (Millipore, Bedford,
MA, USA).

2.2. Samples

This study focused on five purple potato cultivars: Patate e'moru, Violet queen, Fleur
bleue, Blue star, Blawe borges, and two stunning red varieties, Magenta love, and Rote
emma. These potato samples were generously provided by Radici d’Ogliastra, a local
agricultural company based on the east—central coast of Sardinia (Italy).

To prepare for chemical analysis, the potato peels, delicately shaved to a thickness of
~1 mm using a household potato peeler, were flash-frozen in liquid nitrogen to preserve
their integrity. They were then carefully lyophilized using a freeze dryer (LIO 5P DGT,
Cinquepascal, Trezzano s/Naviglio, MI, Italy). Once dried, the samples were finely ground
in an electric coffee grinder, transforming them into a uniform, silky powder. These
powders were stored in a cool, dark environment with low humidity until ready for
extraction and analysis, ensuring optimal preservation of their properties.

2.3. Macronutrients Determination
2.3.1. Total Carbohydrate Determination

The total carbohydrate content was quantified using a colorimetric method, slightly
adapted from the protocol described by Dubois et al. [18]. To begin, 10 mg of freeze-dried,
finely ground sample was reconstituted in 10 mL of distilled water. The mixture was
subjected to ultrasonic treatment for 30 min in an ultrasonic bath (Ultracleaner 040S, Be-
Right (Medical) Co., Ltd., Foshan, China) to enhance extraction efficiency. An aliquot of the
resulting sample or a glucose standard solution was combined with 200 puL of 5% (w/v)
phenol and 1 mL of concentrated sulfuric acid. The reaction mixture was incubated at
room temperature for 30 min for color development. Absorbance was then measured at
490 nm against a blank sample using a Varian Cary 50 UV-Vis Spectrophotometer (Agilent
Technologies, Woodburn, Australia) and standard 1 cm disposable cuvettes. Quantification
was performed via an external calibration curve generated with glucose as the reference
standard. Each analysis was conducted in triplicate to ensure reproducibility, with results
expressed as g/100 g dry weight (DW) =+ standard deviation (SD) of glucose.

2.3.2. Determination of Total Protein

To determine the protein content, the analysis was carried out according to the method
of Lowry et al. [19], appropriately modified. For this analysis, the same extract prepared
for carbohydrate quantification was utilized. In total, 500 uL of the extract or standard
(albumin) was added to 500 pL of sodium hydroxide 1N and heated at 100 °C for 5 min to
facilitate protein solubilization.

Subsequently, 2.5 mL of a reagent containing 5% (w/v) sodium carbonate, 0.5% (w/v)
copper sulfate, and 1% (w/v) sodium potassium tartrate was added to the mixture. After a
10 min reaction period, 500 pL of 1N Folin-Ciocalteu reagent was introduced. The mixture
was incubated at room temperature for 30 min to enable the formation of the colored
complex. The absorbance of the samples was measured at 750 nm against a reagent-only
blank using a UV-Vis spectrophotometer (Varian Cary® 50). Protein quantification was
performed using an external calibration curve prepared with albumin as the standard. All
measurements were carried out in triplicate, with the protein content expressed as g/100 g
DW =+ SD of albumin.
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2.3.3. Total Lipids Determination

Lipids determination follows lipids extraction carried out according to the methods
by Chen et al. [20] and Bligh e Dyer [21]. In total, 100 puL of PBS and 1.5 mL of sodium
hydroxide 1 N containing 25% of methanol were added to the lyophilized samples (15 mg).
The suspension was shaken with a vertical rotary mixer Falc F200 (Falc Instruments s.r.,
Treviglio (BG), Italy) and heated at 100 °C. The suspension was centrifuged at 4000 rpm
for 15 min (Centrifuge 5810 R, Eppendorf, Milan, Italy); then, 1 mL of supernatant was
withdrawn and added to a methanol/chloroform solution 1:2 (v/v) and 0.5 mL of potassium
chloride solution 0.88% (w/v). The suspension was shaken with a vertical mixer F200 (Falc
instruments s.r.1, Treviglio (BG)) and centrifuged at 4000 rpm for 15 min.

To determine total lipids content, a colorimetric test of the chloroformic supernatant
was conducted according to the protocol of Mishra et al. [22], slightly modified.

Briefly, 1 mL of chloroform phase was put into a glass vial, evaporated to dryness
under a gentle stream of nitrogen, and 100 uL of concentrated sulfuric acid was added.
After keeping the vial in the oven at 90 °C for 10 min, 2.4 mL of 68% (w/v) phosphovanillin
reagent was added to the sample. After a further 10 min of incubation at room temperature,
the OD was measured against a blank at 530 nm using 1 cm wide disposable cuvettes.

A quantitative analysis was carried out using an external standard calibration method
using oil containing 100% fat as a reference. All the analyses were conducted in triplicate,
and the results were expressed in g/100 g DW =+ SD of canola oil.

2.4. Micronutrients Determination

The concentrations of metals such as calcium, iron, phosphorus, magnesium, man-
ganese, potassium, sodium, zinc, aluminum, boron, barium, chromium, copper, strontium,
vanadium, and nickel were determined using an Agilent 5100 optical emission spectrom-
eter (ICP-OES) following acid digestion. Specifically, 0.2 g of sample was mineralized
using a CEM Mars6 microwave system (CEM Corporation, Milan, Italy) by adding 3 mL of
aqua regia and 1 mL of HyO,. The microwave digestion process was conducted with the
following operational parameters: power set at 600 W for 3 min at 50%, 600 W for 2 min
at 60%, 600 W for 3 min at 70%, and 600 W for 10 min at 80%. After cooling, the digested
solution was transferred to a 25 mL volumetric flask, diluted to volume with Milli-Q water,
and filtered through a 0.45 pm nitrocellulose membrane filter (Corning S.P.A, Pisa, Italy).
Quantification of each metal was achieved using the external standard method, correlat-
ing the light intensity at the selected wavelengths with the concentrations of reference
standards. The analytical wavelengths (nm) used for each metal were as follows: calcium
(422.673), iron (238.204), phosphorus (213.618), magnesium (279.553), manganese (257.610),
potassium (766.491), sodium (589.592), zinc (202.548), aluminum (237.312), boron (249.772),
barium (455.403), chromium (267.716), copper (213.598) strontium (407.771), vanadium
(311.837), and nickel (230.299).

2.5. Polyphenols Extraction

Polyphenol extraction was carried out following the procedure outlined by D’ Amelia
et al. [23]. According to this method, in this process, a sample aliquot was subjected to
extraction using an ultrasonic cleaner (040S model, AC220-240V 50 Hz, heating power
200 W, frequency 40 KHz, time 0-30 min, Be-Right Medical) Co., Ltd., Foshan, China) for 1 h,
utilizing a 70% ethanol solution in water. The resulting suspension was then centrifuged
with an Eppendorf Centrifuge 5810/5810 R (Eppendorf, Milan, Italy) at 4000 rpm for 30 min
at a controlled temperature of 10 °C. Following this, the extracts were filtered through a
0.45 um nylon filter (Corning S.P.A, Pisa, Italy) and injected directly into the HPLC system
after dilution with 0.22 M orthophosphoric acid.
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2.6. HPLC Polyphenols Analysis

An Agilent HPLC 1100 liquid chromatograph coupled with a Thermo Finnigan DAD
CHROMQUEST UV 6000 diode array detector was used to perform the analysis. Chro-
matographic separation was obtained according to D’ Amelia et al. [23]. The column was
a Kinetex 5 pm (C18 100A—150 x 4.6 mm, Phenomenex). A 10 uL volume sample was
injected and eluted in 120 min (0.4 mL/min) via a binary gradient mobile phase consisting
of H3PO4 0.22 M (solvent A) and Acetonitrile (solvent B) with the following gradient
elutions: 0 min, 95% A—5% B; 30 min 90% A-10% B; 35 min, 85% A-15% B; 70 min, 70%
A-30% B; 100 min, 10% A-90% B; 120 min, 100% B.

At the end of each run, the column was reconditioned for 15 min. Considering
the chemical structure of main phenolic compounds, two distinct wavelengths were used:
280 nm and 520 nm for the determination of chlorogenic acid, caffeic acid and its derivatives,
and anthocyanins, respectively. Peaks’ identification was carried out by comparing each
compound’s retention time and UV spectra with the reference standard. The identification
of anthocyanins was performed by comparing their retention times and UV spectra with
data reported in the literature. Individual phenolic compounds were quantified using
an external standard calibration method. Correlation values ranged between 0.9990 and
0.9999. The calibration curve was prepared in orthophosphoric acid 0.22 M from a suitable
dilution of the standard stock solution (1000 mg L~ in methanol).

2.7. Determination of Total Polyphenols

The Folin-Ciocalteu assay, a reference method for quantifying total polyphenols, was
employed with a modified protocol adapted from Singleton, V. L. (1965) [24]. Briefly, 100 uL
of the extract or gallic acid standard was added to 500 uL of the Folin-Ciocalteu reagent and
allowed to react for 5 min at room temperature. Afterwards, 3 mL of a 10% (w/v) sodium
carbonate (Nap;CO3) solution were added, and ultrapure water was added to reach a final
volume of 10 mL. After incubation for 90 min at room temperature, the optical density (OD)
was recorded at 725 nm using a Varian Cary 50 spectrophotometer and disposable cuvettes
with a 1 cm path length. Quantitative analysis was performed using an external calibration
curve, and the results were expressed as mg/g of gallic acid equivalent (GAE).

2.8. DPPH Radical-Scavenging Assay

The modified method proposed by Brand-Williams et al. [25] was used for the DPPH
(1,1-diphenyl-2-picryl-hydrazyl) assay. A total of 20 pL of the extract or standard (Trolox)
was added to 2 mL of a 40 uM methanolic DPPH solution. After a 90 min incubation at
room temperature, the optical density (OD) was measured at 517 nm against a blank using
1 cm wide disposable cuvettes. Quantitative analysis was conducted using an external
standard calibration method, and the results were expressed as mmol/g of TEAC (Trolox
equivalent antioxidant capacity).

2.9. FRAP: Ferric-Reducing Antioxidant Power

The FRAP (Ferric-Reducing Antioxidant Power) assay was achieved following a
slightly modified protocol based on Axelrod et al. [26]. The reagent was prepared by
mixing TPTZ (10 mM) and ferric chloride (20 mM) in acetate buffer (pH 3,6). In total, 50 puL
of diluted extract 1:10 (v/v) or standard (ferrous sulfate) was added to 2 mL of this solution.
After 4 min of incubation at room temperature, the OD was measured against a blank at
593 nm using 1 cm wide disposable cuvettes. Quantitative analysis was carried out using
an external standard calibration method, and the results were expressed in mmol/g of
reduced iron of ferrous sulfate.
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2.10. Statistical Analysis

The datasets were imported into the PLS_Toolbox (version 7.5.1, Eigenvector Research,
Manson, WA, USA) where the parameters were analyzed by principal component analysis
(PCA) and ANOVA. Statistical analyses were carried out using GraphPad PRISM 8.00
(GraphPad Software, San Diego, CA, USA). Data were expressed as mean =+ SD (standard
deviation). For data analysis, one-way ANOVA followed by Tukey’s multiple comparisons
post hoc test. Means =+ SD denoted by the same letter did not differ significantly at p < 0.05,
while different letters denote statistical differences with at least 95% confidence according
to Tukey’s multiple comparisons test.

3. Results and Discussion

3.1. Nutritional Composition
3.1.1. Macronutrients

Recently, consumer demand for food products rich in antioxidants and enhanced
with high levels of fiber and protein has increased, thanks to their acknowledged health
benefits [27]. Potatoes are a staple in the human diet, providing vital biologically active
compounds such as starch, fiber, minerals, and polyphenols. The presence of anthocyanins
in colored potatoes has further boosted their popularity.

However, potato peeling and processing produce waste materials that retain their
nutritional properties and biological activity, containing significant levels of valuable
substances like polyphenols, starch, proteins, and fibers [9,28-31].

In this study, we analyzed the waste generated from peeling seven colored potato
varieties, focusing on the primary nutrients and key active components in the functional
fraction of the potatoes.

Beginning with the analysis of macronutrients, the findings demonstrate notable
compositional differences between nutrients and across various parameters among the
cultivars, as shown in Table 1. The grouping of lipids, determined through one-way
ANOVA and subsequent Tukey’s multiple comparisons test—reflected by superscript
letters in the lipid content figures—supports these observations.

Table 1. Macronutrients content in colored potato tuber peels. Values are expressed as g/100 g DW
(mean + SD; n = 3).

I:atata Violet Fleur Bleue Blue Star Blawe Magenta Rote Emma
E’'moru Queen Borges Love
Lipids 09+002 1.0+01° 07400 0840124 124012 13+015¢ 0.8+0.12d

Proteins 244 +26°
Carbohydrates 87.4 +3.02

31.8 £30P 1394329 121+09°¢ 128+05¢ 27942023 1954032
787 +792 951+42a 7754302 897+742 8.0+802 926+122

Means + SD denoted by the same letter did not differ significantly at p < 0.05, while different letters denote
statistical differences with at least 95% confidence according to Tukey’s multiple comparisons test.

Potatoes are not deemed a significant source of lipids; therefore, it is expected that
their peels have a low lipid content, which our research has validated. The lipid values
hovered around 1%, with a noted range from 0.7 = 0.0 g/100 g DW in Fleur bleue to a peak
of 1.3 £ 0.1 g/100 g DW in Magenta love. A significant difference (* p < 0.05) was noted
between Patata e'moru (0.9 &+ 0.0 g/100 g DW) and Magenta love, with the latter showing
a distinctly higher lipid content. Likewise, Fleur bleue, which had the lowest lipid content,
was significantly (* p < 0.05) lower than Violet queen (1.0 £ 0.1 g/100 g DW), Blawe borges
(1.2 £ 0.1 g/100 g DW), and Magenta love. Blue star (0.8 &= 0.1 g/100 g DW) also demon-
strated a significant difference when compared to Blawe borges (* p < 0.05) and Magenta
love (** p < 0.01), with the latter two varieties showing greater lipid content. Furthermore,
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the comparison between Blawe borges and Rote emma (0.8 £ 0.1 g/100 g DW) confirmed
that Blawe borges had a significantly (* p < 0.05) higher lipid content than Rote emma.
Likewise, Magenta love exhibited a significantly higher (** p < 0.01) lipid content compared
to Rote emma. Varieties including Patata e'moru, Violet queen, Blue star, and Rote emma
exhibit similar letters, suggesting comparable lipid content. In contrast to lipids, proteins
are vital to the nutritional profile of potatoes. They play a crucial role in human diet, acting
as significant dietary supplements [32]. Potatoes are, in fact, a rich source of high-quality
proteins and essential amino acids, particularly lysine [33].

Colored potatoes contain between 4.4 and 12.5 g/100 g of protein dry weight (DW),
comparable to traditional yellow-fleshed potatoes, which have a range of 5to 13 g/100 g
DW, making them valuable food sources [34]. A comparative study of plant and animal
proteins shows that potato protein has a higher biological value than many crops and is
on par with animal proteins, such as casein, noted for being highly digestible [35]. This
indicates that potato proteins could potentially supply adequate essential amino acids,
promoting effective muscle protein synthesis [36].

Surprisingly, despite the common perception of potatoes being associated mainly with
high carbohydrate content, an analysis of macronutrients reveals that potato peels can have
notably high protein levels, although there can be substantial variation (up to 2.5-fold)
among different varieties in protein concentration, reflecting the nutritional diversity of
each cultivar.

The Violet queen variety showed the highest protein content (31.8 £ 3.0 g/100 g DW),
significantly surpassing all other cultivars (**** p < 0.0001) except Magenta love, which
also had a high protein level (27.9 £ 2.0 g/100 g DW), both ranking among the highest
nutritional value varieties. This could imply either superior protein accumulation capacity
or a unique genetic makeup that enhances protein synthesis. The protein content of Patata
e’moru (24.4 + 2.6 g/100 g DW) was statistically comparable to that of Magenta love but
significantly lower (* p < 0.05) than Violet queen. Rote emma recorded an intermediate
protein content (19.5 & 0.3 g/100 g DW), which was higher than Blue star and Blaw borges
but lower than Violet queen and Magenta love. Lastly, Fleur bleue (13.9 &+ 3.2 g/100 g
DW), Blue star (12.1 £ 0.9 g/100 g DW), and Blaw borges (12.8 + 0.5 g/100 g DW) had
significantly lower protein contents compared to the aforementioned cultivars. These
values indicate a lower protein concentration relative to the higher-performing varieties,
suggesting possible differences in metabolic processes governing protein accumulation.
Generally, the lower protein levels observed are consistent with previous studies where
most potato peel varieties contained between 2 and 16 g/100 g DW of total protein mat-
ter [37,38]. Beyond the protein content, the carbohydrate composition of potato peels is
also crucial in defining their overall nutritional value. Increasing attention is directed
toward certain types of carbohydrates that, although indigestible by human enzymes, are
vital for physiological functions through their interactions with the gut microbiota [39,40].
Consequently, a fiber-rich diet offers numerous health benefits, including a decreased risk
of cardiovascular disease [41], reduced cholesterol levels, and a lower risk of atheroscle-
rosis [42]. Furthermore, it is noted for its preventive effects against certain cancers like
colorectal cancer [43], as well as conditions like metabolic syndrome [44], inflammatory
bowel syndrome [45], diverticular disease [46], and diabetes [47]. Recently, innovative fiber
sources have presented economically viable options for developing new functional foods.
One such source is the by-product fraction obtained from various food-processing methods
involving fruits and vegetables, including potato peels [48,49].

In this study, various potato varieties were analyzed to compare their carbohydrate
content and evaluate significant differences. As anticipated, carbohydrates constitute
the most abundant nutrient, comprising at least 70% of the total macronutrient con-
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tent. The data indicate that the carbohydrate content in the studied potatoes ranges from
77.5 £ 3.0 g/100 g DW for Blue star to 95.1 &= 4.2 g/100 g DW for Fleur bleue. Other vari-
eties, including Patata moru (87.4 £ 3.0 g/100 g DW), Violet queen (78.7 - 7.9 g /100 g DW),
Blaw borges (89.7 & 7.4 g/100 g DW), Magenta love (82.0 & 8.0 g/100 g DW), and Rote
emma (92.6 = 1.2 g/100 g DW), fall within an intermediate range. This variability may
arise from factors such as cultivation conditions and soil composition. Despite the numeri-
cal differences, they were not statistically significant, suggesting that, from a nutritional
perspective, all analyzed varieties offer a comparable carbohydrate content.

3.1.2. Mineral Content

The mineral distribution within plant structures differs based on the specific com-
ponent examined, such as the contrast between potato skins and pulp. Notably, from a
nutritional standpoint, even potato skins, often seen as waste, serve as a rich source of
minerals, particularly potassium, sometimes exceeding the mineral levels found in the
pulp, as Wszelaki emphasizes [50]. However, despite numerous studies on the mineral
makeup of yellow potato varieties, knowledge regarding the mineral profiles of colored
potato skins is scarce and generally pertains to specific cultivar groups [37,38].

Moreover, it is essential to acknowledge that variations in mineral content stem
not only from potato genotype but also from agricultural practices and environmental
conditions, as highlighted by Nijolé Vaitkevicien [38]. Focusing on purple potato skins,
research by Nijolé Vaitkevi¢ien found four macroelements (K, P, Ca, and Mg) alongside five
microelements (Fe, Zn, B, Mn, and Cu) across various colored potato cultivars. Similarly,
a study conducted by Bellumori et al. identified five macroelements (K, P, Ca, Na, and
Mg) and four microelements (Fe, Zn, Mn, and Cu) within the skins of these cultivars.
Consistent with these observations, our investigation identified and quantified the primary
macroelements (K, Ca, Mg, Na, and P) as well as three crucial microelements (Fe, Mn, and
Zn), detailed in Table 2. Additionally, we examined other trace elements such as Al, B, Ba,
Cr, Cu, Sr, V, and Ni. Nevertheless, the concentrations of these supplementary elements
remained under 1 mg/100 g of dry weight across all potato varieties. Given their extremely
low levels and minimal variations among cultivars, they were deemed irrelevant for the
comparative nutritional assessment presented in this study. Indeed, the main focus was
placed on elements that exhibited quantifiable concentrations surpassing the nutritional
significance threshold and showcased marked inter-varietal differences.

Table 2. Mineral content in colored potato tubers. Values are expressed as mg/100 g pw (mean + SD;
n=23).

Patata E’'moru Violet Queen Fleur Bleue Blue Star Blaw Borges Magenta Love Rote Emma
Macro-elements
K 1399.6 £ 2242 23754 +9.4P 14754 4179.6 21358 +243.6P4  1893.4 4+ 21.8°de  2130.0 + 24.4 bde 1649.1 £ 9.7 2
Ca 621.3 £20.2°2 663.2 £35.72 4151 + 6.4bd 488.5 4 22.0be 3702 +3.3b 602.5 4+ 109.42f 5245 + 11.4 acdf
Mg 1414 + 452 1792 + 45b 1545+ 11.72 1489 +14.02 1534 £ 4.0 184.5 +12.7P 178.8 £2.8b
Na 68.6 £5.82 899+ 7.1b 2354+29¢ 236+23¢ 25.6+09°¢ 4904434 93.0£1.4Pb
P 142 +042 20.6 +0.1P 147 £1.62 334+32° 1314012 20.0 £04P 192 +04P
Micro-elements
Fe 187 +1.72 514 +£22P 126+132 219 +2.72 172+122 297 +1.1¢ 713 +6.14
Zn 334032 374022 1.6+00P 284072 284022 314042 3040402
Mn 1.3+0.0° 21+00P 124012 13+0.12 124012 1.8+ 02P 26+00¢

Means + SD denoted by the same letter did not differ significantly at p < 0.05, while different letters denote

statistical differences with at least 95% confidence according to Tukey’s multiple comparisons test.

Our analysis revealed notable variations among all the investigated cultivars, as

outlined in Table 2, with potassium (K) standing out as the dominant mineral element in
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all cultivars, corroborating findings from Nijolé Vaitkevi¢ien and Bellumori [37,38]. It is
important to highlight the significant differences in the less common mineral elements
across various cultivars.

The evaluation of various potato varieties showed notable differences in K values,
demonstrating that certain types are clearly superior. Notably, the Violet queen achieved
the highest K value at 2375.4 + 9.4 mg/100 g DW, significantly surpassing Patata e’'moru
(1399.6 & 22.4 mg/100 g DW) (*** p < 0.0001), Fleur bleue (1475.4 £ 179.6 mg/100 g DW)
(**** p < 0.0001), and Rote emma (1649.1 & 9.7 mg/100 g DW) (**** p < 0.0001). In contrast,
Patata e'moru had one of the lowest readings, as previously noted, being significantly
less than other varieties analyzed, including Blue star (2135.8 & 243.6 mg/100 g DW)
(**** p <0.0001) and Magenta love (2130.0 £ 24.4 mg/100 g DW) (*** p < 0.0001). The
Blawe borges variety (1893.4 £ 21.8 mg/100 g DW) showed intermediate results, falling
between the K values of Patata e’'moru and Violet queen. Earlier research by Nijolé Vaitke-
vic¢ien and Bellumori et al. indicated potassium concentrations ranging from 2430 to
3330 mg/100 g DW and from 1241 £ 209.6 to 1738.6 £ 211.1 mg/100 g DW, respectively.
Considering the suggested daily intake of 2500 mg/day, potato peels are regarded as a
valuable source of dietary potassium, serving as a supplement during shortages caused by
intense heat or physical exertion [51].

Calcium ranks as the second most abundant element and displays considerable vari-
ability among the cultivars analyzed. The varieties Patata e’'moru, Violet queen, and
Magenta love exhibited the highest and most statistically comparable calcium concentra-
tions, measuring 621.3 = 20.2, 663.2 £ 35.7, and 602.5 & 109.4 mg/100 g DW, respectively.
Rote emma also presented a notable calcium content of 524.5 + 11.4 mg/100 g DW, al-
beit with some statistical differences relative to other cultivars. The cultivars with the
least calcium content were Fleur bleue (415.1 & 6.4 mg/100 g DW) and Blawe borges
(370.2 £ 3.3 mg/100 g DW), which were statistically similar to Blue star
(488.5 £ 22.0 mg/100 g DW) and significantly lower than Patata e'moru, Violet queen,
and Magenta love.

Our study revealed calcium concentrations that were ten times greater than those
documented in other research [37,38]. This notable discrepancy is likely associated with
environmental factors. Initially, soil type can significantly impact calcium availability, as
soils enriched with minerals or possessing certain pH levels can enhance calcium uptake
by plants [52]. Additionally, the distribution of nutrients, often shaped by local agricultural
practices, fertilization histories, or geographical proximity to calcareous materials, can
result in concentrated nutrient levels [53]. Furthermore, factors like sampling depth and
timing, which can differ between studies, may greatly influence the observed calcium
levels, since nutrient concentrations are not consistently uniform across the soil profile or
through seasonal variations [54].

Magnesium is a vital mineral frequently missing from diets. The recommended
daily intake is between 250 and 350 mg/day [55]. Our sample magnesium levels
range from 141.4 &+ 4.5 mg/100 g DW in Patata e'moru to 184.5 £ 12.7 mg/100 g DW
in Magenta love. Statistical analysis reveals two distinct groups for magnesium lev-
els across various potato types. The first group, including Magenta love, Violet queen
(179.2 + 4.5 mg/100 g DW), and Rote emma (178.8 + 2.8 mg/100 g DW), shows signifi-
cantly elevated Mg levels compared to the second group, which consists of Patata e’'moru,
Fleur bleue (154.5 & 11.7 mg/100 g DW), Blue star (148.9 + 14.0 mg/100 g DW), and Blawe
borges (153.4 £ 4.0 mg/100 g DW). The magnesium content in purple potato peel corre-
sponds with the findings of Nijolé Vaitkevic¢ien (ranging from 119 to 160 mg/100 g DW),
while research by Bellumori et al. indicated lower magnesium levels (41.4 to 83.3 mg/100 g
DW) [37,38].
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Sodium concentrations varied widely across cultivars. Rote emma (93.0 & 1.4 mg/
100 g DW) and Violet queen (89.9 £ 7.1 mg/100 g DW) had the highest sodium content,
followed by Patata e’ Moru (68.6 + 5.8 mg/100 g DW), which showed significant differ-
ences compared to Rote emma and Violet queen. Magenta love exhibited a significantly
lower sodium level (** p < 0.01) at 49.0 £ 4.3 mg/100 g DW compared to Patata e’ Moru. In
contrast, Fleur bleue, Blu Star, and Blawe borges presented the lowest sodium concentra-
tions (23.5 £ 2.9,23.6 & 2.3, and 25.6 £ 0.9 mg/100 g DW, respectively), with no significant
differences among them.

Phosphorus, an essential element for tuber growth and overall bodily functions,
showed varying levels among cultivars, ranging from 13.1 = 0.1 to 33.4 £ 3.2 mg/100 g DW.
The comparative analysis of the potato varieties listed in the table revealed significant dif-
ferences among the various groups regarding the mean values obtained, illustrating diverse
responses among the varieties. Notably, the Blue star variety (33.4 &+ 3.2 mg/100 g DW)
emerged as the highest, with mean values considerably surpassing those of all the other
varieties analyzed, distinguishing it clearly from the rest. This notable difference may
suggest a superior yield or enhanced performance in specific parameters for the Blue star
variety, potentially related to traits, such as resilience to environmental stress or adaptability
to various cultivation conditions.

In comparison, the Patata e'moru (14.2 &= 0.4 mg/100 g DW), Fleur bleue (14.7 + 1.6 mg/
100 g DW), and Blawe borges (13.1 £ 0.1 mg/100 g DW) varieties showed significantly
lower values than the others. Intermediate values were noted for the Violet queen
(20.6 = 0.1 mg/100 g DW), Magenta love (20.0 &+ 0.4 mg/100 g DW), and Rote emma
(19.2 £ 0.4 mg/100 g DW) varieties, indicating no significant differences among these
varieties, as illustrated by the statistics in Table 2. Unlike calcium concentrations, these
values were ten times lower than those found in other studies [37,38].

Fe content displayed considerable variation across different cultivars. Rote emma
had the highest concentration, measuring 71.3 + 6.1 mg/100 g DW, significantly out-
pacing all other cultivars. A notably high Fe content was also present in Violet queen
(51.4 +£ 2.2 mg/100 g DW), which was statistically distinct from the other groups.

An intermediate Fe concentration was observed in Magenta love (29.7 & 1.1 mg/100 g
DW), overlapping statistically with Blue star (21.9 4= 2.7 mg /100 g DW), suggesting their Fe
contents may not differ significantly. Lastly, the lowest Fe concentrations were recorded in
Patata e’'Moru (18.7 & 1.7 mg /100 g DW), Fleur bleue (12.6 + 1.3 mg/100 g DW), and Blawe
borges (17.2 + 1.2 mg/100 g DW), which were statistically similar to one another. Moreover,
these cultivars showed no significant differences from Blue star, indicating a relatively
uniform Fe content among these samples. Among the analyzed micro-elements (Fe, Zn,
and Mn), iron was present in the highest concentration. Iron and zinc deficiencies are the
most common forms of micronutrient malnutrition, presenting serious health risks [56].

Manganese and zinc had the lowest concentrations among the minerals assessed.
Specifically, the Fleur bleue variety (1.6 &+ 0.0 mg/100 g DW) showed the lowest zinc levels
compared to other varieties. Notably, a comparison between Fleur bleue and Patata e’
moru (3.3 &+ 0.3 mg/100 g DW) reveals a significant difference (* p < 0.05), with Patata
e’ moru having higher values. This suggests that both varieties rank among the highest
in this study. The other varieties, including Blue star (2.8 = 0.7 mg/100 g DW), Blawe
borges (2.8 &+ 0.2 mg/100 g DW), Magenta love (3.1 £ 0.4 mg/100 g DW), Violet queen
(3.7 £ 0.2 mg/100 g DW), and Rote emma (3.0 & 0.4 mg/100 g DW), have values that do
not show statistically significant differences in most cases.

When it comes to manganese, Rote emma emerges as the clear leader with a concen-
tration (2.6 £ 0.0 mg/100 g DW), significantly higher than all other varieties. This notable
difference emphasizes its exceptional performance in the measured aspects, distinguishing
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it from the other analyzed varieties. The significant manganese content in Rote emma
is nutritionally important, given manganese’s role as an essential trace element that aids
in bone formation, metabolism, and antioxidant functions [57]. This amount is meaning-
ful for dietary intake, as the recommended daily intake for adults is around 3 mg [58].
Consequently, Rote emma may serve as a valuable manganese source in a balanced diet.

In the mid-range, Violet queen (2.1 + 0.0 mg/100 g DW) and Magenta love
(1.8 £ 0.2 mg/100 g DW) show comparable values, with no statistically significant dif-
ferences between them.

Conversely, the lower-tier varieties—Patata ¢’ moru (1.3 £ 0.0 mg/100 g DW), Fleur
bleue (1.2 &+ 0.1 mg/100 g DW), Blue star (1.3 & 0.1 mg/100 g DW), and Blawe borges
(1.2 £ 0.1 mg/100 g DW)—display significantly lower values.

In summary, the analysis reveals a distinct gap between Fleur bleue, which has the
lowest values, and Patata e’ moru and Violet queen, which rank as the varieties with the
highest values.

The remaining varieties fall within an intermediate range without significant differ-
ences among them.

3.2. Functional Composition
3.2.1. Total Polyphenol Content and Antioxidant Potential

It is well-known that diets high in polyphenols are beneficial for the human body,
largely due to their antioxidant properties [59]. Colored potatoes have therefore been
researched for their antioxidant potential, and it has been extensively shown that their
extracts can yield positive biological effects. Research by Shiyu Li et al. demonstrated
that purple-fleshed potatoes have anti-colitic effects through modulation of the gut micro-
biome, as well as affecting oxidative stress and inflammation in a well-established acute
murine colitis model [60]. In vitro tests have also shown these extracts possess antitu-
mor properties linked to their capacity to induce apoptosis via ROS production [61,62].
Additionally, their potential antimicrobial effects [63] and their ability to lower blood
cholesterol levels induced by a high-fat diet are noteworthy [64]. The biological effects
of purple potato peel extracts remain relatively unexplored, with only a handful of scien-
tific publications addressing this area [65—-69]. This research indicates that the beneficial
effects of peel extracts stem from phytochemicals, which tend to be present in higher
amounts in the peels compared to the flesh [16]. Analyzing their composition and an-
tioxidant capabilities can provide important insights for the valorization of agro-food
waste. Specifically, assessing total polyphenol (TP) content, DPPH radical-scavenging
activity, and ferric-reducing antioxidant power (FRAP) values in purple and red potato
tubers provide valuable information regarding the antioxidant potential of various cul-
tivars. As indicated in Table 3, the findings reveal significant differences among culti-
vars concerning TP content, DPPH radical-scavenging activity, and FRAP values. For
instance, the Violet queen cultivar showed the highest TP content (27.00 & 1.02 mg/g
DW), showcasing its rich phenolic profile. Magenta love also exhibited substantial TP con-
tent (20.06 & 0.37 mg/g DW). Other notable TP concentrations were found in Fleur bleue
(8.91 £ 0.29 mg/g DW) and Blue star (11.85 & 0.34 mg/g DW), while Blawe borges had
the lowest TP content (6.51 £ 0.13 mg/g DW). In terms of DPPH radical-scavenging activ-
ity, Violet queen recorded the highest level (0.048 £ 0.002 mmol/g DW), closely followed
by Fleur bleue (0.047 £ 0.000 mmol/g DW) and Magenta love (0.047 £ 0.000 mmol/g DW),
indicating relatively strong antioxidant activity among these varieties. In contrast,
Rote emma and Blawe borges showed the lowest DPPH radical-scavenging activities
at 0.039 & 0.003 mmol/g DW and 0.040 + 0.002 mmol/g DW, respectively. The FRAP
values identified Violet queen as the top performer (0.369 + 0.030 mmol/g DW), high-
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lighting its strong antioxidant potential. Magenta love (0.261 &+ 0.030 mmol/g DW) and
Blue star (0.240 4 0.005 mmol/g DW) also presented significant FRAP values, while Blawe
borges had the lowest FRAP value (0.083 £ 0.004 mmol/g DW). Overall, these findings
underline significant differences in polyphenol content and antioxidant activity among
the purple and red potato cultivars, with Violet queen and Magenta love emerging as
promising options with high TP content and strong antioxidant properties. Furthermore,
a correlation between TP and antioxidant activity has been established, with Pearson’s
correlation coefficients presented in Figure 1. A moderate positive correlation was found
between TP and DPPH (r = 0.6182, p < 0.01), along with a strong correlation between TP
and FRAP (r = 0.9553, p < 0.01). Our findings align with those reported by Liqin et al.,
though analyses were performed on different genotypes of colored potatoes, where any
discrepancies may arise from variations in extraction and analytical methods [70]. Albishi
et al. also demonstrated that the peel of purple potatoes had higher antioxidant activity
associated with a strong total phenolic content, indicating that anthocyanins and phenolic
compounds were primarily responsible for the antioxidant capacity in the colored potato
peel. Furthermore, when comparing the data on the antioxidant activity of purple potato
peel and yellow potato peel, it can be concluded that the presence of anthocyanins makes a
greater contribution to antioxidant activity [71].
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Figure 1. Correlation analysis between total polyphenols content (TP), antioxidant activity (DPPH)
and antiradical activity (FRAP).



Foods 2025, 14, 1740

13 of 22

Table 3. Total polyphenols content in colored potato tubers. Values are expressed as mg/g DW
(mean + SD; n = 3). DPPH and FRAP in colored potato tubers. Values are expressed as mmol/g pw
(mean + SD; n = 3).

Cultivar Total Polyphenols DPPH FRAP
mg GA/g DW mmol trolox’g DW  mmol FeSO4/g DW

Patate e'moru 11.64 £0.46° 0.044 £+ 0.000 2 0.090 £ 0.005 @
Violet queen 27.00 +1.02° 0.048 £ 0.002 ? 0.369 4 0.030 ©
Fleur bleue 891+029°¢ 0.047 = 0.000 2 0.119 £ 0.015°
Blue star 11.85£0.342 0.046 £ 0.003 @ 0.240 £ 0.005 ©
Blawe borges 6.51 +0.134 0.040 + 0.002 @ 0.083 4 0.004 2
Magenta love 20.06 +0.37 © 0.047 4+ 0.000 2 0.261 4 0.030 9¢
Rote emma 948 +0.12°¢ 0.039 + 0.003 0.095 £ 0.010°

Means + SD denoted by the same letter did not differ significantly at p < 0.05, while different letters denote
statistical differences with at least 95% confidence according to Tukey’s multiple comparisons test.

3.2.2. Quantitative Analysis of Polyphenols in Red and Purple Potatoes Peel

In nutrition, polyphenols are increasingly recognized by nutritionists, researchers,
and experts for their biological and pharmacological benefits [72]. An analysis of total
polyphenols in plant-based foods has shown that by-products contain significant amounts
of valuable phenolics, making them a reference point for supplement production. Notably,
potato peels, a by-product of the potato industry, have higher levels of polyphenols than
the flesh itself. Gebrechristos et al. identified the most prevalent polyphenols in the peel,
ordered by decreasing concentration: caffeic acid, chlorogenic acid, and neochlorogenic
acid [73]. Other research also emphasizes chlorogenic acid and caffeic acid as the pri-
mary phenolic compounds in potato peels, with notable differences in chlorogenic acid
levels across various potato varieties. Furthermore, pigmented cultivars generally have
higher concentrations of chlorogenic acid and caffeic acid compared to their non-pigmented
counterparts [74,75]. The existing literature also notes the presence of phenols in lower
quantities, including caffeoylquinic and feruoylquinic derivatives, along with a range of
phenolic acids, such as gallic acid, protocatechuic acid, vanillic acid, p-hydroxybenzoic
acid, and p-coumaric acid [76-78]. As noted by Visvanathan, chlorogenic acid (CGA)
is the primary phenolic acid in potatoes, making up more than 90% of the total pheno-
lic content [75]. Our results align with this finding and show considerable variation in
CGA levels across the potato cultivars analyzed (Table 4), with concentrations ranging
from 1.18 £ 0.04 to 10.53 & 0.95 mg/g DW. Notably, Violet queen had the highest CGA
concentration at 10.53 & 0.95 mg/g DW, followed by Blue star (6.45 + 0.28 mg/g DW),
Rote emma (5.06 £ 0.23 mg/g DW), and Patate ¢’ moru (3.25 + 0.40 mg/g DW). Each of
these exhibited statistically significant differences from one another and from the others.
Lower CGA levels were observed in Magenta love (2.05 & 0.04 mg/g DW), Fleur bleue
(1.23 £ 0.13 mg/g DW), and Blawe borges (1.18 & 0.04 mg/g DW), which did not show
significant differences among themselves.

A similar pattern was noted for chlorogenic acid derivatives, albeit at notably lower
concentrations, as illustrated in Table 4. The presence of these hydroxycinnamic acids
in potato peels enhances their value. Specifically, CGA is a biologically active dietary
polyphenol with a range of therapeutic functions, including antibacterial, hepatoprotective,
cardioprotective, anti- inflammatory, neuroprotective, anti-obesity, antiviral, and anti- hy-
pertensive effects, along with its ability to modulate lipid and glucose metabolism [79-87].
Caffeic acid (CA) was found at levels approximately 100 times lower than CGA. The
highest CA concentration was observed in Blue star (0.21 &+ 0.01 mg/g DW), showing
a significant difference from all other cultivars. Intermediate levels were recorded in
Violet queen (0.15 + 0.01 mg/g DW), Fleur bleue (0.13 & 0.01 mg/g DW), Blawe borges
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(0.13 £ 0.01 mg/g DW), and Magenta love (0.12 £ 0.00 mg/g DW), which exhibited some
overlap in their statistical groupings. Patate e’ moru and Rote emma had the lowest CA
levels (0.031 £ 0.01 and 0.04 & 0.00 mg/g DW, respectively), with no significant difference
between them. Caffeic acid is a polyphenol commonly ingested, primarily through coffee,
but also present in potato skins. Numerous studies have emphasized the beneficial effects
of caffeic acid on human health, including its potential impact on cancer [88], diabetes [89],
atherosclerosis [90], and neurodegenerative diseases [91], as well as its antibacterial [92]
and antiviral properties [93].

Table 4. Polyphenols content at 280 nm in coulored potato tubers. Values are expressed as mg/g DW
(mean + SD; n = 3).

A 280 nm
Chlorogenic . Chlorogenic
Cultivar Acia Chlorogenic Aci Caffeic Acid
Derivative 1 ® Acid Derivative 2 ®
Patate e'moru traces @ 325+0402 0.24 +£0.032 0.031 +0.012
Violet queen ~ 0.884+0.07>  1053+095°  217+017°>  015+0.01°
Fleur bleue 0.11 +£0.02°¢ 1.23 +£0.13¢ 0.14 £0.012  0.13+0.01"d
Blue star 0.53 +0.02 4 6.45 +0.28 4 1.29 £ 0.07 ¢ 021 +0.01°
Blawe borges 0.28 +0.01°¢ 1.18 + 0.04 € 0.33 +0.012 0.13 4 0.01 be
Magenta love traces @ 2.05+0.04¢ 0.30 £0.01° 0.12 + 0.00 cde
Rote emma 0.40 + 0.02f 5.06 + 0.23 © 0.60 + 0.03 4 0.04 +0.002

® Chlorogenic acid derivative concentrations were expressed as Chlorogenic acid equivalent. Means + SD
denoted by the same letter did not differ significantly at p < 0.05, while different letters denote statistical
differences with at least 95% confidence according to Tukey’s multiple comparisons test.

Anthocyanins are the natural pigments that give potatoes their red and purple hues
and have been recognized for their potential health advantages. Notably, these advantages
may include reducing the risk of certain conditions, such as diabetes, cancer, cardiovascular
diseases, and neurological disorders [87]. The antioxidant properties of anthocyanins are
often credited with aiding in the mitigation of oxidative stress and inflammation, both of
which play significant roles in the progression of various chronic diseases [94]. As indicated
in Table 5, these anthocyanins consist of acylated glycosides, including pelargonidin,
peonidin, petunidin, and malvidin, aligning with previous studies [37,95-97]. Factors such
as glycosylation, acylation, polymerization degree, and interactions with other substances
affect the bioavailability and potential health impacts of these anthocyanins [98,99]. The
analyzed potato cultivars displayed notable qualitative and quantitative differences in their
anthocyanin profiles, particularly among the petunidin derivatives. Specifically, petunidin-
3-O-caffeoyl-rutinoside-5-O-glucoside was uniquely identified in the Violet queen cultivar,
which had a concentration of 0.20 £ 0.00 mg/g DW. In contrast, none of the other cultivars
exhibited any detectable amounts of this compound, indicating a unique biosynthetic
signature for this variety.

A clearer distinction appeared with petunidin-3-O-p-coumaroyl-rutinoside-5-O-
glucoside, identified in five of the seven cultivars. Violet queen emerged with a notably high
concentration (7.27 & 0.73 mg/g DW), over six times more than the next highest cultivar,
Blue star (1.17 £ 0.06 mg/g DW). In contrast, Fleur bleue, Blawe borges, and Patate e'moru
showed significantly lower levels, ranging from 0.11 + 0.02 to 0.36 £ 0.05 mg/g DW.
This indicates that Violet queen serves as the richest source of this anthocyanin, while
the others appear to have a more limited capability for its biosynthesis. Likewise,
petunidin-3-O-feruloyl-rutinoside-5-O-glucoside was detected in four cultivars, with Vi-
olet queen again exhibiting the highest level (0.28 + 0.04 mg/g DW), followed by Blue
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star (0.17 £ 0.01 mg/g DW). Fleur bleue and Blawe borges had notably lower concentra-
tions, approximately 0.05 &= 0.01 and 0.06 £ 0.00 mg/g DW, respectively. These variations
underscore Violet queen and Blue star as cultivars with enhanced levels of feruloylated
anthocyanins.

Table 5. Anthocyanin content at 520 nm in coulored potato tubers. Values are expressed as mg/g DW

(mean + SD; n = 3).

A 520 nm

Cultivar

Petunidin-3-
O-caffeoyl-
rutinoside-5-
O-glucoside *

Petunidin-3-
O-p-
coumaryl-
rutinoside-5-
O-glucoside *

Petunidin-3-
O-feruloyl-
rutinoside-5-
O-glucoside *

Malvidin 3-O- Pel;r_%’_“p‘_d“"
p-coumaroyl- coumaroyl-

rutinoside-5-

O-glucoside * rutinoside-5-

O-glucoside *

Peonidin-3-
O-p-
coumaroyl-
rutinoside-5-
glucoside *

Patate e'moru
Violet queen
Fleur bleue
Blue star
Blawe borges
Magenta love
Rote emma

0.11 +0.022
7.27 +£0.73b
0.36 &+ 0.052
1.174 0.06
0.32 +0.012

a

0.28 +£0.04P
0.05 + 0.01 2d
0.17 4+ 0.01 ¢
0.06 + 0.00 4

1.96 +£0.222 -
1.19 +0.13" -
0.06 £ 0.01 ¢ -
0.16 £0.01°¢ -
0.03 £ 0.00

0.36 +0.012
0.99 + 0.06 P

0.08 + 0.00

* Anthocyanins concentrations were expressed as malvidin 3-O-glucoside equivalent. Means + SD denoted by the
same letter did not differ significantly at p < 0.05, while different letters denote statistical differences with at least
95% confidence according to Tukey’s multiple comparisons test.

The pattern of malvidin-3-O-p-coumaroyl-rutinoside-5-O-glucoside distribution appeared
different. The highest concentration was found in Patate e’'moru (1.96 = 0.22 mg/g DW), closely
followed by Violet queen (1.19 =+ 0.13 mg/g DW). The other cultivars, including Blue star,
Fleur bleue, and Blawe borges, contained significantly lower amounts, with values under
170 mg/g DW. This suggests that Patate e'moru may be particularly relevant for breeding
programs aimed at increasing malvidin content. Specifically, petunidin derivatives have
been associated with cardiovascular health benefits, potentially aiding in blood pressure
reduction and improved vascular function [100,101]. Malvidin derivatives are linked to
inhibiting cancer cell growth and the prevention of specific cancer types [102-106].

In contrast, the anthocyanin profiles of the red potatoes Magenta love and Rote emma
were notably distinct, with a prevalence of pelargonidin derivatives. Notably, pelargonidin
3-o-p-coumaroyl-rutinoside-5-o-glucoside was the most abundant anthocyanin found in
Rote emma (0.99 &+ 0.06 mg/g DW) and in Magenta love (0.36 4= 0.01 mg/g DW). Pelargoni-
din derivatives are recognized for their anti-inflammatory properties and may help mitigate
neurological disorders [107-109]. Furthermore, Magenta love also contained peonidin-3-
o-p-coumaroyl-rutinoside-5-glucoside (0.08 &= 0.00 mg/g DW). Peonidin derivatives are
associated with better glycemic control and may benefit individuals with diabetes [110,111].
The anthocyanin profile corresponds with the coloration of these potato varieties, where
pelargonidin and peonidin contribute to the red hue, while petunidin and malvidin are
responsible for the purple tint. These specific anthocyanins may provide a broad array of
health benefits. Several studies indicate that variations in phenolic profiles and antioxidant
capacities among different cultivars can be affected by factors like the growth environment,
genetic makeup, and fertilization methods [112-114].

3.3. PCA

To obtain a broader perspective and enable quicker assessments of differences among
the varieties, a principal component analysis (PCA) was performed (Figure 2). The main
variables considered in the PCA included phenolic compounds, antioxidant and antiradical
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activity, macronutrients (carbohydrates, proteins, and lipids), and minerals like Fe, K, Mg,
Mn, Na, P, Zn, and Ca. Anthocyanins were excluded as they would have caused clear
separation between the purple and red potato varieties. The PCA results for the analyzed
potato varieties demonstrate a distinct separation of samples based on their chemical-
nutritional features. The first principal component (PC1) accounts for 32.41% of the total
variance, while the second principal component (PC2) accounts for 18.36%. This suggests
that PC1 captures most of the variability in the dataset, while PC2 reveals additional insights
into less prominent variations. The PCA biplot illustrates the distribution of various potato
varieties and their links to specific chemical-nutritional parameters. Blawe borges and
Patata e’'moru cluster in the left quadrant of the plot, displaying a weak association with
phenolic variables and antioxidant content. Rote emma is found in the lower right quadrant,
indicating a stronger connection with mineral elements, such as Fe, Mn, and Na. Blue star,
Magenta love, and Fleur bleue are situated in the upper-right quadrant, showing varying
degrees of association with caffeic acid and antioxidant-related variables. Conversely,
Violet queen is located in the far-right quadrant, signifying a unique profile with elevated
levels of total phenols, chlorogenic acid derivatives, and strong antiradical activity. These
findings could prove valuable for selecting varieties with specific nutritional advantages
and for promoting cultivars with significant functional potential.
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Figure 2. Principal component analysis (PCA) score plot of potato peel samples. PC1 explains
32.41% of the total variance, while PC2 accounts for 18.36%. Variables legend: CA (caffeic acid); CGA
(chlorogenic acid); CGA derl and CGA der2 (chlorogenic acid derivatives); TP (total polyphenols);
DPPH (radical-scavenging activity (DPPH assay)); FRAP (ferric reducing antioxidant power); P
(phosphorus); K (potassium); Na (sodium); Mg (magnesium); Ca (calcium); Fe (iron); Zn (zinc); Mn
(manganese); lipids (total lipid content); proteins (protein content); carbohydrates (carbohydrate
content).

4. Conclusions

This study offers in-depth insights into the nutritional and biochemical properties
of red and purple potato peels, showcasing their abundance in polyphenols, particularly
chlorogenic acid (CGA) and caffeic acid, along with anthocyanins and essential nutrients.
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Purple potatoes stand out for their high anthocyanin levels, associated with various health
benefits. Beyond their polyphenolic composition, potato peels are significant sources of
macronutrients, including proteins and carbohydrates, as well as essential minerals such
as potassium, calcium, and magnesium, all essential for human health. The variations in
nutrient composition among different potato varieties may result from genetic and environ-
mental factors, including soil conditions, climate, and farming practices. These findings
emphasize the importance of recognizing varietal differences when assessing the nutritional
value of potato peels for dietary supplements and food product enhancements. Varieties
like Magenta love and Blawe borge, known for their slightly higher lipid content, could be
more suitable for uses requiring a richer lipid profile, while Fleur bleue presents a lighter
option. Furthermore, varieties with greater protein levels might be favored for human
consumption or specific industrial purposes. Although carbohydrate content differences
among the analyzed potato varieties were noted, they were not statistically significant.
This study highlights the promise of red and purple potato peels as valuable agri-food
by-products, encouraging sustainable nutrition practices and diminishing food waste. The
diversity within the examined potato varieties opens up possibilities for developing tar-
geted food products and high-value dietary supplements that capitalize on the health
advantages of their bioactive compounds. Research like this will deepen our knowledge of
the potential uses of potato peels in nutrition and the food industry, supporting sustainable
growth while optimizing resource use.
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