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Abstract: Food resources are limited in arid countries such as the United Arab Emirates (UAE); the
salinity of the groundwater, together with a lack of natural fresh water sources and arable land,
force the country to import most of its food. However, seaweed could play an important role in
providing a locally available food resource, as it does not require fresh water and arable land to
grow. The traditional use of several seaweed species as food sources has been documented in Asia
and the Americas, where their nutritional composition has been well reported. Although the UAE’s
aquatic environment is quite harsh due to high water salinity (over 40 g/L) and high surface water
temperatures (over 35 ◦C), its native seaweed species could play a role as a food source in this
arid region, thereby bolstering the country’s level of food security. To evaluate its potential in this
context, fresh samples of the native Ulva intestinalis seaweed were collected in the shallow waters
of Abu Dhabi Emirate, UAE. These samples were calculated to contain 34.38 ± 0.24 kcal, with a
biomass composition of 5.185 ± 0.04% carbohydrate, 3.32 ± 0.14% protein, and 0.04 ± 0.01% fat (by
dry matter). Of all the minerals present in the biomass, potassium had the highest concentration
(7947 ± 319.5 ppm), followed by magnesium (3075.9 ± 1357 ppm) and sodium (756.3 ± 478 ppm).
The water-soluble vitamins B1, B2, B3, B6, and C were below the detection limit in the samples.
The rich concentration of essential minerals such as potassium, magnesium, iron and zinc in Ulva
intestinalis makes it a promising novel food source. To the best of our knowledge, this is the first
experimental study to examine the feasibility of using seaweed that is native to the UAE as a
nutritional and sustainable food source in order to address the challenge of food security currently
being faced by the country.
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1. Introduction

Food, water, and energy are essential elements for a society’s development. Lack of
food resources is a growing concern for many nations, where access to food is restricted due
to, for example, geo-environmental and geopolitical factors. Moreover, these factors can
significantly affect food imports and accessibility, eventually increasing a country’s poverty
rate [1,2]. Food security is a term used to describe the capability of a country to provide
food resources, provide access to food resources, and to utilize food resources [3]. Despite
being one of the Middle East’s fastest-growing economies, the United Arab Emirates (UAE)
is facing food security concerns [4]. The country has a well-established import and export
system, in which food is one of its primary import goods, with nearly 90 percent of the
nation’s food needs being covered by imports [5]. Due to climatic and environmental factors,
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the UAE suffers severely from a lack of healthy arable land and access to freshwater, which
limits its ability to produce locally grown food crops [6]. The UAE’s internal renewable
freshwater resources measure at 15.81 m3/inhabitant/year [7], which satisfies the definition
of being an arid region. Indeed, values below 500 are considered to represent “absolute
water scarcity” [8], and this scarcity constrains the nation’s domestic agricultural and food
production. Therefore, the coastline of the UAE appears to be an attractive location to
produce seawater ‘crops’ in order to boost the nation’s food security. The Emirate of Abu
Dhabi, which has the longest coastline of the Emirates, is in the southeastern region of the
Arabian Gulf. The coastal seawater salinity and surface seawater temperature can reach
40 g/L and 35 ◦C, respectively [9–11]. These aquatic conditions are quite harsh compared
to those in which seaweed is grown in East Asian aquatic environments—the salinity and
temperature of eastern Chinese waters are reported to be around 34.71 g/L and 25.7 ◦C,
respectively. Due to these comparatively harsh conditions exhibited by the waters of the
Arabian Gulf, the edibility of UAE native seaweed is still yet to be explored [12]. Seaweeds
are used as traditional food sources in East Asian countries because of their rich nutritional
value [13–15]; they typically contain high concentrations of micro and macro trace elements
such as sodium, potassium, calcium, magnesium, sulphur, chlorine, and phosphorus, and
also contain micronutrients such as cobalt, iron, nickel, boron, copper, zinc, manganese,
molybdenum, fluoride, selenium, and various vitamins [16]. In fact, the mineral content
of some seaweed species exceeds that of spinach [17–20]. Furthermore, seaweed does not
need arable land or freshwater to grow, and it has a high growth rate compared to terrestrial
plants. Some seaweed species (e.g., Eucheuma denticulatum, Rhodophyta) have a daily growth
rate in the range of 5.2–7.2%; indeed, the growth rates of seaweeds can be 10 times faster
than those of terrestrial plants [21,22].

Thus, seaweed can play an important role in food security, especially in arid countries
such as the UAE. To the best of our knowledge, this is the first experimental study to
examine the feasibility of using marine seaweed native to the UAE as a nutritional and
sustainable food source in order to address the challenge of food security. In the present
study, the nutritional and mineral compositions of the native green seaweed Ulva intestinalis,
which grows in the coastal areas of the UAE, were studied and compared with those of
dates, due to the prevalence of dates as a local food source in this country.

2. Materials and Methods
2.1. Sample Collection and Preparation

Fresh samples of Ulva intestinalis (Chlorophyta) were collected in the shallow wa-
ters surrounding the coastline of Abu Dhabi’s Mangrove Corniche Bay, 24◦27′18.7′ ′ N
54◦25′11.6′ ′ E, in February 2021. Pictures of Ulva intestinalis samples being collected during
the sampling trip are presented in Figure 1. Random sampling was carried out at a single
location, and all samples were stored in one sealed storage container. The Ulva intestinalis
samples were hand-washed using tap water at room temperature (20–25 ◦C) to remove any
foreign materials such as sand or dirt from the surface of the seaweed.

2.2. Chemical Composition Analysis
2.2.1. Total Solid and Ash Content

Using Equations (1) and (2) below, the moisture, volatile matter, and total solid contents
of the Ulva intestinalis sample were determined by drying the sample at 105 ◦C for 4 h in an
air oven, cooling it at room temperature in a desiccator, and then weighing it. In addition,
using Equation (3), the total ash content (as a percentage of the remaining sample) was
determined after the complete destruction of the organic compounds by heating the sample
in a furnace at a temperature of 550 ◦C for 4 h, according to the National Renewable Energy
Laboratory (NREL) procedure, with some modifications as per in-house lab protocol [23].

Moisture (and Volatile Matter) (mass %) = (m−m1)× 100 (1)
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Total Solids (mass %) = 100−Moisture (2)

Total Ash (mass %) =
(m1−m2)

m−m0
× 100 (3)

where (all in grams) m0: mass of empty crucible, m: mass of (empty crucible plus wet
sample), m1: mass of (empty crucible plus sample after drying at 105 ◦C), thus, (m − m0):
mass of wet sample, and m2: sample mass of empty crucible plus sample after furnace at
550 ◦C.
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Figure 1. Native Ulva intestinalis was sampled on the shore of the shallow waters surrounding Abu
Dhabi Island in February 2021.

2.2.2. Protein, Fat, Fiber, Carbohydrate, and Calorie Contents

The total nitrogen and crude protein contents of the sample were calculated using
the Kjeldahl method (see Equations (4) and (5)): acid hydrolysis was used to convert the
protein to (NH4)2 SO4 using a selenium mixture as a catalyst at 420 ◦C. The (NH4)2 SO4
was then converted to NH4 OH, and the excess boric acid was neutralized via automatic
titration [24].

Nitrogren (mass %) =
14.01×M× (A− B)

1000
× 100 (4)

where A = titrant (mL), B = blank (mL), M = the molarity of the acid, and 14.01 = the atomic
weight of nitrogen.

Crude Protein (mass %) = Nitrogen× 6.25 (5)

where 6.25 = the conversion factor for protein.
The crude fat content was determined by performing a petroleum ether extraction

(using an ANKOM XT15 extractor), in which the extracted compounds were mainly triacyl-
glycerols. The crude fat content was calculated by the difference in mass before and after
extraction and drying the filter bag at 102 ± 2 ◦C (see Equation (6)) [25].

Crude Fat (mass %) =
(m2−m3)

m−m0
× 100 (6)

where m − m0: original mass of sample, m2: mass of (filter bag + sample before drying),
and m3: mass of (filter bag + dried sample after extraction).

The crude fiber content was analyzed by treating the sample with sulfuric acid and
potassium hydroxide, resulting in the dissolution of cellulose, hemicellulose, and lignin
in the sample material. The undigested portion was dried and incinerated at 550 ± 25 ◦C
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for a minimum of 4 h. The difference between the ash content and the undigested portion
gave the crude fiber content (see Equation (7)) [26].

Crude Fiber (mass %) =
(m3−m1−m4− B4)

m−m0
× 100 (7)

where (all in grams) m1: mass of empty fiber bag, m − m0: original mass of sample,
m3: mass of (incinerating crucible + dried fiber bag after digestion), and m4: mass of
(incinerating crucible + ash); B4 = B2 − B1 − B3 where B1: mass of empty fiber bag of the
blank, B2: mass of (incinerating crucible + dried fiber bag of the blank after digestion), and
B3: mass of (incinerating crucible + ash of empty fiber bag of the blank).

The carbohydrate content was determined via Equation (8) [27]. The caloric content
was calculated using conversion factors as specified in EU Directive 90/496 article 5 (see
Equation (9)) [28].

Carbohydrate (mass %) = 100− (Moisture + Ash + Protein + Fat) (8)

Caloric Value (kcal) = 9× Fat + 4× Protein + 4× Carbohydrate (9)

where 9 kcal/g (or 37 kJ/g) = conversion factor for fat and 4 kcal/g (or 17 kJ/g) = conversion
factor for both protein and carbohydrate [28].

2.2.3. Heavy Metals and Minerals

The mineral content (aluminum, arsenic, boron, cadmium, chromium, copper, iron,
lead, magnesium, manganese, mercury, nickel, potassium, selenium, sodium, and zinc)
of the sample was determined via inductively coupled plasma mass spectrometry (ICP-
MS, Perkin-Elmer model Elan 6000 DRC-e, Waltham, MA, USA) according to the United
States Food and Drug Administration’s procedure for the determination of inorganic
elements in food, with some modifications as per in-house lab protocol [24]. First, the
fresh samples were homogenized using a grinder equipped with titanium blades free from
metal residue. The samples were then pretreated with nitric acid using a microwave wet
digestion technique before introducing them into the ICP-MS.

2.2.4. Vitamin B Complex and Vitamin C

The vitamin B complex and vitamin C (ascorbic acid) contents (both water-soluble)
of the sample were determined using a HPLC-UV detector (Waters C18 Column, 5 µm,
4.6 mm × 150 mm, Agilent, Santa Clara, CA, USA) according to methods derived from
the literature [25,29,30]. The fresh sample was clarified using Carrez solutions to remove
materials which would interfere with the vitamin B complex analysis. Two different Carrez
solutions were used: Carrez I, which is based on zinc acetate, and Carrez II, which is based
on potassium hexacyanoferrate (II) trihydrate. During the vitamin C analysis, the fresh
samples were treated with zinc acetate dihydrate and potassium ferrocyanide trihydrate
solution before being introduced into the HPLC-UV.

3. Results and Discussion
3.1. Chemical Characterization and Caloric Value

The results for the nutrient analysis of Ulva intestinalis collected from the shallow
waters surrounding Abu Dhabi Island are summarized in Table 1.
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Table 1. Ulva intestinalis chemical characterization and caloric value (% dry matter).

Components Value

Caloric value by calculation 34.38 ± 0.24
Carbohydrates 5.16 ± 0.04

Crude fiber 1.01 ± 0.13
Fat 0.04 ± 0.01

Moisture 85.83 ± 3.28
Protein 3.32 ± 0.14

Total ash 5.62 ± 3.20
Values are expressed as mean ± SD; n = 2.

The water content of seaweed can be affected by many factors, including structure,
tissue morphology, collection site, size, seasonality, and sample preparation [31]. In this case,
the fresh Ulva intestinalis samples were found to have a moisture content of 85.83 ± 3.28%.
The ash content (5.62 ± 3.20%) was relatively low compared to the results of other studies
of similar species to Ulva intestinalis, which found ash contents of 27.6% and 31.4% [32,33].
The reason for this relatively low ash content is the washing of the fresh sample several
times using tap water at the sampling stage, which minimized the residual seawater salt
content in the biomass. The biomass had a crude fiber content of 1.005 ± 0.13%, which is
relatively low compared to the crude fiber content of other seaweeds: other studies have
found crude fiber contents of 3.68% in Ulva sp. and 34.7% in Ulva lactuca [32,34]. The
nitrogen-based protein content of the sample was calculated as 3.32 ± 0.14%, which is
low compared with the protein content of the famous Japanese edible seaweeds known
commonly as “nori” and “wakame” [35]. “Nori” and “wakame” seaweeds are served in
various Japanese dishes; they have protein contents of 33.2% and 16.8%, respectively [35].
Ulva rigida (a green seaweed) has a protein content of 6.4%, while other Ulva species exhibit
higher protein contents, ranging from 8.7% to 20% depending on the techniques used to
extract protein and the extent to which samples were dried [36,37]. The caloric value of the
Ulva intestinalis sampled in this study was 34.38± 0.24 kcal, while the carbohydrate content
was measured to be 5.185 ± 0.04% of the dry biomass matter. The low caloric content of the
sample can be correlated with the ash content. Some studies have reported higher caloric
and carbohydrate contents for different Ulva species; for instance, a sample of Ulva lactuca
was found to have a caloric content of 242.1 kcal [38]. Elsewhere, Ulva sp. have been found
to have a carbohydrate content of 49.09% of dry matter, while that of Ulva lactuca (formerly
Ulva fasciata) has been found to be 71.1% [32,39]. The low carbohydrate content of the Ulva
intestinalis sample in the present study could be correlated with the low crude fiber content.

3.2. Minerals and Heavy Metal Contents

Table 2 presents the mineral composition of the Ulva intestinalis sample. The potassium
content was measured at 7947 ± 319 ppm, which is comparable to that of Ulva lactuca
(4670 ppm), but lower than that of Ulva australis (formerly Ulva pertusa) (15,357 ppm) [33,40].
Potassium is an essential dietary element for human health; an adequate daily intake
of this mineral is generally considered to be around 4700 mg/day [41]. As a point of
reference, bananas are well known for their high potassium content, measuring at around
3750 ppm [42]. After potassium, magnesium was the second most prevalent mineral in
the Ulva intestinalis sample, measuring at 3076 ± 1357 ppm; this is lower than the content
found in both Ulva pertusa (33,596 ppm) and Ulva lactuca (30,800 ppm) [33,43]. The sodium
content was 756 ± 478 ppm, which is lower than that of Ulva australis, yet comparable to
that of Ulva intestinalis sampled in Thailand [33]. In fact, a lower concentration of sodium
is in line with dietary health guidance, as high sodium consumption has been linked to
the risk of developing cardiovascular diseases and hypertension [44]. The iron content
of the Ulva intestinalis sample was measured at 10.11 ± 1.26 ppm, which is comparable
to the content measured in other common vegetables; for example, crisphead lettuce has
an iron content of 4.1 ppm, whilst that of stem lettuce is 20 ppm [45]. A study on the
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effects of adding different species of seaweeds to rice meals has shown that seaweed
increases the bodily absorption of iron present in the rice meal [46]. The iron contents
of several other seaweed species are as follows: Ulva sp. (Chlorophyta), 575 ± 311 ppm;
Sargassum sp. (Phaeophyceae), 1596 ± 324 ppm; Porphyra sp. (Rhodophyta), 155 ± 29 ppm;
and Gracilariopsis sp. (Rhodophyta), 1959 ± 549 ppm [46]. These findings indicate the
potentially significant role of seaweed in increasing the nutritional value of meals in
underdeveloped countries.

Table 2. Approximate inorganic chemical content of Ulva intestinalis sample (% dry matter).

Elements Value

Potassium 7947 ± 319 ppm
Magnesium 3076 ± 1357 ppm

Sodium 756 ± 478 ppm
Iron 10.11 ± 1.26 ppm

Aluminum 3.57 ± 0.43 ppm
Chromium 2.26 ± 0.30 ppm

Boron 4.18 ± 2.30 ppm
Manganese 7.65 ± 2.91 ppm

Nickel 3.21 ± 0.77 ppm
Copper 2.09 ± 0.46 ppm

Selenium 0.92 ± 0.61 ppm
Arsenic 0.24 ± 0.05 ppm

Zinc 5.01 ± 0.96 ppm
Lead 0.26 ± 0.07 ppm

Mercury 0.03 ± 0.03 ppm
Cadmium <0.00001 ppm *

Values are expressed as mean ± SD; n = 2. * Below the limit of detection (LOD).

The aluminum content of the Ulva intestinalis sample was found to be relatively low
(3.57 ± 0.43 ppm); the content of this mineral in other green seaweeds has been reported to
be around 34.10 ± 39.63 ppm, whilst that of the famous Japanese dried seaweed wakame
has been reported to be between 17.7 and 149 ppm [47,48]. The maximum recommended
intake of aluminum from natural sources is 10 mg/day for humans, since a high bodily
intake of aluminum has been correlated with health issues such as Alzheimer’s disease
and adverse effects on the nervous system [49]. The aluminum concentration in seaweed
can be manipulated through optimal pretreatment in order to comply with the accept-
able limit [50,51]. The chromium and boron contents of the sample were measured at
2.26 ± 0.30 ppm and 4.18 ± 2.30 ppm, respectively. This chromium content is higher than
that of Ulva lactuca, which has been reported to be 1 ppm [52]. The boron content measured
is also relatively high: in other green seaweeds, the boron content has been reported as
being in the range of 0.56–0.88 ppm [53]. However, the results for the sample in this study
are closer to those found for some red seaweed species, such as Gracilaria edulis, Gracilaria
canaliculata (formerly Gracilaria crassa), Gracilaria corticata, Sarcodia ceylanica, and Centroceros
clavulatum (Rhodophyta), which have boron contents in the range of 2.02–2.73 ppm [53].
As a point of reference, an adequate intake of chromium for humans is only 0.035 mg/day,
while the maximum tolerable intake of boron is 20 mg/day [54]. The manganese content of
the Ulva intestinalis sample was measured at 7.65 ± 2.91 ppm, which is low compared to
that reported for other green seaweeds such as Caulerpa lentillifera (70.9 ppm) and Caulerpa
racemose (Chlorophyta) (40.91 ppm) [55]. The nickel content of our sample was measured
at 3.21 ± 0.77 ppm, whilst that of other green seaweeds has previously been reported
as 0.51 ± 0.33 ppm [47]. No data could be found on the recommended nickel intake for
human health; this could be due to the lack of evidence on the importance of nickel as a
nutrient [54]. The copper content of our sample was measured at 2.09 ± 0.46 ppm, which
is close to the value reported for Ulva sp. in other studies (3 ppm). For this nutrient, the
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recommended intake ranges from approximately 1.2 to 1.6 mg/day for men and from 1.0
to 1.1 mg/day for women [17,54]. The selenium content of our sample was measured at
0.92 ± 0.61 ppm, which is relatively high; in contrast, Ulva stenophylla has been reported
to have a selenium content of 0.0017 ppm [56]. As a point of reference, the selenium
content of vegetables such as lettuce ranges between 0.001 and 0.015 ppm [45], whilst the
recommended daily intake of this nutrient is 0.07 mg/day for men and 0.06 mg/day for
women [56]. As many as 180 different seaweed species have been reported to contain
arsenic in the range of 0.01–1 ppm [57]; adding to this list, our sample was found to contain
0.24 ± 0.05 ppm. There is currently no evidence for the nutritional value of arsenic in
humans, although arsenic deprivation has been linked to impaired growth and abnor-
mal reproduction in some animals [54]. The zinc content of our sample was measured
at 5.01 ± 0.96 ppm, which is lower than that of Ulva sp. (9 ppm) [17]. As for the remain-
ing minerals examined, the lead and mercury contents were measured at 0.26 ± 0.07 and
0.03 ± 0.03 ppm, respectively, while the cadmium content was below the limit of detec-
tion (LOD) of <0.00001 ppm. The LOD is defined as the lowest concentration of analyte
that can be detected given the instrumentation and methods used and the quality of the
sample preparation. Comparable to that of our sample, the lead content of Ulva lactuca
has been reported as 0.452 ppm [43], whilst its mercury and cadmium contents are report-
edly 0.017 ppm and 0.045 ppm, respectively [43]. Some of these heavy metals, such as
cadmium and mercury, are readily available in plant-based foods, and can cause serious
health issues related to the kidneys, lungs, liver, and nervous system if consumed in high
concentrations [51].

3.3. Water-Soluble Vitamins

As measured in this study, Table 3 presents the water-soluble vitamin contents of the
Ulva intestinalis sample. The B complex vitamins (including thiamine hydrochloride (B1),
riboflavin (B2), nicotinamide (B3), and pyridoxine (B6)) were all found to be below the LOD,
as was ascorbic acid (vitamin C). However, water-soluble vitamins have been reported in
noticeable concentrations in several other green seaweeds; for example, Ulva lactuca has
been reported to contain vitamin B1 in the range from <1 to 70 ppm, vitamin B2 in the
range from <2 to 40 ppm, and vitamin B3 at a value of approximately 2.1 ppm [55,58]. In
most seaweeds, vitamin B6 (pyridoxine) has either not been detected or has been detected
only in relatively small quantities, with the exception of a few species that have been found
to have concentrations in the range from 3 ppm to over 80 ppm [55,58]. In contrast to our
sample, the vitamin C content of some green seaweeds has been reported as ranging from
2 ppm to over 90 ppm [58]. The low vitamin content of Ulva intestinalis found in this study
could be related to the analytical methods used, seasonal variation, and/or the sample
preparation process [59].

Table 3. Water-soluble vitamins in Ulva intestinalis.

Components Value

Ascorbic acid (Vitamin C) <10.0 ppm *
Nicotinamide (B3) <3.0 ppm *

Pyridoxine (B6) <3.0 ppm *
Riboflavin (B2) <3.0 ppm *

Thiamine hydrochloride (B1) <3.0 ppm *
* Below the limit of detection (LOD).

3.4. Nutritional Comparison between Ulva intestinalis and Palm Dates

The fruit of the date palm, Phoenix dactylifera, is a traditional food crop in the Middle
East, North Africa, and some parts of Asia [60,61]. Dates have played a significant role
in these regional economies; in fact, they have historically been the only export products
of some of the countries in these regions [61,62], and the UAE is one of the top producers
and exporters of dates and date palm derivatives [62,63]. Moreover, dates are known for
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their rich nutritional composition (see Table 4) [64–67]. In order to evaluate Ulva intestinalis
as a potential food source that is locally available in the UAE, its nutritional content was
compared to that of dates. This comparison has not been conducted with the intention of
replacing the date palm with seaweed; it merely serves as a benchmark for determining
the worth of this seaweed as a local and sustainable source of food. Table 4 provides the
chemical composition of Phoenix dactylifera fruits as described in the literature [64–67]. From
this, we can see that dates have a higher carbohydrate content than Ulva intestinalis seaweed
(Table 2); this result was expected, since dates are considered to be sweet fruits. The protein
content of dates is lower than that of the seaweed sample. However, the protein content in
dates varies depending on species, stage of fruit maturity, and the geographical location of
the date palm tree [62]. As expected, the ash and moisture contents of the seaweed sample
were higher than those of dates, due to the nature of seaweed habitats.

Table 4. Chemical composition of the fruits of the date palm Phoenix dactylifera (average values),
according to cited studies [64–67].

Components Phoenix dactylifera

Ash 1.67%
Carbohydrate 80.6%
Dietary fiber 4.8%

Fat 0.38%
Moisture 15.2%
Protein 2.14%

The macro and micronutrient contents of dates are presented in Table 5, where the
values are averages of values given by different cited sources. Dates are rich in nutrients
and minerals; for example, the average potassium content of dates is reportedly 7130 ppm,
which is actually comparable to that of the Ulva intestinalis sample used in this study. The
magnesium and sodium contents of Ulva intestinalis were found to be higher than those
of dates, which is to be expected; a study of more than 20 types of fruits and vegetables
showed that the magnesium and sodium contents of vegetables are generally higher than
those of fruits, and dates are a type of fruit [62]. The concentrations of heavy metals related
to health risks (such as arsenic, cadmium and selenium) are substantially lower in Ulva
intestinalis than in dates.

3.5. Processing Seaweed as a Food Source and Mineral Supplement

Seaweed can be eaten in many forms: fresh, cooked, powdered, and as an additive.
The vitamins and minerals in seaweed can also be consumed as extracted nutrients. As
mentioned earlier, seaweed is used as fresh food in some Asian countries [35]; for example,
Japanese “nori” seaweed is sold in food markets as a dried sheet of seaweed, in toasted
cooked form, as instant soup in restaurants, as a jam ingredient, and as a clarification
component for making wine [68]. In China, Saccharina japonica (formerly Laminaria japonica)
(Phaeophyceae) is produced in large quantities and is mainly consumed fresh as a sea
vegetable, whilst Grateloupia filicina and Gracilaria (Rhodophyta) are consumed in salads [69].
In Chile, Durvillaea antarctica (Phaeophyceae) is traditionally used in stews [70].

The utilization of seaweed in functional food for dietary benefits has been investigated
in relation to many different food products, such as beef, chicken, seafood, and baked
goods [70,71]. For example, seaweed and seaweed extracts can be mixed with meat
products to increase their fiber and protein content and to promote antioxidant activity [71].
In addition, seaweed powder can be used in baked goods for dietary enhancement [72].
Outside of meals, Ulva intestinalis has also been studied as an ingredient in soap, tea, and
spice mixes [33,73].
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Table 5. Inorganic chemical analysis of the fruit of the date palm Phoenix dactylifera (average
values) [64–67].

Elements Phoenix dactylifera
(According to Cited Data)

Potassium 7130 ppm
Magnesium 642 ppm

Sodium 329 ppm
Iron 8.3 ppm

Aluminum 30 ppm
Chromium 0.686 ppm
Manganese 2.7 ppm

Nickel 0.82 ppm
Copper 2.4 ppm

Selenium 3.1 ppm
Arsenic 0.58 ppm

Zinc 2.7 ppm
Lead 0.18 ppm

Cadmium 0.01 ppm

The cultivation, harvesting, and processing of seaweed is well established in some
parts of Asia, Europe, and Africa [74], where its promising benefits as a foodstuff make
it attractive to food industries. In Europe, for instance, the demand for food containing
seaweed has increased by 147% in just four years [74]. The results of the Ulva intestinalis
analysis in this study—revealing its high mineral content, including minerals such as
potassium, magnesium, and iron—suggest that it is a good source of nutrients for food
additives and dietary supplements. Utilizing the minerals contained within Ulva intestinalis
as food additives will increase the nutritional value of foods consumed in the UAE such as
rice and bread, which are primary components of local Emirati dishes.

4. Conclusions

In this study, the nutrient and mineral contents of the seaweed Ulva intestinalis, which
is native to the UAE, were analyzed in order to explore the feasibility of using it as a
food source. This analysis has shown that Ulva intestinalis has an interesting mineral
composition, which could be exploited to produce food additives. Furthermore, some of
the concentrations of nutrients and minerals in Ulva intestinalis exceed or are comparable to
those found in date palm fruit, one of the UAE’s primary locally grown foods.

With its notable nutritional content, seaweed as a food has numerous health benefits.
As such, Ulva intestinalis is a perfect candidate food source to meet some of the UAE’s food
security issues related to poor arable land and limited freshwater resources.
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