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Abstract: Halophyte species are rich in bioactive compounds, antioxidant, and antimicrobial properties.
However, due to the limited technical-scientific data regarding these properties in the halophyte Salicornia neei,
this research aimed to analyze micronutrients, chlorophyll, carotenoids, and activities of S. neei extracts using
solvents of different polarities and plant organs (leaf, stem, and root) as free radical scavengers and
antimicrobial agents. The fresh plant was collected and subsequently, pigments and micronutrients were
determined by spectrophotometry and ICP, respectively. From the prepared extracts, antioxidant activity was
determined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging method and antimicrobial
activity by the disc diffusion method for fungi and bacteria. The results obtained demonstrated that the native
Brazilian halophyte S. neei can be considered a food rich in minerals and pigments with excellent antioxidant
properties, showing inhibition 96.72% and IC50 (4.15 mg/mL). For free radical scavenging capacity, the most
effective solvent was ethanol: acetone (1:1) and there was no significant difference (p<0.05) among the plant
structures, indicating the same response pattern. For antimicrobial activity, the extracts indicated low or no
antimicrobial action against yeast and bacteria, respectively. Based on these findings, the S. neei species can be
considered a natural source of promising bioactive compounds and thus classified as a multifunctional plant,
suggesting applications in the agricultural and food sectors.
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1. Introduction

The search for sustainable production models and a more sustainable lifestyle is evident, which
is why numerous natural bioactive compounds have become the focus of scientific research. These
compounds can be classified into four main categories: macronutrients (carbohydrates, lipids, and
proteins), micronutrients (vitamins and minerals), phytochemicals (terpenes, alkaloids, phenolics,
and organosulfur compounds), and intestinal microbiome regulators (probiotics, prebiotics,
symbiotic, and postbiotics) [1]. They can be obtained from plant, microbiological, and animal sources.
Plant bioactive compounds are natural chemical substances derived from highly promising and
attractive sources due to their beneficial properties in various sectors. From an agricultural
perspective, the biological effect of these compounds is noteworthy, particularly their antimicrobial
activity, which has been employed in the control of post-harvest diseases, and their antioxidant
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activity, which has been extensively used as a natural food additive [2,3]. Thus, the cultivation of
functional foods emerges as a promising strategy aimed at meeting health, agriculture, and food-
related demands, promoting sustainable socioeconomic development.

In this context, functional foods are dietary components that offer health benefits beyond their
basic nutrition. The growing interest in functional foods has driven a new market strategy for
halophyte plants which exhibit distinct and conserved metabolic responses compared to
conventional plants [4]. These responses are justified by their antioxidant and antimicrobial activities,
making them ideal sources of bioactive molecules [5]. Among various halophytes, Salicornia sp. has
gained prominence in the global functional food market due to its richness in bioactive compounds
with functional properties. This genus is categorized as a salt-accumulating halophyte with nutrients
in its aerial parts, being an edible plant belonging to the Amaranthaceae family, highly tolerant to
salinity (above 500 mM), with an estimated number of species between 25 and 30. Due to its content
of bioactive compounds, it is a significant food source highly appreciated by consumers. Species of
this genus are consumed in salads and used as green salt, which results in a lower risk of
cardiovascular diseases [6-9]. Studies on Salicornia sp. directed at agriculture and food indicate that
species of this genus are widely used, especially extracts rich in bioactive compounds, which increase
the nutritional value of processed foods such as pasta and wheat [10], preservatives in fish fillets [11],
and biocides [12].

The Salicornia genus has a single species in Brazil, commonly known as sea asparagus. This
species was botanically defined as Salicornia ambigua (Michaux), Sarcocornia ambigua, or Sacocornia
perennis, but has recently been molecularly classified as Salicornia neei Lag. [13]. Salicornia neei is a
hydrohalophyte, succulent, and herbaceous plant widely used in gourmet cuisine. It has been
described as containing a large amount of important nutrients and functional metabolites [14].
However, there is a scarcity of studies related to S. neei, with most research focused on cultivation
management practices to promote better productivity of the species, and few studies on its bioactive
compounds. Therefore, this research aimed to evaluate the nutritional composition and potential of
extracts with different solvents (milli-Q water, ethanol, and ethanol-acetone) from the leaf, stem, and
root structures of S. neei for antioxidant and antimicrobial activity.

2. Materials and Methods

2.1. Plant Material

Salicornia neei was obtained from the Agronomic Institute of Pernambuco (IPA), located at
Metropolitan Region of Recife. The experiments were carried out using Salicornia neei seedlings
grown in organic soil and irrigated daily with saline water obtained from the desalination plant in
the municipality of Riacho das Almas — PE, Brazil. After 6 months of cultivation, samples were
collected, with part of the material dried in oven for mineral and pigment analysis, while another
part was stored in a refrigerator at 5°C for the preparation of extracts.

2.2. Nutritional Composition

Samples of Salicornia neei were dehydrated in an oven at 50°C for 24 hours. Subsequently, they
were ground using a pestle, and 0.5 grams of each sample were weighed in triplicate, adding 7 mL
of nitroperchloric solution to test tubes. Then, the mixtures were subjected to digestion in a digestion
block for 3 hours at 250°C. Finally, the digested samples were diluted for analysis by ICP of the
following mineral constituents: sodium (Na), potassium (K), nitrogen (N), calcium (Ca), zinc (Zn),
phosphorus (P), magnesium (Mg), manganese (Mn), and aluminum (Al) according to Bezerra Neto
and Barreto [15].

2.3. Chlorophyll and Carotenoid Content

According to the methodology describe by Rahmani et al. [16], for the extraction of pigments
from Salicornia neei, 1g of fresh material was weighed, macerated in 8 mL of 80% acetone, and
centrifuged for 15 min at 4,000 rpm at 38°C. Subsequently, the supernatant was collected for the
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quantification of pigments and carotenoids in a spectrophotometer (BioChrom Model Libra 532 UV-
vis), determining absorbance at wavelengths of 460 nm, 645 nm, and 663 nm. The pigments were
calculated using the formulas described by Najar et al. [17]:
Chlorophyll A =12.7 (A663) - 2.69 (A645)
Chlorophyll B =22.9 (A645) - 4.68 (A663)
Total chlorophyll =20.2 (A645) + 8.02 (A663)
Carotenoids = (5 x A460 = ((Chl a x 3.19) + (Chl b x 130.3))
Pigments contents were expressed as mg/g off w.

2.4. Preparation of Salicornia neei Extracts

The extraction of plant constituents was carried out following the method proposed by Hafsa et
al. [18]. Salicornia neei seedlings were separated into leaves, stems, and roots, and cut into small pieces
of 5cm for weighing. Leaf (50g), stem (15g), and root (7.5g) samples were placed in Erlenmeyer flasks,
adding three different solvents: milli-Q water, commercial ethanol (70%), and ethanol-acetone (1:1),
for 4 hours for milli-Q water and 2 hours for the respective solvents, resulting in a final concentration
of 0.2 mg/mL. The resulting aqueous, ethanolic, and ethanol-acetone extracts were filtered through
paper filter and then stored in amber vials with aluminum foil at 4°C to preserve the extracts
contained the biomolecules until further analysis.

2.5. Antioxidant Activity of Salicornia neei Extracts

The DPPH activity was based on the capacity to eliminate the DPPH radical by antioxidants,
using the method described by Brand-Williams et al. [19], with some modifications. Initially, a DPPH
solution (60 uM) was prepared in methanol to obtain an absorbance between 0.6 to 0.7 at a
wavelength at 517 nm. The extracts were diluted into three concentrations of 20, 40, and 60 mg/mL
in triplicate. Then, 1 mL of the extracts was mixed with 2.5 mL of the DPPH solution and incubated
in the dark for 30 min. After incubation, absorbances were measured at the same wavelength
mentioned above. The obtained data were used to calculate the antioxidant activity according to the
following equations:

. (Ac — As)
% remaining DPPH = e X 100

Where:
Ac: absorbance of the control
As: absorbance of the sample
% Reduction DPPH = 100 — %DPPH

2.6. Determination of IC50

The IC50 (50% inhibition concentration) estimates the concentration of an antioxidant required
to inhibit 50% of the DPPH free radical activity. For this, the probit regression analysis method was
used.

2.7. Microorganisms

The microorganisms used to determine antimicrobial activity were provided by the Culture
Bank of UCP (Catholic University of Pernambuco), which are registered in the WFCC Bank (World
Federation for Culture Collection). The following microorganisms were used: Escherichia coli UCP
1575, Bacillus subtilis UCP 1559, Staphylococcus aureus UCP 1576, Salmonella sp. UCP 1560, Pseudomonas
aeruginosa UCP 1551, Candida albicans UCP 0993, C. guilliermondii UCP 1592, and C. tropicalis UCP
0996.

2.8. Determination of Antimicrobial Activity of Salicornia neei Extracts

The antimicrobial activity was tested only the solvent with the highest antioxidant activity at a
concentration of 24 mg/mL with the structures (leaf, stem, and root) of Salicornia neei. The disk
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diffusion method was performed as described by Murray et al. [20]. Each microorganism was
uniformly inoculated onto the surface of Sabouraud agar plates for fungi and Mueller Hinton agar
plates for bacteria using sterile swabs. After inoculation, filter paper disks with a diameter of 1 cm
were soaked with 10 pL of ethanol-acetone extract at a concentration of 24 mg/mL and placed onto
the agar plates. The solvent of the extract was used as control. Bacteria were incubated at 37°C for 24
hours, while fungi strains were incubated at 28°C for 48 hours. The test was performed in triplicate,
and antimicrobial activity was determined by measuring the diameter of the inhibition halo around
the disks in millimeters (mm).

2.9. Statistical Analysis

The percentages of DPPH inhibition from the extracts were expressed as mean * standard
deviation. The results were subjected to analysis of variance (ANOVA) and Tukey's test (p < 0.05) for
comparison between treatments. The IC50 determination used the non-linear regression method. All
analyses were performed using STATISCA 12 software.

3. Results

3.1. Micronutrients and Pigments

From the results of the micronutrients and pigments of S. neei (Table 1), it was observed that
phosphorus was the most abundant element (13.90%), followed by sodium (6.70%). Regarding
pigments, chlorophyll b was the most significant (4.76%). The Na+/K+ ratio was low at (2.63
mg/gFW), and the mineral accumulation pattern observed in S. neei was P >Na >Mn >K >N > Fe >
Ca>Mg.

Table 1. - Mineral and pigment content of the aerial part of Salicornia neei.

Parameters Aerial part
Na (%) 6.70
K (%) 2.55
N (%) 2.52
Ca (%) 1.61
Mg (%) 1.45
P (%) 13.90
Fe (%) 2.32
Mn (%) 2.94
Chlorophyll a (mg/gFW) 2.95
Chlorophyll b (mg/gFW) 4.76
Carotenoids (mg/gFW) 2.43

3.2. Antioxidant Activity

After mixing the DPPH stock solution with each extract (milli-Q water, ethanol, and ethanol-
acetone), the resulting reaction caused a colorimetric change in the samples. Purple coloration was
observed in the milli-Q water extracts, while yellow coloration was observed in the ethanol and
ethanol-acetone extracts. The extracts of Salicornia neei showed a high capacity for scavenging free
radicals, with a maximum reduction of the DPPH radical by 96.72% and a minimum of 73.88% (Figure
1A). These values increased as the concentration of the extracts was incremented (8, 16, and 24
mg/mL). Overall, all extracts showed a low IC50 (Figure 1B), with the lowest IC50 observed for the
ethanolic extract of the root (4.15 mg/mL) and the highest IC50 for the milli-Q water extract of the
stem.

d0i:10.20944/preprints202406.1265.v1
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Figure 1. (A) Percentage reduction of the DPPH radical of Salicornia neei extracts. (B) IC50 of Salicornia
neei extracts.

Regarding the solvents used in the extraction of bioactive compounds with antioxidant
properties from Salicornia neei, a statistically significant difference was observed among the means.
The ethanol-acetone solvent proved to be the most effective for extracting these compounds, followed
by ethanol and milli-Q water. However, for the different plant structures of S. neei (leaf, stem, and
root), no significant differences were observed among the treatments, considering a significance level
of p <0.05 (Table 2).

Table 2. Results of Tukey's test: best solvent and plant structure with antioxidant.

Treatments Mean
Ethanol- 96.31a +1.00
Solvents  acetone
Ethanol 93.82b + 1.00
Mili-Q water 75.09¢ + 1.00
Stem 88.95a + 11.96
Structure Root 88.82a +11.34
Leaf 75.09a + 1.00

*Means with the same letters in the same column do not differ significantly for analysis of variance (p < 0.05).

3.2. Antimicrobial Activity Against Bacteria and Fungi

In the analysis of antimicrobial activity against bacteria strains, no inhibition zones were
observed. However, for fungal species, small inhibition areas were observed for Candida albicans (leaf:
9mm * 2.0; stem: 8mm + 2.0; root: 12mm =+ 4.0), C. guilliermondii (leaf: 8mm * 2.2), and C. tropicalis
(leaf: 8mm + 1.0; stem: 8mm =+ 4.3; root: 10mm + 4.0). It is worth noting that the root structure showed
higher inhibition activity against fungal growth, with a 12 mm diameter halo.

4. Discussion

4.1. Mineral Composition and Pigments

Determining the mineral fraction of foods is essential for assessing their quality for human
consumption. In this context, the presence of bioactives from the class of micronutrients essential in
human nutrition was found, with recommended doses for daily intake, including sodium, potassium,
nitrogen, calcium, magnesium, phosphorus, iron, and magnesium, as established in the technical
regulation on recommended daily intake (RDI).
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The Na+/K- ratio is a relevant factor related to plant tolerance to salinity. A low Na+/K- ratio
indicates the plant's resistance to salt stress, as the ability to accumulate K+ in high salinity
environments neutralizes the toxicity of Na+ in the cytoplasm [21]. Another important aspect of this
ratio is associated with nutrition, as lower values are more suitable for human consumption, as
elevated values have been associated with the incidence of hypertension [22]. In our study, we
observed a low Na+/K+ ratio indicating the resistance of S. neei to salt stress and its suitability for
human consumption. In terms of nutrition, the World Health Organization (WHO) recommends a
daily intake of 2g of sodium, equivalent to 5g of table salt. In this study, we found that in 0.5g of S.
neei contains 0.0067g of sodium, meaning that in 5g we would have 0.07g of sodium, which is
considerably lower than the salt used in culinary/domestic environments.

Regarding the pattern of mineral accumulation, several studies have demonstrated the ability of
Salicornia sp. species to extract and accumulate minerals from the soil in their aerial parts. However,
there is no fixed pattern of mineral accumulation, as plants are influenced by biotic and abiotic factors
[23]. According to Lima et al. [24], the higher the sodium content in halophytes, the lower the calcium,
magnesium, and potassium contents due to competition for excess sodium. Additionally, other
factors such as solar radiation levels and nitrogen fertilization also affect mineral composition [25].
Therefore, it is evident that growing conditions can result in plants with improved nutritional
properties, and the mentioned factors did not negatively affect the mineral profile of S. neei in this
study. Chlorophylls are pigment molecules that play fundamental roles in the photosynthetic
process. While chlorophyll a absorbs most of the light necessary for photosynthesis, chlorophyll b
acts as an accessory pigment, increasing the efficiency of the process [26]. Reductions in chlorophyll
levels typically indicate nutritional deficiency or biotic or abiotic stress. Although Salicornia sp. are
halophytes and therefore salt-tolerant, a reduction in chlorophyll content is observed under
conditions of high salinity stress, due to the destruction of photosynthetic pigments and carotenoids.
Additionally, the increase in carotenoids under saline stress is attributed to greater antioxidant
capacity, which protects photosystems against photo-oxidation. Comparing with recent studies by
Hulkko, Chaturvedi, and Thomsen [27] and Rahmani et al. [28] we observed that the values of all
pigments are within ideal conditions as expected, suggesting an efficient photosynthetic process and
an increase in bioactive compounds with antioxidant properties.

4.2. Antioxidant Activity

According to Widowati et al. [29], the change in color from purple to yellow is directly related
to the DPPH free radical scavenging activity. Antioxidant compounds are classified as very strong if
the free radical scavenging is greater than 80%, strong if it falls between 50% and 80%, and weak if it
is less than 50%. In this study, the milli-Q water solvent extract was considered strong, while the
ethanol and ethanol-acetone extracts were classified as very strong. The IC50 indicates the
concentration required to inhibit 50% of the free radicals and is inversely proportional to the
percentage inhibition of DPPH, meaning lower values reflect higher antioxidant activity. Thus, the
highest antioxidant activity was found in the ethanolic extract of the root, with an IC50 of 4.15 mg/mL,
while the highest value was found in the milli-Q water extract of the stem, with an IC50 of 13.85.
Overall, all extracts showed low IC50 values, highlighting their great antioxidant potential. These
results are consistent with previous studies on Salicornia sp. species, which demonstrated Salicornia
europea (IC50 = 10.2 ug/g and 7.5 pg/g) [30], and Salicornia ramosissima IC50 = 824 ug/mL [31].

One of the main characteristics attributed to the Salicornia sp. genus is the richness of functional
bioactive compounds, especially those with antioxidant properties. Due to the stressful halophytic
conditions, species of this genus produce antioxidants to detoxify reactive oxygen species (ROS)
caused by stress. Thus, the results of this study are aligned with the hypothesis of bioactive
compound synthesis with antioxidant properties by Salicornia species under saline stress conditions.

Extraction of bioactive plant compounds is directly associated with the polarity of the solvent.
As observed by Roberto et al. [32], nonpolar antioxidants generally exhibit more pronounced
activities due to their high solubility in nonpolar solvents compared to polar antioxidants. Therefore,
the low extractive capacity of mili-Q water solvent suggests that the S. neei species contains a higher
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concentration of active biomolecules with nonpolar antioxidant properties. On the other hand,
ethanol, and ethanol-acetone solvents, being bipolar, are capable of dissolving antioxidant
compounds with different polarities, which confers a high extractive efficiency of these compounds
in S. neei when these solvents are used.

The better extractive capacity of nonpolar solvents suggests that S. neei contains a higher
quantity of nonpolar antioxidants. Many studies have correlated the presence of phenolic compounds
with antioxidant activity, suggesting the need for additional investigations to correlate this activity
with the phenolic compounds present in the plant. According to Limongelli et al.[33], they
emphasize the high content of phenolic compounds in Salicornia sp., which can vary from 1.2 to 2
mg GAE fw and their benefits to human health. Thus, studies are proposed to verify the relationship
of phenolic compounds with antioxidant activity.

The extracts from each structure of S. neei showed the same pattern of response regarding the
extraction of bioactive compounds with antioxidant properties. Therefore, there is no specific
structure (plant, stem, and root) that presents a higher content of these compounds. Therefore, the
presence of bioactive compounds in all plant structures reinforces its potential as a functional food in
the human diet, offering health benefits.

4.3. Antimicrobial Activity

Microbial growth inhibition in antimicrobial tests is indicated by the formation of the inhibition
halo. In this study, it was observed that the ethanol-acetone extract from the structures (leaf, stem,
and root) did not demonstrate the capacity to inhibit the growth or destroy the bacteria. This response
may have occurred due to the low concentration of the extracts, or the incompatible interaction of the
biomolecules present in the extracts with the Sabouraud agar culture medium. On the other hand,
halos were observed in three fungal species (Candida albicans, C. guilliermondii, and C. tropicalis), with
the highest average inhibition halo for C. albicans. However, this inhibition was considered low
compared to the extracts reported in studies of Salicornia sp., with inhibition halos ranging from 11.94
to 14.93 mm [34]. Furthermore, according to Lopes et al. [35], the ability of Salicornia neei extracts to
inhibit microorganisms is attributed to the presence of phenolic compounds, which act synergistically
with fatty acids and other osmotic compounds. Therefore, it is possible that the ethanol-acetone
extract from the root contains biomolecules of the phenolic compound class mentioned.

5. Conclusions

Considering the native Brazilian halophyte Salicornia neei can be considered a food source with
good nutritional quality and notable antioxidant properties, thus characterizing it as a functional
plant. Furthermore, its low sodium content was considerably lower compared to the salt commonly
used in domestic and commercial settings, suggesting that its consumption may contribute to
reducing the risk of cardiovascular diseases. In summary, S. neei constitutes a natural source of
bioactive compounds with interesting antioxidant and antifungal properties for various sectors,
especially in the food and agricultural industries, for the utilization of biomolecules as food additives
and the large-scale production of widely appealing functional foods.
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