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Abstract: Previous studies have shown that excessive salt intake is strongly associated with high
blood pressure (HT), vascular dysfunction, and the overall risk of cardiovascular diseases. The aim
of this study was to evaluate Sarcocornia effectiveness as a salt substitute, addressing its effect on
cardiovascular function in healthy young individuals. Thirty healthy participants, aged 18 to 26 years,
were randomized into two groups: the control group (CG) and the intervention group (IG). The IG
used Sarcocornia powder as a salt substitute for cooking, and the CG used regular salt, during a period
of 1 month. A baseline evaluation was performed before the participants started the intervention
phase, and was repeated after a 30-day intervention period. Each evaluation included blood pressure
(BP) measurement, carotid-femoral pulse wave velocity (PWV), and carotid pulse wave analysis
(PWA), and blood samples were also collected for analysis. Sodium excretion was measured at
baseline and after intervention through spot urine collection and analysis, a method suitable for
this population but with known limitations. Baseline parameters were similar between groups and
were within the normal range. Sodium excretion remained unchanged in the two evaluations in
the CG, but significantly decreased after intervention in the IG. The reduction in sodium excretion
in the IG was followed by a significant reduction in brachial and aortic systolic (SBP) and diastolic
blood pressure (DBP), and also in PWV. No significant changes were observed in the CG in terms of
cardiovascular parameters. This preliminary study conveys positive results in favor of Sarcocornia as
a dietary substitute for regular salt, providing added evidence of the negative cardiovascular effects
of high salt intake in young and healthy adults.
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1. Introduction

Cardiovascular diseases (CVD) constitute the main causes of death and disability, and
arterial hypertension (HT) is a major contributor to the overall cardiovascular risk world-
wide [1]. Following the current demographic trends towards an ageing society, isolated
systolic hypertension (ISH) will be particularly prevalent, reflecting the arterial stiffening
that translates the arteriosclerotic phenomena that accompany aging [2—4]. Obviously, in
less developed societies where saline intake is reduced, the prevalence of HT, even with
increasing age, is considerably lower when compared to western countries where salt
intake is comparatively larger [4,5].

Sodium plays a fundamental physiological role in terms of body fluids regulation,
acid-base balance, nerve impulse conduction, nutrients absorption, kidney function, cardiac
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output, and muscle contraction [2,5]. However, the physiological sodium requirement of
our organism is only 1.2 g/day [2]. According to the World Health Organization (WHO),
the recommended amount of salt per day should not exceed 5 g, though current salt
consumption is estimated to be around 9-12 g/day in most countries worldwide [6,7].

Excessive salt intake is known for increasing blood pressure (BP), and has an important
role in arterial stiffness and vascular aging [4,8,9]. In fact, high salt intake was shown to
promote BP increase and stiffening of the elastic arteries, leading to early vascular aging
(EVA), which is in turn associated with increased cardiovascular morbidity and mortality
due to further systemic hemodynamic changes that include increased pulse pressure (PP),
significant wave reflections with higher afterload for the left ventricle, and unbalanced
ventricle-arterial coupling with compromised overall cardiovascular efficiency, amongst
others [10]. Salt consumption above the recommended limits is responsible for about 9.5%
of deaths from cardiovascular causes worldwide and 17.8% of premature deaths from
cardiovascular causes [11]. Hence, public health policies aimed at reducing salt intake at
the populational level are of the utmost priority [12].

Several studies have demonstrated how the adoption of healthier lifestyles and diets,
including the “DASH” (dietary approaches to stop hypertension) and the Mediterranean
diet, favor the prevention of HT, contributing to the maintenance of BP values within
normal limits [13]. The effectiveness of these dietary approaches is highly dependent on
low salt consumption, encompassing the reduction in processed foods congenial to an
increased ingestion of essential nutrients and the reinforcement of fruits and vegetables
in the diet [14]. Notwithstanding, previous studies have suggested the need to explore
alternative strategies to promote a reduction in salt intake [12]. The identification of healthy
alternatives to salt has been a fundamental strategic axis, aiming for the identification of
compounds that can convey the salty flavor to foods without causing the harmful effects that
are recognized in conventional salt [15]. Numerous researchers have reported Salicornia
and its similar species, such as Sarcocornia, as a potential alternative. Historically used as a
folk medication, Salicornia and Sarcocornia are plants that were recently acknowledged
for their nutritional properties and potential for use in the development of functional
foods [2,16-18]. They appear to be a good alternative to common salt since they have
a salty taste and are simultaneously rich in minerals such as magnesium, calcium, iron,
potassium, and sodium, and also in polyphenols [17]. The presence of potassium is of
particular importance as it improves the excretion of sodium from the body and, therefore,
might contribute to reduce the harmful effects of sodium excess [19]. Furthermore, this
coastal halophyte is also rich in polyphenols, which are well known protective agents for
the cardiovascular and gastrointestinal system, as well as for the control of diabetes and
cholesterol [20].

The purpose of this work was to evaluate the cardiovascular benefits of a species of
Sarcocornia, as a salt substitute in young and clinically healthy adults, addressing its effects
on peripheral and central BP and on aortic pulse wave velocity (PWYV) as a surrogate for
arterial stiffness [21].

2. Materials and Methods
2.1. Study Design

A randomized, controlled, and double-blind study was carried out to address the
effects of Sarcocornia-based salt substitution on the cardiovascular system in young and
healthy adults. A total of 30 participants were randomized into two groups (Figure 1),
with an allocation ratio of 1:1, through a block randomization procedure, thus ensuring
equal sample size groups (n = 15 participants per group): control group (CG—15 partici-
pants), which maintained the salt intake in their diet; intervention group (IG—15 partici-
pants), which used Sarcocornia-based salt in their diet. Each participant received 1000 g of
Sarcocornia-salt or regular salt, according to the randomization, and was instructed to use
the provided compound in every meal, ensuring an adequate management throughout the
30 days of intervention. The recommendation was to freely use the compounds according
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to randomization (either regular salt or Sarcocornia-based salt) in food making and overall
seasoning in order to guarantee the typical salty flavor of each participant’s diet. Only
the lead researchers were aware of the allocation of the participants, which was otherwise
concealed for the participants and the researchers performing diagnostic procedures, thus
ensuring the double-blind design.

[ Enrolimant ] Assessed for eligibility (n= 35)

Excluded (n=5)
- Mot meeting inclusion criteria (n=5)

l Randomized (n= 30) ‘

! Allocation

1 I
Allpcated to intervention (n=15)
“Received allocated intervention (n= 15)

Allocated to intervention (n= 15)
-Receved allocated intervention {n= 15)

Follow-Up

Lost to follow-up (n= 0} Lost to follow-up (n=10)
Discontinued intervention (n= 0) Discontinued intervention {n=0)

I Analysis ! '

Analysed (n= 15) Analysed (n=15)
- Excluded from analysis (n=0) - Excluded from analysis {n=0)

Figure 1. Consort flow diagram outlining the design and conduct of the clinical study.

In order to observe the effects of each of the compounds over the 30 days, a baseline
assessment was carried out prior to the intervention period and a reassessment of the same
parameters was made after the intervention period.

This study was developed at the Coimbra Health School from March 2019 to June 2020.
The research project was approved by the Ethics Commission of the Polytechnic Institute
of Coimbra (approval 07/2019), and fully complied with the ethical principles of the
Declaration of Helsinki. All participants signed their informed consent to participate in the
study. The anonymity and confidentiality of the data were ensured. The researchers have no
conflicts of interest to declare, and the study was conducted for strictly academic purposes.

2.2. Study Population

Sample size was estimated through G*Power sample calculation, setting statistical
power at 80%, alpha at 0.05, and a medium effect size. A total of 35 young adults were
assessed for elegibility, and 30 were selected to participate in the study, with 5 participants
being excluded due to ongoing medication for acute health conditions. The sample in-
cluded people of both genders (76.7% female), aged between 18 and 24 years (mean age
20.4 £ 1.2 years). The participants were randomly selected within the academic commu-
nity of a Portuguese university, and were submitted to a pre-study screening to check
their compliance with the inclusion criteria and their availability to attend the evaluation
moments, as well as their commitment to an adequate use of the product. The inclusion
criteria included clinical healthy status, no ongoing medication, both genders, and age
between 18 and 35 years old (young adults). Any individuals with a personal history of car-
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diovascular disease, acute diseases, and known allergies, or under any ongoing medication
were excluded.

2.3. Halophyte Plant

Sarcocornia perennis (Figure 2) was provided by the Salina Greens company (Alcochete,
Setubal, Portugal). The nutritional and mineral composition of dried Sarcocornia perennis
(powder) can be found elsewhere [17,22] and are summarized in Table 1.

Figure 2. Dried powder of Sarcocornia perennis.

Table 1. Proximate biochemical composition (g/100 g) and mineral composition (mg/100 g) of dried
S. perennis (powder) [17,22].

Biochemical Compounds g/100 g
Crude protein 16.7 £ 0.1
Total fat 23408
Crude fiber 95+0.1
Total ash 339+0.1
Carbohydrates 39.5
Minerals mg/100 g
Na 7119.35 £ 195.12
K 1830.54 + 49.15
Ca 490.87 £ 10.02
Mg 786.39 + 20.94
P 230.56 +2.32
Fe 8.64 £0.18
Cu 0.68 £ 0.01
Zn 2.45 £ 0.03
Mn 3.49 + 0.04

2.4. Endpoints
2.4.1. Aortic Pulse Wave Velocity (PWYV)

Aortic PWV is a well-established marker of arterial stiffness (PWV) and predictor
of cardiovascular risk [21,23-25]. This biomarker shows high values in situations such
as HT, aging, physical inactivity, and diabetes [21,23,26]. The measurement of PWV was
performed with the Complior® Analyze device (Alam Medical, Saint-Quentin-Fallavier,
France) according to current international guidelines [25]. In summary, PWV was assessed
non-invasively in the carotid-femoral segment (cfPWV), on the right side of the body,
with the participant in a supine position and with the neck slightly hyperextended to
the left, after a 10-min rest period. Two probes were positioned over the right carotid
and right femoral arteries and pulse waves were simultaneously recorded, when meeting
the quality criteria, for a period of 15 s. The time interval between the beginning of the
carotid wave and the beginning of the femoral wave was automatically measured by the



Foods 2022, 11, 2888

50f12

device, providing the pulse transit time (PTT) for the calculation of the cfPWV. The distance
between the two acquisition points was measured with a tape, in a straight line, directly
on the body surface. As previously recommended, this distance was then corrected as
follows: corrected distance = obtained distance x 0.80 [25]. PWV was calculated as the ratio
between the corrected distance and the PTT (in m/s). All determinations were made by a
single competent and experienced operator, thus minimizing interoperator variability and
improving the reproducibility index.

2.4.2. Carotid Pulse Wave Analysis (PWA)

Carotid PWA was performed with the Complior® Analyze device (Alam Medical,
Saint-Quentin-Fallavier, France) simultaneously to the cfPWV acquisition. Before per-
forming PWA and cfPWYV, brachial blood pressure (bBP) was measured with a Riester ri-
champion® N sphygmomanometer (Riester, Germany; validation reference [27]), with a cuff
adjusted to the arm diameter. Systolic (bSBP) and diastolic ((DBP) bBP were obtained and
inputted into the Complior® Analyze software. The carotid pressure waveforms, acquired
during a 15 s acquisition window, were calibrated with bDBP and brachial mean arterial
pressure (bMAP), and their morphology and duration components were automatically
estimated, mainly: central systolic blood pressure (cSBP), central PP (cPP), augmentation
index (Alx), augmentation index corrected for heart rate (AIx@75), augmentation pressure
(AP), left ventricular ejection time (LVET), diastolic filling time (DT), final systolic pressure
(PES), sub-endocardial viability ratio (SEVR), and LV contractility index (dP/dt Max).

2.4.3. Assessment of Saline Excretion

The quantification of saline excretion was achieved by performing spot urine labo-
ratory tests at the two assessment times (pre- and post-intervention). This assessment
was performed by a competent professional and under appropriate technical conditions.
To estimate daily salt intake, a previously validated method was used [28,29], which is
based on the estimation of sodium levels and creatinine levels collected in a spot urine
sample [28,29]. For this purpose, a urine sample was collected in an appropriate container,
preferably the first one in the morning, since it has a higher concentration. From this sample,
sodium and creatinine concentrations were determined for the subsequent calculation of
24 h saline excretion. To perform this calculation, the following formula was used:

24 h urinary salt excretion (g/day) = 0.0585 x 21.98 x [UNa[mEq/L]/UCr[mg/L]
X (—2.04 x age + 14.98 x weight[kg] + 16.14 x height[cm] — 2244.45)]%%2, according
to [28,29]. Considering this is a pilot study in young and healthy adults, this method was
considered the most suitable, notwithstanding the known limitations.

Procedure:

Figure 1 outlines the design, recruitment and conduct of the study.

Participants volunteering to participate in the study and meeting the inclusion criteria
were scheduled for a baseline evaluation during the morning in fasting conditions at the
Coimbra Health School laboratories. Informed consent was obtained and questionnaires
applied, including a sociodemographic and clinical questionnaire and the Portuguese
versions of the Profile of Mood States (POMS) [30] and PREDIMED [31] questionnaires.
The POMS questionnaire is a validated psychological test addressing the mood of the
participant, containing 65 words or statements (descriptors) that describe feelings people
have. The descriptors are punctuated in a Likert scale and clustered in 6 dimensions
(Tension, Depression, Anger, Vigor, Fatigue, and Confusion), which are summed to produce
an overall mood profile score. The PREDIMED is a 14-item questionnaire that assesses
adherence to a Mediterranean diet. The items are punctuated in a Likert scale and a
final score of 10 or above provides evidence of a good adhesion to Mediterranean diet.
For the assessment of saline excretion through urine, participants were asked to bring
their appropriate container with a urine sample, preferably the first one in the morning,
since it has a higher concentration, facilitating its analysis. In the Biomedical Science
laboratory, a blood sample was taken. Hemodynamic assessments, namely BP and PWV
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assessment, took place in the Physiology laboratory. At the end of the baseline assessment,
and according to the randomization, each participant received a bag containing either
regular salt or Sarcocornia powder, and was instructed to use that compound to season
their meals over 30 days while maintaining their usual daily routines. The participants
were blinded regarding the compound they received, as well as the researchers conducting
the physiological assessments. After one month, the procedures were repeated by the same
operators and according to the same methodologies.

2.4.4. Statistical Analysis

Data were gathered in a Microsoft Office Excel 2007 program spreadsheet and subse-
quently exported to the SPSS version 24 program (IBM, Armonk, NY, USA) for statistical
analysis. Categorical variables were presented as frequencies and percentages. The nor-
mality of the data was confirmed using the Shapiro-Wilks test, and the Levene test was
applied to verify the homogeneity of the variances. x2 or Fisher’s exact tests were used
for comparisons involving categorical variables. A mixed-design ANOVA was used to
assess the within-subject evolution of the continuous variables under study and to im-
plement between-group comparisons. A further ANCOVA was also implemented in the
comparison of the post-intervention of each parameter adjusting to its baseline (included
as covariate in the model). Sphericity was assessed using the Mauchly test, and the
Greenhouse-Geisser correction was applied when needed. The Bonferroni adjustment was
adopted. A p-value < 0.05 was considered significant for a 95% confidence interval.

3. Results
3.1. Baseline Sample Characterization

The sample included a total of 30 healthy young adults of both sexes (76.7% female)
aged between 18 and 24 years (mean age 20.4 £+ 1.2 years) and with an average BMI
of 22.1 + 2.4 kg/m?. The waist and hip circumferences were evaluated, obtaining an
average of 76.2 + 8.1 cm and 94.6 & 7.9 cm, respectively. Through the application of the
PREDIMED questionnaire and considering an individual score of ten or more as good
adherence to the Mediterranean-type diet, we found that only one of the participants
(3.3% of the sample) followed this type of diet [31], with an average for all individuals
of 7.0 = 1.5. The psychological status of the young people was also quantified, with an
average score of 120.0 & 18.3 on the POMS questionnaire. The levels of happiness and
satisfaction presented mean values of 7.1 = 1.4 and 6.7 & 1.8, respectively, on a scale from
zero to ten. Among the 30 participants, 3 presented cardiovascular risk factors (CVRF), a
sedentary lifestyle was the most frequent, and 13 had a cardiovascular history in the family.
A single smoker individual was identified, 22 regular coffee consumers, and 28 occasional
alcohol consumers. There were no significant differences between the control group and
the intervention group according to the baseline assessments performed (Table 2).

Table 2. Characterization of the study population.

Total (n = 30) CG (n=15) IG (n =15) p-Value
Age, years 204 +1.2 20.6 + 1.5 20.2+0.9 0.379
Female gender, %(n) 76.7 (23) 80.0 (12) 73.3 (11) 0.666
BMI, Kgm_2 221 4+24 228+ 1.9 21.34+2.7 0.085
Waist, cm 76.2 + 8.1 74.6 £ 8.0 77.8 £ 84 0.296
Hip, cm 946 +£79 944 + 84 948 £79 0.894
DM Adherence 70+ 15 73+14 6.6 +1.7 0.205
Smokers, %(rn) 3.3(1) 0.0 (0) 33(1) 0.309
Happiness 71+14 6.8+ 1.6 73+13 0.318
Satisfaction 6.7+ 1.8 6.2+2.0 71+14 0.156
POMS 120.0 £ 184 121.8 +£20.9 118.3 £ 16.7 0.613

BMI, body mass index; DM adherence, adherence to the Mediterranean diet; CG, control group; IG, interven-
tion group.
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3.2. Vascular Effects of the Intervention

The analysis of Table 3 allows us to verify that, at baseline level, there were no
significant differences between the CG and the IG regarding the values of BP and HR. After
30 days of intervention, these parameters were again determined, and we observed that
the individuals who integrated the IG obtained lower values of brachial BP. This reduction
occurred in bSBP, where the greatest difference was observed (—7.0 & 0.9 mmHg), in bDBP,
bMBP, and in bPP, although in this last parameter the difference was not significant. In the
CG, which maintained salt intake in their diet, there were no significant variations. The
individuals who were part of the IG showed a significant increase in HR from the first to
the second moment.

Table 3. Mean values of blood pressure and heart rate at moment 1 (baseline) and moment 2
(post-intervention) in both groups, showing the evolution between the 2 moments.

CG (n=15) IG (n =15) p-Value
bSBP (mmHg) Moment 1 1121 +77 111.3 +85 0.789
Moment 2 1144 +7.2 104.3 + 6.1 <0.001
Difference 23+16 —-7.0£09
p-value 0.169 <0.001
bDBP (mmHg) Moment 1 63.7 +£5.2 65.9 + 4.8 0.235
Moment 2 64.6 =49 60.0 & 2.7 0.004
Difference 01+£1.2 —-594+1.0
p-value 0.491 <0.001
bPP (mmHg) Moment 1 485 + 6.8 455+ 11.0 0.378
Moment 2 499+70 443 +£7.1 0.040
Difference 14+1.1 -11+14
p-value 0.229 0.426
bMBP (mmHg) Moment 1 79.8 +£5.2 80.9 + 3.3 0.506
Moment 2 81.1+47 747 £ 24 <0.001
Difference 1.3+13 —6.1£0.7
p-value 0.313 <0.001
HR (bpm) Moment 1 68.7 +12.0 66.0 + 8.8 0.484
Moment 2 711 +17.1 70.5 £ 10.9 0.920
Difference 23+24 45+15
p-value 0.355 0.011

bSBP, brachial systolic blood pressure; bDBP, brachial diastolic blood pressure; bPP, brachial pulse pressure; bMBP,
brachial mean blood pressure; HR, heart rate.

Table 4 shows the results of central arterial hemodynamics that were obtained by
comparing the two groups before and after the intervention period. We verified that the
cfPWV and cSBP values experienced a significant reduction from moment one to moment
two in the IG. The difference observed in cfPWV was —0.2 £ 0.1 m/s (p = 0.042), and in
¢SBP it was —5.6 = 1.0 mmHg (p < 0.001). Although the significance criterion (p < 0.05) was
not met in either group, the Alx decreased in both groups with a more marked reduction in
the IG. The cPP, AP, SP Amp, and PPratio values did not differ between the two moments in
either group. Regarding the sub-endocardial viability index (SEVR), there was a significant
growth from moment one to moment two in the IG: at moment one, it presented the value
of 132.6 &+ 30.1, while at moment two, the value of 151.3 was determined to be £+ 22.3
(difference = 18.7 + 4.7 and p = 0.001). Regarding the left ventricular contractility index
(max dP/dT), an increase in the mean value in the IG was observed, with the significance
criterion close to the defined statistical significance criterion (p = 0.057). The main effects
were further explored in an ANCOVA analysis addressing post-intervention differences
adjusted to the baseline data (included as covariates), in which no effect modification was
depicted in line with the results portrayed in Tables 3 and 4.
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Table 4. Difference between the control group and the intervention group in the 2 assessment

moments in the central hemodynamic variables.

CG (n=15) IG (n =15) p-Value
cfPWV (m/s) Moment 1 59+09 6.0 £ 0.6 0.282
Moment 2 6.1£1.0 5.7 +0.6 0.238
Difference 0.2+0.2 —02+0.1
p-value 0.186 0.042
¢SBP (mmHg) Moment 1 106.7 9.2 104.8 9.1 0.882
Moment 2 108.0 £ 7.3 99.2 + 8.4 0.005
Difference 1.3+26 —5.6+1.0
p-value 0.631 <0.001
cPP (mmHg) Moment 1 43.1+9.6 38.9 +10.9 0.600
Moment 2 435+72 39.24+9.6 0.180
Difference 04+23 03+1.2
p-value 0.864 0.827
AIx@75 (%) Moment 1 —-22.0+17.8 —30.8 +23.7 0.055
Moment 2 —23.6 £17.7 —33.7 +21.3 0.168
Difference —-15+36 —-29+51
p-value 0.674 0.581
AP (mmHg) Moment 1 9.5+9.0 11.3 + 104 0.109
Moment 2 10.1 £9.7 134 +10.7 0.387
Difference 0.6 £1.8 20+23
p-value 0.741 0.401
SPAmp (mmHg) Moment 1 54 +84 6.5+48 0.243
Moment 2 6.4+47 51+47 0.465
Difference 1.0+£23 —-144+12
p-value 0.675 0.243
PP ratio (mmHg) Moment 1 1.24+0.2 1.2+£0.1 0.669
Moment 2 1.6 +0.1 1.2+0.1 0.935
Difference 0.0+ 0.1 —0.0+0.0
p-value 0.990 0.272
SEVR (%) Moment 1 141.7 £ 28.2 132.6 3.1 0.006
Moment 2 1429 + 394 151.3 £ 22.3 0.477
Difference 12+57 18.7 £4.7
p-value 0.837 0.001
Max dP/dT (mmHg/s) Moment 1 923.3 + 164.4 842.0 + 159.2 0.651
Moment 2 938.7 + 183.5 873.3 +157.9 0.305
Difference 15.3 £ 54.3 31.3 £ 15.1
p-value 0.782 0.057

cSBP, central systolic blood pressure; cPP, central pulse pressure; AIx@75, augmentation index corrected for heart
rate; AP, augmentation pressure; SP Amp, systolic pressure amplification; PP ratio, pulse pressure amplification;
SEVR, sub-endocardial viability index; Max dP/dT, left ventricular contractility index.

3.3. Effects of the Intervention on Salt Excretion

The statistical information collected allowed the elaboration of the graph represented
in Figure 3, where the results obtained in relation to the saline excretion in the two mo-
ments of evaluation are compiled, comparing their evolution in both groups. From their
analysis, we verified that the IG and the CG showed a different evolution of saline excretion
between the two moments. The CG maintained similar mean values at both moments:
8.4 £ 1.8 g/day at moment one and 8.5 & 2.4 g/day at moment two. In the IG, there was
a significant reduction in values: 8.9 &+ 2.1 g/day at moment one and 7.2 £ 1.2 g/day in
moment two, with a mean difference of —1.7 £ 1.6 g/day (p = 0.002). The existence of a
significant interaction Group * Moment (Finteraction (1,28) = 5.8; p = 0.02) indicates that the
behavior (variation) of saline excretion from one moment to the next is different depending
on the group: stabilization in the control group and reduction in the intervention group.
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The average daily saline excretion in the total population was 8.7 £ 1.9 g at baseline and
7.8 £ 2.0 g/day in the post-intervention assessment. It should also be noted that there are
no significant differences in the comparison of baseline values between groups.

I . 1

=
N
]

Control group

=
o
1

& Intervention group

0o
1

Interaction: F(1,28)=5.8; p=0.02
*p<0.05

Estimated 24 h urinary salt excretion (g/day)

Baseline Post-intervention

Figure 3. Comparison of daily saline excretion between groups at the two assessment times (mo-
ment 1: pre-intervention; moment 2: post-intervention).

4. Discussion and Conclusions

This pilot randomized trial was aimed at ascertaining the cardiovascular benefits of
a species of Sarcocornia as a salt substitute in young and clinically healthy adults, with a
particular emphasis on peripheral and central BP and on aortic pulse wave velocity (PWV)
as a surrogate for arterial stiffness. Our results demonstrated that Sarcocornia is an effective
salt substitute, and is associated with beneficial cardiovascular effects, such as BP lowering
and PWV improvement in young and healthy adults.

Although salt (sodium chloride) plays an important role as a fluid regulator in our
body, there are several studies that point to its harmful effects on the cardiovascular level
when consumed in excess. A series of research works have been carried out in search of a
substitute for common salt in order to try to reduce its consumption [2,7,9,15,20,22,32-36].
Halophyte plants, such as Salicornia and Sarcocornia, prove to be a promising substitute,
given that they are plants with antihypertensive characteristics [15,35]. Their high content of
minerals such as potassium and magnesium favors saline excretion, reducing the negative
effects of sodium on the cardiovascular system and the human body in general [18,22,35].
These plants are part of the native Portuguese flora and grow in abundance in coastal salt
pans, which gives them a salty taste favorable to the adaptation of the palate [7,16-18,33].

In this study, as previously shown in other investigations, the beneficial properties
of Salicornia and Sarcocornia for the cardiovascular system were confirmed. Although
these investigations were carried out, mostly, in animal species, the results obtained in
this study with the human species are similar. A significant reduction in BP was observed
with the ingestion of Sarcocornia instead of salt. These results are in line with the research
carried out on normotensive Sprague Dawley (SD) rats by Panth et al. in 2016 [2]. Only one
difference is observable in terms of DBP, since in the present study there was a significant
reduction with the use of Sarcocornia, while in the research mentioned above, the observed
reduction did not reach the criteria of significance. Another investigation carried out in
SD rats, this time by Zhang et al. in 2015, argued that the intake of Salicornia does not
reduce the levels of BP, it only prevents the development of HT, since it does not cause an
increase in BP when compared with salt intake [15]. In view of these results, we continue to
consider Sarcocornia as an interesting substitute for the sodium chloride commonly used.

Regarding the HR, no studies were found to investigate the influence of Sarcocornia.
According to the results obtained in the present study, HR increased significantly in indi-
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viduals submitted to Sarcocornia intake. This behavior is most likely due to the reduction
in BP levels and the triggering of the baroreceptor reflex, which is probably a compensatory
response that increases the sympathetic response, promoting an increase in HR, cardiac
output, and myocardial contractility [36]. On the other hand, the improvement in vascu-
lar function, with a greater relaxation of the arterial wall that explains the improvement
observed in PWYV in IG, can contribute to an optimization in the coupling between the
left ventricle and the aorta, resulting in greater mechanical and hemodynamic efficiency,
which may explain the improvement trend observed in the dP/dT and the significant
improvement in the sub-endocardial viability index identified in the IG. The improvement
in the PWV observed in the IG, which is a biomarker recognized for its relationship with
cardiovascular risk [21], suggests that Sarcocornia may play an important role in vasopro-
tection, promoting its distensibility and elasticity. On the other hand, the reported positive
modulation verified in the sub-endocardial viability index indicates an optimization of
coronary perfusion and arterial load [37]. All these data support the idea that Sarcocornia
substantially favors the entire cardiovascular system.

In this study, the daily saline excretion between groups was also compared at the two
assessment times, and through its results we can observe a significant reduction in the
levels of sodium in the urine of individuals belonging to the intervention group. Several
studies have indicated that Sarcocornia is a halophyte rich in minerals such as magnesium
and potassium, which improve the body’s sodium excretion, thus supporting the data
obtained in the present investigation [18,22].

Despite the very promising results, it is important to note that this is a pilot trial and
several limitations must be considered in this study. Among the main limitations are the
small sample size and the short intervention duration. The small sample size increases the
risk for information and selection bias, thus recommending caution in the generalization
of the results. Also remarkable is the impossibility of controlling the proper use of salt
and Sarcocornia and the daily diet by the participants. However, the estimation of sodium
partially overcomes this limitation. Future studies should include the use of robust nutri-
tional questionnaires, such as the food frequency questionnaire and the 24-h recall, to add
further nutritional control in the comparisons between groups. Even though the spot urine
method has been used in previous studies and has been validated [27,28], it has limitations
that recommend caution in the interpretation of the results. In future research, 24-h urine
collection should be employed for better characterization of salt excretion. participants
reported that Sarcocornia had a reduced taste and gave an intense green color to some
foods. The changes observed in PWV in such a short duration intervention period should
reflect functional adaptations rather than structural changes, which would be expected
to occur for longer intervention periods. It should also be borne in mind that all of these
assessments were carried out on healthy young adults, so the effect cannot be extrapolated
to other clinical contexts, particularly HT. However these results are encouraging for the
replication of this study in different populations, involving adults with risk factors such as
AHT, diabetes, and dyslipidemia, as well as in children.

In summary, based on the results of the present study, the consumption of Sarcocornia
is beneficial to the cardiovascular system at several levels: attenuation of blood pressure val-
ues, decreased arterial stiffness, improved left ventricular function and coronary perfusion.
This halophyte and similar species have already been tested and approved in the produc-
tion of several processed foods, namely ham, snacks, sausages, and bread [7,22,34,37], since
these are the foods that contain the highest sodium content. Sarcocornia can therefore be
considered a good substitute for common table salt to try to reduce the prevalence of HT
and deaths from cardiovascular causes, although further studies should be carried out to
investigate the remaining species of this plant and also to evaluate the amount ideal to
be ingested, since its excessive consumption may cause possible harmful effects or even
influence some types of medication [38]. Another future challenge is the development of
Sarcocornia formulations that facilitate its use in the substitution of common table salt and
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that eliminate some of the constraints associated with its use in the current formulation,
namely regarding the texture and coloring.

Author Contributions: Conceptualization, T.P., A.C., AM.d.S. and M.].B.; methodology, T.P., A.C,,
A.T.C., AM.d.S. and M.].B,; formal analysis, T.P., A.C. and A.T.C.; investigation, T.P., A.C., AT.C.
and A.M.d.S. and M.].B.; resources, T.P.,, A.C., AM.d.S. and M.].B.; data curation, T.P,, A.C., A.T.C,,
AM.d.S. and M.].B.; writing—original draft preparation, T.P. and A.T.C.; writing—review and editing,
A.C, AM.d.S., M].B. and N.O.; supervision, T.P,, A.C., AM.d.S. and M.].B.; project administration,
TP, A.C, AM.d.S., M].B. and N.O.; funding acquisition, A.M.d.S. and M.].B. All authors have read
and agreed to the published version of the manuscript.

Funding: This work was financially supported by: (i) IDEAS4life—Novos Ingredientes Alimentares
de Plantas Maritimas (POCI-01-0145-FEDER-029305); (ii) the Portuguese Foundation for Science and
Technology (FCT), UIDB/00070/2020 research unit.

Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors would like to express their deepest appreciation to all the partici-
pants (volunteers) in this study.

Conflicts of Interest: There are no conflicts of interest to declare.

References

1.  World Health Organization. World Health Statistics 2022: Monitoring Health for the SDGs, Sustainable Development Goals; World
Health Organization: Geneva, Switzerland, 2022.

2. Panth, N.; Park, S.H.; Kim, HJ.; Kim, D.H.; Oak, M.H. Protective effect of Salicornia europaea extracts on high salt intake-induced
vascular dysfunction and hypertension. Int. J. Mol. Sci. 2016, 17, 176. [CrossRef] [PubMed]

3.  Yang, G.H. Zhou, X; Ji, WJ].; Liu, ] X,; Sun, J.; Shi, R.; Jiang, T.M.; Li, Y.M. Effects of a low salt diet on isolated systolic hypertension:
A community-based population study. Medicine 2018, 97, 1-8. [CrossRef] [PubMed]

4. Avolio, A.P; Clyde, KM.; Beard, T.C.; Cooke, HM.; Ho, K.K.; O’'Rourke, M.F. Improved arterial distensibility in normotensive
subjects on a low salt diet. Arteriosclerosis 1986, 6, 166—169. [CrossRef]

5. Ha, SK. Dietary salt intake and hypertension. Electrolyte Blood Press. 2014, 12, 7-18. [CrossRef]

6.  World Health Organization. Report of the Formal Meeting of Member States to Conclude the Work on the Comprehensive Global Monitoring
Framework, Including Indicators, and a Set of Voluntary Global Targets for the Prevention and Control of Noncommunicable Diseases; World
Health Organization: Geneva, Switzerland, 2012.

7. Lopes, M.,; Cavaleiro, C.; Ramos, F. Sodium Reduction in Bread: A Role for Glasswort (Salicornia ramosissima J. Woods). Compr.
Rev. Food Sci. Food Saf. 2017, 16, 1056-1071. [CrossRef] [PubMed]

8. Rust, P.; Ekmekcioglu, C. Impact of salt intake on the pathogenesis and treatment of hypertension. Hypertens. Basic Res. Clin.
Pract. 2016, 956, 61-84. [CrossRef]

9.  O’Donnell, M.; Mente, A.; Yusuf, S. Sodium intake and cardiovascular health. Circ. Res. 2015, 116, 1046-1057. [CrossRef]
[PubMed]

10. Laurent, S.; Boutouyrie, P.; Asmar, R.; Gautier, I.; Laloux, B.; Guize, L.; Ducimetiere, P.; Benetos, A. Aortic stiffness is an
independent predictor of all-cause and cardiovascular mortality in hypertensive patients. Hypertension 2001, 37, 1236-1241.
[CrossRef]

11. Mozaffarian, D.; Fahimi, S.; Singh, G.M.; Micha, R.; Khatibzadeh, S.; Engell, R.E.; Lim, S.; Danaei, G.; Ezzati, M.; Powles, J. Global
sodium consumption and death from cardiovascular causes. N. Engl. J. Med. 2014, 371, 624-634. [CrossRef]

12.  Cashman, K.D.; Kenny, S.; Kerry, ].P,; Leenhardt, F; Arendt, E.K. ‘Low-Salt’ bread as an important component of a pragmatic
reduced-salt diet for lowering blood pressure in adults with elevated blood pressure. Nutrients 2019, 11, 1725. [CrossRef]

13. Polédnia, J.; Maldonado, J.; Ramos, R.; Bertoquini, S.; Duro, M.; Almeida, C.; Ferreira, J.; Barbosa, L.; Silva, J.A.; Martins, L.
Determinacao do consumo de sal numa amostra da populacao portuguesa adulta pela excre¢ao urinaria de sédio. Sua relagao
com rigidez arterial. Rev. Port. Cardiol. 2006, 25, 801-817. [PubMed]

14. Challa, H.J.; Ameer, M.A.; Uppaluri, K.R. DASH Diet To Stop Hypertension. [Updated 2022 May 15]. In StatPearls [Internet];
StatPearls Publishing: Treasure Island, FL, USA, 2022.

15.  Zhang, S.; Wei, M,; Cao, C.; Ju, Y,; Deng, Y.; Ye, T.; Xia, Z.; Chen, M. Effect and mechanism of Salicornia bigelovii Torr. plant salt on
blood pressure in SD rats. Food Funct. 2015, 6, 920-926. [CrossRef] [PubMed]

16. Antunes, M.D.; Gago, C.; Guerreiro, A.; Sousa, A.R.; Julido, M.; Miguel, M.G.; Faleiro, M.L.; Panagopoulos, T. Nutritional
Characterization and Storage Ability of Salicornia ramosissima and Sarcocornia perennis for Fresh Vegetable Salads. Horticulturae
2021, 7, 6. [CrossRef]

17. Barroca, M.]J.; Guiné, R.PF; Amado, A.M.; Ressurreigao, S.; Moreira da Silva, A.; Marques, M.P.M.; de Carvalho, L.A.E.B. The

drying process of Sarcocornia perennis: Impact on nutritional and physico-chemical properties. J. Food Sci. Technol. 2020, 57,
4443-4458. [CrossRef] [PubMed]


http://doi.org/10.3390/ijms17071176
http://www.ncbi.nlm.nih.gov/pubmed/27455235
http://doi.org/10.1097/MD.0000000000010342
http://www.ncbi.nlm.nih.gov/pubmed/29620663
http://doi.org/10.1161/01.ATV.6.2.166
http://doi.org/10.5049/EBP.2014.12.1.7
http://doi.org/10.1111/1541-4337.12277
http://www.ncbi.nlm.nih.gov/pubmed/33371619
https://doi.org/10.1007/5584_2016_147
http://doi.org/10.1161/CIRCRESAHA.116.303771
http://www.ncbi.nlm.nih.gov/pubmed/25767289
http://doi.org/10.1161/01.HYP.37.5.1236
http://doi.org/10.1056/NEJMoa1304127
http://doi.org/10.3390/nu11081725
http://www.ncbi.nlm.nih.gov/pubmed/17100171
http://doi.org/10.1039/C4FO00800F
http://www.ncbi.nlm.nih.gov/pubmed/25631641
http://doi.org/10.3390/horticulturae7010006
http://doi.org/10.1007/s13197-020-04482-7
http://www.ncbi.nlm.nih.gov/pubmed/33087958

Foods 2022, 11, 2888 12 0of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Custddio, L.; Rodrigues, M.].; Pereira, C.G.; Castafieda-Loaiza, V.; Fernandes, E.; Standing, D.; Neori, A.; Shpigel, M.; Sagi, M. A
Review on Sarcocornia Species: Ethnopharmacology, Nutritional Properties, Phytochemistry, Biological Activities and Propaga-
tion. Foods 2021, 10, 2778. [CrossRef]

Greer, R.C.; Marklund, M.; Anderson, C.A.M.; Cobb, L K.; Dalcin, A.T.; Henry, M.; Appel, L.J. Potassium-Enriched Salt Substitutes
as a Means to Lower Blood Pressure: Benefits and Risks. Hypertension 2020, 75, 266-274. [CrossRef]

Shin, M.G.; Lee, G.H. Spherical granule production from micronized saltwort (Salicornia herbacea) powder as salt substitute. Prev.
Nutr. Food Sci. 2013, 18, 60. [CrossRef]

Zhong, Q.; Hu, M.].; Cui, YJ.; Liang, L.; Zhou, M.M.; Yang, Y.W.; Huang, F. Carotid-femoral pulse wave velocity in the prediction
of cardiovascular events and mortality: An updated systematic review and meta-analysis. Angiology 2018, 69, 617-629. [CrossRef]
Clavel-Coibrié, E.; Sales, J.R.; Moreira da Silva, A.; Barroca, M.].; Sousa, I.; Raymundo, A. Sarcocornia perennis: A Salt Substitute
in Savory Snacks. Foods 2021, 10, 3110. [CrossRef]

Ben-Shlomo, Y.; Spears, M.; Boustred, C.; May, M.; Anderson, S.J.; Benjamin, E.J.; Boutouyrie, P.; Cameron, J.; Chen, C.J.;
Cruickshank, J.K.; et al. Aortic pulse wave velocity improves cardiovascular event prediction: An individual participant
meta-analysis of prospective observational data from 17,635 subjects. J. Am. Coll. Cardiol. 2014, 63, 636—646. [CrossRef]
Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Desormais, I. 2018 ESC/ESH Guidelines for
the management of arterial hypertension. Eur. Heart |. 2019, 39, 3021-3104, Erratum in Eur. Heart J. 2019, 40, 475. [CrossRef]
[PubMed]

Van Bortel, L.M.; Laurent, S.; Boutouyrie, P.; Chowienczyk, P.; Cruickshank, J.K.; De Backer, T.; Weber, T. Expert consensus
document on the measurement of aortic stiffness in daily practice using carotid- femoral pulse wave velocity. . Hypertens. 2012,
30, 445-448. [CrossRef] [PubMed]

Cruickshank, K.; Riste, L.; Anderson, S.G.; Wright, ].S.; Dunn, G.; Gosling, R.G. Aortic pulse-wave velocity and its relationship
to mortality in diabetes and glucose intolerance: An integrated index of vascular function? Circulation 2002, 106, 2085-2090.
[CrossRef]

Cuckson, A.C.; Reinders, A.; Shabeeh, H.; Shennan, A.H. Validation of the Microlife 3BTO-A oscillometric blood pressure
monitoring device according to a modified British Hypertension Society protocol. Blood Press. Monit. 2002, 7, 319-324. [CrossRef]
Tanaka, T.; Okamura, T.; Miura, K.; Kadowaki, T.; Ueshima, U.H.; Nakagawa, H.; Hashimoto, H. A simple method to estimate
populational 24-h urinary sodium and potassium excretion using a casual urine specimen. . Hum. Hypertens. 2002, 16, 97-103.
[CrossRef] [PubMed]

Lida, H.; Kurita, N.; Takahashi, S.; Sasaki, S.; Nishiwaki, H.; Omae, K.; Yagima, N.; Fukuma, S.; Hasegawa, T.; Fukuhara, S.; et al.
Salt intake and body weight correlate with higher blood pressure in the very elderly population: The Sukagawa study. J. Clin.
Hypertens. 2019, 21, 942-949.

Viana, M.E; Almeida, P.; Santos, R.C. Adaptagao portuguesa da versao reduzida do Perfil de Estados de Humor-POMS. Anadl.
Psicol. 2012, 19, 77-92. [CrossRef]

Afonso, L.; Moreira, T.; Oliveira, A. Indices de adeséo ao padrao alimentar mediterranico—A base metodoldgica para estudar a
sua relacdo com a saude. Rev. Fatores De Risco 2014, 31, 48-55.

Patel, S. Salicornia: Evaluating the halophytic extremophile as a food and a pharmaceutical candidate. 3 Biotech 2016, 6, 104.
[CrossRef]

Lee, G.H. A salt substitute with low sodium content from plant aqueous extracts. Food Res. Int. 2011, 44, 537-543. [CrossRef]
Jung, E.Y;; Lee, D.Y,; Kim, O.Y;; Lee, S.Y.; Yim, D.G.; Hur, S.J. Subacute feeding toxicity of low-sodium sausages manufactured
with sodium substitutes and biopolymer-encapsulated saltwort (Salicornia herbacea) in a mouse model. J. Sci. Food Agric. 2020, 100,
794-802. [CrossRef]

Seong, PN.; Seo, HW.; Cho, S.H.; Kim, Y.S.; Kang, S.M.; Kim, ].H.; Kang, G.H.; Park, B.Y.; Moon, S.S.; Hoa, V.B. Potential use of
glasswort powder as a salt replacer for production of healthier dry-cured ham products. Czech J. Food Sci. 2017, 35, 149-159.
Lopes, M.; Castilho, M.D.C.; Sanches-Silva, A.; Freitas, A.; Barbosa, J.; Gongalves, M.].; Cavaleiro, C.; Ramos, F. Evaluation of the
mycotoxins content of Salicornia spp.: A gourmet plant alternative to salt. Food Addit. Contam. Part B 2020, 13, 1-9. [CrossRef]
[PubMed]

Aslanger, E.; Assous, B.; Bihry, N.; Beauvais, F.; Logeart, D.; Cohen-Solal, A. Baseline subendocardial viability ratio influences left
ventricular systolic improvement with cardiac rehabilitation. Anatol. J. Cardiol. 2017, 17, 37-43. [CrossRef] [PubMed]

Kim, HW.; Hwang, K.E; Song, D.H.; Kim, Y.J.; Lim, Y.B.; Ham, YK.; Yeo, E.J.; Chang, S.J.; Choi, Y.S.; Kim, C.]. Effect of glasswort
(Salicornia herbacea L.) on the texture of frankfurters. Meat Sci. 2014, 97, 513-517. [CrossRef]


http://doi.org/10.3390/foods10112778
http://doi.org/10.1161/HYPERTENSIONAHA.119.13241
http://doi.org/10.3746/pnf.2013.18.1.060
http://doi.org/10.1177/0003319717742544
http://doi.org/10.3390/foods10123110
http://doi.org/10.1016/j.jacc.2013.09.063
http://doi.org/10.1093/eurheartj/ehy339
http://www.ncbi.nlm.nih.gov/pubmed/30165516
http://doi.org/10.1097/HJH.0b013e32834fa8b0
http://www.ncbi.nlm.nih.gov/pubmed/22278144
http://doi.org/10.1161/01.CIR.0000033824.02722.F7
http://doi.org/10.1097/00126097-200212000-00005
http://doi.org/10.1038/sj.jhh.1001307
http://www.ncbi.nlm.nih.gov/pubmed/11850766
http://doi.org/10.14417/ap.345
http://doi.org/10.1007/s13205-016-0418-6
http://doi.org/10.1016/j.foodres.2010.11.018
http://doi.org/10.1002/jsfa.10087
http://doi.org/10.1080/19393210.2020.1741692
http://www.ncbi.nlm.nih.gov/pubmed/32216619
http://doi.org/10.14744/AnatolJCardiol.2016.7009
http://www.ncbi.nlm.nih.gov/pubmed/27443478
http://doi.org/10.1016/j.meatsci.2014.03.019

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Halophyte Plant 
	Endpoints 
	Aortic Pulse Wave Velocity (PWV) 
	Carotid Pulse Wave Analysis (PWA) 
	Assessment of Saline Excretion 
	Statistical Analysis 


	Results 
	Baseline Sample Characterization 
	Vascular Effects of the Intervention 
	Effects of the Intervention on Salt Excretion 

	Discussion and Conclusions 
	References

