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Onion (Allium cepa L.) is one of the most widely consumed vegetables globally, valued not only for its culinary 
applications but also for its nutritional and functional properties. It is a  rich source of bioactive compounds, 
particularly phenolic substances, which are strongly associated with antioxidant activity and potential health 
benefits. However, onions may also accumulate potentially toxic elements from the environment, posing risks to 
food safety. This study aimed to evaluate the total polyphenol content (TPC), antioxidant activity (AA), vitamin C 
content, and the  concentrations of selected potentially toxic elements (cadmium, lead) in  three onion cultivars 
(Medusa, Conservor F1, Karmen). Significant differences (p <0.05) were observed among cultivars for all evaluated 
parameters. The highest TPC and AA were recorded in the cultivar Karmen (781.3 mg GAE·kg-1, 1.54 mmol TE·kg-1), 
followed by Konzervor (597.8 mg GAE·kg-1, 0.49 mmol TE·kg-1) and Medusa (512.2 mg GAE·kg-1, 0.32 mmol TE·kg-1), 
confirming the strong association between phenolic compounds and antioxidant capacity. Vitamin C content showed 
less pronounced variability, with a range from 68.3 to 75.3 mg·kg-1. Regarding food safety, Cd concentrations ranged 
from 0.02 to 0.09 mg·kg-1, and Pb concentrations from 0.29 to 0.36 mg·kg-1. When compared with the maximum 
levels established by Commission Regulation (EU) 2023/915, all samples exceeded the Pb limits, and all samples 
except one exceeded the Cd limits. Overall, the  results demonstrate that onions serve as both a valuable source 
of bioactive compounds and a potential pathway for dietary exposure to toxic elements, highlighting the need for 
continuous monitoring and optimized agricultural practices to ensure food safety and nutritional quality.
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 Introduction
The onion (Allium cepa L. var. cepa) is among the oldest 
cultivated and most widely consumed vegetable crops 
worldwide. Its extensive production and consumption 
are driven by increasing consumer demand, largely 
attributable to its recognized nutritional value and 
functional properties. In addition to its role as a staple 
food ingredient, onion has a  long history of use 
in  traditional medicine and is generally regarded as 
safe for human consumption, having been utilized both 
as a vegetable and as a therapeutic agent since ancient 
times (Zhao et al., 2021; Ullah et al., 2022). Shallot 
onion (Allium cepa L. var. aggregatum) is a  closely 
related botanical variety of onion. The  two forms are 
interfertile and readily cross-pollinate, producing 
fertile offspring. They also exhibit strong cytological 
and morphological similarities, reflecting their close 
genetic relationship (Tabor, 2018). Archaeological 
evidence indicates that onion was already in  use 
more than 5,000 years ago, with findings documented 
in  the  Dead Sea region. Historical records further 
demonstrate its early significance; for example, Pliny 
the Elder described the onion in the first century AD, 
noting the  existence of multiple cultivated varieties 
at that time. Additional evidence of its cultural and 
symbolic importance is provided by depictions 
in ancient Egyptian funerary art, as well as its presence 
among burial items, including within the  cranial and 
thoracic cavities of mummies (Brewster, 2008; Block, 
2010). 

Onions are rich in a diverse array of phytochemicals, 
including organosulfur compounds, phenolic 
compounds, polysaccharides, and saponins, many of 
which contain functionally active groups contributing 
to their biological activity. The  health-promoting 
properties of onions are largely attributed to these 
bioactive constituents. Among them, sulfur-containing 
compounds, particularly S-alk(en)yl-L-cysteine 
sulfoxides (ACSOs) and derivatives such as onionin A, 
represent the  predominant class, alongside phenolic 
compounds such as flavonoids (e.g., quercetin and its 
glycosides, rutin). The composition and concentration 
of these bioactive compounds are strongly influenced 
by genetic and varietal factors (Zhao et al., 2021; Czech 
et al., 2022).

Numerous studies have documented its broad spectrum 
of biological activities, including antifungal, antiviral, 
anti-inflammatory, antihypertensive, antidiabetic, 
antiallergic, and hypolipidemic effects. These 
properties are primarily attributed to the presence of 
phenolic compounds, flavonoids, and other bioactive 

molecules (Liu et al., 2022). Regular consumption 
of onions has been associated with multiple health 
benefits, including a  reduced risk of chronic diseases 
such as cardiovascular disorders, diabetes mellitus, 
certain types of cancer, and neurodegenerative 
conditions (Matrella et al., 2022).

However, vegetables may also accumulate potentially 
toxic elements (PTEs), which can pose a risk to human 
health. PTE contamination is a  global environmental 
and public health concern due to the toxicological risks 
posed by elevated metal concentrations. The presence 
of potentially toxic elements in soils arises from both 
natural processes, such as the weathering of metal-rich 
parent materials, and anthropogenic inputs, including 
industrial emissions, mining activities, and agricultural 
practices (Abdu et al., 2017). When contaminated soils 
are used for crop production, these elements can be 
taken up by plants and subsequently enter the  food 
chain, potentially leading to adverse health effects 
in  humans at elevated concentrations (Oves et al., 
2016).

Therefore, this study aimed to investigate 
the  relationship between the  bioactive composition 
(total polyphenols, vitamin C, and antioxidant activity) 
of Allium cepa and the accumulation of potentially toxic 
elements (Cd and Pb), with a focus on evaluating both 
nutritional value and food safety implications. 

Material and Methodology

Plant samples
In this study, onion cultivars belonging to Allium cepa 
var. cepa (Medusa and Karmen) and Allium cepa var. 
aggregatum (Conservor F1) were used. The  samples 
were purchased from a local supermarket.

Extract preparation
Homogenized fresh plant samples (25 g) were 
extracted with 50 mL of 80% (v/v) methanol for 
16 h at laboratory temperature. The  extracts were 
subsequently filtered through quantitative filter paper 
and used for further analyses.

Total polyphenol content 
Total polyphenol content (TPC) was determined using 
the Folin–Ciocalteu method as described by Lachman 
et al. (2003). The reaction mixture consisted of 0.1 mL 
of extract, 0.85 mL of Folin–Ciocalteu reagent (Merck, 
Germany), and, after 3 min, 5 mL of 20% (w/v) Na₂CO₃ 
solution (Sigma-Aldrich, USA). The  mixture was 
transferred to a 50 mL volumetric flask and diluted to 
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volume with distilled water. After incubation for 2  h 
at room temperature, absorbance was measured at 
765 nm using a Shimadzu UV–Vis spectrophotometer 
against a reagent blank. Results were expressed as mg 
gallic acid equivalents (GAE) per kg of sample, based 
on a calibration curve (R² = 0.998).

Antioxidant activity
Antioxidant activity (AA) was determined using 
the  DPPH radical scavenging assay according to 
Brand-Williams et al. (1995). A  6  ×  10-5 solution of 
DPPH• (2,2-diphenyl-1-picrylhydrazyl) was prepared 
in  methanol (Sigma-Aldrich, USA). An aliquot of 
0.1 mL of extract was mixed with 3.9 mL of DPPH 
solution, vortexed, and incubated in  the  dark for 
10 min. The decrease in absorbance was measured at 
515 nm using a Shimadzu UV–Vis spectrophotometer 
against a blank. Antioxidant activity was expressed as 
mmol Trolox equivalents per kg of sample, based on 
a calibration curve (R² = 0.995).

Vitamin C content
For vitamin C analysis, 2 g of homogenized fresh plant 
material was accurately weighed and extracted with 
20 mL of 3% (w/v) meta-phosphoric acid prepared 
in  ultrapure water to stabilize ascorbic acid and 
precipitate proteins. The  mixture was vortexed for 
1  min and subsequently filtered through a  0.45 µm 
PVDF syringe filter (Millipore Corporation, Bedford, 
MA, USA). 

Vitamin C content was determined by high-
performance liquid chromatography (HPLC) using an 
Agilent 1260 Infinity II system (Agilent Technologies, 
Waldbronn, Germany) equipped with a  quaternary 
pump, degasser, autosampler, column thermostat, 
and diode array detector (DAD). Separation was 
performed on a reversed-phase C18 column (Cortecs, 
150 × 3.0  mm, 2.7 µm; Waters, USA). The  mobile 
phase consisted of methanol and 0.1% (v/v) H₃PO₄ 
in  deionized water. Isocratic elution was performed 
at a composition of 20% methanol and 80% acidified 
water for 10 min. The flow rate was set to 0.6 mL·min-1, 
and the  injection volume was 10 µL. The  column 
temperature was maintained at 30 °C, while samples 
were kept at 8 °C in  the  autosampler. Detection was 
carried out at 256 nm. Data acquisition and processing 
were performed using Agilent CDS software for LC 3D 
systems.

Heavy metal content
Homogenized dried plant samples were subjected 
to microwave-assisted acid digestion using a  MARS 

Xpress 5 closed-vessel system (CEM Corp., Matthews, 
NC, USA). Approximately 0.5 g of each sample was 
digested in  a  mixture of 5 mL of HNO₃ Suprapur® 
(Merck, Darmstadt, Germany) and 5 mL of deionized 
water (conductivity 0.054 µS·cm-1). The  digestion 
program consisted of a  temperature ramp to 160  °C 
over 15 min, followed by a 10 min holding period at 
constant temperature. After cooling, the digests were 
filtered through Filtrak 390 quantitative filter paper 
(Munktell GmbH, Bärenstein, Germany) and diluted to 
a final volume of 50 mL with deionized water. 

Cadmium (Cd) and lead (Pb) concentrations were 
determined by graphite furnace atomic absorption 
spectrometry (GFAAS) using a  VARIAN AASpectra 
DUO 240Z spectrophotometer (Varian Ltd., Mulgrave, 
VIC, Australia). The  obtained concentrations were 
evaluated against the maximum permissible levels for 
contaminants in vegetables established by Commission 
Regulation (EU) 2023/915 in  order to assess food 
safety compliance.

Statistical analysis
Statistical analyses were performed using XLSTAT 
software (Lumivero, 2025). Data are presented as 
mean ± SD (n = 4). Normality and homogeneity of 
variance were assessed using Shapiro-Wilk and 
Levene’s tests. Differences among cultivars were 
evaluated using one-way ANOVA followed by Tukey’s 
HSD test (p < 0.05). When assumptions were not met, 
the  Kruskal–Wallis test with Dunn’s post hoc test 
was applied. Relationships between variables were 
assessed using Pearson correlation.

Results and Discussion
Significant differences (p < 0.05) were observed 
among the evaluated onion cultivars in the monitored 
parameters (Table 1).

The highest total polyphenol content (TPC) was 
recorded in  the  cultivar Karmen (781.3 ±14.7 mg 
GAE·kg-1), followed by Konzervor (597.8 ±29.7 mg 
GAE·kg-1) and Medusa (512.1 ±20.6 mg GAE·kg-1), with 
all cultivars differing significantly from each other. 
A  similar trend was observed for antioxidant activity 
(AA), where Karmen exhibited the  highest value 
(1.54 mmol TE·kg-1), significantly exceeding the cultivar 
Medusa (0.32 mmol TE·kg-1), while Konzervor 
showed intermediate values without significant 
differences from either group (0.49 mmol TE·kg-1). 
Previous studies have demonstrated that antioxidant 
activity and phenolic compound content in  onions 
can vary considerably depending on species, cultivar, 

http://www.uniag.sk


ISSN 2585-8246– 116 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 10, 2026(1): 113–120

and  methodological factors. For instance, Kisa et al. 
(2022) highlighted that variability in  results among 
Allium species is influenced by the plant part analyzed, 
as well as by the extraction solvent and methodology 
employed. Reported total polyphenol content 
(TPC) values in  onions show substantial variability. 
Andrejiová et al. (2011) observed TPC values ranging 
from 105.19 to 1,347 mg·kg-1, reflecting differences 
in  cultivar and experimental conditions. Likewise, 
Dalaram (2016) reported TPC values in onion samples 
ranging from 322.83 to 626.61 mg·kg-1. In terms of 
varietal differences, Chernukha et al. (2022) found 
that red onion cultivars had the  highest polyphenol 
content, which is consistent with their elevated levels 
of flavonoids and anthocyanins. Kavalcová et al. (2015) 
reported that the  total polyphenol content in  yellow 
onion cultivars ranged from 441.32 to 455.22 mg·kg-1. 
Similarly, Kavalcová et al. (2014) reported total 
polyphenol content in  onions in  the  range of 389.64 
to 429.58 mg GAE·kg-1. Kim et al. (2024) reported 
495.2–570.8 mg GAE·kg-1 in different onion cultivars. 
Dalamu et al. (2010) evaluated 34 Indian onion 
genotypes of different bulb colors (white, pink, and 
red) and reported the  highest total phenolic content 
in red cultivars (867.8 mg GAE·kg-1), followed by pink 
(702.0 mg GAE·kg-1) and white (165.0 mg GAE·kg-1) 
onions. Lisanti et al. (2016) reported total phenolic 
content in onion bulbs ranging from 4710 to 6610 mg 
GAE.g-1 DW, which is comparable to the values obtained 
in  the  present study. Similarly, Lee et al. (2016) 
observed a  broader range of total phenolic content, 
from 4,020 to 23,120 mg GAE.g-1 DW, indicating 

substantial variability among onion samples. Bibi et al. 
(2022) demonstrated that the total polyphenol content 
and antioxidant activity of onion bulbs are significantly 
influenced by both genetic factors (cultivar) and 
environmental conditions. According to Khalili et al. 
(2022), the determined total polyphenol content and 
antioxidant activity are also significantly influenced by 
the extraction solvent used. 

Regarding vitamin C content, the lowest concentration 
was determined in  Konzervor (68.3 ±0.66 mg·kg-1), 
which differed significantly from Medusa 
(75.3 ±2.8 mg·kg-1) and Karmen (75.6 ±0.58 mg·kg-1), 
between which no significant difference was observed. 
Matějková and Petříková (2010) reported vitamin 
C content in  onions ranging from 94 to 104 mg·kg-
1, with  the  highest value observed in  red onions 
(104  mg·kg-1) and slightly lower levels in  yellow 
cultivars (94–99 mg·kg-1). In contrast, Petrovic-Pokluda 
(2020) reported substantially lower vitamin C contents, 
with 17.5 mg·kg-1 in red onions and 35.4–44.4 mg·kg-1 
in  yellow onions. Bystrická et al. (2010) reported 
 vitamin C contents of 53.85 mg·kg-1 in  red onions, 
28.93 mg·kg-1 in  yellow onions, and 19.98 mg·kg-1 
in  white onions, indicating a  decreasing trend from 
red to white cultivars. Compared with these findings, 
the vitamin C levels determined in  the present study 
are higher. Kim et al. (2024) reported total ascorbic 
acid contents in onion cultivars 72.3–215.1 mg·kg-1. 

Regarding potentially toxic elements, cadmium (Cd) 
concentrations were highest in Karmen (0.09 mg·kg-1), 
significantly exceeding the  levels in  Conservor 

Table 2	 Cadmium and lead content of samples (mg·kg-1)
Cultivars Fresh weight Dry weight

Cd Pb Cd Pb
Medusa 0.04 ±0.003ab 0.29 ±0.02a 0.27 ±0.02ab 1.95 ±0.13a

Konzervor 0.02 ±0.001a 0.36 ±0.03b 0.12 ±0.01a 2.11 ±0.18a

Karmen 0.09 ±0.005b 0.30 ±0.02a 0.60 ±0.03b 1.99 ±0.13a

Max. level* 0.03 0.10 – –
Notes: Values are expressed as mean ± SD (n = 4). Different superscript letters within a column indicate statistically significant differences (p <0.05). 
*Maximum level according to Commission Regulation (EU) 2023/915 of 25 April 2023

Table 1	 Biocative compounds and antioxidant activity of the samples
Cultivars Fresh weight Dry weight

TPC 
(mg GAE·kg-1)

AA 
(mmol TE·kg-1)

vitamin C 
(mg·kg-1)

TPC 
(mg GAE·kg-1)

AA 
(mmol TE·kg-1)

vitamin C 
(mg·kg-1)

Medusa 512.1 ±20.6a 0.32 ±0.06a 75.3 ±2.8b 3,444 ±1,38.7a 2.18 ±0.38a 506.4 ±18.8b

Conservor F1 597.8 ±29.7b 0.49 ±0.06ab 68.3 ±0.66a 3,496 ±174.0ab 2.86 ±0.34ab 399.2 ±3.85a

Karmen 781.3 ±14.7c 1.54 ±0.2b 75.6 ±0.58b 5192 ±97.9b 10.2 ±1.35b 502.6 ±3.84b

Notes: Values are expressed as mean ±SD (n = 4). Different superscript letters within a column indicate statistically significant differences (p < 0.05)
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(0.02 mg·kg-1), while Medusa (0.04 mg·kg-1) exhibited 
intermediate concentrations and did not differ 
significantly from either of the  other cultivars. 
Reported cadmium (Cd) concentrations in onions vary 
widely across studies. Bibi et al. (2021) reported Cd 
levels ranging from 0.017 to 0.066 mg·kg-1. Oprea et al. 
(2022) reported from 0.007 to 0.106 mg·kg-1. Studies 
expressed on a dry matter (DM) basis indicate similar 
variability, with Bystrická et al. (2015) reporting values 
between 0.02 and 0.04 mg·kg-1 DM, and Ametepey et 
al. (2018) reporting a  range of 0.03 to 0.06 mg·kg-1 
DM. Lidiková et al. (2021), observed Cd concentrations 
from below the limit of detection (LOD) to 0.04 mg·kg-1 
DM. Lazović et al. (2023) reported values from 
<LOD to 0.0409 mg·kg-1 FW. In contrast, Shokri et 
al. (2022) reported a  substantially broader range 
of Cd concentrations (0.0006 to 0.526 mg·kg-1 DM), 
indicating considerable variability across different 
environmental or agronomic conditions. Conversely, 
Habu et al. (2021) reported Cd levels in onions below 
the LOD. 

Lead (Pb) content was highest in  Conservor 
(0.36  mg·kg-1), significantly differing from Medusa 
(0.29 mg·kg-1) and Karmen (0.30 mg·kg-1), which 
did not differ significantly from each other. Reported 
lead (Pb) concentrations in onions show considerable 
variability across studies. Bibi et al. (2021) reported 
Pb levels ranging from 0.055 to 0.576 mg·kg-1, while 
Oprea et al. (2022) observed values between 0.009 
and 0.136 mg·kg-1. Similarly, Lazović et al. (2023) 
reported concentrations ranging from below the limit 
of detection (LOD) to 0.0799 mg·kg-1 FW. Studies 
expressed on a dry matter (DM) basis also demonstrate 
a wide range of values. Bystrická et al. (2015) reported 
Pb concentrations between 0.05 and 0.21 mg·kg-1 DM, 
while Bystrická et al. (2016) observed values from 0.11 
to 0.60 mg·kg-1. Lidiková et al. (2021) reported a range 
of 0.07 to 0.23 mg·kg-1 DM, and Shokri et al. (2022) 
found concentrations between 0.05 and 0.297 mg·kg-1 
DM. In contrast, studies by Habu et al. (2021) and 
Ametepey et al. (2018) reported Pb concentrations 
below the limit of detection.

All analyzed samples exceeded the  maximum 
permissible levels for lead (Pb), while for cadmium (Cd), 
all samples except one exceeded the established limits 
according to Commission Regulation (EU) 2023/915 of 
25 April 2023. These findings indicate a potential food 
safety concern, particularly given repeated dietary 
exposure. Although onions are generally consumed 
in  moderate quantities, their regular inclusion 
in  the  diet may contribute to cumulative intake of 
these elements. The  consistent exceedance of Pb 
limits across all samples suggests a possible common 
source of contamination, such as soil characteristics 
or environmental pollution, whereas the  variability 
observed for Cd may reflect differences in  cultivar-
specific uptake or localized growing conditions. 
These results underline the  necessity for continuous 
monitoring of potentially toxic elements in vegetables, 
as well as the  implementation of appropriate 
agronomic and environmental control measures to 
reduce contamination at the source.

The correlation analysis (Table 3) revealed several 
strong relationships among the  evaluated variables; 
however, due to the  limited number of samples, 
most of these correlations were not statistically 
significant. The  only statistically significant 
correlation (p < 0.05) was observed between total 
polyphenol content (TPC) and antioxidant activity 
(AA) (r = 0.999), indicating a  positive association. 
This result confirms that phenolic compounds are 
the dominant contributors to the antioxidant capacity 
of the analyzed onion samples. Although not statistically 
significant, several high correlation coefficients were 
observed. Notably, strong positive relationships 
were found between  TPC  and Cd (r  =  0.943) and 
between AA and Cd (r = 0.925), suggesting a potential 
co-accumulation pattern that warrants further 
investigation. Similarly,  vitamin C  showed a  strong 
negative correlation with Pb (r = -0.971), and moderate- 
to-strong positive correlations with Cd (r = 0.722) and 
TPC (r = 0.449).

Table 3	 Pearson correlation matrix
Variable TPC AA Vitamin C Cd Pb
TPC 1
AA 0.999 1
Vitamin C 0.449 0.404 1
Cd 0.943 0.925 0.722 1
Pb -0.223 -0.174 -0.971 -0.535 1
Notes: Values in bold are statistically significant (p <0.05)

http://www.uniag.sk


ISSN 2585-8246– 118 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 10, 2026(1): 113–120

Conclusions
This study demonstrated that Allium cepa cultivars 
differ significantly in  their bioactive composition and 
accumulation of potentially toxic elements. Among 
the evaluated cultivars, Karmen exhibited the highest 
total polyphenol content and antioxidant activity, 
confirming the  strong relationship between phenolic 
compounds and antioxidant capacity. In contrast, 
vitamin C content showed less pronounced variability 
and did not correlate significantly with antioxidant 
activity, suggesting a  secondary role in  the  overall 
antioxidant potential of onions. From a  food safety 
perspective, the  findings raise concerns regarding 
the  accumulation of potentially toxic elements. All 
analyzed samples exceeded the maximum permissible 
levels for lead (Pb), and all samples except one 
exceeded the  limits for cadmium (Cd) established 
by Commission Regulation (EU) 2023/915. Overall, 
the results highlight the dual nature of onions as both 
a  valuable source of health-promoting compounds 
and a  potential vector of contaminant intake. These 
findings emphasize the  importance of continuous 
monitoring of heavy metal contamination, careful 
selection of cultivation sites, and consideration 
of varietal differences in  future research and 
agricultural practices. Further studies with a  larger 
number of samples and more detailed environmental 
characterization are recommended to better elucidate 
the  factors influencing both the  bioactive compound 
composition and metal accumulation.
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