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Phytochemical and ethnobotanical investigations were conducted in the Dakhla-Oued Ed-Dahab region of southwestern
Morocco. The aim of the present study was to compile data on aromatic and medicinal plants traditionally used by the
local population, mainly in phytotherapy to treat various diseases. Twenty-nine spontaneous species belonging to 20
families were collected and inventoried. Amaranthaceae represented 18% of the documented species, followed by
Fabaceae with 14%. The most commonly used plant part was the leaves (53.85%) and the main preparation method was
decoction (63.16%). In the studied region, plants were predominantly used to treat gastrointestinal disorders (25.71%),
skin infections (20%), and diabetes (11.43%). Most of the plants exhibited strong antioxidant activity, particularly
Limonium tuberculatum (Boiss.) Kuntze (IC, = 14.43 ug/mL), followed by Rhus tripartita Moffet (IC = 15.35 ug/mL),
Acacia raddiana Savi (fruit) (IC, = 19.66 ug/mL), 4. raddiana Savi (leaf) (IC, = 18.03 ug/mL), Tamarix amplexicaulis
Ehrenb. (IC, | = 20.89 ug/mL), Frankenia corymbosa Desf. (IC, = 21.37 ug/mL), and Ziziphus lotus subsp. saharae
(Batt. and Trab.) Maire (IC,, = 25.84 ug/mL). The total phenolic content varied from 3 to 476 ug of gallic acid
equivalents (GAE) per gram of dry matter. R. fripartita Moffet extract had the highest total phenolic content (476 pg
GAE/mg), succeeded by A. raddiana Savi (leaf) extract (317 ug GAE/mg). The total flavonoid content varied from
1.88 t0 253.97 ug quercetin equivalents (QE)/mg of dry matter, with the maximum recorded for R. tripartita Moffet at
317 ug QE/mg. This study emphasizes the abundance of secondary metabolites, especially phenolic compounds, in the
flora of the Dakhla-Oued Ed-Dahab region, highlighting the potential for future pharmaceutical applications.

1. INTRODUCTION

plants are halophytes [7-9]. Many species that typically grow in higher
latitudes and altitudes can also be found in the Saharan region, such as

The Sahara is the largest hot desert in the world, which is located in
northern Africa [1]. It makes up more than 30% of the continent’s
surface and covers more than 8.6 million square kilometers [2]. It
extends roughly 5,000 km from the Red Sea in the east to the Atlantic
Ocean in the west, and between 1,300 and 1,900 km from north to
south, covering significant portions of Algeria, Egypt, Libya, Mali,
Morocco, Mauritania, Niger, Sudan, Chad, and Tunisia [3,4]. The
Sahara Desert is a parched area where temperatures may ascend to
58°C, and yearly rainfall is exceedingly minimal, averaging about
25.4 mm, resulting in severely restricted vegetation cover [5,6].

The flora adapted to the Sahara Desert includes grasses, shrubs, and
even trees, particularly in oases and along wadis. The majority of these
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olive, cypress, pistachio, Acacia [10], Artemisia [9], doum palm, date
palm [11], and thyme [12].

With a large number of endemic species and numerous plant
groups, such as Amaranthaceae, Brassicaceae, Poaceae, Fabaceae,
Boraginaceae, Asteraceae, and Lamiaceae, Morocco’s Saharan
region is known for its diverse flora [13]. These families include
several species that are used in traditional medicine, nutrition, and as
food additives due to their known medicinal qualities [14,15]. These
plants are frequently used by local populations to treat a variety of
illnesses, such as diabetes [18], skin conditions, oral infections [19],
digestive disorders [16,17], and even venomous bites and stings [20].
The existence of bioactive substances with proven antibacterial, anti-
inflammatory, and antioxidant properties is usually associated with
these therapeutic uses [17].

Flavonoids and other phenolic compounds are essential to the
pharmacological and therapeutic properties of plants, particularly due
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to their strong antioxidant activity. These compounds exhibit various
biological activities, such as cardioprotective, neuroprotective, anti-
inflammatory, and anti-cancer effects. Numerous studies support
their potential for drug development. For instance, species high in
phenols and flavonoids may be promising substitutes for the medicinal
plants that have traditionally been used to treat breast cancer in Cote
d’Ivoire. By affecting biological pathways connected to inflammation
and oxidative stress, these compounds could assist in the treatment
of several illnesses, including cancer, according to similar findings
from another study. Overall, the data highlight their pharmacological
worth and their applicability to pharmaceutical research and novel
treatment approaches [21,22]. Further investigation into the specific
mechanisms by which phenols and flavonoids exert their effects will be
vital for maximizing their use in clinical settings. Understanding these
pathways could lead to the development of more targeted therapies
that enhance patient outcomes while minimizing side effects [21,22].

This study seeks to investigate the flora of southern Morocco,
emphasizing the significance of aromatic and medicinal plants
(AMPs) in Saharan traditional practices. An ethnobotanical inquiry
was undertaken to catalog the typical flora of each region and their
traditional use. In addition, the chemical composition and antioxidant
potential of selected species were assessed.

2. MATERIALS AND METHODS
2.1. Study Sites

The investigated areas are predominantly plains characterized by a hot,
arid climate, and minimal annual rainfall. Floristic diversity and dominant
species vary from one locality to another. A total of 17 sites were surveyed
to identify the existing and dominant plant species [Figure 1].

The geographical coordinates of each study site are presented in
Table 1.

2.2. Plant Material

In March 2022, 29 medicinal and aromatic plants from various botanical
families were gathered from 17 locations in the southernmost region
of Morocco, Dakhla-Oued Ed-Dahab. Sampling was carried out along
the road linking Dakhla to Guerguerat, passing through Aousserd and
Sebkhet Imlili. At the same time, the samples were labeled and stored in
paper bags. The collected samples were sent for botanical identification
to the Scientific Institute of Rabat, Department of Botany and Plant
Ecology, Mohammed V University. Botanist Mr. Mohammed Fenane,
using his manual entitled “Practical Flora of Morocco,” carried out the
identification. Plant names were further verified using the World Flora
Online database (www.worldfloraonline.org). Voucher specimens of
each identified plant were deposited in the National Herbarium of the
Scientific Institute of Rabat. Then, plants were air-dried in the dark at
room temperature, ground into a fine powder using an electric mill, and
stored in dark glass bottles for phytochemical and antioxidant analyses.

2.3. Ethnobotanical Survey

A total of 50 informants, 32 women and 18 men, aged between 25
and 80, were selected for the ethnobotanical survey based on their
traditional knowledge of medicinal plants in the region, including
herbalists, elderly residents, and shepherds encountered i during field
investigation. Data were collected using a questionnaire during the
interview. The information on the questionnaire focused on the local
plant names, the parts used, the preparation methods, the therapeutic
indications, and traditional recipes. The ethnobotanical survey was
conducted in accordance with the ethical principles of the International

Aousserd .o 1o 1>

7

Figure 1: Map of the 17 study sites.



Table 1: Geographical coordinates of surveyed sites

Site

AR-01
AR-02
AR-03
AR-04
AR-05
AR-06
AR-07
AR-08
AR-09
AR-10
AR-11
AR-12
AR-13
AR-14
AR-15
AR-16
AR-17

GPS coordinates
23°59°2” N 15°87°7” O

23°39°15” N 15°99°09” O (tropic of cancer)

22°55°N 16°11°14” O
22°28°57” N 16°26°14” O
22°55°02” N 16°52°17” O
21°22°27” N 16°57°36” O

23°14° N 15°55° O
23°38°19” N 15°41°11” O
23°15°20” N 15°10°13” O
22°33’18” N 14°19°1” O

24°1°12” N 15°35°57” O
24°13°45” N 15°25°24” O
24°55°3” N 14°47°54” O
26°12°8” N 14°21°53” O
26°24°58” N 14°2°5” O
26°32°23” N 13°50°16” O
27°3’117 N 13°24°48” O
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Society of Ethnobiology and following COPE/ICMIJE guidelines. All
informants provided their verbal consent before participation, and
anonymity and confidentiality were fully guaranteed.

2.4. Phytochemical Extraction and Analysis

2.4.1. Extraction

To prepare the leaf extracts, 2.5 g of dried plant material was dissolved
in 50 mL of 80% methanol (methanol: water, 8:2 v/v). The samples
were extracted twice to maximize compound recovery from the
samples. The mixture was stirred using a magnet for 15 min, followed
by ultrasonic treatment for another 15 min. It was filtered and spun in
a centrifuge at 3500 rpm for 15 min after the solution had settled. The
supernatant was then stored at 4°C for further analysis.

2.4.2. Thin layer chromatography (TLC)

TLC was employed to separate the constituents of the methanolic
plant extracts and to gain semi-quantitative insight into their chemical
composition. A volume of 10 puL from each extract was carefully
spotted onto silica gel chromatoplates. A solvent mixture, consisting of
ethyl acetate, formic acid, acetic acid, and water (100:11:11:27, v/v),
was used for chromatographic separation. Following development, the
plates were exposed to 1% 2-aminoethyl-diphenylborinate in methanol

Table 2: Characterization of the surveyed sites

Sites
AR-01

AR-02

AR-03
AR-04

AR-05
AR-06

AR-07

AR-08
AR-09

AR-10
AR-11

AR-12

AR-13

AR-14
AR-15
AR-16

AR-17

Floristic diversity Dominant species

Average

Low

Low

Average

Low

Important

Average

Low

Average

Average

Average
Low

Important

Low
Average

Important

Important

Zygophylum gaetulum Emb. & Maire, Frankenia
corymbosa Desf.

Zygophylum gaetulum Emb. & Maire, Frankenia
corymbosa Desf.

Tamarix amplexicaulis Ehrenb.

Frankenia corymbosa Desf.

Mesembryanthemum theurkauffii (Maire) Maire

Zygophylum gaetulum Emb. & Maire, Launaea
arborescens (Batt.) Murb.

Nitraria retusa (Forssk.) Asch.

Acacia ehrenbergiana Hayne

Acacia ehrenbergiana Hayne

Ziziphus lotus. subsp saharae (Batt. & Trab.) Maire

Launaea arborescens (Batt.) Murb., Zygophyllum
gaetulum Emb. & Maire

Salsola sp.

Anastatica hierochuntica L., Euphorbia officinarum.
subsp echinus L.

Euphorbia officinarum. Subsp echinus L.
Rhus tripartita Moffet

Frankenia corymbosa Dest. , Sedum sediforme (Jacq.)
Pau, Zygophyllum gaetulum Emb. & Maire

Launaea arborescens (Batt.) Murb.

(Neu’s reagent) and evaluated at 365 nm under a UV lamp [23].

Harvested species

Atriplex halimus L., Frankenia corymbosa Desf., Launaea
arborescens (Batt.) Murb, Zygophylum gaetulum Emb. & Maire

Salsola tetrandra Forssk., Salsola tetragona Delile

Tamarix amplexicaulis Ehrenb.

Limonium tuberculatum (Boiss.) Kuntze, Frankenia corymbosa
Desf., salsola sp

Mesembryanthemum theurkauffii (Maire) Maire

Nitraria retusa (Forssk.) Asch. , Heliotropium erosum Lehm.

, Farsetia occidentalis B.L.Burtt, Lotus chazaliei H.Boissieu,
Zygophyllum gaetulum Emb. & Maire, Launaea arborescens (Batt.)
Murb., Lotus cornicatus L., Haloxylon scoparium Pomel

Arthrocnemum macrostachyum (Moric.) K.Koch, Nitraria retusa
(Forssk.) Asch.

Acacia ehrenbergiana

Acacia ehrenbergiana, Acacia raddiana Savi Heliotropium erosum
Lehm., Pergularia tomentosa L.

Ziziphus lotus. subsp saharae (Batt. & Trab.) Maire, Senna italica Mill.

Launaea arborescens (Batt.) Murb., Zygophyllum gaetulum Emb.
& Maire, Atriplex halimus L.

Salsola sp.

Lycium intricatum Boiss. , Deverra denudata (Viv.) Pfisterer &
Podlech, Anastatica hierochuntica L., Euphorbia officinarum.
subsp echinus L.

latex d’euphorbia officinarum. Subsp echinus L.
Rhus tripartita Moffet, Deverra denudata (Viv.) Pfisterer & Podlech

Frankenia corymbosa Dest., Sedum sediforme (Jacq.) Pau,
Spergularia diandra (Guss.) Boiss. , Zygophyllum gaetulum Emb.
& Maire

Heliotropium erosum Lehm., Launaea arborescens (Batt.) Murb.,
Frankenia corymbosa Dest., Salsola sp
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Table 3: Monograph of the aromatic and medicinal plants collected.

Family

Aizoaceae

Amaranthaceae
(=Chenopodiaceae)

Anacardiaceae

Scientific name

Mesembryanthemum
theurkauffii (Maire)

Maire

Atriplex halimus L.

Salsola tetragona
Delile

Salsola tetrandra
Forssk.

Haloxylon
scoparium Pomel

Arthrocnemum
macrostachyum
(Moric.) K.Koch

Rhus tripartita
Moffet

French
name

Arroche
halime,

pourpier de
mer

Salsole

Salsole

Saligne a
balai

Salicorne
glauque

Local name Part Local uses Method of
used preparation

Afzou -Leaf -Reduction of ~ Decoction
body fat
-Treatment of
infertility
-Treatment of
diabetes

Legdef -Leaf -Cancer Decoction
-Seed treatment
-Treatment of
diabetes
-Treatment
of digestive
problems
-Emetic
-Oral care

Agssal, -Aerial - Treatment Decoction
laarad part or of digestive
leaves problems
- Treatment
of skin
infections

Agssal -Aerial  -Treatment Decoction
part of digestive
orleaves  problems
-Treatment of
skin infections

Remt -Leaf -Cancer Powder
treatment (Oral
consumption
of leaf
powder
mixed with
euphorbia
honey)
ND ND ND
Jdari -Bark -Treatment Decoction or
-Leaf of digestive powder (oral
problems consumption
of powder

with water)

Traditional use

Seed:
-Preparation of flour to make
pancakes [30]

Whole plant:

-Treatment of insomnia and gastric
diseases[30]

-Treatment of diarrhea and
inflammation[31]

Seed:

-Emetic[30]

-Treatment of diabetes and cancer [32]

Whole plant:

-Treatment of stomach ailments

-Treatment of pimples and ringworm

-Washing hair, tanning skins

-Source of fuel, degreasing of linen
and wool fleeces.

-Treatment of hypertension

-Treatment of inflammation

-Treatment of jaundice

-Treatment of insomnia

-Diuretic [30,33]

Whole plant:

-Treatment of gastric disorders

-Treatment of pimples and ringworm

-Hair washing, hide tanning

-Fuel source, degreasing linen, and
wool fleeces.

-Treatment of hypertension

-Treatment of inflammation

-Treatment of jaundice [30,33]

Whole plant:

-Treatment of herd mange (decoction
with tobacco juice)

Anti-poison (decoction)

-Treatment of wounds (powder)

-Treatment of diabetes (powder)

Fruit pericarp and stem:

-Cataplasms in snakebite treatment
(powder mixed with fat)

Root:

-Treatment of digestive disorders
(powder) [30,34,35]

Whole plant:

-Treatment of diabetes

-Treatment of snake bites and
scorpion stings (powder)

-Hypoglycemic [36]

Fruit, leaf, and bark:

-For colic, gastric disorders and ulcers
(decoction)

Wood:

-Toothbrush

Bark and leaf:!

-Tinting (powder mixed with henna
paste) [30]

(Contd...)



Table 3: (Continued).
Family

Apiaceae

Apocynaceae

Asteraceae

Boraginaceae

Brassicaceae

Capparaceae
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Scientific name

Deverra denudata
(Viv.) Pfisterer and
Podlech

Pergularia
tomentosa L.

Calotropis procera
(Aiton) W.T. Aiton

Launaea
arborescens (Batt.)
Murb.

Heliotropium
erosum Lehm.

Anastatica
hierochuntica L.

Farsetia
occidentalis
B.L.Burtt

Maerua crassifolia
Forssk.

French
name

Pergulaire

Pomme de
sodome

Launée
arborescente

Héliotrope

Anastatique,
Rose de
Jéricho

Farsétie

Local name

Gziziha

Oum-Eljloud

Tourza

Oum lbina

Lhbaliya

Lkemcha

Atyle

Part
used

ND

ND

-Upper
-Latex
-Whole
plant
-Root

-Leaf

-Whole
plant

ND

-Stem
-Leaf

Local uses

ND

ND

ND

-Treatment of
deworming
-Treatment of
skin infections
such as
pimples
-Extraction of
thorns
-Feeding
animals

-Treatment of
abscesses,
edema and
burns

-Treatment of
rheumatism
-Treatment
of microbial
infections of
the uterus
-Treatment of
joint pain

ND

-Oral care
-Treatment
of digestive
problems
-Treatment of
toothache
-Hair care

Method of
preparation

ND

ND

ND

Infusion

Decoction or
powder

Decoction
and powder
(In water
and as an
ointment
with lhmira
and goat
butter)

ND

Decoction

Traditional use

Fruit:

-Treatment of fever (decoction)
Whole plant:

-Digestive, carminative and diuretic
-Relieves thirst [30].

ND

Leaf:

-Vermifuge (low-dose powder)

Latex:

-Purgative (ingested in semolina
porridge)

-For warts and calluses, ringworm and
alopecia

-To remove thorns from the skin [30,37]

Latex:

-Maturates or desiccates boils and
pimples (direct application)
-Facilitates extraction of thorns (direct
application)[30]

Whole plant:

-Vermifuge for children (infusion) [30,38]
-Treatment of gastric problems[39]

-Treatment of rashes[32]

-Treatment of gastroenteritis

-Treatment of diabetes

-Treatment of childhood illnesses
(maceration or decoction)[40]

-Treatment of diarrhea

-Treatment of spasms [38]

Whole plant:
-Against poisoning [32]

Whole plant:

-Used by midwives, eases childbirth,
and soothes pain (oral maceration).

-Treatment of cold (infusion or
powder with honey and olive oil).
Seed and whole plant:?

-Treatment of conjunctivitis

-Improves hair retention (added to
ghassul) [41-44]

ND

Leaf:

-Rapid wound healing (powder mixed
or not with henna and dromedary fat as
an ointment)

-Reduction of fractures and sore spots
(powder as a poultice)

-Treatment of gastrointestinal and liver
disorders (infusion administered orally)

-Protection against microbes [30,45]

Wood:

-Making a traditional toothbrush
(miswak)[30]

Leaves and bark:*

-Treatment of fever

-Treatment of headaches

-Treatment of toothache

(Decoction, crushed together and

compressed on temples and jaws)

-Treatment of scalp disorders [30]

(Contd...)
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Family

Caryophyllaceae

Crassulaceae

Fabaceae

Frankeniaceae

Nitrariaceae

Plumbaginaceae

Rhamnaceae
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Scientific name

Spergularia diandra
(Guss.) Boiss.

Sedum sediforme
(Jacq.) Pau
Lotus chazaliei

H.Boissieu

Lotus corniculatus
L.

Senna italicaa Mill.

Acacia tortilis ssp.
raddiana Savi

Frankenia
corymbosa Desf.

Nitraria retusa
(Forssk.) Asch.

Limonium
tuberculatum
(Boiss.) Kuntze

Ziziphus lotus subsp
saharae (Batt. and
Trab.) Maire

French
name

Spergulaire

Orpin de
Nice

Lotus sacré

Pied de
poule

raddiana

Frankenie
en corymbe

Nitraire
a feuilles
rétuses

Statice

Jujubier du
Sahara

Local name

Tamagchicht

Aflajit

Telh

Lgerzim

Lgarssa

Sder

Part
used
ND

ND

ND

-Leaf

-Fruit
-Leaf
-Gum

ND

-Leaf

ND

-Leaf
-Root

Local uses

ND

ND

ND

ND

-Treatment
of digestive
problems

-Anti obesity
-Hypoglycemic
-Treatment
of digestive
disorders

ND

-Treatment
of digestive
problems

-Treatment of
poisoning

-Drying
pimples

ND

-Treatment of
skin infections
-Stimulation of
hair growth
-Treatment of
diabetes
-Treatment
of boils and
abscesses
-Treatment of
smallpox and
measles

Method of
preparation

ND

ND

ND

ND

Infusion
(Leaf
powder
added to
leaves,
marjoram
and acacia
gum infused
in water)

Decoction
(fruit
powder
mixed with
rose leaves
and mystic
cumin)

ND

Decoction

ND

Decoction
of roots in
water

Traditional use

ND

ND

ND

ND

Leaf and seed:

-As a laxative

-As purgative

-As anti-icterus

(Infusion)

-As a dry eyewash (fine seed powder
added to khol or used on its own)
[30,46,47)°

Gum:

-Eye drops to treat eye diseases
(dissolved in water)

-Treatment of pulmonary diseases
(orally)

-Treatment of oral and pharyngeal
inflammations (orally).

Root:

-To treat stomach disorders

Branch bark:

-Disinfection and wound healing
(powder)

Seed:

-Treatment of diarrhea (whole or
ground) [30,48-50]

ND

Leaf:

-Tea preparation[51]

-Against colds

-Treatment of stomach ailments and
poisoning (decoction administered
orally)

-To reduce swelling and dry pimples
(fresh leaves as poultices) [30]

Whole plant:
-Diuretic (decoction) [30].

Fruit:

-Antidiabetic, sedative, bronchitis,
antidiarrheal, and febrifuge

-Treatment of cystitis (combined
with rush fruit, lavender, corn, couch
grass, and prickly pear flowers)

Leaf and fruit:

-Treatment of boils and abscesses
(powdered with sour milk or water,
then applied as plasters) [30,52-54]

(Contd...)
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Family Scientific name

Solanaceae Hyoscyamus

muticus L.

Lycium intricatum
Boiss.

Tamarix
amplexicaulis
Ehrenb.

Tamaricaceae

Zygophyllaceae Zygophylum
gaetulum Emb. and

Maire

Phytochemical and ethnobotanical study of Dakhla plants: Article in Press

French Local name Part
name used
Jusquiame  falezlez ND
d’Egypte

Lyciet Lgherdeg ND
Tamaris trés ~ Tarfa -Leaf
ramifié

Zygophylle  laagaya -Leaf
du Maroc -Flower

Local uses

ND

ND

ND

-Treatment of
skin infections
(Pimples and
burns)
-Treatment
of digestive
problems
-Treatment of
liver problems

Method of
preparation

ND

ND

ND

Powder and
decoction
(Cutaneous
application
of powder)

Traditional use

Whole plant:

-Sedative and anaesthetic properties
(internally and externally) [30,55]

-Anticancer[56]

Seed:

-Aphrodisiac

-Treatment of toothache (gargle the
decoction)

-Sedative and antispasmodic for
bladder pain (in low doses)

-Hypnotic for insomnia [30]

Whole plant:

-Eye drops for albugo and various
other ophthalmic conditions

-Protection against smallpox
(poultice)

Wood:

-Antitussive and antitubercular
(decoction)

Anti-venomous and anti-rabies

(internally)

Anti-bite (rubbed externally)

-Treatment of sterility in women
(powder, vaginally)

Fruit:

-Gum strengthening (chewed)

-Treatment of tonsillitis and mouth
ulcers (gargle decoction)

-Treatment of diabetes [30].

Bark:

-Treatment of diarrhea (internal
powder)

-Gingival tonic (gargle the decoction)

Hemostatic and anti-hemorrhoidal

(sprinkles and poultices) [30]

Whole plant:

-Treatment of diabetes[30]

-Diuretic[57]

Leaf:

-Treatment of stomach and liver pains
(drinkable decoction)

-Hemostatic, on wounds

(powder for external use)

-Anti-venom, on snake and scorpion
bites and stings (powder for external
use)

-In plasters, maturative and curative
for boils and abscesses

-Treatment of eczema and various
dermatoses (powder for external use).

Flower:

-In baths and antiseptic lotions for
infant hygiene (infusion)

-Body care

-Face care

-Treatment of cracked

breasts [30,56,58]

Henné': name of Lawsonia inermis leaf powder; Ihmrira’: rock used in the preparation of traditional remedies; ghassul’:

miswak’: traditional toothbrush; khol’: mineral extracted from Atlas mountain rocks used for eye make-up.

clay used in Morocco for rinsing hair and skin;
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2.4.3. Total phenol determination

The Folin—Ciocalteu method was applied to determine total phenolic
content [24]. For each analysis, 1 mL of plant extract was combined
with 1 mL of 80% methanol, 5 mL of distilled water, and 0.5 mL of
Folin—Ciocalteu reagent diluted tenfold. After a 5-min incubation,
1 mL of 5% sodium carbonate was added, and the mixture was
vortexed. The samples were then kept in the dark for 30 min to allow
color development. Absorbance was read at 725 nm with an IC 6400
spectrophotometer. Phenolic content was calculated from a gallic acid
standard curve and expressed as ug gallic acid equivalents (GAE) per
mg of dry matter. There were three replicates of each measurement.

2.4.4. Total flavonoid determination

Neu’s reagent [23], a boron-based substance that forms fluorescent
complexes with flavonoids, was used to measure the total flavonoid
content in accordance with the procedure outlined by Andary [24]. To start
the reaction, 100 uL of Neu’s reagent was combined with 2 mL of each
extract (1% concentration). An IC 6400 UV-visible spectrophotometer
was used to measure the optical density at 404 nm. The calibration curve
was created concurrently using a quercetin solution (0.05 mg/mL).

The following formula was then used to quantify the flavonoid content,
as described by [25]:

Aext x0.05x100
Ag x Cext

Flavonoid content =

In this equation, Aext represents the absorbance of the extract, Aq
corresponds to the absorbance of the quercetin standard (0.05 mg/mL),
and Cext denotes the extract concentration expressed in mg/mL. Each
sample was analyzed in triplicate, and results were reported as milligrams
of quercetin equivalents per gram of dry matter (mg QE/g DM).

2.4.5. Antioxidant activity (2,2-diphenyl-1-picrylhydrazyl
[DPPH] free radical scavenging activity) determination

Free radical scavenging activity was assessed using the DPPH
assay. In the presence of free radical scavengers, the purple-colored
DPPH compound is reduced to the yellow-colored 2,2-diphenyl-1-

picrylhydrazine [26,27].

The effect of plant extracts on DPPH radicals was evaluated following
the method described by Masuda et al. [28]. Briefly, 950 uL of a
methanolic solution containing 0.1 mM DPPH was mixed with 50 uL
of the sample. Following a 30-min incubation period, the absorbance
of each sample was recorded at 517 nm. A reduction in absorbance
reflected the ability of the extract to scavenge DPPH free radicals.
The inhibition percentage was then determined using the following
equation [29]:

Al A2

P x100

In this equation, P is the percentage of DPPH inhibition, A: is the
absorbance of the control (DPPH solution without extract), and Az is
the absorbance measured when the extract is present. We tested each
sample 3 times at different concentrations to find the IC, value, which
is the concentration needed to stop 50% of DPPH radicals.

2.5. Statistical Analysis

The data from the statistical analysis were shown as the mean + standard
error of three copies. OriginPro software version 2025 (OriginLab
Corporation, Northampton, MA, USA) was used to do a one-way

analysis of variance (ANOVA) to see how important differences in
total phenolic content, flavonoid content, and antioxidant activity
(IC,)) were between the species studied. After revealing significant
differences (P < 0.05), Tukey’s post-hoc test was applied to categorize
the species according to analogous statistical behavior. In addition,
Pearson correlation analysis was performed to examine the relationships
between phenolic content, flavonoid content, and antioxidant activity.

3. RESULTS

3.1. Collecting and Monographing of Spontaneous AMPs

The study region is characterized by a Saharan climate featuring
low and irregular rainfall, exacerbated by high temperatures and
continuous winds. These environmental circumstances support
the growth of plant species adapted to aridity in the desert, such as
Acacia raddiana, Zygophyllum gaetulum, Launaea arborescens,
Anastatica hierochuntica, and Rhus tripartita, among others. The
floristic diversity observed at the studied sites, including dominant
and harvested species, is represented in Table 2. Plant diversity was
documented within each surveyed site and across the region. Sites 6,
13, 16, and 17 exhibit notably high plant diversity, whereas sites 1, 4,
7,9, 10, 11, and 15 show moderate levels of diversity. Several other
sites exhibited low plant diversity, typically marked by the dominance
of a single species [Table 2].

The species Z. gaetulum, F. corymbosa, and L. arborescens were
observed in four different sites, whereas species such as R. tripartita
and T. amplexicaulis were exclusively found at a single site each.
Sites 1 and 2 showed similarities in terms of species dominance.
A. hierochuntica, renowned for its traditional uses, was prominently
observed in site 13, where it was prevalent alongside Euphorbia
officinarum subsp. echinus. Mesembryanthemum theurkauffii, a
succulent species, was exclusively observed only at site 5. Site 12,
located in the Aousserd region, exhibited sparse and relatively rare
vegetation, reflecting the challenging climatic conditions for plant
survival. Only one species from the genus Salsola was identified at
this site.

The collected species were categorized into 19 families [Figure 2],
most of which are native and some endemic. The Amaranthaceae
family ranks first with 5 species, followed by Fabaceae with four
species, and then Apocynaceae, Brassicaceae, and Solanaceae with
two species each. Each of the remaining families is represented by
one species.

The ethnobotanical investigation revealed that the local population
makes extensive use of harvested plant species in traditional
medicine to address a wide range of ailments. Digestive disorders
emerged as the most commonly treated condition, representing
25.71% of reported uses, followed by skin infections (20%) and
diabetes (11.43%) [Figure 3]. In addition, several species were
cited for managing obesity, cancer, oral infections, infertility,
hair-related issues, and poisoning. Conversely, ailments such as
rheumatism, joint pain, and liver conditions were less frequently
mentioned by respondents [Figure 3], suggesting either limited
traditional knowledge or fewer perceived effects of the plants on
these conditions.

According to the results of our survey, leaves are the most frequently
used part of the various species in the preparation of traditional
remedies, accounting for 53.85% of uses. This is followed by stems,
roots, whole plants, and other parts such as seeds, bark, latex, and gum
[Figure 4].



Sadki, et al.: Phytochemical and ethnobotanical study of Dakhla plants: Article in Press 9

To prepare their traditional remedies, the local population uses various
methods, including decoction, infusion, and powder form. According to
the ethnobotanical survey results, the majority of remedies are prepared
as decoctions, accounting for 63.16% of preparations, followed by
dried powder at 26.32%, and infusions at 10.53% [Figure 5].

The ethnobotanical survey and the collection of spontaneous plants
carried out in this study enabled the creation of a monograph compiling
data on the 29 collected species. This monograph includes information
such as families, scientific names, vernacular names, local names,
parts used, preparation methods, traditional uses, and bibliographic
references [Table 3].

The species studied belong to 19 families [Figure 3]. According to the
monograph, various plant parts — such as leaves, aerial parts, roots,
bark, stems, and seeds — are used to prepare traditional remedies in
forms such as decoction, infusion, or powder. These remedies are
employed to treat a range of ailments including digestive problems,
skin infections, diabetes, cancer, rheumatism, oral and dental issues,
liver problems, and others.

In this study, the Amaranthaceae and Fabaceae families were
found to be widely used for treating digestive problems. Within the
Amaranthaceae family, species from the genus Salsola, such as Salsola
tetragona and Salsola tetrandra, are traditionally used to treat skin
infections. Moreover, Atriplex halimus, another member of this family,
is among the most commonly utilized plants due to its broad therapeutic
applications, including managing diabetes and supporting oral hygiene.

In addition, 4. raddiana, commonly called “telh” by the Sahrawi people,
is traditionally prepared as a decoction and valued for its digestive
benefits, pronounced hypoglycemic effects, and especially its role in
managing obesity. Similarly, infusions prepared from the leaves of
Senna italicaa (Fabaceae) are traditionally used as digestive remedies.

Moreover, according to the results of our investigation, the
Anacardiaceae family is represented by a single species, R. tripartita,
locally known as “jdari.” The leaves and bark of this species are
widely used in decoction to treat digestive disorders. Indeed, the local
population frequently uses numerous plant species to treat various
skin infections such as pimples or burns by applying them as natural
compresses. For example, the latex of L. arborescens (Asteraceae),
commonly found throughout most of the study area, is widely used
to treat skin conditions such as pimples and to aid in thorn removal.
In addition, Heliotropium erosum from the Boraginaceae family is
traditionally applied to manage abscesses, swelling, and burns.

Theethnobotanical survey furtherhighlighted that Sahrawicommunities
make use of certain medicinal plants to combat infertility. Among
these, A. hierochuntica (Brassicaceae), locally called “lkemcha,” is
especially valued for this purpose. It is particularly employed to treat
microbial infections of the uterus, which can affect fertility. Midwives
specifically use it as a decoction made from the whole plant to facilitate
childbirth and alleviate pain. Beyond its gynecological applications,
A. hierochuntica is also used to treat rheumatism and joint pain in the
region. In addition, Mesembryanthemum theurkauftii (4izoaceae) is
traditionally recommended for treating infertility issues.

Our ethnobotanical study revealed that the Sahrawi population relies
on several local medicinal plants to address dental health issues.
Notably, Maerua crassifolia (Capparaceae), locally known as
“Atyle,” is widely used for oral care. Conventionally, its stem serves
as a natural toothbrush, referred to as “Miswak,” which helps clean
the teeth effectively. In addition, decoctions prepared from its leaves
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Figure 2: The number of species collected per family.
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Figure 3: Frequency of use of the plants species to treat diverse diseases.
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Figure 4: Frequency of use of various parts of the plant species
by the local population.

are employed to relieve toothache, demonstrating both curative and
preventive roles in maintaining oral hygiene.

Beyond dental care, the Sahrawi show a strong interest in natural
body care. For promoting hair growth, two species, M. crassifolia
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Figure 5: Frequency of use of different methods of preparing plants by the
local population.

and Ziziphus lotus subsp. saharae (Rhamnaceae) are commonly used.
The dried leaves of these plants are ground into powder and applied
directly to the scalp.

Our investigation also identified Nitraria retusa (Nitrariaceae) as a
plant with broad medicinal applications. The local communities use it
to treat skin infections and digestive disorders. Moreover, decoctions
made from its leaves are traditionally consumed to counteract food
poisoning, a common issue, particularly among nomadic Sahrawi
living in desert environments.

Finally, the study highlights the important role of Z. gaetulum, locally
called “Laagaya,” in Saharan traditional medicine. This widely
distributed desert plant is prized for its diverse therapeutic properties.
Various parts, especially leaves and flowers, are used to manage skin
infections and digestive problems. Notably, Z. gaetulum stands out as
the sole species recognized for treating liver disorders and multi-organ
diseases, underscoring its unique and vital place in the pharmacopoeia
of the Saharan region.

3.2. Phytochemical study of the harvested plants

3.2.1. TLC analysis

The analysis of the methanolic extracts of the AMRs through TLC
yielded a quantitative and semi-qualitative representation of the
phenolic profiles of the various species [Figure 6].

The identification of phenolic compounds was carried out based on
standards of flavonoids and total phenols, through a reference TLC
performed under the same experimental conditions and with the
same solvent system. This reference TLC allowed us to confirm the
fluorescence of certain compounds, as well as the distance of the bands
from the application point, which facilitated their identification. This
approach served as a reference to determine the presence of various
phenolic compounds in our samples before conducting more detailed
phytochemical analyses.

The chromatoplate results reveal distinct fluorescent bands for the
studied species, indicating their abundance in phenolic compounds
such as flavonoids and phenolic acids. This fluorescence varies
significantly based on the compound type, particularly within the

flavonoid group, specifically the flavonol subclass. For example,
kaempferol displays a vivid yellow fluorescence, quercetin emits an
orange-yellow fluorescence, and myricetin displays an orange-red
fluorescence. Phenolic acids, such as chlorogenic acid, are identifiable
by their blue fluorescence. The flavonoid derivatives, especially
flavonols and kaempferol, were found in R. tripartita, L. arborescens,
T. amplexicaulis, Deverra denudata, L. tuberculatum, Pergularia
tomentosa, Lycium intricatum, Spergularia diandra, and S. italicaa.
The presence of myricetin is noted in R.tripartita and the leaves of
A. raddiana. The profile of H. erosum, L. arborescens, D. denudata,
L. intricatum, and S. italicaa indicates the presence of phenolic acids,
such as chlorogenic acid.

3.2.2. Determination of total phenols, total flavonoids, and the
antioxidant activity

The methanolic extracts from different plants were assessed for their
total phenols and total flavonoid content, alongside their antioxidant
activity using the scavenger method of DPPH. The analyses were
conducted in triplicates [Table 4].

Aone-way ANOVA was conducted to assess differences in total phenolic
content, flavonoid content, and antioxidant activity (IC, ) among the
29 plant species analyzed. The results showed highly significant
effects of species on all three parameters (phenolic content: F(28,58)
= 24,485.85, P < 0.0001; flavonoid content: F(28,58) = 269,504.27,
P < 0.0001; antioxidant activity: F(28,58) = 2,623.50, P < 0.0001),
highlighting considerable variation between species. Tukey’s
post hoc test identified homogeneous groups within each parameter;
species sharing the same letter were not significantly different
(P> 0.05), whereas those assigned different letters showed statistically
significant differences. These findings indicate that differences in
phytochemical content correspond to variations in antioxidant activity
across the studied species.To explore the relationships between
phytochemical contents and antioxidant activity, Pearson correlation
analysis was performed. The results are presented in Table 5.

Total phenolic and flavonoid contents showed a strong positive
correlation between them (r=0.758, P < 0.0001), according to Pearson
correlation analysis, suggesting that these compound classes often
coexist within the species under study. On the other hand, phenolic
content (r =—0.386, P = 0.00017) and flavonoid content (r = —0.258,
P = 0.0139) were found to significantly correlate negatively with
antioxidant activity (IC,)). As indicated by lower IC, values, the
finding suggests that increased antioxidant capacity is correlated with
higher concentrations of phenolics and flavonoids. Results for total
flavonoids and total phenols showed a variation between the species.

Total phenol levels ranged from 3 pg/mg to 476 ug/mg. The
highest content was observed in R. fripartita, recording 476 ug/
mg, followed by A. raddiana leaves with a value of 317 ug/mg. L.
intricatum, S. italicaa, L. arborescens, L. chazaliei, F. corymbosa,
L. tuberculatum, and Z. lotus subsp. saharae also exhibited elevated
levels of total phenols, ranging from 74.8 ug/mg to 188 ug/mg.
However, other species such as L. corniculatus, Z. gaetulum, M.
crassifolia, F. occidentalis, P. tomentosa, H. muticus, C. procera, N.
retusa, M. theurkauffii, S. sediforme, H. erosum, T. amplexicaulis, A.
raddiana (fruit), and Arthrocnemum macrostachyum show average
levels ranging from 20.5 pg/mg to 63.6 ug/mg. On the other hand, D.
denudata, A. hierochuntica, A. halimus, H. scoparium, S. tetragona, S.
diandra, and S. tetrandra display relatively low phenol levels ranging
between 14.6 pg/mg and 3 ug/mg. The lowest phenolic content was
observed in Salsola diandra, with a value of 3 ug/mg.
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Figure 6: NEU reagent-developed chromatoplates visualized under ultraviolet at 365 nm (Migration solvents: ethyl acetate — formic acid — acetic acid — water

(100:11:11:27 v/v), support: silica on aluminum). 42: Maerua crassifolia; 35: Calotropis procera; 37: Acacia raddiana (fruit); 15: Anastatica hierochuntica; 14:

Rhus tripartita; 13: Mesembryanthemum theurkauffii; 10: Ziziphus lotus; 8: Zygophyllum gaetulum; 3: Heliotropium erosum;, 4: Atriplex halimus; 5: Launaea

arborescens; 6: Salsola tetragona; 7: Salsola tetrandra; 9: Nitraria retusa; 12: Freesia corymbosa; 16: Trichodesma amplexicaule; 18: Sedum sediforme; 20:

Deverra denudata; 21: Hyoscyamus muticus; 22: Farsetia occidentalis; 23: Limonium tuberculatum; 25: Lotus chazaliei; 27: Pergularia tomentosa; 29: Lycium

intricatum; 31: Lotus corniculatus; 32: Spergularia diandra; 33: Senna italicaa; 34: Haloxylon scoparium; 36: Arthrocnemum macrostachyum; and 37: Acacia
raddiana (leaf).

Regarding total flavonoid content, values ranged from 1.88 upg/mg
up to 253.97 ug/mg. The highest level was found in R. tripartita
(253.97 ng/mg), followed by Salsola italicaa, L. arborescens,
Salsola tetragona, Launaea intricatum, and Acacia raddiana
(leaves), all exhibiting relatively high flavonoid contents ranging
between 70.98 ug/mg and 46.32 ug/mg. The average total
flavonoid levels ranged from 33.35 ug/mg to 12.21 pg/mg were
recorded in N. retusa, H. muticus, C. procera, L. tuberculatum,
D. denudata, F. occidentalis, P. tomentosa, S. diandra, L. corniculatus,
F. corymbosa, H. erosum, S. sediforme, Z. lotus subsp saharae, and
A. halimus. The low levels of flavonoid contents are exhibited by
A. macrostachyum, L. chazaliei, Z. gaetulum, H. scoparium, M.
crassifolia, T. amplexicaulis, A. raddiana (fruit), M. theurkauffii, S.
tetrandra, and A. hierochuntica with values ranging from 8.39 pug/mg
to 1.88 ug/mg, with the lowest content found in 4. hierochuntica.

The analysis of the antioxidant potential of the different plants tested
using the DPPH radical method reveals that the majority of plant
extracts displayedsignificant antioxidant activity. The capacity of
plant extracts to scavenge the DPPH radical ranged from 14.43 ug/mL
to 205.03 ug/mL. Indeed, L. tuberculatum, R. tripartita, A. raddiana
(leaf and fruit), 7. amplexicaulis, F. corymbosa, and Z. lotus subsp.
saharae exhibited the highest antioxidant power, with the IC, values
ranging from 14.43 to 25.84 pg/mL. The highest value was obtained
with L. tuberculatum. However, the other species showed quite
interesting antioxidant capacity, with IC, values ranging from 29.95
to 66.13 wg/mL. These species include L. intricatum, L. arborescens,
M. crassifolia, H. erosum, A. macrostachyum, M. theurkauffii,
and N. retusa. Low levels of antioxidant capacity were revealed by
A. hierochuntica, S. tetrandra, Z. gaetulum, S. diandra, C. procera,
H. scoparium, S. tetragona, and A. halimus, with IC50 values ranging
from 71.44 ng/mL to 104.78 ug/mg. The lowest antioxidant capacity
was observed in L. chazaliei H. Boissieu, with an IC, value of
205.03 pg/mL.

4. DISCUSSION

Our investigation revealed the prevalence of the Amaranthaceae
(Chenopodiaceae), Fabaceae and Asteraceae tfamilies which are
well-known for their significance in the Saharan ecosystem [16]. The
Amaranthaceae family plays a crucial role in the local diet, offering
protein-rich edible seeds [59]. In addition, certain Salsola species
within this family have been reported in the literature for their notable
antioxidant and anti-inflammatory activities [60]. Locally, a decoction of
the leaves is employed to address gastric problems and skin infections,
as documented by Bellakhdar [30]. Among all the species studied in this
research, we observed that A. halimus and H. scoparium, halophytes
known for their diverse therapeutic uses, notably in the treatment of
cancer, diabetes, gastric problems, as an emetic, and for mouth and teeth
care, as previously reported [30,32,34,35]. In addition, these species
demonstrate antidiarrheal and anti-inflammatory properties [31].

The Fabaceae family renowned for its contribution to soil nitrogen
fixation and natural fertilization [61] is primarily characterized by the
prevalence of Acacias, the gum obtained from Acacia trees is commonly
utilized by the local population due to its hypoglycemic effect and its
efficacy in treating digestive disorders. During our survey, we noted
that the Acacia gum employed as as tea and in decoctions, often in
combination with Eucalyptus resin, for the treatment of skin infections.
These traditional uses are corroborated by several authors [30,48-50].

The Asteraceae family, recognized for its significant diversity in terms
of species, is predominantly represented by Launaea sp. In addition to
its therapeutic properties, L. arborescens, known locally as Oum [bina,
is utilized for treating skin infections and removing thorns. Moreover,
it serves as a source of food for animals [30].

Due to the harsh conditions of the desert, locals are more vulnerable
to snake and scorpion attacks. Consequently, local populations
frequently use many plant species as antidotes or antivenoms,
commonly prepared as decoctions or poultices. These include
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Table 4: The results of the total flavonoids and total phenols assays in the harvested plants are expressed in pg/mg DM, while the antioxidant activity IC, is

expressed in pg/mL.

Family Scientific name
Anacardiaceae 14 Rhus tripartita Moffet
Apocynaceae 35 Calotropis procera (Aiton) W.T.Aiton
27  Pergularia tomentosa L.
Aizoaceae 13 Mesembryanthemum theurkauffii (Maire) Maire
Amaranthaceae Atriplex halimus L.
(Chenopodiaceac) Salsola tetragona Delile
7 Salsola tetrandra Forssk.
34 macrostachyum Scoparium Pomel
36  Arthrocnemum macrostachyum (Moric.) K.Koch
Asteraceae 5 Launaea arborescens (Batt.) Murb.
Apiaceae 20  Deverra denudata (Viv.) Pfisterer & Podlech
Boraginaceae 3 Heliotropium erosum Lehm.
Brassicaceae 22 Farsetia occidentalis B.L.Burtt
15  Anastatica hierochuntica L.
Crassulaceae 18  Sedum sediforme (Jacq.) Pau
Capparaceae 42 Maerua crassifolia Forssk.

Caryophyllaceae 32
Fabaceae 25

Spergularia diandra (Guss.) Boiss.
Lotus chazaliei H.Boissieu

33 Senna italicaa Mill.

37 Acacia raddiana Savi

37" Acacia raddiana Savi

31  Lotus corniculatus L.
Frankeniaceae 12 Frankenia corymbosa Desf.
Nitrariaceae 9 Nitraria retusa (Forssk.) Asch.
Plumbaginaceae 23 Limonium tuberculatum (Boiss.) Kuntze
Rhamnaceae 10 Ziziphus lotus subsp saharae (Batt. and Trab.) Maire
Solanaceae 21 Hyoscyamus muticus L.

29 Lycium intricatum Boiss.
Tamaricaceae 16  Tamarix amplexicaulis Ehrenb.

Zygophyllaceae 8  Zygophylum gaetulum Emb. and Maire

Used part Total phenols Flavonoids  Antioxidant activity
(ng AG/mg) (ng/mg) IC,, (ng/mL)
Leaf 476+1.15° 253.97+0.01* 15.35+0.53¢
Leaf 35.4+0.40% 26.83+0.04' 83.49+0.68¢
32.8+0.51% 19.79+0.03™ 66.13+0.70"
Leaf 45.840.17 4.61£0.10" 48.35+0.80™
Leaf and stem 7.8+0.11™ 12.21+0.059 104.78+0.73°
Leaf 3.8+0.17° 65.14+0.03¢ 100.41+0.92¢
2.85+0.31° 2.77+0.01% 78.64+0.73"
Leaf and stem 440.17° 7.57+0.16% 94.85+0.954
Leaf 63.6+0.46" 8.39+0.03" 32.95+0.77°
Stem 99.2+0.23f 68.29+0.01°¢ 29.96+0.70r
14.6+0.28" 22.48+0.01% 58.96+0.811
Leaf 5240.23 14.01+0.01? 32.74+0.67°
Stem 28.2+0.17' 20.98+0.01" 53.67+0.754
10.3+0.17™ 1.88+0.04* 71.44+0.79¢
Leaf 46.4+0.28 13.71+0.05° 41.98+0.84"
27.5+0.23' 7.03+0.01% 49.45+0.93™
Leaf 3+0.11° 18.44+0.03" 80.64+0.72¢
Leaf 101.8+1.03" 7.64+0.01° 205.03+0.77¢
76.2+0.17¢ 70.98+0.01° 35.49+0.72"
Fruit 62.1£0.05% 5.07+0.04" 19.66+0.89"
Leaf 317+0.23° 46.32+0.39° 18.03+0.71%
Stem 20.54+0.28™ 17.99+0.04" 58.63+0.841
Leaf and stem 122+1.73¢ 15.36+0.02° 21.37+0.56"
Leaf 44.2+0.119 33.3540.05¢ 61.02+0.67
Leaf 130+1.15¢ 24.43+0.04 14.43+0.77¢
Leaf 188+0.57¢ 13.76+0.15° 25.84+0.784
Leaf 34+0.86* 27.58+0.01" 54.40+0.78*
74.8+0.46¢ 63.49+0.04¢ 29.9540.54r
Leaf and stem 60.8+0.46" 6.57+0.01" 20.89+0.57"
Leaf 21.44+0.23™ 7.48+0.01% 78.90+0.97"

Data are presented as mean+Standard Error (n=3). Different letters indicate statistically significant differences according to Tukey’s post-hoc test (P<0.05).

Table 5: Pearson correlation matrix between phenolic content, flavonoid
content, and antioxidant activity (IC, ).

Parameters Total phenols Flavonoids Antioxidant activity
Total phenols 1 0.76** —0.39%*
Flavonoids 0.76%* 1 —0.26*
Antioxidant activity —0.39%* —0.26* 1

*P<0.05; **P<0.01.

H. scoparium, Cratolaria saharae, Z. gaetulum [30], H. erosum,
and E. officinarum [30,32,62,63]. In addition, infusions made from
leaves and whole plant of certain species, such as L. arborescens and
C. procera, are used as vermifuges [30,37,38].

Our investigation revealed that leaves are the most commonly used
parts, probalbly due to their abundance in various metabolites,
such as phenolic compounds. These compounds have attracted

considerable attention due to their antioxidant properties, which
enable them to neutralize free radicals and reduce oxidative damage
within cells [64-67]. By combating oxidative stress, antioxidants
play an important role in preventing a range of diseases, including
cardiovascular conditions, neurodegenerative disorders, certain
cancers, and other ailments affecting the intestines, skin, and
respiratory system.

The survey conducted in this study revealed that the majority of
traditional remedies used by the local population involve decoctions,
aligning with findings from other reports [68,69]. This preparation
method is widely practiced among Saharan communities to treat
digestive ailments such as stomachaches, intestinal ulcers, and bloating.
Many plants are regarded as effective against these digestive problems,
including the leaves of A. halimus and both the leaves and bark
of R. tripartita, as previously documented by several authors [16,30].

The survey also indicated that species such as Salsola spp.,
L. arborescens, H. erosum, and Ziziphus lotus subsp. saharae are
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commonly used to treat skin infections, which is consistent with
results reported in numerous similar studies [30,32,33,52-54,62,63].

We also noted that for their oral hygiene the local population, frequently
use traditional toothbrushes made from M. crassifolia wood, locally
known as “Atyle.” This traditional practice is also documented by
Bellakhdar [30]. 4. halimus leaves are also employed for similar
purposes. Furthermore, the leaves of Z. lotus Subsp saharae have been
shown to have an effect on abscesses, as confirmed by several previous
reports [30,52-54]. According to the Bencheikh ef al. [54], the leaves
and fruits are ground into powder, mixed with sour milk or water, and
then applied as poultices to abscesses.

The monograph also mentions new uses for some species and
traditional recipes, such as the use of M. theurkauffii and 4. raddiana as
fat-burning plants, and the use of 4. hierochuntica to treat theumatism,
with a precise recipe included. In addition, the traditional uses of some
species, such as M. theurkauffii and H. erosum, are poorly studied.
In this study, we have collected species that are not well known or
previously studied, and we have evaluated their phytochemical
composition. These species include F occidentalis, F. corymbosa,
D. denudata, L. chazaliei, and L. tuberculatum.

The chromatography results showed that the majority of the harvested
species are rich in phenolic compounds, notably R. tripartita,
L. arborescens, T. amplexicaulis, D. denudata, L.tuberculatum,
Ptomentosa, L.intricatum, S.diandra and S.italicaa, H.erosum,
L.arborescens, D.denudata, L.intricatum, and S. italicaa. Phenolic
compounds are well recognized for their antioxidant [70] and anti-
inflammatory [71] activities, along with various other health benefits.
The Saharawi population extensively uses R. tripartita and Salsola
italicaa to manage digestive disorders, whereas L. arborescens
is particularly valued for its effectiveness against skin infections.
Previous research on R. tripartita has highlighted its high phenolic
content and remarkable antioxidant capacity [72,73]. Another study
on S. italicaa extract revealed its richness in total phenols, flavones,
tannins, alkaloids, and quinone derivatives [74], while another study
on L. arborescens revealedits abundance of flavonoids, tannins,
coumarins, and alkaloids [75]. The phenolic acids, flavonoids, and
tannins are also the primary phytochemical compounds in the Tamarix
genus [76], which is also aligned with the results obtained for T
amplexicaulis Ehrenb. In addition, D. denudata also demonstrated
richness in phenolic compounds. The Deverra genus renowned for
its biological activities, attributed to the presence of essential oils,
coumarins, furocoumarins, flavonoids, and phenolic compounds [77].
L. intricatum also exhibited a high phenolic content, consistent with
the results reported by Bendjedou [78]. This finding suggests that the
species is a promising source of bioactive compounds, particularly
phenolics, with potential pharmaceutical and biomedical applications.

The plants studied originate from the Sahara Desert, where they
face extreme environmental stresses such as intense heat, water
scarcity, arid soils, and drastic climatic fluctuations. These harsh
conditions trigger adaptive responses, leading to increased phenolic
compound production, which contributes to their strong antioxidant
capacities. This adaptation enables these plants to survive and thrive
under challenging conditions. For example, R. tripartita exhibits
the highest phenolic content along with significant DPPH radical
scavenging activity. Our results (IC, = 15.35 pug/mL) closely match
those reported by Mohammed [79] (IC,, = 15.64 ug/mL) and Itidel
et al. [80] (IC,; = 16 ug/mL). Phenolic profiling identified compounds
such as gallocatechin, quercetin, myricetin, and kaempferol, among
others [79,80]. The abundance of these phenols supports the

traditional use of various parts of R. tripartita in Saharan medicine to
relieve stomachaches and treat digestive disorders. Numerous recent
studies further confirm the significant antioxidant potential of this
species [72,73,81,82].

Regarding the Fabaceae family, our findings on Acacia leaf extracts
revealed a high phenolic content and antioxidant capacity, in agreement
with several previous reports [83-86]. However, some authors [49]
previously reported a higher antioxidant capacity compared to our study,
although the total phenol content was similar to our obtained values.
This could explain the traditional use of A. raddiana in the treatment
of several diseases, including digestive problems and diabetes. The
S. italicaa belonging to the Fabaceae family exhibited very similar
results. The Senna genus, in general, has been previously reported to
be rich in secondary metabolites and to have a high antioxidant activity
[87,88]. Apreviously conducted phytochemical screening revealed the
presence of some important secondary metabolites, such as anthocyanins,
leucoanthocyanins, catechins, tannins, and flavonoids [89]. The results
of the phytochemical screening conducted by Dabai et al. [90] further
emphasize the pharmacological importance of S. italicaa, justifying
its use in the traditional medicine, especially the leaves, as a laxative,
purgative, and anti-icteric, as also revealed in our survey among
traditional herbalists. A study by Towanou et al. [74] reported that
both methanolic and aqueous extracts of S. italicaa leaves exhibit free
radical scavenging activity, antioxidant properties, and contain various
secondary metabolites. Similarly, research on Z. lotus subsp. saharae has
highlighted its promising antioxidant potential [52], which is consistent
with our findings. In addition, the phenolic compound contents obtained
in our study are higher than those reported by some authors [91,92],
which explains the significant traditional use of Z. lotus as a remedy to
treat skin problems and diabetes.

Our results indicate that L. intricatum also possesses high level of
phenolic compounds and a strong antioxidant capacity. The Lycium
genus (Solanaceae family) is recognized for its abundance of
antioxidant compounds [93]. There are no sufficient data on leaves
of L. intricatum as most studies have primarily focused on the fruits.
The contents of total flavonoid (63.49 ug/mg) and total phenols
(74.8 ug/mg) recorded in our study exceed those reported by a
previous study [94], which found 28.91 ug/mg and 50.93 ug/mg for
total flavonoids and total phenols, respectively.

L. tuberculatum has the highest antioxidant capacity among the
plants studied and exhibited also a high content of total phenols and
total flavonoids. However, the phytochemical profile of this plant
remains insufficiently explored. A study conducted by Kennouche and
Bentamene [95] assessed the antioxidant capacity of the ethyl acetate
extract of Limonium pruinosum using the DPPH assay. The extract
exhibited notable antioxidant activity, indicating a significant presence
of antioxidant compounds within the Limonium genus. Moreover,
several species from this genus have demonstrated antimicrobial
activity, suggesting their potential application in the treatment of
specific infections [96]. Diuretic properties have also been reported in
some Limonium species [32].

The species belonging to Asteraceae family, including the genus
Launaea, are known for its wealth in triterpenoids, flavonoids and
phenolic compounds contributing to their anti-inflammatory, anti-
hyperlipidemic, hepatoprotective, antioxidant, and cytoprotective
activities. They provide significant protection against cardiovascular
disease and certain types of cancer [38]. L. arborescens reveals notable
levels of phenolic compounds consistent with findings reported by
Belhi and Cheriti [75], thus supporting its various traditional uses
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mentioned in our survey, including the treatment of skin infections
and its use as a vermifuge. Species of the Launaea genus extensively
utilized in the traditional folk medicine across regions where they are
distributed [97,98].

In our study, F. corymbosa (Frankeniaceae) showed -elevated
concentrations of phenolic compounds and significant antioxidant
potential, despite limited data on its phytochemical profile.
Significantly, although previous studies on different Frankenia species
indicated lower phenolic levels [99], one investigation documented a
total phenol content of 172.65 mg GAE/g [100], which is very close
to the observed value (122 pg/mg). The antioxidant potential of the
genus was confirmed by Mennai et al. [101], who documented an IC,
of 9.35 pug/mL, in contrast to our value of 21.37 ug/mL. Conversely,
the two studied Apocynaceae species, C. procera and P. tomentosa,
exhibited moderate levels of total phenols and flavonoids. The phenolic
content of C. procera (35.4 ug GAE/mg) exceeded that documented
by Nagda et al. [102] (9.16 pg/mg) but was inferior to the 71.32 mg
GAE/g reported by Ahmed et al. [103].

In contrast to another study [104], which reported an IC, value of
28.57 ug/mL, our study’s antioxidant capacity of C. procera (IC,;
= 83.49 pug/mL) was lower. Alghanem and El-Amier [105] found
several classes of secondary metabolites in P. fomentosa, including
tannins, flavonoids, saponins, glucosides, and steroids. These results
are consistent with our screening for phytochemicals. However, their
study also reported a significantly higher antioxidant capacity than that
observed in our analysis. This discrepancy may be due to differences
in extraction solvents, plant material origin, or the specific part of the
plant analyzed, underlining the influence of methodological variations
on antioxidant evaluation.

H. erosum (Boraginaceae family) demonstrated moderate phenolic
compound levels, but displayed an interesting IC,. This study
demonstrated, similar to our findings, a moderate total phenol content
(42.3 mg GAE/g), which is close to the values obtained in our study
(52 pg/mg), but exhibited a low antioxidant capacity (430 ug/mL)
compared to the value that we obtained (32.4 ug/mL) [84,106-108].

Regarding S. sediforme (Crassulaceae family), previous studies on
species within the same genus reported higher total phenolcontents
(136.9 mg AG/g and 113.3 mg AG/g, respectively), along with higher
total flavonoids. However, these studies found lower antioxidant
capacity compared to the results obtained in our study [109,110].

According to our ethnobotanical survey, M. crassifolia (Capparaceae
family) is widely used in traditional medicine by the local population,
particularly for addressing digestive issues and maintaining oral
hygiene. Indeed, various parts of the plant could be utilized and exhibit
different biological activities [30]. Its phenolic content is moderate, but
its antioxidant capacity is substantial. Findings were juxtaposed with
those of Pure [111], who reported lower values of total flavonoids of
17.49 mg/100 g and total phenols of 27.29 mg/100 g, figures inferior
to those revealed in our study, with total flavonoids value of 7.03 ug/
mg and total phenol value of 27.5 pg/mg. The antioxidant capacity
obtained in our study (IC, = 49.45) surpasses that found in other study,
who reported an IC, value of 448 pug/mL [112].

The leaf extract of N. retusa (Nitrariaceae tamily) exhibits a moderate
phenolic content along with a moderate antioxidant capacity.
Conventionally, the leaves of this plant are extensively utilized in
Saharan remedies to address diverse health issues, including digestive
problems and poisoning. In our study, the total phenolic and flavonoid

contents were comparable to those reported by Mounira et al. [113],
who found 17.56 mg AG/g of phenols and 42.59 mg R/g of flavonoids.
On the other hand, the antioxidant activity reported in that study was
stronger, with an IC, of 1.64 ug/mL, which is lower than the value
observed in our results.

T. amplexicaulis (Tamaricaceae) showed moderate levels of phenolic
compounds but exhibited strong antioxidant activity. According
to our ethnobotanical data, this genus is traditionally used to treat
gastrointestinal disorders, wounds, diabetes, and dental issues, which
may be attributed to the presence of phenolic acids, flavonoids, and
tannins. Several preclinical studies have reported various biological
activities in Tamarix species, including anti-diabetic, hepatoprotective,
wound-healing, and anti-inflammatory effects [76]. Our study’s findings
surpass those reported for Tamarix aphylla in other research [114].

The Zygophyllaceae family is renowned for its abundance of
specific alkaloids, compounds recognized for their biological
effects, particularly in Peganum harmala seeds. These seeds possess
hallucinogenic properties and contain a natural dye formerly utilized
for carpet dyeing. P. harmala, classified as a hallucinogenic plant, is
known for its richness in harmine and harmanol alkaloids, which are
both used in traditional and conventional medicine [115]. Z. gaetulum,
widely distributed in the Saharan desert, has attracted growing
interest due to its remarkable biological activities. Locally, it is
traditionally used to treat skin infections, digestive problems, and liver
disorders. In one study, this species showed a low antioxidant activity
(IC,, = 200 pg/mL), which contrasts with our results, where a stronger
activity was observed (IC, = 78.9 ug/mL) [116].

The present study revealed significant differences among the studied
species in terms of total phenolic content, flavonoid content, and
antioxidant activity (IC,)), as demonstrated by one-way ANOVA
(P < 0.0001). Tukey’s post hoc test allowed the classification of
species into distinct groups, showing that some plants had notably
higher levels of phytochemicals and antioxidant potential than
others. These differences reflect the natural variability in secondary
metabolite production among plant species, which is influenced
by both genetic makeup and environmental conditions. In addition,
Pearson correlation analysis showed a strong positive correlation
between total phenolic and flavonoid contents (r = 0.76, P < 0.0001),
suggesting that flavonoids make up a substantial portion of the total
phenolics. A significant negative correlation was also observed
between antioxidant activity and both phenolic and flavonoid contents,
indicating that species richer in these compounds tend to have
stronger antioxidant effects (i.e., lower IC, values). This relationship
highlights the important role of phenolics and flavonoids in the
radical scavenging activity of plant extracts. Overall, these results are
in line with previous studies reporting similar associations between
phenolic content, flavonoids, and antioxidant activity [118-121]. They
support the idea that variability in these phytochemicals contributes to
differences in antioxidant capacity, and they underline the relevance
of these compounds as potential bioactive markers. Further chemical
and pharmacological investigations on the most promising species are
therefore encouraged.

Although this study mainly focused on flavonoids and phenolic acids,
known for their antioxidant and therapeutic properties [117,119], it’s
worth noting that other bioactive compounds, beyond antioxidants,
may also play an important role in the observed medicinal effects. In
reality, medicinal plants often contain a wide mix of active substances
that can work together in a synergistic way, leading to more complex
and enhanced pharmacological effects.
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Alkaloids, terpenoids, and essential oils are some of the
bioactive compounds that have been extensively studied for their
pharmacological properties. Alkaloids, for instance, are well-known
for their anticancer, analgesic, and antispasmodic effects. Medicinal
plants contain a variety of bioactive compounds with important
therapeutic roles. For instance, alkaloids present in some species
are traditionally used to manage conditions such as cancer, chronic
pain, and digestive problems. Terpenoids, meanwhile, are known for
their anti-inflammatory, antiviral, and antimicrobial effects, making
them valuable in treating infections and immune-related disorders. In
addition, essential oils extracted from certain plants offer a range of
benefits, including antiviral, antimicrobial, antioxidant, and relaxing
properties, which can help alleviate various symptoms [120].

In addition to these compounds, many medicinal plants contain
saponins, glycosides, and coumarins, which play important roles in
modulating complex biological processes and contribute to their
therapeutic effects. For example, saponins are known for their ability
to lower cholesterol and regulate the immune system, glycosides have
effects on heart function and blood sugar control, and coumarins are
valued for their anticoagulant and anti-inflammatory properties.

The plants studied in this research contain a variety of bioactive
molecules in addition to flavonoids and phenolic acids. For example,
R. tripartita is rich in triterpenoids, which provide anti-inflammatory
and anticancer properties, in addition to its antioxidant power [121].
The anthraquinones found in S. italicaa are responsible for its laxative
and antimicrobial activities, while the flavonoids and saponins present
in this plant play a key role in its antioxidant and anti-inflammatory
effects. Similarly, A. raddiana contains flavonoids, tannins, and
saponins that participate in its antimicrobial, hypoglycemic, and
antioxidant properties. These reports underscore the importance of
investigating various classes of bioactive compounds to deepen our
understanding of the therapeutic potential of these plants and to guide
future pharmacological studies.

In summary, the plants studied show considerable variation in their
phenolic compound content, highlighting their diverse abilities to
accumulate these important molecules. Differences observed in total
phenol and flavonoid levels compared to previous reports can be
explained by multiple factors. These include species differences,
the locations and timing of harvest, and geoclimatic influences
such as temperature, rainfall, and soil characteristics. In addition,
methodological variations, such as the plant material used, sample
preparation including drying and extraction methods, choice of solvents,
assay techniques, and the particular plant parts analyzed also play a
significant role. Interestingly, some species with high phenolic content
displayed relatively low antioxidant activity, suggesting that antioxidant
effects might arise from alternative pathways or mechanisms, including
assays like 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid),
ferric reducing antioxidant power, or B-carotene bleaching. Given
these complexities, it is essential to consider all these variables when
assessing phenolic content and antioxidant capacity, to better understand
the therapeutic potential and traditional uses of these plants. Further
research is necessary to clarify these relationships and to establish more
precise links between phenolic compounds, antioxidant activities, and
biological effects in the species studied.

5. LIMITATIONS AND FUTURE PERSPECTIVES

Phytochemical screening and TLC analysis provided preliminary
information on the presence of phenolic compounds and flavonoids
in the plants studied. However, the lack of confirmation by advanced

instrumental methods such as liquid chromatography-mass spectrometry
or high-performance liquid chromatography is a limitation of this
study. Looking ahead, future research should focus on the isolation and
advanced structural characterization of the main bioactive compounds.
In addition, in vivo studies will be necessary to confirm the biological
activity and safety of these plant extracts, particularly their antioxidant,
anti-inflammatory, and antimicrobial properties. Understanding the
mechanisms of action and assessing potential toxicity appear essential
for the development of effective phytotherapeutic agents.

6. CONCLUSION

The study carried out in the Dakhla-Oued Ed-Dahab region
revealed a rich floristic diversity and highlighted the extensive
use of AMPs by the Sahrawi population. Among the 29 species
identified, representing 19 botanical families most are spontaneous
and endemic, with Amaranthaceae and Fabaceae being the most
represented. Ethnobotanical data indicate that these plants are
primarily used in traditional medicine to address a range of health
issues, notably digestive disorders (25.71%), skin infections (20%),
and diabetes (11.43%). The leaves are the most commonly used
plant part (53.85%), and decoctions represent the predominant mode
of preparation (63.16%). Phytochemical analyses confirmed the
presence of significant amounts of phenolic compounds, particularly
flavonoids and phenolic acids, which are closely associated with
strong antioxidant activity. These findings highlight the therapeutic
potential of the studied species, as the antioxidant properties of their
bioactive compounds may contribute to the treatment of various
ailments. A clear correlation was observed between phytochemical
richness and biological efficacy, supporting the traditional use of these
plants in local medicine. Noteworthy, examples include R. tripartita,
A. raddiana, and Limonium tuberculatum, which exhibited high levels
of bioactive compounds and marked antioxidant capacity. This work
underscores the importance of ethnobotanical studies in promoting the
value of southern Morocco’s flora and identifying promising natural
resources for pharmaceutical development. By integrating traditional
knowledge with phytochemical analysis, the study opens avenues for
further exploration of the therapeutic potential of these underexplored
species. It also emphasizes the need for sustainable and regulated
use of this valuable plant heritage, ensuring its conservation and its
responsible exploitation for future pharmacological applications.
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