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Institute for Adriatic Crops and Karst
Reclamation, Croatia

*CORRESPONDENCE

Spyridon A. Petropoulos
spetropoulos@uth.gr

†These authors have contributed equally to
this work

RECEIVED 11 November 2025
REVISED 14 January 2026
ACCEPTED 20 January 2026
PUBLISHED 05 February 2026

CITATION

Polyzos N, Almeida D, Fernandes Â, Pires TSP,
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Nutritional and biochemical
pro�le and bioactive
properties of four Greek
local landraces of onion
Nikolaos Polyzos1†, Daiana Almeida2†, Ângela Fernandes2,
Tânia S. P. Pires2, Tayse F. F da Silveira2, Lillian Barros2

and Spyridon A. Petropoulos1*

1Department of Agriculture, Crop Production and Rural Environment, University of Thessaly,
Volos, Greece, 2CIMO, LA SusTEC, Instituto Politécnico de Bragança, Bragança, Portugal
Introduction: The preservation of genetic diversity of horticultural crops is
essential for modern agroecosystems that face pressure from climate change
and the intensi� cation of crop production.
Methodology: In the present work, the nutritive value, chemical pro� le and
bioactive properties of four Greek onion local landraces were investigated for the
� rst time. The tested genotypes included three local landraces originated from
the region of Thiva, one landrace collected from Evoia, as well as one
commercial cultivar which was used as the control treatment. All the
genotypes were assessed in terms of nutritional value, chemical composition
and bioactivities.
Results and discussion: Our results indicate a high variability in the nutritive value
and the chemical pro� le of the studied genotypes, while varied bioactive
properties were also recorded. The bulbs of the local landrace ON5 were the
richest in polyphenols and quercetin in particular, a � nding which was also
accompanied by the highest antioxidant activity. On the other hand, the
commercial cultivar was the richest in total and individual free sugars, as well
as in total dietary � bers and total organic acids, results which indicate a sweeter
taste and higher pungency. In conclusion, the studied landraces showed
promising properties and they could be further valorized through the
implementation of breeding programs aiming to produce new elite onion
genotypes with high nutritional and bioactive potential.
KEYWORDS

Alliaceae, Allium cepa L., antimicrobial properties, antioxidant activity, fatty acids,
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1 Introduction

Onion (Allium cepa L.) is a bulbous plant of the Liliaceae family,
which includes more than 3700 species (Sansan et al., 2024). According
to literature reports, onion has been acknowledged as one of the oldest
cultivated plants, whereas Central Asia and more precisely certain areas
of Iran and Pakistan are considered the main centers of origin of the
species (Amare, 2020; Arena et al., 2024). Based on FAOSTAT data, the
annual total production in Europe for the 2023 calendar year was
9.877.287,08 tones, harvested from around 319.198 ha with average
yield of 30.944,1 kg/ha (FAOSTAT, 2024). In Greece, onion cultivation
is very important and covers an area of 3.130 ha with an average yield
of 34.840,3 kg/ha and a total production of 109.050 tones (FAOSTAT,
2024). Since ancient times, the onion has been utilized for culinary and
medicinal properties throughout the centuries and nowadays both the
fresh leaves and bulbs are the main ingredients used in many recipes
providing a district �avor and aroma in various dishes (Sagar et al.,
2022; Kant Upadhyay, 2023).

The fresh leaves and dry bulbs can be used in cooked dishes and
salads, as condiments or spices, in raw salads, while they can be used
after processing as pickles, powders, pastes and many more
(Chakraborty et al., 2022). The skin of bulbs which is usually
discarded in domestic and industrial processing is also a valuable by-
product that can �nd food and pharmaceuticals applications through
the extraction of bioactive compounds or the incorporation in
functional bakery products (Piechowiak et al., 2020). In addition, the
medicinal properties of onion have been widely acknowledged, since
the species has been recognized in several ethnopharmacological
studies as an effective remedy against many diseases namely
gastrointestinal disorders, throat infection and hepatitis, whereas tea
of onion presented severe properties against arthritis, cholera, common
cold, fever and headache (Corzo-martõet al., 2007; Prima et al., 2023;
Elattar et al., 2024). Furthermore, the extracts of the plant exhibited
signi�cant antifungal, antibacterial, antimicrobial, anticancer, anti-
in�ammatory, antidiabetic, antithrombotic and antitumor properties
that could be further exploited by the pharmaceutical industry and
contribute to the promotion of human health (Elberry et al., 2014;
Petropoulos et al., 2017; Shabir et al., 2022). Recent reports have also
highlighted the signi�cant antioxidant properties of onion, which are
responsible for neutralizing free radicals and further preventing
diseases associated with oxidative damage, such as cardiovascular
disease and various types of cancer (Cioni et al., 2025).

The distinct aroma and �avor of onion is associated with the
rupture of plant tissues after either cutting or breakage during
processing which results in the hydrolyzation of sulfur-containing
compounds such as S-alk(en)yl-l-cysteine sulfoxides (ACSOs) by
alliinase in order to produce ammonia, sulfenic acids and pyruvic
acid as well as a mixture of both volatile and nonvolatile sulfur
compounds (Liguori et al., 2017; Petropoulos et al., 2017). Moreover,
the concentration of pyruvic acid detected in onion tissues after
hydrolysis reaction takes places is an indicator of pungency with
signi�cant variation among different cultivars and/or landraces (Yoo
et al., 2006; Liguori et al., 2017; Loredana et al., 2019).

Onion bulbs are a rich source of phytochemicals with a great
variation within the vast genetic pool of the species, including a high
Frontiers in Plant Science 02
content of phenolic compounds and speci�cally �avonoids (e.g.
quercetin and its derivatives) but also vitamins and minerals
(Chakraborty et al., 2022; Kumar et al., 2022). Phenolic
composition and �avonoids content in particular is also
associated with skin and �esh color of bulbs with two subgroups
of compounds being detected, namely anthocyanins which are
commonly found in onion genotypes with red/purple color and
�avanols which impart the yellow and brown color of bulb skin
(Piechowiak et al., 2020; Cozzolino et al., 2021; Brahimi et al., 2022;
Gorrepati et al., 2024). Moreover, quercetin has been suggested to
have a key role in the antioxidant properties of onion through the
scavenging of free radicals, the reduction of oxidative stress and the
support of enzymatic defensive systems (Sagar et al., 2022; Imran
et al., 2025). Other signi�cant antioxidant constituents include
sulfur compounds such as di- and trisul�des, while allicin is
highly linked with the antimicrobial potential of the species. For
example, extracts from either fresh �owers or leaves demonstrated
signi�cant antibacterial, antifungal and antimicrobial activities by
exhibiting inhibitory effects towards Gram-positive (Staphylococcus
aureus) and Gram-negative bacteria (Escherichia coli, Salmonella
spp. and Klebsiella spp., Pseudomonas aeruginosa and Helicobacter
pylori) (Gabriel et al., 2022; Barbu et al., 2023). However, these
bioactive properties display a wide range of variability due to large
genetic diversity of onion, the extraction protocol, the storage
conditions, the plant and processing technologies (Kim et al., 2024).

Throughout the cultivation history of onion over the years,
there has been detected a broad variability mostly in terms of
morphological traits such as the shape, the size and the color of the
bulb due to differences in genetic material and the acclimatization
and farmer’s selection process under variable edaphoclimatic
conditions. However, although distinct ecotypes and local
landraces present a vast genetic pool the current trends for
increased yield that the agricultural sector has to follow has
marginalized this valuable material in favor of modern and more
productive cultivars and hybrids. The variable edaphoclimatic
conditions across Greece, facilitate the existence of several onion
landraces with unique characteristics in terms of quality traits and
adaptability to speci�c conditions that are still underexplored.
Therefore, in this work we assessed for the �rst time the
phytochemical properties of four Greek onion local landraces that
are locally cultivated aiming to highlight their nutritional value,
metabolic pro�le and bioactivities and identify elite and high-
quality genetic material that could be reintegrated into breeding
programs and valorized in the nutraceutical sector based on their
phytochemical and metabolic map and their functional properties.
2 Materials and methods

2.1 Sampling methodology

Samples of onion bulbs (10 kg of dried onion bulbs) were
sampled from bulk lots from commercial farms in July 2023 at
marketable maturity and after curing for 2 weeks from farmers
located in the region of Thiva (3 local landraces and one
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commercial cultivar; 38°16’54.1”N, 23°06’36.8”E) and Evoia (one
local landrace; 38°31’26.9”N, 24°09’57.5”E). The plants were
cultivated according to best practice guides followed in each
region. The description of the studied genotypes is cited in
Table 1, while Figure 1 depicts the bulbs of each genotype. Prior
to processing, bulbs were cleaned with distilled water, wiped with
absorbed paper and then let to dry under dark conditions at room
temperature. After drying, bulbs were peeled (tunic removal) and
the �esh was cut in cubes (approximately 0.5 cm wide) and stored at
deep-freezing conditions (-80°C) in air sealed bags. Then, onion
samples were lyophilized and ground in �ne powder (� 20 mesh)
with a mortar and pestle and stored under deep-freezing conditions
(-80°C) until further analysis.
2.2 Preparation of hydroethanolic extract

Extracts were obtained through maceration from freeze-dried
samples by mixing 3 g of each sample with 90 mL of an 80% ethanol
solution. Following agitation for 1 hour at ambient temperature, the
suspensions were �ltered using paper �lters. The residues
underwent a second extraction under the same conditions. The
hydroethanolic extracts from both rounds were merged and then
followed the evaporation of ethanol at 40°C under vacuum. The
resultant aqueous fractions were subsequently frozen and
lyophilized to obtain dried extracts that were subsequently
employed for evaluating the biological properties of the samples
and their phenolic compound pro�les.
2.3 Nutritional composition

The nutritional pro�le of the samples, e.g. lipid, protein, ash,
total dietary �ber, carbohydrate content, and total energy value, was
determined following the procedures described by the Association
of Of�cial Analytical Chemists (AOAC; (AOAC, 2019). Lipid
extraction was carried out in a Soxhlet apparatus for 7 hours,
using petroleum ether as solvent; the amount of protein was
measured using the macro-Kjeldahl method, involving acid
digestion, distillation, and titration steps, applying a conversion
factor of 6.25; ash content was obtained after the incineration of
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samples at 550 – 10°C for 7 hours using a muf�e furnace; total
dietary �ber (TDF) was determined by an enzymatic–gravimetric
method (TDF-100A Kit; Sigma Aldrich, St. Louis, MO, USA); and
the content of carbohydrates was calculated by difference. All the
results were presented as g per 100 g of dry weight (dw). The energy
value was estimated using the equation below:

Energy�(kcal=100g�dw)�
= �4� � �(g�protein� + �g�carbohydrate)� + �9� � �(g�fat)
2.4 Chemical pro�le of hydrophilic
compounds

2.4.1 Free sugars
Free sugars were quanti�ed following an ethanolic extraction

procedure. Brie�y, each dried and powdered sample (1 g) was
mixed with 40 mL of 80% ethanol and 1 mL of melezitose solution
(25 mg/mL), used as the internal standard (IS). The mixture was
maintained in a water bath at 80°C for 90 min under constant
agitation. After extraction, the suspensions were �ltered through
paper �lters, and then followed the evaporation of solvent at 40°C.
The resulting aqueous phase was brought to a �nal volume of 5 mL
with distilled water, �ltered via 0.2 µm nylon �lters, and transferred
to vials for chromatographic analysis. The determination was
carried out using an HPLC system, as described by Spre�a et al.
(2020), while the chromatographic conditions and the identi�cation
of compound were described by the same authors (Spre�a et al.,
2020). The results were presented as g per 100 g of dw.

2.4.2 Organic acids
Organic acids were extracted and assessed as described by

Barros et al. (2013b), while the quanti�cation was performed by
Ultra-Fast Liquid Chromatography (UFLC) using the conditions
described by the same authors. The results were presented as g per
100 g of dw.
2.5 Chemical pro�le of lipophilic
compounds

2.5.1 Fatty acids
The Fatty Acid Methyl Ester (FAME) composition was analyzed

using the lipid fraction obtained from the crude fat determination, as
described in section 2.3, following the protocol of Obodai et al. (2017).
The resulting FAMEs were analyzed by Gas Chromatography (GC)
following the same protocol, while the acquisition and processing of
data were carried out with Clarity 4.0.1.7 software (DataApex, Prague,
Czech Republic). The composition of fatty acids was presented as the
relative percentage (%) of each identi�ed compound.
2.5.2 Tocopherols
Tocopherols extraction was performed according to the

methodology reported by Spre�a et al. (2020), using a
chromatographic system and conditions already described by the
TABLE 1 Description of the studied onion samples.

Code Description

ON1
Onion landrace from the region of Octonia (oblong shape, red skin
with red to purple �esh)

ON2
Onion landrace from Thiva region (rhomboid shape, pale red skin
with white �esh)

ON3
Onion landrace from Thiva region (globular shape, white skin with
white to red �esh (the outer scales))

ON4
Commercial cultivar (cv. Mirsini; SeedTech, Hellas) de Grano type
(global shape, pale red skin with white �esh)

ON5
Onion landrace from Thiva region (elliptical shape, pale red skin with
white �esh)
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same authors. Data acquisition and integration were performed
with Clarity 2.4 software (DataApex, Prague, Czech Republic). The
quanti�cation of compounds was carried according to the
�uorescence response of each compound, using the internal
standard (IS) method, as well as the comparison with analytical
standards. The results were presented as mg per 100 g of dw.
2.6 Identi�cation and quanti�cation of
phenolic compounds

The phenolic composition of the hydroethanolic extracts from
the maceration was analyzed by UPLC coupled to a DAD, following
the protocol and the conditions previously reported by Bessada
et al. (2016). The acquisition and processing of data were performed
using Xcalibur® software (version 2.2.0.48; Thermo Fisher
Scienti�c). Identi�cation of phenolic compounds was performed
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using the comparison of their UV–vis spectra, retention times, and
mass fragmentation patterns with reference standards and literature
data when available. Quanti�cation was achieved by external
calibration using commercial phenolic standards, with detection
at their maximum absorbance wavelengths. When reference
standards were not available, the compounds were quanti�ed
relatively to other molecules bearing the same phenolic group.
The results were presented as milligrams per gram of extract (mg/
g extract).
2.7 Bioactive properties

2.7.1 Antioxidant activity
The antioxidant capacity of the hydroalcoholic extracts was

determined in vitro using the Thiobarbituric Acid Reactive
Substances (TBARS) assay according to the methodology of
FIGURE 1

Dried onion bulbs of the studied onion genotypes (ON1 to ON5: from upper left to bottom). Credits: personal record of Prof. Spyridon A. Petropoulos.
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