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Abstract: Salicornia ramosissima J.Woods is an edible halophyte, widely distributed in the Portuguese
salt marsh that has been under valorized. The aim of this study is to expand the knowledge regarding
S. ramosissima bioactive composition and safety, highlighting its potential use as nutraceutical ingre-
dient. Therefore, extracts obtained by conventional (CE) and microwave-assisted extraction (MAE)
were characterized regarding phenolic profile, antioxidant activity, radical scavenging capacity and
intestinal cell effects. Moreover, organic pesticides were screened to guarantee the consumers safety.
The highest phenolic and flavonoid contents were observed for the CE, as well as the scavenging
capacity of O2

•− (IC50 = 979.36 µg/mL) and HOCl (IC50 = 90.28 µg/mL). In contrast, the best antiox-
idant and antiradical activities were achieved by MAE (65.56 µmol FSE/g dw and 17.74 µg AAE/g
dw for FRAP and ABTS assays, respectively). The phenolic composition was similar for both extracts,
being characterized by the presence of phenolic acids, flavonols, flavanols, flavones and flavanones.
The predominant compound for both extracts was myricetin. None of the extracts were cytotoxic in
intestinal cell lines. Vestigial levels of β-endosulfan and p,p’-DDE were identified in MAE. These
results support that S. ramosissima could be a source of bioactive compounds for nutraceutic industry.

Keywords: microwave-assisted extraction; conventional extraction; phenolic compounds; cytotoxic-
ity; organochlorine pesticides

1. Introduction

Halophytes are salinity–sensitive plants species that grow in soils with high salt
concentration (at least 200 mM NaCl), being mainly found in salt marshes and coastal
areas [1,2]. The saline environments are considered an abiotic local with constraints that
may cause stress and affect plants morphology, physiology and biochemistry [3]. Nev-
ertheless, halophytes recently arise has an alternative to conventional crops, promoting
sustainable agriculture, particularly where water availability is scarce [4]. This is the case
of Salicornia spp., a genus that has been used by humans for a long time, due to the gas-
tronomic value [2]. Salicornia presents an extremely high salt tolerance and develops in
crops with saline irrigation water [5]. For this reason, the mineral composition is diverse
and the most abundant compounds are sodium, phosphate, calcium, phosphorus, magne-
sium, manganese, zinc and iron [4]. According to Essaidi et al., the principal fatty acids
quantified in Salicornia europaea L. (syn. Salicornia herbacea L.) were palmitic and stearic
acids [6]. Moreover, S. herbacea is considered a source of antioxidants such as phenolic
acids (chlorogenic, ferulic, caffeic, salicylic and p-coumaric acids) and flavonoids (quercetin,
kaempferol, hesperetin and galangin) [6]. Currently, some studies report that S. europaea
present antioxidant, anti-inflammatory, anti-diabetic, or even anticancer properties [7,8].
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The beneficial effects of S. herbacea uses on cosmetics, healthy food supplement and phar-
maceutical applications were already highlighted [9]. Nevertheless, as stated, most of
these studies were performed in S. europaea and little is known regarding S. ramosissima
that is considered an alternative to salt and whose leaves are used for human diet [10].
The main applications of this species are in salads, canned or gourmet gastronomy [4,10].
S. ramosissima can be found in salt marshes at the coastline of Europe from the Arctic to the
Mediterranean [2,11]. In Portugal, S. ramosissima is widely distributed in the salt marsh of
Ria de Aveiro, being frequently used by the local population in cooking [12]. To the best
of our knowledge, just two studies reported the extraction of bioactive compounds from
S. ramosissima and none of them using water as solvent [2,4]. Barreira et al. compared the
nutritional profile and the in vitro antioxidant activity of four edible halophytes, including
S. ramosissima [4]. The authors used an UltraTurrax as extraction equipment and absolute
ethanol (1:40, w/v) as solvent, and evaluated the total phenolic and flavonoid contents
(TPC = 33.0 mg of gallic acid equivalents (GAE)/g dry weight (dw) and TFC = 17.5 mg
of catechin equivalents (CAE)/g dw), as well as the antiradical activity by a DPPH assay
(IC50 = 5.69 mg/mL) [4]. More recently, Lima et al. screened the effect of different levels of
salinity (ranging from 35 to 465 mM of NaCl) on the growth of S. ramosissima, as well as
in the nutritional composition, antioxidant capacity and microbial quality [2]. The results
revealed that plants cultivated between the lowest salinity and 200 mM presented the
highest amounts of phenolic compounds [2]. The authors reported that the TPC varied
between 6.18 and 12.9 mg GAE/g dw and the TFC ranged from 0.15 to 0.37 mg CAE/g
dw [2]. The ABTS assay showed IC50 values ranging from 4.44 to 2.12 mg/mL of the
extract [2].

Considering these achievements, the valorization of S. ramosissima may be a sustain-
able and environmental-friendly way to obtain extracts with interest for nutraceutical
industry. Nevertheless, the extraction process is a key step to acquire bioactive compounds
from plants, with emphasis on the extraction technique and solvent employed, which
should maximize the extraction yield [13]. For a long time, extractions were only per-
formed with conventional techniques, mostly using organic solvents, particularly harmful
to the human health and the environment [14]. Besides that, traditional methods are
associated with high solvents volumes and extraction times, generating large amount of
wastes and low extraction yields [14]. Due to these drawbacks, sustainable extraction
methodologies employing green solvents, such as microwave-assisted extraction (MAE),
arise as alternatives. MAE is considered an easy, rapid and low-cost technique, presenting
as main advantages a quick heating, a low solvent requirement and a clean processes [13].
The microwave heating principle is based on the effect of microwaves (with frequency
between 0.3 to 300 GHz) on molecules by ionic conduction and dipole rotation [13,15,16].
Many studies reported that MAE can be successfully used to recover high-added value
compounds from plants [17–19]. The objective of this study was to recover bioactive com-
pounds from S. ramosissima by conventional extraction (maceration) and MAE using water
as extractor solvent, aiming a new nutraceutical application. The TPC, TFC, antioxidant
activity and in-vitro radical scavenging capacity were evaluated. Moreover, the character-
ization of phenolic composition as well as the in-vitro effects on intestinal cells and the
presence of organic pesticides were screened.

2. Materials and Methods
2.1. Chemicals

Most of the chemical’s reagents were acquired from Sigma-Aldrich (Steinheim, Ger-
many). For HPLC analysis reference standards were purchased from Sigma-Aldrich
(Sternheim, Germany) and all solvents employed were supplied by Merck (Darmstadt, Ger-
many). Caco-2 clone type C2BBe1 and HT29-MTX cell lines were obtained from American
Type Culture Collection (ATCC, USA), whereas Invitrogen Corporation (Life Technologies,
S.A., Madrid, Spain) was the supplier of Dulbecco’s Modified Eagle Medium (DMEM),
Hank’s Balanced Salt Solution (HBSS), Fetal Bovine Serum (FBS), non-essential amino acids,
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penicillin, streptomycin and trypsin-EDTA. Dimethylsulfoxide (DMSO) was supplied by
AppliChem (Darmstadt, Germany).

A total of 14 organochlorine pesticides (OCPs) were selected for this study: α-, β-,
γ- and δ-hexachlorocyclohexanes (HCHs), hexachlorobenzene (HCB), o,p’-DDT ([1,1,1
trichloro-2, 2-bis-( p-chlorophenyl) ethane]), p,p’-DDE ([2,2bis( p-chlorophenyl)-1,1-dichlor-
oethylene]), p,p’-DDD (dichlorodiphenyldichloro-ethane), aldrin, dieldrin, endrin, α,
β-endosulfan, and methoxychlor. Pesticide standards (purity > 97.0%) were obtained
from Chemservice (West Chester, PA, USA), Dr. Ehrenstorfer GmbH (Augsburg, Ger-
many), and Sigma-Aldrich (Steinheim, Germany). Standard solutions of OCP were
prepared in n-hexane (HPLC grade) supplied by Merck (Darmstadt, Germany). 4,40-
Dichlorobenzophenone was purchased from Sigma Aldrich (Steinheim, Germany) and
used as an internal standard (IS) for chromatographic analysis. Methanol was supplied
by Sigma Aldrich (Steinheim, Germany) and n-hexane purchased from Merck (Germany).
Both solvents with purity over 99%. Ultrapure water (resistivity of 18.2 MΩ.cm) was
produced using a Simplicity 185 system (Millipore, Molsheim, France). C18e (200 mg) solid
phase extraction (SPE) cartridges were provided by Phenomenex (Spain).

2.2. Samples

S. ramosissima J. Woods was collected during December 2019 in Ria de Aveiro costal
lagoon, located at Esgueira, Cacia, Portugal (GPS coordinates: 40◦39′56.3′ ′ N 8◦38′19.4′ ′ W).
The identification was confirmed by the authors, following the characteristics described in
Flora Ibérica [20]. Samples were dehydrated (Excalibur Food Dehydrator, Sacramento, CA,
USA) at 41 ◦C for 24 h and grinded in a miller (Moulinex A320) to obtain particles with
1 mm of size. Subsequently, samples were stored at 4 ◦C until further assays.

2.3. Extraction Procedure

The MAE was performed on a MARS-X 1500 W (Microwave Accelerated Reaction
System for Extraction and Digestion, CEM, Mathews, NC, USA), according to the procedure
described by Silva et al. [21]. Briefly, the dried powdered samples (300 mg) were mixed
with water (10 mL). The MAE conditions employed were extraction time (5–10 min),
extraction temperature (72–94 ◦C) and medium power (300 W) [21]. Afterwards, extracts
were filtrated through a Whatman No. 1 filter paper and frozen at −80 ◦C for subsequent
lyophilization (Telstar, model Cryodos −80, Spain). After lyophilization, extracts were
stocked at room temperature (20 ◦C) and kept in the dark.

For the conventional extracts (CE) a maceration was performed. Concisely, the sample
(300 mg) was added to boiling distilled water (10 mL) in a Becker and left boiling (100 ◦C) for
5 min. After that time, the mixture was left for 25 min, being then filtered, and lyophilized
as described for microwave extracts.

2.4. Determination of Total Phenolic and Flavonoids Contents (TPC and TFC)

Total phenolic content (TPC) was measured spectrophotometrically according to the
Folin-Ciocalteu procedure [22], with minor modifications [23]. Gallic acid was used as
standard for the calibration curve (linearity range = 5–100 µg/mL; R2 > 0.999). The results
were expressed as milligrams of gallic acid equivalents (GAE) per gram of extract on dry
weight (dw) (mg GAE/g dw).

Total flavonoid content (TFC) was performed using a colorimetric assay [24] and
employing catechin as reference control (linearity range = 2.5–300 mg/L; R2 > 0.999). TFC
was expressed as milligrams of catechin equivalents (CAE) per gram of extract on dw (mg
CE/g dw).

2.5. HPLC-PDA Analysis

The phenolic composition of S. ramosissima extracts obtained by CE and MAE were
carried out by HPLC-PDA, following the procedure described by Moreira et al. [17]. This
analysis was performed on a Shimadzu HPLC system (Shimadzu Corporation, Kyoto,



Appl. Sci. 2021, 11, 4744 4 of 15

Japan) with photodiode array (PDA) equipped with a Gemini C18 column (250 mm ×
4.6 mm, 5 µm, Phenomenex, Alcobendas, Spain) at 25 ◦C. The stock standards were
prepared with a mixture of methanol:water (50:50, v/v) in order to obtain the calibration
curves (1–200 mg/L). The mobile phase was composed of methanol (A) and water (B),
both with 0.1% formic acid at a flow rate of 1.0 mL/min The identification of the phenolic
compounds was performed by comparing the UV absorption spectra and the retention
time of each compound with those of pure standards injected under the same conditions.
According to their maximum wavelength, the compounds were quantified at 280 nm,
320 nm and 360 nm using the calibration curves from the respective standard. Relevant
analytical data, namely regression equations, limit of detection (LOD) and quantification
(LOQ), are shown in Table S1 (Supplementary Material). The content of individual phenolic
compounds identified in each extract was expressed as mg of compound per gram of extract
on dw (mg compound/g dw).

2.6. In-Vitro Antioxidant and Antiradical Activities
2.6.1. Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP assay was performed according to Benzie and Strain [25], with minor
modifications [23]. The calibration curve was prepared with a solution of ferrous sulphate
(FeSO4·7H2O) 1 mM (linearity range: 25–500 µM; R2 > 0.999). The results were expressed
in µM ferrous sulphate equivalents (FSE) per gram of extract on dw (µM FSE/g dw).

2.6.2. ABTS Radical Scavenging Activity Assay

The ABTS radical scavenging activity was evaluated according to Re et al. [26], with
minor modifications. Ascorbic acid was prepared as standard for calibration curve (linearity
range: 5–75 µg/mL; R2 > 0.994). The results were expressed in µg ascorbic acid equivalents
(AAE) per gram of extract on dw (µg AAE/g dw).

2.7. Reactive Species Scavenging Capacities

A Synergy HT Microplate Reader (BioTek Instruments, Inc., Winooski, VT, USA)
equipped with a thermostat and capable to measurer fluorescence and UV/Vis, was
employed to evaluate the reactive species scavenging capacity. Standards and samples
were prepared according to described Pinto et al. [27]. Catechin and gallic acid were used
as positive controls. The results were expressed in IC50 values (concentration required to
obtain an inhibition capacity of 50%).

2.7.1. Superoxide Radical Scavenging Assay

The scavenging activities of S. ramosissima extracts against superoxide anion radical
(O2
•−) were evaluated according to Gomes et al. [28]. This colorimetric assay is based on

the reduction of NBT into a purple colored diformazan as result of the reaction with O2
•−.

Results were expressed as the inhibition, in IC50, of the NBT reduction to diformazan.

2.7.2. Hypochlorous Acid Scavenging Assay

The hypochlorous acid (HOCl) assay was based on a fluorescent methodology, as
previously described by Gomes et al. [28]. The positive controls used were catechin and
gallic acid. Results were expressed as the inhibition, in IC50, of HOCl-induced oxidation of
dihydrorhodamine 123 (DHR).

2.7.3. Peroxyl Radical Scavenging Assay

The peroxyl radical (ROO•) scavenging assay, also denominated as the oxygen rad-
ical absorbance capacity (ORAC) assay, was evaluated following the methodology of
Ou et al. [29]. Trolox was used as standard control and the results were expressed as µmol
of Trolox equivalents (TE) per milligram of extract on dry weight (µmol TE/mg dw).
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2.8. Cell Viability Assays

Two different intestinal cell lines (Caco-2 (passage 63–64) and HT29-MTX (passage
50–51)) were employed to screen the viability through a 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. According to Francisco et al. [30], cells were
incubated during 24 h at 37 ◦C with fresh medium in the absence or presence of S. ramo-
sissima extracts (concentrations varied between 0.1 and 1000 µg/mL). DMEM and Triton
X-100 1% (w/v) were used as positive and negative controls, respectively. The results were
expressed as percentages of cell viability.

2.9. Detection of Organochlorine Pesticides

S. ramosissima extracts were diluted with ultrapure water (1:2) and passed through the
SPE C18e cartridge, which was previously conditioned with the elution solvent (n-hexane)
followed by methanol and ultrapure water (2 × 2 mL of each). After the concentration
step, cartridges were rinsed with 5 mL of ultrapure water, dried for 10 min, and eluted
with 2 × 2 mL n-hexane. This extract was dried using a gentle stream of nitrogen and
recovered in 1 mL of n-hexane before injection in the chromatographic system. The gas
chromatography analyses were performed according to Fernandes et al. [31].

2.10. Statistical Analysis

Data were expressed as mean ± standard deviation of at least three independent
experiments (n = 3) carried out for each one of the three batches of extracts. The statistical
analyses were performed using IBM SPSS Statistics 24.0 software (SPSS Inc., Chicago, IL,
USA). One-way ANOVA was employed to investigate the differences between extracts,
whilst Tukey’s HSD test was performed for post hoc comparisons of the means. A denoting
significance was accepted for p values lower than 0.05 (p < 0.05).

3. Results and Discussion
3.1. TPC, TFC and Antioxidant/Antiradical Activities

The TPC, TFC, antioxidant/antiradical activities and extraction yield of the extracts
obtained by CE and MAE are summarized in Table 1.

Table 1. Extraction yield, total phenolic and flavonoid contents (TPC and TFC, respectively), and in vitro antioxi-
dant/antiradical activities (evaluated by FRAP, ABTS and DPPH assays) of S. ramosissima extracts prepared by conventional
and microwave-assisted extraction (CE and MAE, respectively). Values are expressed as mean ± standard deviation (n = 3).

Extraction
Techniques

Extraction Yield
(%)

TPC
(mg GAE/g dw)

TFC
(mg CAE/g dw)

FRAP
(µmol FSE/g dw)

ABTS
(µg AAE/g dw)

CE 21.14 ± 1.32 15.02 ± 2.01 * 8.44 ± 0.45 60.61 ± 6.64 15.55 ± 0.78
MAE 26.10 ± 2.07 8.34 ± 1.22 8.41 ± 0.45 65.56 ± 8.68 17.74 ± 2.95 *

* Indicate significant differences between extracts (p < 0.05).

The extraction yield ranged between 21.14% and 26.10% for CE and MAE extracts,
respectively. These results are higher than the ones reported by Medini et al. for the
halophyte Limonium densiflorum extracts that were prepared by Soxhlet extraction with
hexane (10.33%), dichloromethane (6.66%), methanol (18.00%), and ethanol (11.06%) [32].

The TPC obtained were, respectively, 15.02 and 8.34 mg GAE/g dw for CE and MAE
extracts (p < 0.01). These results were in line with Lima et al. that evaluated the antioxidant
activity of S. ramosissima with different levels of salinity extracted using 80% of acetone
(1:40, w/v) [2]. According to the authors, the TPC ranged between 6.18 and 12.9 mg
GAE/g dw, being the highest value described for the S. ramosissima cultivated in 200 mM
of salinity [2]. In another study, Barreira et al. reported a TPC of 33.00 mg GAE/g dw for
the ethanolic extracts (1:40, w/v) of S. ramosissima, being higher than the one obtained in
the present work [4]. However, the authors used ethanol as solvent, which may lead to the
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extraction of different compounds. Besides, many abiotic/biotic factors may also influence
the level of secondary metabolites present in halophytes [33].

In what concerns TFC, both extracts shown similar values, respectively, 8.44 mg
CAE/g dw and and 8.41 mg CAE/g dw, for the CE and the MAE extracts. No significant
differences (p < 0.05) between them were observed. Lima et al. also analyzed the TFC of
S. ramosissima, but the values reported were lower than those reported in Table 1, ranging
from 0.15 to 0.50 mg CAE/g dw [2]. However, Barreira et al. obtained a highest TFC
result (17.50 mg CAE/g dw) for the alcoholic extract [4]. As previously mentioned, these
values may be due not only to the solvent employed, but also to the extraction time and
temperature used during extraction [34].

The capacity of S. ramosissima extracts to reduce ferric ions were evaluated by FRAP
assay and revealed that MAE extract exhibited the highest value (65.56 µmol FSE/g dw)
and the CE extract the lowest (60.61 µmol FSE/g dw), without significant differences
(p > 0.05). Costa et al. analysed the antioxidant activity of Crithmum maritimum L. and
S. europaea extracts obtained by ultrasound-assisted extraction (UAE) and supercritical
fluid extraction (SFE) using different concentrations of ethanol [35]. According to the
authors, the antioxidant activity of S. europaea UAE extracts, evaluated by the same assay,
ranged between 27.4 and 180.2 µmol FSE/g dw, with the lowest result being described for
the extraction with 100% of ethanol and the highest for the extract obtained with 80% of
ethanol. For the SFE extracts, Costa et al. obtained lower values (5.22, 10.22 and 10.38 µmol
FSE/g dw, respectively, for the extractions with 10%, 20% and 40% of ethanol).

In what concerns to the ABTS assay, the MAE presented the best result (17.74 µg
AAE/g dw), while the CE showed the worst (15.55 µg AAE/g dw). Significant differences
(p < 0.05) were observed between extracts. Costa et al. also evaluated the ABTS scavenging
capacity for the different extracts of S. europaea [35]. For the UAE extract, the authors re-
ported that values varied between 4.5 and 22.8 mg TE/g dw, respectively, for the extraction
with 100% and 40% of ethanol, while the highest result for the SFE extraction was obtained
with 40% of ethanol (1.33 mg TE/g dw). In another study, Lima et al. reported a greater
capacity of S. ramosissima cultivated with six different salinities to scavenge ABTS [2]. The
IC50 values ranged between 2.12 and 4.44 mg/mL, being higher than those presented in
Table 1.

The possible correlation between antioxidant/antiradical activities (FRAP and ABTS
assays) and the TPC and TFC results was evaluated by a Pearson correlation for both
extracts. Regarding the CE, a weak positive correlation was observed between the TFC
and FRAP (r2 = 0.0982; p < 0.05) as well as between TPC and FRAP (r2 = 0.0878; p < 0.05)
and TPC and ABTS (r2 = 0.1330; p < 0.05). Weak negative correlations were also observed
between TFC and ABTS (r2 = −0.0484; p < 0.05) and ABTS and FRAP (r2 = −0.5292;
p < 0.05). Nevertheless, a strong positive correlation was observed between TPC and TFC
(r2 = 0.7312; p < 0.05), demonstrating that flavonoids are probably the most predominant
phenolic compounds.

Similar results were achieved for the MAE extract, being determined again a strong
positive correlation between TPC and TFC (r2 = 0.7134; p < 0.05). Once again, the cor-
relations between TFC and ABTS (r2 = −0.3059; p < 0.05), TFC and FRAP (r2 = −0.0746;
p < 0.05), ABTS and FRAP (r2 = −0.5886; p < 0.05) and TPC and FRAP (r2 = −0.1865;
p < 0.05) were negative. Besides that, a strong negative correlation between TPC and ABTS
(r2 = −0.8024; p < 0.05) should be highlighted. Considering the correlation of Pearson for
this extract, it is possible to infer that flavonoid are probably the phenolic compounds
present in highest amounts, as further demonstrated by the identification and quantification
of phenolic compounds by HPLC-PDA.

Nevertheless, it should be resalted that the spectrophotometric assays employed may
present some drawbacks, such as quantification methods, reaction kinetics and, most
importantly, interferences that could result of the presence of different compounds such as
sugars, aromatic amines and ascorbic acid [24,30].
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3.2. Identification and Quantification of Phenolic Compounds by HPLC-PDA

HPLC-PDA was employed to identify and quantify the individual phenolic com-
pounds of S. ramosissima extracts (Figure 1). Table 2 summarizes the different phenolic
compounds identified and quantified.
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Figure 1. HPLC-PDA chromatogram monitored at 280 nm for (a) polyphenol standard mixture of 5 mg/L and for
(b) salicornia extract (blue and brown lines correspond to CE and MAE extracts, respectively); peak identification: (1) gallic
acid, (2) protocatechuic acid, (3) (+)-catechin, (4) chlorogenic acid, (5) vanillic acid, (6) caffeic acid, (7) syringic acid, (8)
(−)-epicatechin, (9) p-coumaric acid, (10) trans-ferulic acid, (11) sinapic acid, (12) naringin, (13) 3,5-di-O-caffeoylquinic acid,
(14) quercetin-3-O-galactoside, (15) rutin, (16) phloridzin, (17) ellagic acid, (18) 3,4-di-O-caffeoylquinic acid; (19) myricetin,
(20) cinnamic acid, (21) kaempferol-3-O-glucoside, (22) kaempferol-3-O-rutinoside, (23) naringenin, (24) quercetin, (25)
phloretin, (26) tiliroside, (27) kaempferol, (28) apigenin and (29) chrysin.
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Table 2. Content of the identified phenolic compounds in S. ramosissima extracts prepared by CE and
MAE. Results were expressed as mean ± standard deviations (mg of compound/g dw).

Compounds CE
(mg/g dw)

MAE
(mg/g dw)

Phenolic acids

Gallic acid 0.2105 ± 0.0105 0.1553 ± 0.0078
Protocatechuic acid 0.1275 ± 0.0064 0.0929 ± 0.0046

Chlorogenic acid 0.0758 ± 0.0038 0.0342 ± 0.0017
Vanillic acid 0.0984 ± 0.0049 0.0615 ± 0.0031
Caffeic acid 0.0144 ± 0.0007 0.0032 ± 0.0002

Syringic acid 0.0498 ± 0.0025 0.0335 ± 0.0017
p-coumaric acid 0.0483 ± 0.0024 0.0349 ± 0.0017

Ferulic acid 0.1346 ± 0.0067 0.0578 ± 0.0029
Sinapic acid 0.0293 ± 0.0015 0.0216 ± 0.0011

3,5-di-O-caffeoylquinic acid 0.0259 ± 0.0013 0.0280 ± 0.0014
3,4-di-O-caffeoylquinic acid 0.0646 ± 0.0032 0.0355 ± 0.0018

Ellagic acid 0.0381 ± 0.0019 0.0258 ± 0.0013
Cinnamic acid ND ND

∑Phenolic acids 0.9173 ± 0.0458 0.5842 ± 0.0293

Flavanols

Catechin 0.1116 ± 0.0056 0.0046 ± 0.0002
Epicatechin 0.0102 ± 0.0005 0.0011 ± 0.0001
∑Flavanols 0.1218 ± 0.0061 0.0056 ± 0.0003

Flavanones

Naringin ND 0.0124 ± 0.0006
Naringenin ND 0.0076 ± 0.0004

∑Flavanones 0 0.0199 ± 0.0010

Flavonols

Rutin 0.0999 ± 0.0050 0.0781 ± 0.0039
Quercetin-3-O-galactoside 0.0598 ± 0.0030 0.0454 ± 0.0023

Myricetin 0.4250 ± 0.0213 0.4655 ± 0.0233
Kaempferol-3-O-glucoside 0.0806 ± 0.0040 0.0771 ± 0.0039
Kaempferol-3-O-rutinoside 0.0263 ± 0.0013 0.0240 ± 0.0012

Quercetin 0.0340 ± 0.0017 0.0284 ± 0.0014
Tiliroside 0.0020 ± 0.0001 0.0031 ± 0.0002

Kaempferol 0.0052 ± 0.0003 0.0047 ± 0.0002
∑Flavonols 0.7329 ± 0.0367 0.7264 ± 0.0364

Flavones

Apigenin 0.0045 ± 0.0002 0.0034 ± 0.0002
Chrysin 0.0042 ± 0.0002 0.0035 ± 0.0002

∑ Flavones 0.0087 ± 0.0004 0.0069 ± 0.0004

Others

Phloridzin 0.0205 ± 0.0010 0.0178 ± 0.0009
Phloretin ND 0.0032 ± 0.0002
∑Others 0.0205 ± 0.0010 0.0210 ± 0.0011

ND: not detected.

According to Table 2, the total amount of phenolic compounds identified and quanti-
fied in both extracts were similar. Phenolic acids and flavonols are the principal constituents
of the CE, being responsible of 50% and 40% of the total phenolic composition, respectively.
On the other hand, flavonols are present in highest concentration in MAE, followed by
phenolic acids (53% and 43%, respectively). For both extracts, myricetin was the compound
present in highest amounts (0.4250 and 0.4655 mg myricetin/g dw for CE and MAE extracts,
respectively). Myricetin is a flavonoid well known by its benefits for human health that are
based on different pharmacological activities, such as antioxidant, anti-inflammatory, anti-
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cancer, or even immunomodulatory activities, among others [36–38]. Recently, Park et al.
demonstrated in-vivo the antiproliferative effects of myricetin on endometriosis through
cell cycle regulation [39].

Regarding phenolic acids, gallic acid was the major compound in both extracts (0.2105
and 0.1553 mg gallic acid/g dw, respectively). Catechin and epicatechin were the two
flavanols identified and quantified, but CE showed the highest values (0.1116 mg cate-
chin/g dw and 0.0102 mg epicatechin/g dw). Naringin (0.0124 mg/g dw) and naringenin
(0.0076 mg/g dw) were only identified and quantified in MAE. Rutin, kaempferol-3-O-
glucoside and quercetin-3-O-galactoside were the principal flavonols quantified. Apigenin
was the flavone found in high amount, with CE extract exhibiting the highest result
(0.0045 mg/g dw).

To the best of our knowledge, this is the first study that analyzed the phenolic profile
of S. ramosissima. Zengin et al. studied the phenolic compounds of three halophyte
species, including S. europaea, through LC-MS/MS analysis [40]. The authors identified and
quantified 11 compounds in the methanolic extract of S. europaea. The principal compound
reported was rosmarinic acid (346.41 µg/g extract), followed by quinic acid (116.7 µg/g
extract). Gallic acid was the compound present in lower amounts (4.24 µg/g extract),
being this value inferior to the one reported in our study. Bertin et al. characterized by
HPLC–ESI-MS/MS two extracts of Sarcocornia ambigua, a plant similar to S. ramosissima,
with different growing conditions [41]. The authors reported the presence of phenolic acids
and flavonoids, being ferulic, caffeic, vanillic, p-coumaric acids, kaempferol and galangin
the principal compounds.

3.3. In-Vitro Scavenging Capacity of Reactive Species

Halophytes are characterized by the presence of a complex antioxidant defense mech-
anism, involving enzymatic and non-enzymatic pathways, that maintain the plant home-
ostasis between reactive species, antioxidants and cell signaling [42]. Considering that,
the reactive oxygen species (ROS) scavenging by S. ramosissima extracts were evaluated
(Table 3).

Table 3. Superoxide anion radical (O2
•−), hypochlorous acid (HOCl), and peroxyl radical (ROO•)

scavenging capacities of S. ramosissima extracts obtained by CE and MAE. Different letters (a, b, c) in
the same column mean significant differences (p < 0.05) between different extracts.

ROS

O2•− HOCl ROO•

IC50 (µg/mL) µmol TE/mg dw

S. ramosissima extracts
CE 979.36 ± 4.66 c 90.28 ± 8.54 c 0.056 ± 0.011 c

MAE NA 104.64 ± 2.06 c 0.061 ± 0.009 c

Positive controls
Catechin 123.78 ± 0.28 b 0.96 ± 0.04 a 3.217 ± 0.116 b

Gallic acid 101.37 ± 1.18 a 11.76 ± 0.29 b 38.215 ± 2.180 a

NA–no activity.

The first step of oxygen reduction is the formation of superoxide anion radical (O2
•−),

that is converted to hydrogen peroxide (H2O2) by superoxide dismutase (SOD) [42]. O2
•−

and H2O2 are the precursors of others ROS with toxic effects. According to Table 3, CE
shown the best capacity to scavenge O2

•−, presenting an IC50 = 979.36 µg/mL. However,
it was impossible to determine the IC50 for the highest concentration of MAE extract
tested (1000 µg/mL), exhibiting an inhibition of 39.76%. Catechin and gallic acid showed
better values comparatively with S. ramosissima extracts. Significant differences (p < 0.05)
were observed between the positive controls and the CE extract. Despite the observed
differences, our results may be due to the extracts rich composition in flavonoids, since
compounds such as quercetin, myricetin and rutin are considered effective inhibitors
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of O2
•− [43]. Further, the obtained activities are also lower than the ones reported by

Daffodil for the petroleum ether, benzene, ethyl acetate, methanol and ethanol extracts
of S. brachiata against O2

•− [44]. The IC50 values obtained ranged between 19.14 µg/mL
and 28.64 µg/mL, respectively for the ethyl acetate and methanol extracts [44]. These
differences may be due to the extraction technique and solvents employed; nevertheless,
most of the solvents employed by these authors were toxic, while in the present study
water, a green and safe solvent, was used.

HOCl is a ROS generated in the presence of O2
•−, being particularly reactive during

inflammatory processes [34]. Both extracts showed a good scavenging capacity of HOCl,
with IC50 values of 90.28 µg/mL and 104.64 µg/mL for CE and MAE, respectively. Nev-
ertheless, the values obtained for S. ramosissima extracts were higher than the positive
controls (p < 0.05).

The peroxyl radical (ROO•) is an important chain-carrying species in the reaction of
organic compounds with molecular oxygen, and its scavenging prevents lipid peroxida-
tion [45,46]. As shown in Table 3, the results obtained for the extracts were very similar
(0.056 and 0.061 µmol TE/mg dw for CE and MAE, respectively) and no significant dif-
ferences (p > 0.05) were found. Nevertheless, the standards showed a higher scavenging
activity against ROO•, being gallic acid the best compound (38.215 µmol TE/mg dw).
Significant differences (p < 0.05) were observed between standards as well as between
each standard and the different extracts. Souid et al. performed an ORAC assay to evalu-
ated the antioxidant activity of the halophyte plant Limonium delicatulum (Girard) Kuntze
in its salty natural habitat during one year [47]. The extracts were prepared with 80%
(v/v) methanol [47]. According to the authors, the results varied between 2264.26 and
5792.66 µmol TE/mg dw, corresponding the lowest activity to February and the highest to
August [47]. These results were positively influenced by the dry period of the year, that
lead to high levels of polyphenols in order to grant protection against the oxidative stress
caused by the high salinity [47]. In another study, Oueslati et al. evaluated the antioxidant
capacity through ORAC method of four extracts (hexane, dichloromethane, methanol and
water) of the halophyte Suaeda fruticosa Forssk. ex J.F.Gmel. [48]. The methanolic extract
showed the highest result (2.94 µmol TE/mg dw), while the hexane extract was the worst
(0.11 µmol TE/mg dw) [48]. Nonetheless, the L. delicatulum and S. fruticosa showed a higher
ability to quench ROO• than the S. ramosissima extracts.

3.4. Effects of Extracts towards Caco-2 and HT29-MTX Cells

The MTT assay is a colorimetrical assay traditionally employed to determine the cell
viability through reduction of the tetrazolium salt to a formazan salt [49]. Figure 2 presents
the cell viability results of Caco-2 and HT29-MTX after exposure to the S. ramosissima extracts.

The HT29-MTX viability did not decrease after exposure to the different extracts’
concentrations. At the highest concentration tested (1000 µg/mL), the viability was 97.04%
and 94.32%, respectively, for the CE for MAE extracts. On the other hand, none of the CE
concentrations led to a decrease of Caco-2 viability at concentrations up to 1000 µg/mL.
However, after exposure to the highest concentration of MAE (1000 µg/mL), the viability
of Caco-2 decreased to 86.55%. Nevertheless, no significant differences (p > 0.05) were
observed between the different concentrations of each extract in both cell lines. Considering
these results, it is possible to affirm that the IC50 for Caco-2 and HT29-MTX is higher than
1000 µg/mL.

To the best of our knowledge, this is the first study that evaluates the effects of S.
ramosissima extract on the viability of intestinal cell lines. Kang et al. screened the cytotoxic
effects of S. herbacea seeds (prepared firstly with 70% methanol on a hot plate at 60 ◦C for
2 h and then with series of solvent fractions (hexane, ethyl ether, ethyl acetate, and water))
in HT29 colon cancer cells [7]. According to the authors, the extract prepared with water
did not show inhibitory effects on the cells viability; however, for the different solvents
fractions, a high cytotoxicity was reported (IC50 = 50.4 µg/mL for ethyl ether fraction
and around 90 µg/mL for hexane and ethyl acetate) [7]. In the same line, Oueslati et al.
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evaluated the cytotoxic effects of S. fruticosa on Caco-2 and HT29 cell lines [48]. The
authors prepared four extracts (hexane, dichloromethane, methanol and water), being the
dichloromethane the one that most affects the cells viability (IC50 = 140 and 12 µg/mL,
respectively, for Caco-2 and HT29 cell lines) [48]. The other extracts of S. fruticosa did not
exhibit cytotoxicity [48]. The results reported in the present work ensure that S. ramosissima
is a safe ingredient for human diet.
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Figure 2. Effects of S. ramosissima extracts prepared by CE and MAE on the viability of HT29-MTX and Caco-2 at a range of
concentrations 0.1–1000 µg/mL, as measured by the MTT assay (n = 3).

3.5. Organochlorine Pesticides

Notwithstanding several OCPs have been banned, they can still be detected in food,
sediments, plants, animals, and humans [31,50,51]. Despite the long-term monitoring of
water quality in the coastal areas of Portugal, the fate of OCP to salt marsh habitats has
received little attention. S. ramosissima extracts obtained by CE and MAE were evaluated
regarding the presence of 14 organochlorine pesticides. Vestigial levels of β-endosulfan and
p,p’-DDE were detected in the MAE extract. The concentrations levels were in the range
of 8–9 ng/g, being 5.5–6 times below their maximum residue levels (MRLs) in Purslanes
samples (MRLs = 50 ng/g) [52].

To the best of our knowledge, no studies evaluating the presence of pesticides in
Portuguese Salicornia were published. However, some authors stated the presence of
these compounds in salt marsh habitats (e.g., Salicornia, sediments) in the United States
of America (USA) [53], Spain [54] and Argentina [55]. The results obtained confirmed
the importance of carrying out these chemical safety studies. Nevertheless, it should be
highlighted that the extraction method employed has influence on the results obtained.
Besides MAE allow to extract a huge amount bioactive compounds, other compounds such
as pesticides may also be obtained. This evaluation allowed to guarantee the chemical
safety concerning OCPs for a future application of these extracts in the nutraceutical field.

4. Conclusions

The present work was based on the evaluation of S. ramosissima extracts obtained by
conventional and MAE techniques, aiming a possible use in the nutraceutical field. The
results demonstrated that S. ramosissima extracts, especially CE, constitute a good source of
bioactive compounds, namely phenolic acids and flavonols.
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CE showed the higher phenolic and flavonoid contents, whereas the highest antioxi-
dant activity was observed in MAE. Regarding the scavenging capacity against ROS, the
CE was the most effective. The phenolic composition of S. ramosissima extracts were mainly
characterized by the presence of myricetin, gallic acid, catechin, rutin, kaempferol-3-O-
glucoside and quercetin-3-O-galactoside, being the phenolic profile very similar between
extracts. In what concerns to intestinal cell lines assay, S. ramosissima extracts can be
classified as safe once they do not lead to adverse effects on Caco-2 and HT29-MTX cells
in concentrations below 1000 µg/mL. On the other hand, lower amounts of p,p’-DDE
and β-endosulfan were observed only in the MAE extract. Nevertheless, these levels
are still classified as secure by European legislation. Still, it should be highlighted that
the evaluation of these compounds is extremely important in samples taken from the
aquatic environment.

As a final remake, S. ramosissima extracted by CE or MAE can be classified as non-toxic
and rich in bioactive compounds, being suitable for application in the nutraceutical field.
Further investigations, such as in-vitro intestinal permeation assays and in-vivo studies,
are needed to underline this potential.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/app11114744/s1, Table S1: Calibration data used for the quantification of individual phenolic
compounds in S. ramosissima extracts.
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