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ABSTRACT

This study investigates the element composition, including potassium, sodium, calcium,
magnesium, and selenium, in six different leafy vegetable species commonly consumed in salads.
The vegetables analyzed were Lactuca sativa (lettuce), Spinacia oleracea (spinach), Cichorium
intybus (radicchio), Valerianella locusta (lamb's lettuce), Cichorium endivia (endive), and Eruca
sativa (eruca). The contribution of the mentioned elements in the diet by consuming a portion of
100 g fresh salad was evaluated by the recommended daily intake. The results revealed significant
variations in element content among the species. Given the recommended daily intake of selenium,
these vegetables can contribute significantly to meeting daily selenium requirements (35.9% —
60.5%). The elevated selenium concentrations in L. sativa (3.327 mg/kg) and V. locusta (2.467
mg/kg) indicate that regularly consuming these foods may be an effective means of boosting
dietary selenium intake, thereby supporting its vital role in human health. Other results
demonstrate the diverse element content across different leafy vegetables, which can provide
varying health benefits depending on the mineral requirements. Based on the elemental content
across the samples, L. sativa has the greatest content of calcium (12302 mg/kg), while S. oleracea
has the highest magnesium and potassium content (6131 mg/kg and 22854 mg/kg), C. endivia
stands out for its high sodium content (20840 mg/kg).
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Introduction

Plants have always been used for food, as spices, teas, and in traditional medicine; therefore, it is
important to examine their chemical content. Diet rich in fruits and vegetables is widely
recommended for its health-promoting properties (Barmmer, 2022). Fruits and vegetables have
historically been in dietary guidance because of their concentrations of vitamins (i.e. vitamins C
and A), minerals (electrolytes), and more recently phytochemicals, especially antioxidants
(Revoredo-Giha, 2021). Additionally, fruits and vegetables are recommended as a source of
dietary fiber (Slavin et al., 2012). In addition to organic, plants also contain various inorganic
components. Inorganic components are less abundant in plants, but they are equally important.
The trace elements found in living organisms may be essential, i.e., indispensable for growth and
health, or they may be nonessential, fortuitous reminders of our geochemical origins or indicators
of environmental exposure (Ozcan, 2004). Minor elements have very important functions, and they
are proven as a key component of proteins such as hemoprotein and hemoglobin which play a role
in biochemical functions and essential enzyme systems even in low doses (Imelouane et al., 2011).
Although the required levels of micronutrients are usually permanently fixed, they can vary
depending on many factors, such as plant species, genotype and growth conditions, different
organs and tissues of the same plant (Razi¢ et al., 2005).

Salads can be a vital part of a healthy diet, offering numerous nutritional benefits that support
overall well-being, such as a wide array of vitamins, minerals, and antioxidants. These nutrients
help protect the body from oxidative stress and support immune function. The variety of salads
provides numerous flavors, textures, and nutritional benefits. The diversity of ingredients in salads
makes them suitable for different dietary preferences and can help achieve various health goals,
from weight management to boosting immunity.

Six plant samples purchased in the same megamarket were used in this research: Lactuca sativa
(fam. Asteraceae) (lettuce), Spinacia oleracea (fam. Amaranthaceae) (spinach), Cichorium intybus
var. foliosum (fam. Asteraceae) (radicchio), Valerianella locusta (fam. Valerianaceae) (lamb's
lettuce), Cichorium endivia var. Crispum (fam. Asteraceae) (endive)and Eruca sativa (fam.
Brassicaceae) (eruca). The aim of this study was to determine the content of potassium, sodium,
calcium, magnesium, and selenium, in these samples, and the contribution of the mentioned
elements in the diet by consuming a portion of salad.
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Experimental

Chemicals and instruments

All reagents used for digestion were analytical grade, purchased from Sigma-Aldrich Chemical
Company (Germany).

The measurements of elements were carried out in an Inductively Coupled Plasma Optical
Emission Spectroscopy, ICP-OES (Thermo Scientific,UK), model 6500 Duo, equipped with a
CID86 chip detector. Ultra-scientific ICP multi-element standard solutions were used as a stock
solution for calibration.

Sample collection

All samples Lactuca sativa L. (fam. Asteraceae), Spinacia oleracea L. (fam. Amaranthaceae),
Cichorium intybus L. var. foliosum (fam. Asteraceae), Valerianella locusta L. (fam.
Valerianaceae), Cichorium endivia L. var. Crispum (fam. Asteraceae) and Eruca sativa L. (fam.
Brassicaceae)) purchased in the local market.

Sample preparation

Prior to analysis, plants were air-dried at room temperature. Once dried, the samples were ground
into a fine powder using a stainless-steel grinder and stored in polypropylene bags until further
analysis. Samples were prepared through wet digestion, following a modified version of the
procedure outlined by Tizen, 2003. One gram of each salad species was combined with 15 mL
oxi-acidic mixture composed of HNO3, H2SO4, and H20> in a 4:1:1 ratio. The mixture was then
heated to 150 °C for 4 hours before being diluted to a final volume of 25 mL with deionized water.
A blank sample was processed in the same manner for comparison.

Results and Discussion

The obtained results of each element (mg/kg dry weight) represent a mean value of three
measurements = SD (Table 1). The results indicated differences in element concentrations based
on the species.

Table 1. Element content (mg/kg dry weight) of analyzed salads as mean + standard deviation

Samples K Na Ca Mg Se

L. sativa 198324438 165234324 123024153 3981+59 3.3+0.12
S. oleracea 22854+115 3668+44 6745+122 6131+126 2.04+0.03
C. intybus 12468+327 14480+196 8334465 19424100 1.97+0.01
V. locusta 20607+4883 8605+122 8269476 2775478 2.47+0.02
C. endivia 14806+130 20840435 4628+86 19154102 2.328+0.009
E. sativa 15866287 2086144 14243+116 2240+102 1.89+0.07
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Also, the content of elements in the selected types of salad was calculated per 100 g of fresh salad
(USDA, Food Data Centrtal, 2020) and expressed as a percentage of the daily intake. When
recalculating the nutritional content of a fresh salad, it was taken that approximately 90% of its
weight is water. It was obtained using the mean value of three measurements for each element,
and the results are shown in Table 2. A portion of salads contribution is considered to be significant
if it provides 15% of the recommended daily intake (RDI) of nutritionally valuable elements
(Stefanovi¢, 2016).

Table 2. The element content in the analyzed samples shown per 100 g of fresh salad and % of

daily intake
K Na Ca Mg Se
Sample mg mg mg mg mg
K/100g | % | Na/100 | % |Ca/l100g | % | Mg/100 | % | Se/100g | %
fs gfs fs gfs fs

L. sativa 198.3 9.9 165.2 | 11.0 123.0 15.4 39.8 10.0 | 0.033 60.5

S.oleracea | 228.5 11.4 36.7 2.4 67.5 8.4 61.3 15.3 0.020 37.1

C. intybus 124.7 6.2 144.8 9.7 83.3 10.4 194 4.9 0.020 35.9

V. locusta 206.1 10.3 86.1 5.7 82.7 10.3 27.8 6.9 0.025 44.9

C. endivia 148.1 7.4 208.4 13.9 46.3 5.8 19.2 4.8 0.023 42.3

E. sativa 158.7 7.9 20.9 14 142.4 17.8 22.4 5.6 0.019 34.4

fs-fresh salad

The analysis of element content in various leafy vegetables reveals notable differences across the
samples. While potassium does not become a part of the chemical structure of plants, it plays many
important regulatory roles in development. It increases crop yield and improves quality. It is
required for numerous plant growth processes (Prajapati et al., 2012). Potassium is the third most
abundant mineral in the human body and plays an important role in many metabolic processes,
including the proper functioning of the brain, heart and muscles. It is the most abundant cation in
the human body, yet only 2% of total body potassium is contained in the extracellular fluid, a
compartment accessible to clinical assessment. Its concentration in extracellular fluid is tightly
regulated between 3.5 and 5.0 mmol/L. Most of the potassium (98%) is located intracellularly
(mainly in muscle) at concentrations between 100 and 150 mmol/L, depending on cell type
(Besouw et al., 2019).

Among the analyzed species, S. oleracea had the highest concentration of potassium (22854 mg/kg
dw), and C. intybus had the lowest (12468 mg/kg dw). The RDI for potassium for adults is 2000
mg (EEC, 2008). Table 2 shows that all analyzed samples do not have a significant contribution
of potassium by consuming a portion of 100 g, as it does not exceed 15% of the daily intake.
Consuming a portion of 100 g of fresh species provides from 6.2% (C. intybus) to 11.4% (S.
oleracea) of the daily K requirement.
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A proper balance of sodium levels in every part of our body is vital; the osmotic pressure of the
extracellular fluids of our body is dictated for 90% by sodium ions and their counter-ions, largely
chloride. Tight regulation of the sodium levels in our blood plasma and interstitial fluids is crucial
for the essential physiological functions of virtually all cells in our body, as many transport
processes depend on it. Slight deviations affect the electrical activity of muscle and nerve cells,
renal function, capillary exchange, and cardiac output, impacting blood pressure in multiple ways.
(Dotsch et al., 2009)

All analyzed samples showed different sodium levels, ranging from 2086-20840 mg/kg dw. C.
endivia is had the highest sodium content (20840 mg/kg dw), whereas the lowest was in E. sativa
(2086 mg/kg dw). The RDI for sodium is 1500 mg. (EFSA, 2019) Consuming a portion of 100 g
of fresh salad provides from 1,39 % to 13,9% sodium per day.

Calcium is an essential plant nutrient. Ca?* it is required for structural roles in the cell wall and
membranes, as a counter-cation for inorganic and organic anions in the vacuole, and as an
intracellular messenger in the cytosol. (Marschner, 1995) It is an essential nutrient necessary for
many human health functions. Calcium is the most abundant mineral in the body with 99% found
in teeth and bone. Only 1% is found in serum. The serum calcium level is tightly monitored to
remain within normal range by a complex metabolic process. Calcium metabolism involves other
nutrients, including protein, vitamin D, and phosphorus. (Beto, 2015)

Calcium occurs in very similar concentrations in almost all samples, in the 4628 - 8334 mg/kg dw
range. The L. sativa and E. sativa were separated with a higher calcium content, 12302 mg/kg dw
and 14243 mg/kg dw, respectively. The RDI of calcium for adults is 800 mg. (EC, 2008) From
Table 2 it can be seen some analyzed samples significantly contribute calcium from a portion of
100 g of fresh salad because it exceeds 15 %. Consuming a portion of 100 g of fresh E. sativa and
L. sativa can provide a maximum of 17.8% and 15.4% of calcium daily intake.

Magnesium is most important to plants; about 75% of the leaf magnesium is involved in protein
synthesis, and an amount between 15 % and 20 % of total Mg is associated with chlorophyll
pigments, mainly acting as a cofactor of a series of enzymes involved in photosynthetic carbon
fixation and metabolisms. (Guo et al., 2016) There are two major roles for magnesium in biological
systems. It can form chelates with important intracellular anionic ligands, notably ATP, and it can
compete with calcium for binding sites on proteins and membranes. There are about 300
magnesium activated enzymes. Among the enzyme-catalysed reactions in which magnesium acts
as an essential cofactor are those concerned with glycolysis, cell respiration and transmembrane
transport of other cations such as sodium and calcium. In particular, the activity of membrane
bound Na-K-ATPase depends on magnesium. (Ryan, 1991)

The concentration of Mg in the analyzed samples ranged from 1915 mg/kg dw (C. endivia) to 6131
mg/kg dw (S. oleracea). Among the tested samples, S. oleracea had the highest content of
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magnesium, 6131 mg/kg, and consuming a portion of 100 g of fresh S. oleracea, can provide a
significant of 15.3% of magnesium daily intake.

Selenium cycles through food systems, being removed from soils by plants and micro-organisms
which can take up the element into their tissue proteins and convert some of it to volatile
metabolites (e.g. dimethylselenide) that enter the atmosphere ultimately to be brought down with
precipitation and airborne particulates (Shrift, 1964; Allaway et al. 1967; Stork et al. 1999). As
selenocysteine, the 21% amino acid, selenium is a component of selenoproteins, some of which
have important enzymic functions.

Among the tested samples, the highest content of selenium was shown by the species L. sativa
(3.327 mg/kg dw). In contrast, the minimum content was observed in the E. sativa (1.89 mg/kg
dw). The Institute of Medicine of the American National Academies (U.S. National Academies,
Institute of Medicine, 2001) recommends a daily Se intake of 0.055 mg. Based on the results, it
can be noticed that all analyzed samples have a significant contribution to the daily intake of
selenium (> 15 %), and the species L. sativa has the highest value, 60.5 %.

Conclusion

These results demonstrate the diverse nutrient compositions across different leafy vegetables,
which can provide varying health benefits depending on the mineral requirements. Among the
vegetables tested, L. sativa exhibited the highest concentrations of selenium and calcium, making
it a rich source of these essential minerals. A portion of this salad provides a significant
contribution of these elements, especially selenium (60.5%). S. oleracea, on the other hand, had a
relatively higher magnesium and potassium content, along with a balanced distribution of
selenium, which constitutes a significant daily intake. C. intybus and V. locusta presented moderate
levels of minerals. C. endivia had a unique profile, with higher sodium content compared to other
samples, while E. sativa had a low selenium and sodium, but higher calcium content. Overall,
these findings highlight the diverse mineral compositions in leafy vegetables, with each offering
specific nutritional benefits depending on the mineral of interest.
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