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Abstract
Halophyte species of United Arab Emirates are a source of unique active phytochemicals, potentially due to the
extreme environmental conditions under which the plants grow in the UAE. These phytochemicals make the
native halophytes possibly interesting crops for biorefining, where biofuel production is combined with the
production of value added chemicals, improving the economic feasibility of both process. Phytochemicals
found in these species are widely recognized and researched as potential pharmaceutical and nutraceutical
products. We reviewed the literature for secondary metabolites from species from the following halophyte
families: Aizoaceae, Amaranthaceae (incl. Chenopodiaceae), Avicenniaceae, Zygophyllaceae. The review
revealed that plant species belonging to these families contain valuable phytochemicals, such as fatty acids,
terpenoids, flavonoids, alkaloids, steroids, tannins, saponins, quinones and coumarins, many of which have been
reported to have therapeutic effects in humans.
Кey words: Halophytes, Phytochemicals, Biorefining

trend in biofuel research entails searching for
biomasses that contain extractable active
components or phytochemicals, which can be sold
as food and cosmetics additives, nutraceuticals, and
even pharmaceuticals. These plant-based chemicals
may be attractive to consumers due to their natural
origin.
In this paper we review the phytochemicals
found in the coastal halophytes of the United Arab
Emirates (UAE). Due to the extreme environmental
conditions in the UAE, i.e., high temperatures and
high salinity of the seawater of the Persian Gulf, it
is possible that plants here may have unique
compounds not found in other species or in higher
concentrations found in other species.
Stress response mechanisms in halophytes have
been reviewed by Jithesh et al. (2006). They note
that salt stress, which affects cellular membranes,
enzyme activities and the photosyntethic system, is
largely caused by the damage from the production
of reactive oxygen species (ROS) (Jithesh et al.,
2006). Plants have evolved two antioxidative
pathways to combat damage from ROS: an
enzymatic pathway, which involves enzymes such
as super oxide dismutase, and catalase, and a nonenzymatic pathway which includes antioxidants
such as tocopherol, carotenoids, ascorbate, phenolic
compounds, alkaloids, glutathione and non-protein

Introduction
Currently, efforts are underway to develop
halophytes as crops for seawater irrigation in the
United Arab Emirates. One of the potential uses of
halophytes is as feedstocks for biofuels (Abideen et
al., 2012; Abideen et al., 2011). However, as the
main component of the halophyte biomass is
lignocellulose, significant processing (high
temperature
pretreatment
and
enzymatic
hydrolysis) is needed to release the fermentable
sugars needed for biofuel production. The
processing of halophytes for biofuels is further
complicated by their high ash content. In order to
achieve feasible biofuels processes from most
lignocellulosic biomasses and even more so from
halophyte lignocellulose, biorefinery concepts need
to be applied, where value added chemicals are
extracted prior to the conversion of the biomass to
biofuels (Wyman, 1996). In other words, the latest
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amino acids that scavenge free radicals (Gill and
Tuteja, 2010). Jithesh et al. (2006) also noted that
osmolytes, such as glycine betaine and proline,
which are produced by halophytes to adjust
osmotically to saline conditions, may also provide
protection against free radicals, but that the
mechanism by which they confer protection is
mostly unknown.
Halophyte metabolites are a combination of
components typical for lignocellulosic biomass and
components unique for a family or species. The
most commonly found components include primary
metabolites such as amino acids, protein,
carbohydrates and lignin (Bandaranayake, 2002).
Secondary metabolites or phytochemicals include
compounds of pharmacological and biological
importance, such as alkaloids (A), fatty acids and
lipids (FA, L), flavonoids (Fl), phenolics (Ph),
quinines (Q), tannins (Tan), terpenoids (Ter),
steroids (St) and saponins (Sap), coumarins (Co) to
name a few (Bandaranayake, 2002). Content of the
secondary metabolites can vary depending on the
particular habitat where the plant grows.
Waterlogging, which affect halophytes such as
mangroves and other intertidal halophytes has also
been shown to increase the concentration of
antioxidants. Suaeda maritima was cultivated in
saline conditions under flooded and drained
conditions, and under saline-flooded conditions
plants produced higher concentrations of
antioxidants than under drained conditions (Alhdad
et al., 2013). Finally heat stress is also known to
trigger ROS production in plants (Gill & Tuteja,
2010; Pucciariello et al., 2012).
Thus, it appears as though the multiple severe
environmental stresses such as extreme salinity,
extreme heat and flooding that coastal plants in the
UAE experience should likely provide for the
evolution of multiple antioxidant compounds that
the plants can employ to combat the deleterious
effects of increased ROS production.

Anabasis setifera DC.) (Akhani et al., 2012);
Salsola rosmarinus (Ehrenb. ex Boiss.) Akhani
(Basionym: Seidlitzia rosmarinus Ehrenb. ex
Boiss.) (Akhani et al., 2007); Salsola drummondii
Ulbr.; Caroxylon imbricatum (Forssk.) Akhani and
E. H. Roalson (Basionym: Salsola imbricata
Forssk.) (Akhani et al., 2012); Bienertia
sinuspersici Akhani, a new species, formerly
combined into Bienertia cycloptera Bunge ex
Boiss. (Akhani et al., 2005); Salicornia sinuspersica Akhani, a new species formerly combined
into Salicornia europea L. (Akhani, 2008); Suaeda
iranshahrii Akhani & Freitag; a new species
formerly combined into Suaeda maritima (Freitag
et al., 2013); Suaeda vermiculata Forssk. ex J. F.
Gmel. (synonymous with Suaeda fruticosa Forssk.
ex J. F. Gmel.Bolous); the mangrove Avicennia
marina (Forssk.) Vierh. from the Avicenniaceae
family; and Zygophyllaceae member Tetraena
qatarense (Hadidi) Beier & Thulin (Basionym:
Zygophyllum qatarense Hadidid) (Beier et al.,
2003).
Aizoaceae
Sesuvium portulacastrum
S. portulacastrum is a long known medicinal
plant traditionally used by healers in South Africa
to treat infections (Magwa et al., 2006), where it
was used as a remedy for fever, kidney disorders
and scurvy (Rojas et al., 1992). Sesuvium species
containing secondary metabolites have shown a
great potential to substitute some artificial raw
materials applied in nutraceuticals, cosmetics and
perfumery industries (Lis-Balchin & Deans, 1997;
Lokhande et al., 2013). Essential oil extracted from
the leaves by hydrodistillation have been found to
contain active phytochemicals (mostly terpenoids),
which included (in descending order of amount in
the essential oil): o-cymene, alpha- and betapinene,
trans-caryophyllene,
1,8-cineole
(eucalyptol), limonene, alpha-terpinene and alphaterpinolene, camphene, bornylacetate, tridecane and
alpha-humulene. Due to the content of these
compounds, essential oils of S. portulacastrum
exhibit notable antioxidant, antibacterial and
antifungal properties (Filipowicz et al., 2003;
Magwa et al., 2006). Trans-caryophyllene,
bornylacetate, tridecane and alpha-humulene have
been claimed to be precursors of complex menthols
and resins, which are the defense mechanism of
trees against pathogens (Magwa et al., 2006).
Sterols, flavonoids, alkaloids, organic acids and
other phenolic compounds have also been isolated
from ethanol extracts of S. portulacastrum. These
include dihydrostigmasterol, capsaicin, epicatechin,

2. Review of the phytochemicals found in
halophyte species of the UAE
We reviewed the literature on species that were
indicated as common coastal halophytes in the
UAE by Bö er (2002) and Bö er and Saenger (2006).
We examined Aizoaceae family members Sesuvium
portulacastrum (L.) L.; Sesuvium sesuvioides
(Fenzl) Verdc.; Sesuvium verrucosum Raf.;
Amaranthaceae s.l. (incl. Chenopodiaceae) family
members Arthrocnemum macrostachyum (Moric.)
C. Koch, Halocnenum strobilaceum (Pall.) M.
Bieb., Halopeplis perfoliata (Forssk.) Schweinf. &
Aschers., Salsola annua (Bunge) Akhani (Synonym
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PUFA’s were reported to possess high antioxidant
activity and are potential radical scavengers (Plaza
et al., 2009). FAME and PUFA’s are considered to
be important nutritional supplements for people
with Alzheimer’s disease, coronary heart disease,
tumors, arteriosclerosis and inflammation. A.
macrostachyum methanol extracts possess iron
reducing and copper chelating activities, which can
help in prevention of oxidative stress-related
diseases and Alzheimer’s disease (Custó dio et al.,
2012).

gallic acid and benzoic acid (Al-Azzawi et al.,
2012). All of these compounds are known for their
antimicrobial activities. Capsaicin and epicatechin
are strong antioxidants, while benzoic acid has been
recognized as anticancer and anti-HIV agent (AlAzzawi et al., 2012). Suganthy et al. (2009)
discussed the similarity of the inhibitory activity of
the methanolic extracts of S. portulacastrum to the
drug Donepezil, which is used for Alzheimer
treatment.
Sesuvium verrucosum
No detailed characteristic of S. verrucosum
could be found in the literature available to us;
however this species has been tested for its
cytotoxicity and compared with a few other
halophyte species. According to Taha & Alsayed,
(2000), ethanol extracts obtained from the plant
were found to be the most potent in the brine
shrimp assay for cytotoxicity. This assay is a simple
test for detecting the potential anti-tumor properties
of a plant extract. Even though the active
component responsible for the alleged cytotoxicity
of the ethanol extract of S. verrucosum has not been
identified, its properties are similar to those of the
extracts of Myrsine africana, which contains 2hydroxychrysophanol (Li & McLaughlin, 1989).
This compound belongs to anthraquinones, which is
a group of compounds that are currently used as
anticancer medicines (Cichewicz et al., 2004; Smith
et al., 1990).

Caroxylon imbricatum
High protein content was found in the C.
imbricatum species (40% dry weight), when
compared to other Salsola species. Lipids were
detected in the amount of 3% dry weight, and the
identified fatty acids included mainly oleic,
linolenic and palmitic acids (Turki, 1999). Oleic
acid (monosaturated fatty acid) and linolenic acid
(an omega-3-acid, falling into poly-unsaturated
fatty acids category) have been associated with
reducing risks of cardiovascular and heart disease
in humans (Ramadan et al., 2009). Methanol
extracts obtained from the C. imbricatum roots
were found to contain four identified triterpenoids,
namely triterpene saponins, which included
glycosides: pseudoginsenoside and silphioside as
well as two newly discovered akebonic acid
glucopyranoside and hydroxyoleanolic acid
glucopyranoside (Hamed et al., 2011).

Amaranthaceae (incl. Chenopodiaceae)
Arthrocnemum macrostachyum
A. macrostachyum has been reported to be a
medicinal plant (El-Wahab et al., 2008). Screening
for phytochemicals in A. macrostachyum revealed
content of secondary metabolites, fatty acids and
fatty acid methyl esters (FAME). Secondary
metabolites present in A. macrostachyum include
phenolic compounds, alkaloids, flavonoids and
tannins. A. macrostachyum possess antioxidant and
reductive activities which are attributable to the
high phenolic content (55%). Also high radical
scavenging activity (RSA) indicates that A.
macrostachyum can be a potential source of
antioxidant compounds (Custó dio et al., 2012). A.
macrostachyum contains significant amounts of
edible oils, having high content of unsaturated fatty
acid (70-80%), which can be an alternative for
commercial sources of vegetable oil (Qasim et al.,
2011). High content of polyunsaturated fatty acids
(PUFA) (46.5%) was reported for A.
macrostachyum dominated by α-linolenic and
linoleic acids (Custó dio et al., 2012). FAME and

Halocnemum strobilaceum
H. strobilaceum extracts have been identified to
possess medically and pharmaceutically interesting
properties due to being a source of fatty acids,
triterpenoids and flavonoids. The most abundant
fatty acid found in the unsaponifiable plant fraction
was palmitic acid (comprising 40% of all the fatty
acid content). Campesterol, stigmasterol, betasitosterol (phytosterols) and alpha-amyrin were the
triterpenoids identified in the same fraction
(Radwan and Shams, 2007). Phytosterols have been
proven to reduce cholesterol levels in blood
(Brauner et al., 2012) and are precursors for
production of synthetic human progesterone
(Janeczko, 2012). Alpha-amyrin was found to act as
an
antihyperglycemic
(hypoglycemic)
and
hypolipidemic agent in mice and rats (Narender et
al., 2009; Santos et al., 2012). Flavonoids, widely
known for their antioxidant properties were isolated
from chloroform and ethyl acetate fractions and
included chrysoeriol, luteolin galactoside, quercetin
rhamnoside and luteolin, and the ethyl acetate
extract from H. strobilaceum was observed to
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parts of the plant against Bacillus subtilis has been
observed (Akbar and Yahya, 2011).

exhibit antioxidant activity (Radwan and Shams,
2007). Additionally, luteolin is an antiinflammatory compound and has been examined as
an alternative treatment for multiple sclerosis
(Theoharides, 2009). Scopoletin, a coumaric
derivative was also detected in these fractions
(Radwan and Shams, 2007). Scopoletin has been
also found to possess antioxidant activity (Shaw et
al., 2003).

Salicornia sinus-persica
Salicornia sinus-persica was formerly included
with Salicornia europea until Akhani (2008)
identified the populations in the Persian Gulf region
as a separate species. No studies have been
performed on the phytochemical composition of S.
sinus-persica to date, but S. europaea was found to
contain alkaloids, saponins, flavonoids and other
phenolic compounds (Lellau and Liebezeit, 2001).
Four triterpenoid saponins extracted from S.
europaea have been identified in a new study (Yin
et al., 2012). These include oleanolic acid
glucoside, chikusetsusaponin
methyl
ester,
calenduloside E and calenduloside E 6’-methyl
ester, in addition to a newly discovered dihydroxyoleanenoic acid glucopyranosyl ester. Oleanolic
acid glucoside has been characterized to possess
antidiabetogenic properties on rats (Yoshikawa &
Matsuda, 2000), while chikusetsusaponin methyl
ester was found to work as an anti-obesity agent
(Han et al., 2005). Calenduloside E 6’-methyl ester
has been recently analyzed for cytotoxicity against
colon cancer cells in mice with positive outcome
(Lee et al., 2012). Betacyanines, chromomes and
isoflavones have also been detected in S. europaea
L. extracts (Arakawa et al., 1982). Betacyanines
and isoflavones are known for their high potential
in free radical scavenging and anti-inflammatory
properties (Siow and Mann, 2010; Tesoriere et al.,
2009), while some chromones have been found to
work as anti-HIV agents (Yu et al., 2004).
Additionally, flavonoid compounds found in S.
europaea were suspected to be responsible for the
antimicrobial effect of ethanol extract from this
plant (Lellau and Liebezeit, 2003).

Salsola annua
Current research performed on S. annua
resulted in the identification of four triterpenoids.
Identified triterpenoids included: alpha-amyrin
glucopyranoside,
patuletin
glucopyranoside,
myricitrin and a newly discovered oleanane
triterpene saponin derivative – sophradiol
glucopyranoside (Abdou et al., 2013). All of these
compounds were found to inhibit acute and chronic
inflammatory agents in rats, and thus were
concluded to exhibit anti-inflammatory properties
(Abdou et al., 2013). S. annua has been previously
described as being highly defensive towards
insects, fungi and grazing animals due to emitting
fragrant essential oils. Active components present
in the steam distillate obtained from the aerial parts
of the plant were identified as carvacol and thymol,
and were observed to work as effective insecticides
(Saleh, 1986). Both carvacol and thymol are
commonly used as germicides and antiseptics in
oral disinfectants and anesthetics as well as in
cosmetics (Botelho et al., 2007). However, both
compounds show bactericidal activities against
other pathogenic bacteria (Nostro et al., 2012;
Wattanasatcha et al., 2012). S. annua was found to
contain alkaloid (1.25%) and saponin (1.30%),
where the saponin at extract concentration of 5
mg/kg resulted in maintaining normal bloodglucose levels when orally administered to diabetic
mice. Sub-acute administration showed no toxic
effects compared to oral administration, which
becomes toxic at extract concentration  1,000
mg/kg (Kambouche et al., 2009) .

Suaeda iranshahrii
Similar to Salicornia sinus-persica, Suaeda
iranshahrii was formerly included with Suaeda
maritima until Freitag et al. (In Press) identified the
populations in the Persian Gulf region as a separate
species. No studies have been performed on the
phytochemical composition of Suaeda iranshahrii
to date, but phytochemicals have been identified in
S. maritima. Ethanol extracts of S. maritima leaves
have been reported to have hepatoprotective
properties when administered to Wistar albino rats.
Triterpenoids were identified in the plant extracts,
suggesting their involvement in the liver tissue
protection from stress agents (Ravikumar et al.,
2011; Tamai et al., 2007). A polysaccharide
detected in the leaves of S. maritima has been
reported to have activity against human HIV

Salsola rosmarinus
Traditionally, S. rosmarinus was used in soap
and detergent-making due to its alkalinity and
antiseptic properties (Hadi, 2009; Younos et al.,
1987). The plant has been found to have high
nutritional value and was found highly palatable for
camels (Towhidi and Zhandi, 2007). Newer studies
report on the content of polyphenolics (flavonoids
and tannins) and terpenoids in aerial parts of S.
rosmarinus, however no information has been
found on the specific compounds. Antibacterial
activity of the chloroform extracts from the aerial

1049

Emir. J. Food Agric. 2014. 26 (12): 1046-1056
http://www.ejfa.info/

(Bandaranayake, 2002). Flavonoid sulfates,
alkaloids, tannins and steroids were also found in S.
maritima extracts (Bandaranayake, 2002; Patra et
al., 2011). Ethanol extracts obtained from S.
maritima leaves have been reported to exhibit
antibacterial properties comparable with standard
antibiotics as well as free radical scavenging
activity confirmed using seven different assays
(Patra et al., 2011).

as an antimicrobial agent for treatment of
inflammatory acne vulgaris (Higaki, 2003;
Nakatsuji et al., 2009). Triterpenoids, hydrocarbons
comprised of six isoprene units (i.e. betulinic acid,
taraxerol and taraxerone) have been isolated from
A. marina bark (Zhu et al., 2009). Due to their
aromatic properties, these compounds are used as
flavors, perfumes, soaps, but also as antimicrobial
and antifungal agents (Bandaranayake, 2002;
Chandrasekaran et al., 2009). Betulinic acid has
been discovered to possess strong antitumor and
anticancer properties against human melanoma and
breast cancer cells (Mertens‐Talcott et al., 2012;
Pisha et al., 1995), while taraxerol is an antiinflammatory agent (Yao et al., 2013). Unusual
naphtoquinone derivatives have been isolated from
stems of A. marina, including avicequinone A,
avicequinone C and stenocarproquinone B, all
exhibiting
antiproliferative,
cytotoxic
and
antibacterial effects (Zhu et al., 2009).

Suaeda vermiculata
S. vermiculata, an edible halophyte, has been
recognized for its hypoglycemic and hypolipidemic
properties and is claimed to possess components
active against cancer, the effects of free radicals
and tissue inflammation (Oueslati et al., 2012).
According to Benwahhoud et al. (2001), flavonoids
are the group of compounds that act as
hypoglycemic and hypolipidemic agents in water
extracts of S. vermiculata when applied to rats.
Shoot extracts of this plant were found to contain
relatively high (higher than other halophyte
species) content of polyphenolics (including
flavonoids), which were responsible for their free
radical-scavenging properties (Oueslati et al.,
2012). These compounds, along with triterpenoids,
can be useful in preventing cardiovascular diseases
and even cancer (Chong et al., 2010; Stagos et al.,
2012).

Zygophyllaceae
Tetraena qatarense
High antimicrobial activity was observed in
butanol and ethanol extracts from T. qatarense
against pathogens such as Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and
Candida albicans. The activity has been found to
be similar to that of the currently used standard
antibiotics (Mahasneh, 2002). Water extracts of T.
qatarense have been subjected to a test of
antispasmodic properties on rabbit jejunum and
showed medium activity compared to other
medicinal plants of the UAE (Tanira et al., 1996).
Active
components
responsible
for
the
antimicrobial and antispasmodic effects have not
been described in detail in the available literature to
date, however the plant tested positively for
alkaloids, sterols and coumarins (Taha and
Alsayed, 2000).

Avicenniaceae
Avicennia marina
Grey mangrove tree (Avicennia marina)
extracts have been found to contain many valuable
components (Alizadeh Behbahani et al., 2012;
Bandaranayake, 2002). In addition to primary
metabolites including higher polysaccharides
(representing up to 50% plant weight (Ramadan et
al., 2009)), such as cellulose, a valuable product for
paper, polymer, food, and biofuel industry, A.
marina contains a range of phytochemicals. These
are found in bark, leaves, roots, stems and seeds
and include the following groups of compounds:
fatty acids, carboxylic acids, steroids, tannins and
triterpenoids (Bandaranayake, 2002). Palmitic and
oleic acids were the major fatty acids detected in A.
marina. Furthermore, the plant contains relatively
high amounts of poly-unsaturated fatty acids
(PUFA), which have been proven to show activity
against cardiovascular diseases, atherosclerosis,
autoimmune disorder, diabetes (Ramadan et al.,
2009). Lauric acid is one of the fatty acids that have
been extracted from A. marina leaves
(Chandrasekaran et al., 2010; Hogg and Gillan,
1984). This compound is widely used in cosmetics

Discussion
Findings from this review are summarized in
Table 1. Halophyte species found in United Arab
Emirates appear to represent a valuable source of
phytochemicals with proven medicinal relevance.
Harsh environment (saline soil, heat and flooding)
induces production of both enzymes and
phytochemicals in response to reactive oxygen
species (ROS). The latter includes production of
compounds
possessing
radical
scavenging
properties (antioxidants). The most commonly
found phytochemicals include fatty acids (e.g.
oleic, linolenic and palmitic acids), polyphenols
(e.g. hydroxycinnamic acids), terpenoids (e.g. fatty
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properties. Furthermore, valuable components that
are used in cosmetic and food industry have been
identified, e.g. lauric acid and aromatic compounds
from the bark of grey mangrove tree (Avicennia
marina) and different terpenoids from essential oils
of S. portulacastrum and S. annua, which are
known as effective antiseptic compounds.

acid glycosides), flavonoids (e.g. quercetin and
luteolin), alkaloids, sterols (e.g. stigmasterol and
beta-sitosterol), tannins, saponins, quinones and
coumarins, with reported effects such as prevention
of cardiovascular diseases, as well as having antiinflammatory, anti-carcinogenic, antioxidant, antimicrobial, anti-viral, anti-fungal, and anti-diabetic

Table 1. Characteristics of the researched halophyte species of United Arab Emirates coastline.
Name

Life
Form

Eco/morphotype

C3/C4

Phytochemicals
Found (y/n)

References

H

PSH/LS

C3

(Al-Azzawi et al., 2012; Magwa
et al., 2006)

An
Ch

PSH/LS
PSH/LS

C4
C3

Fl, Ph, Ter, Ph,
Al
No studies
Q (possibly)

Ch

HG/SS

C3

An
Ch

H/LS
XH/LS

C4
C4

Halocnenum
strobilaceum
Halopeplis perfoliata
Salsola annua

Ch

HG/SS

C3

FA, Fl, Tan,
Ph, Al
No studies
FA, L, triTerSap
FA, Fl, triTer

Ch
An/H/Ch

HG/SS
XH/SS

C3
C4

No studies
Ph, triTer-Sap

Salsola drummondii
Salsola rosmarinus
Salicornia sinuspersica

Ch
Ch
An

H/LS
H/LS
HG/SS

C4
C4
C3

Suaeda iranshahrii

An

HG/LS

?

Suaeda vermiculata

Ch

H/LS

C4

No studies
Fl, Ph, Tan, Ter
No studies, but
phytochemicals
found in
Salicornia
europea
No studies, but
phytochemicals
found in
Suaeda
maritma
Fl, Ph, triTer

Avicenniaceae
Avicennia marina

Ph

HG

C3

Aizoaceae
Sesuvium
portulacastrum
Sesuvium sesuvioides
Sesuvium verrucosum
Amaranthaceae
Arthrocnemum
macrostachyum
Bienertia sinuspersici
Caroxylon imbricatum

FA, Tan,
triTer, Q

(Li and McLaughlin, 1989; Taha
and Alsayed, 2000)
(Custó dio et al., 2012; Qasim et
al., 2011)
(Hamed et al., 2011; Turki, 1999)
(Radwan and Shams, 2007)
(Abdou et al., 2013; Saleh, 1986)

(Akbar and Yahya, 2011)

(Benwahhoud et al., 2001;
Oueslati et al., 2012)
(Bandaranayake, 2002;
Chandrasekaran et al., 2009;
Ramadan et al., 2009; Hogg and
Gillan, 1984; Zhu et al., 2009)

Zygophyllaceae
Tetraena qatarense
Ch
H/LS
C3
Al, St, Co
(Taha and Alsayed, 2000)
Life form: An=annual; Ch=chamaephyte; H= Hemicryoptophyte; Ph=phranerophyte; Eco/morphotype
Ecological type: PSH=psammohalophyte; H=halophyte; HG=Hygrohalophyte; XH=xerohalophyte; Morphological type;
LS=Leaf succulent; SS=Stem Succulent. Data on Amaranthaceae species from (Akhani et al., 2005; Akhani et al., 1997);
Aizoaceae from (Kocacinar and Sage, 2003; Lonard and Judd, 1997; Sikolia, 2009); Avicenniaceae from (Ball, 2009);
Zygophyllaceae from (Sage, 2005).
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Several of the halophytes are edible and contain
important
free
radical
scavenging
antiinflammatory compounds e.g. S. vermiculata,
which indicate possible use in nutraceuticals.
Phytochemicals found in the halophyte species
local to the UAE have also been reported to be
present in halophyte species in other regions of the
world, which includes antioxidants (e.g.
hydroxycinnamic acids and their derivatives) found
in Salicornia spp. growing in Europe or Korea
(Chung et al., 2005; Lellau and Liebezeit, 2001).

Akhani, H. 2008. Taxonomic revision of the genus
Salicornia L.(Chenopodiaceae) in central and
southern Iran. Pakistan J. Bot. 40(4):16351655.
Akhani, H., J. Barroca, N. Koteeva, E.
Voznesenskaya, V. Franceschi, G. Edwards, S.
M. Ghaffari, H. Ziegler and T. G. Lammers.
2005.
Bienertia
sinuspersici
(Chenopodiaceae): a new species from
southwest Asia and discovery of a third
terrestrial C4 plant without Kranz anatomy.
Syst. Bot. 30(2):290-301.

Conclusion
The findings in the reviewed papers show great
potential for coastal halophytes of the United Arab
Emirates to be used as raw material in biorefinery
processes where biofuels production from the
plants macronutrients (carbohydrates) is combined
with production of value added products such as
additives for food and feed industry and/or nutraand pharmaceuticals. Also of interest is the fact
that there have been several new halophyte species
described recently in the Gulf region, and as of yet
there have been no studies on the phytochemical
content of these species. Phytochemicals have been
found in closely related species, indicating that
these new species may also be a source of useful
compounds.

Akhani, H., T. Chatrenoor, M. Dehghani, R.
Khoshravesh, P. Mahdavi and Z. Matinzadeh.
2012. A new species of Bienertia
(Chenopodiaceae) from Iranian salt deserts: A
third species of the genus and discovery of a
fourth terrestrial C4 plant without Kranz
anatomy. Plant Biosys. 146(3):550-559.
Akhani, H., G. Edwards and E. H. Roalson. 2007.
Diversification of the old world Salsoleae sl
(Chenopodiaceae): molecular phylogenetic
analysis of nuclear and chloroplast data sets
and a revised classification. Internat. J. Plant
Sci. 168(6):931-956.
Akhani, H., P. Trimborn and H. Ziegler. 1997.
Photosynthetic pathways in Chenopodiaceae
from Africa, Asia and Europe with their
ecological,
phytogeographical
and
taxonomical importance. Plant Syst. Evol.
206(1-4):187-221.

Acknowledgments
We thank Hossein Akhani, Department of Plant
Sciences, School of Biology, Center of Excellence
in Phylogeny of Living Organisms, College of
Science, University of Tehran for his help in
clarifying the taxonomy of the plants reviewed
here.
References
Abdou, A. M., H. M. Abdallah, M. A. Mohamed,
G. A. Fawzy and A. B. Abdel-Naim. 2013. A
new anti-inflammatory triterpene saponin
isolated from Anabasis setifera. Arch. Pharm.
Res. 36(6):715-722.

Al-Azzawi, A., A. Alguboori, M. Y. Hachim, M.
Najat, A. Al Shaimaa and M. Sad. 2012.
Preliminary phytochemical and antibacterial
screening of Sesuvium portulacastrum in the
United Arab Emirates. Pharmacog. Res.
4(4):219.
Alhdad, G. M., C. E. Seal, M. J. Al-Azzawi and T.
J. Flowers. 2013. The effect of combined
salinity and waterlogging on the halophyte
Suaeda maritima: The role of antioxidants.
Env. Exp. Bot. 87:120-125.

Abideen, Z., R. Ansari, B. Gul and M. A. Khan.
2012. The place of halophytes in Pakistan's
biofuel industry. Biofuels 3(2):211-220.
Abideen, Z., R. Ansari, M. A. Khan. 2011.
Halophytes: Potential source of lignocellulosic biomass for ethanol production.
Biomass Bioener. 35(5):1818-1822.

Alizadeh Behbahani, B., F. Tabatabaei Yazdi, F.
Shahidi and M. Mohebbi. 2012. Antimicrobial
activity of Avicennia marina extracts ethanol,
methanol and glycerin against Penicillium
digitatum (citrus green mold). Sci. J.
Microbiol. 1(7):147-151.

Akbar, S. and A. Yahya. 2011. Screening of Saudi
plants for phytoconstituents, pharmacological
and antimicrobial properties. Austr. J. Med.
Herbal. 23(2):76-87.

1052

Iwona Cybulska et al.

Arakawa, Y., Y. Z. Asada, H. Ishida, H. Chiji and
M. Izawa. 1982. Structures of new two
isoflavones and one flavanone from glasswort
(Salicornia europaea L.). J. Fac. Agric.
Hokkaido Univ. 61(1):1-12.

Chandrasekaran, M., K. Kannathasan, V.
Venkatesalu and K. Prabhakar. 2009.
Antibacterial activity of some salt marsh
halophytes and mangrove plants against
methicillin resistant Staphylococcus aureus.
World J. Microbiol. Biotechnol. 25(1):155160.

Ball, M. C. 2009. Photosynthesis in mangroves.
Wetlands (Australia) 6(1):12-22.

Chandrasekaran, M., A. S. Kumar, K. Kannathasan
and V. Venkatesalu. 2010. Fatty-acid
composition of some mangroves. Chem. Nat.
Comp. 46(1):92-94.

Bandaranayake, W. M. 2002. Bioactivities,
bioactive
compounds
and
chemical
constituents of mangrove plants. Wetlands
Ecol. Manage. 10(6):421-452.

Chong, M. F. F., R. Macdonald and J. A.
Lovegrove. 2010. Fruit polyphenols and CVD
risk: a review of human intervention studies.
British J. Nutr. 104(S3):S28-39.

Beier, B. A., M. Chase and M. Thulin. 2003.
Phylogenetic relationships and taxonomy of
subfamily Zygophylloideae (Zygophyllaceae)
based on molecular and morphological data.
Plant Syst. Evol. 240(1-4):11-39.

Chung, Y. C., H. K. Chun, J. Y. Yang, J. Y. Kim,
E. H. Han, Y. H. Kho and H. G. Jeong. 2005.
Tungtungmadic acid, a novel antioxidant,
from Salicornia herbacea. Arch. Pharm. Res.
28(10):1122-1126.

Benwahhoud, M., H. Jouad, M. Eddouks and B.
Lyoussi. 2001. Hypoglycemic effect of
Suaeda fruticosa in streptozotocin-induced
diabetic rats. J. Ethnopharmacol. 76(1): 35-38.

Cichewicz, R. H., Y. Zhang, N. P. Seeram and M.
G. Nair. 2004. Inhibition of human tumor cell
proliferation by novel anthraquinones from
daylilies. Life Sci. 74(14):1791-1799.

Bö er, B. 2002. The coastal and sabkha flora of the
United Arab Emirates. Sabkha Ecosys. 1:303309.
Bö er, B. and P. Saenger. 2006. The biogeography
of the coastal vegetation of the Abu Dhabi
gulf Coast. in: Sabkha Ecosystems, Springer,
pp. 31-36.

Custó dio, L., A. C. Ferreira, H. Pereira, L.
Silvestre, C. Vizetto-Duarte, L. Barreira,A. P.
Rauter, F. Alberício and J. Varela. 2012. The
marine halophytes Carpobrotus edulis L. and
Arthrocnemum macrostachyum L. are
potential sources of nutritionally important
PUFAs and metabolites with antioxidant,
metal chelating and anticholinesterase
inhibitory activities. Bot. Mar. 3(55):281-288.

Botelho, M., N. Nogueira, G. Bastos, S. Fonseca, T.
Lemos, F. Matos, D. Montenegro, J.
Heukelbach, V. Rao and G. Brito. 2007.
Antimicrobial activity of the essential oil from
Lippia sidoides, carvacrol and thymol against
oral pathogens. Brazilian J. Med. Biol. Res.
40(3):349-356.

El-Wahab, R. H. A., M. S. Zaghloul, M.W. Wafaa,
W. M. Kamel and R. A. A. Moustafa. 2008.
Diversity and distribution of medicinal plants
in North Sinai, Egypt. Afr. J. Environ. Sci.
Technol, 2:157-171.

Brauner, R., C. Johannes, F. Ploessl, F. Bracher and
R. L. Lorenz. 2012. Phytosterols reduce
cholesterol absorption by inhibition of 27hydroxycholesterol generation, liver x receptor
α activation, and expression of the basolateral
sterol exporter ATP-Binding cassette A1 in
Caco-2 Enterocytes. J. Nutr. 142(6):981-989.

Filipowicz, N., M. Kamiński, J. Kurlenda, M.
Asztemborska and J. R. Ochocka. 2003.
Antibacterial and antifungal activity of juniper
berry oil and its selected components.
Phytother. Res. 17(3):227-231.

Brown, J. J., I. Cybulska, T. Chaturvedi and M. H.
Thomsen. 2014. Halophytes for the production
of liquid biofuels. M. A. Khan et al. (Eds.),
Sabkha Ecosystems: Volume IV: Cash Crop
Halophyte and Biodiversity Conservation,
Tasks for Vegetation Science 47, DOI
10.1007/978-94-007-7411-7_5,
Springer
Science+Business Media Dordrecht.

Freitag, H., R. Brandt, T. Chatrenoor and H.
Akhani. 2013. Suaeda iranshahrii, a new
species of Suaeda subgenus Brezia
(Chenopodiaceae) from the Persian Gulf
coasts. Rostaniha. 14(1):68-80.
Gill, S. S. and N. Tuteja. 2010. Reactive oxygen
species and antioxidant machinery in abiotic

1053

Emir. J. Food Agric. 2014. 26 (12): 1046-1056
http://www.ejfa.info/

Lower Saxonian Wadden Sea coast against
microorganisms. Senckenbergiana maritima.
32(1-2):177-181.

stress tolerance in crop plants. Plant Physiol.
and Biochem. 48(12):909-930.
Hadi, M. 2009. Biotechnological potentials of
Seidlitzia rosmarinus: A mini review. African
J. Biotechnol. 8(11):2429-2431.

Li, X.-H.,and J. L. McLaughlin. 1989. Bioactive
Compounds from the Root of Myrsine
africana. J. Natural Prod. 52(3), 660-662.

Hamed, A. I., M. Masullo, M. G. Sheded, U. A.
Mahalel, M. M. Tawfik, A. Perrone and S.
Piacente. 2011. Triterpene saponins from
Salsola imbricata. Phytochem. Let. 4(3):353356.

Lis-Balchin, M. and S. G. Deans. 1997. Bioactivity
of selected plant essential oils against listeria
monocytogenes.
J.
Appl.
Microbiol.
82(6):759-762.
Lokhande, V., B. Gor, N. Desai, T. Nikam and P.
Suprasanna. 2013. Sesuvium portulacastrum, a
plant for drought, salt stress, sand fixation,
food and phytoremediation. A review.
Agronomy for Sustainable Development.
33(2):329-348.

Han, L.-K., Y.-N. Zheng, M. Yoshikawa, H.
Okuda and Y. Kimura. 2005. Anti-obesity
effects of chikusetsusaponins isolated from
Panax
japonicus
rhizomes.
BMC
Complement. and Alternat. Med. 5(1):9.
Higaki, S. 2003. Lipase inhibitors for the treatment
of acne. J. Mol. Cat. B: Enzym. 22(5):377384.

Lonard, R.I. and F. W. Judd. 1997. The biological
flora of coastal dunes and wetlands. Sesuvium
portulacastrum (L.) L. J. Coastal Res. 96-104.

Janeczko, A. 2012. The presence and activity of
progesterone in the plant kingdom. Steroids
77(3):169-173.

Magwa, M. L., M. Gundidza, N. Gweru and G.
Humphrey. 2006. Chemical composition and
biological activities of essential oil from the
leaves of Sesuvium portulacastrum. J.
Ethnopharmacol. 103(1):85-89.

Jithesh, M., S. Prashanth, K. Sivaprakash and A. K.
Parida.
2006.
Antioxidative
response
mechanisms in halophytes: their role in stress
defence. J. Gen. 85(3):237-254.

Mahasneh, A. M. 2002. Screening of some
indigenous Qatari medicinal plants for
antimicrobial activity. Phytother. Res.
16(8):751-753.

Kambouche, N., B. Merah, A. Derdour,
S.
Bellahouel, J. Bouayed, A. Dicko, C. Younos
and R. Soulimani. 2009. Hypoglycemic and
antihyperglycemic effects of Anabasis
articulata (Forssk) Moq (Chenopodiaceae), an
Algerian medicinal plant. Afr. J. Biotechnol.
8(20):5589-5594.

Mertens‐Talcott, S. U., G. D. Noratto, X. Li, G.
Angel‐Morales,M. C. Bertoldi and S. Safe.
2012. Betulinic acid decreases ER-negative
breast cancer cell growth in vitro and in vivo:
Role of Sp transcription factors and
microRNA-27a: ZBTB10. Mol. Carcin.
52(8):591-602.

Kocacinar, F. and R. Sage. 2003. Photosynthetic
pathway alters xylem structure and hydraulic
function in herbaceous plants. Plant Cell Env.
26(12):2015-2026.

Nakatsuji, T., M. C. Kao, J. Y. Fang, C. C.
Zouboulis, L. Zhang, R. L. Gallo and C. M
Huang. 2009. Antimicrobial property of lauric
acid against Propionibacterium acnes: its
therapeutic potential for inflammatory acne
vulgaris.
J.
Investigat.
Dermatol.
129(10):2480-2488.

Lee, B., D.Y. Lee, K. H. Yoo, N. I. Baek, J. H. Park
and I. S. Chung. 2012. Calenduloside E 6'methyl ester induces apoptosis in CT-26
mouse colon carcinoma cells and inhibits
tumor growth in a CT-26 xenograft animal
model. Oncol Lett. 4(1):22-28.
Lellau, T. F. and G. Liebezeit. 2001. Alkaloids,
saponins and phenolic compounds in salt
marsh plants from the Lower Saxonian
Wadden Sea. Senckenbergiana Maritima
31(1):1-9.

Narender, T., T. Khaliq, A. B. Singh, M. D. Joshi,
P. Mishra, J. P. Chaturvedi, A. K. Srivastava,
R. Maurya and S. C. Agarwal. 2009. Synthesis
of α-amyrin derivatives and their in vivo
antihyperglycemic activity. Eur. J. Med.
Chem. 44(3):1215-1222.

Lellau, T. F. and G. Liebezeit. 2003. Activity of
ethanolic extracts of salt marsh plants from the

Nostro, A., R. Scaffaro, M. D’Arrigo, L. Botta, A.
Filocamo, A. Marino and G. Bisignano. 2012.

1054

Iwona Cybulska et al.

Study on carvacrol and cinnamaldehyde
polymeric films: mechanical properties,
release kinetics and antibacterial and
antibiofilm activities. Appl. Microbiol.and
Biotechnol. 96(4):1029-1038.

Journal
für
Verbraucherschutz
Lebensmittelsicherheit. 4(3-4):239-245.

und

Ravikumar, S., M. Gnanadesigan, S. J. Inbaneson
and A. Kalaiarasi. 2011. Hepatoprotective and
antioxidant properties of Suaeda maritima (L.)
Dumort ethanolic extract on concanavalin-A
induced hepatotoxicity in rats. Indian J. Exp.
Biol. 49:455-460.

Oueslati, S., R. Ksouri, H. Falleh, A. Pichette, C.
Abdelly and J. Legault. 2012. Phenolic
content, antioxidant, anti-inflammatory and
anticancer activities of the edible halophyte
Suaeda fruticosa Forssk. Food Chem.
132(2):943-947.

Rojas, A., L. Hernandez, R. Pereda-Miranda and R.
Mata. 1992. Screening for antimicrobial
activity of crude drug extracts and pure natural
products from Mexican medicinal plants. J.
Ethnopharmacol. 35(3):275-283.

Patra, J., N. Dhal and H. Thatoi. 2011. In vitro
bioactivity and phytochemical screening of
Suaeda maritima (Dumort): A mangrove
associate from Bhitarkanika, India. Asian
Pacific J. tropical med. 4(9):727-734.

Sage, R. F. 2005. Atmospheric CO2, environmental
stress, and the evolution of C4 photosynthesis.
in: A History of atmospheric CO2 and its
effects on plants, animals, and ecosystems,
Springer, pp. 185-213.

Pisha, E., H. Chai, I.-S. Lee, T. E. Chagwedera, N.
R. Farnsworth, G. A. Cordell, C. W. Beecher,
H. H. Fong, A. D. Kinghorn and D. M. Brown.
1995. Discovery of betulinic acid as a
selective inhibitor of human melanoma that
functions by induction of apoptosis. Nature
Med. 1(10):1046-1051.

Saleh, M. A. 1986. A desert plant from Egypt,
Anabasis setifera: an efficient natural factory
of carvacrol and thymol. J. Agric. Food chem.
34(2):192-194.
Santos, F., J. Frota, B. Arruda, T. de Melo,
A.A.d.C. da Silva, G. A. d. C. Brito, M.
Chaves and V. Rao. 2012. Antihyperglycemic
and hypolipidemic effects of alpha, betaamyrin, a triterpenoid mixture from Protium
heptaphyllum in mice. Lipids Health Dis.
11(1):98.

Plaza, M., M. Herrero, A. Cifuentes and E. Ibáñez.
2009. Innovative natural functional ingredients
from microalgae. J. Agric. Food Chem.
57(16):7159-7170.
Pucciariello, C., V. Banti and P. Perata. 2012. ROS
signaling as common element in low oxygen
and heat stresses. Plant Physiol. and Biochem.
59:3-10.

Shaw, C. Y., C. H. Chen, C. C. Hsu, C. C. Chen
and Y. C. Tsai. 2003. Antioxidant properties
of scopoletin isolated from Sinomonium
acutum. Phytother. Res. 17(7):823-825.

Qasim, M., S. Gulzar and M. A. Khan. 2011a.
Halophytes as Medicinal Plants, In: M.
Ozturk, A. R. Mermut, A. Celik (Eds.), p. 331.
Urbanisation, Land Use, Land Degradation
and Environment, Daya Publishing House.
Turkey.

Sikolia, S., J. C. E. Onyango, Beck and J. I.
Kinyamario. 2009. The distribution of C3 and
C4
photosynthetic
species
of
the
centrospermeae along an altitudinal gradient in
Western Kenya. Internat. J. Bot. 5(1):47-57.

Qasim, M., S. Gulzar and M. A. Khan. 2011b.
Halophytes as medicinal plants. NAM
Meeting in Denizli, Turkey.

Siow, R. C. M. and G. E. Mann. 2010. Dietary
isoflavones
and
vascular
protection:
Activation of cellular antioxidant defenses by
SERMs or hormesis? Mol. Asp. Med.
31(6):468-477.

Radwan, H. and K. Shams. 2007. Phytochemical
and biological investigations on Halocnemum
strobilaceum (Chenopodiaceae). Planta Med.
73(09):337.

Smith, P., S. Morgan, M. Fox and J. Watson. 1990.
Mitoxantrone-DNA binding and the induction
of topoisomerase II associated DNA damage
in multi-drug resistant small cell lung cancer
cells. Biochem. Pharm. 40(9):2069-2078.

Ramadan, M., M. Amer, H. Mansour, K. Wahdan,
R. El-Sayed, S. El-Sanhoty and W. El-Gleel.
2009. Bioactive lipids and antioxidant
properties of wild Egyptian Pulicaria incise,
Diplotaxis harra, and Avicennia marina.

Stagos, D., G. D. Amoutzias, A. Matakos, A.
Spyrou, A. M. Tsatsakis and D. Kouretas.

1055

Emir. J. Food Agric. 2014. 26 (12): 1046-1056
http://www.ejfa.info/

Wyman, C. E. 1996. Handbook on Bioethanol.
Production and Utilization Taylor & Francis.

2012. Chemoprevention of liver cancer by
plant polyphenols. Food Chem. Toxicol.
50(6):2155-2170.

Yao, X., G. Li, Q. Bai, H. Xu and C. Lü. 2013.
Taraxerol inhibits LPS-induced inflammatory
responses through suppression of TAK1 and
Akt activation. Internat. Immunopharmacol.
15(2):316-324.

Suganthy, N., S. K. Pandian and K. P. Devi. 2009.
Cholinesterase
inhibitory
effects
of
Rhizophora lamarckii, Avicennia officinalis,
Sesuvium portulacastrum and Suaeda monica:
mangroves inhabiting an Indian coastal area
(Vellar Estuary). J. Enzyme Inhib. Med.
Chem. 24(3):702-707.

Yin, M., X. Wang, M. Wang, Y. Chen, Y. Dong, Y.
Zhao and X. Feng. 2012. A new triterpenoid
saponin and other saponins from Salicornia
europaea. Chem. Nat. Comp. 1-4.

Taha, A. and H. Alsayed. 2000. Brine shrimp
bioassay of ethanol extracts of Sesuvium
and
verrucosum,
Salsola
baryosma
Zygophyllum quatarense medicinal plants
from Bahrain. Phytother. Res. 14(1):48-50.

Yoshikawa, M. and H. Matsuda 2000.
Antidiabetogenic activity of oleanolic acid
glycosides from medicinal foodstuffs.
BioFactors 13(1):231-237.

Tamai, K., T. Koyama, T. Saga, S. Umeoka, Y.
Mikami, S. Fujii and K. Togashi. 2007.
Diffusion‐weighted MR imaging of uterine
endometrial cancer. J. Mag. Reson. Imag.
26(3):682-687.

Younos, C., J. Fleurentin, D. Notter, G. Mazars, F.
Mortier and J. M. Pelt. 1987. Repertory of
drugs and medicinal plants used in traditional
medicine of Afghanistan. J. Ethnopharmacol.
20(3):245-290.

Tanira, M. O. M., B. H. Ali, A. K. Bashir, I. A.
Wasfi and I. Chandranath. 1996. Evaluation of
the relaxant activity of some United Arab
Emirates plants on intestinal smooth muscle. J.
Pharm. Pharmacol. 48(5):545-550.

Yu, D., C. H. Chen, A. Brossi and K. H. Lee. 2004.
Anti-AIDS agents. 60. Substituted 3'R,
4'R-di-O-(-)-camphanoyl-2',
2'-dimethyl
dihydropyrano [2, 3-f] chromone (DCP)
analogues as potent anti-HIV agents. J. Med.
Chem. 47(16):4072-4082.

Tesoriere, L., M. Allegra, C. Gentile and M. Livrea.
2009. Betacyanins as phenol antioxidants.
Chemistry and mechanistic aspects of the
lipoperoxyl radical-scavenging activity in
solution and liposomes. Free Rad. Res.
43(8):706-717.

Zhu, F., X. Chen, Y. Yuan, M. Huang, H. Sun and
W. Xiang. 2009. The chemical investigations
of the mangrove plant Avicennia marina and
its endophytes. Open Nat. Prod. J. 2:24-32.

Theoharides, T. 2009. Luteolin as a therapeutic
option for multiple sclerosis. J. Neuroinflam.
6(1):1-3.
Towhidi, A. and M. Zhandi. 2007. Chemical
composition, in vitro digestibility and
palatability of nine plant species fordromedary
camels in the province of Semnan, Iran.
Egypt. J. Biol. 9:47-52.
Turki, Z. 1999. Chemotaxonomical studies of the
genus Salsola (Chenopodiaceae) in Egypt.
Feddes Repert. 110(1‐2):81-87.
W Hogg, R. T. and F. Gillan. 1984. Fatty acids,
sterols and hydrocarbons in the leaves from
eleven species of mangrove. Phytochem.
23(1):93-97.
Wattanasatcha, A., S. Rengpipat and S.
Wanichwecharungruang.
2012.
Thymol
nanospheres as an effective anti-bacterial
agent. Internat. J. Pharm. 434(1–2):360-365.

1056

