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Abstract

Insulin resistance, obesity, high blood pressure, and dyslipidemia are some of the associated risk factors that contribute to
metabolic syndrome, a prevalent complex health condition. Due to its high nutrient content and potential health benefits, eating food
plants has gained attention recently as a potentially managed strategy and a way to prevent metabolic syndrome. One such plant is
al-haydawan, a succulent that has a long history of traditional use in a variety of cuisines. Based on earlier research, the aim of this
study is to elucidate the effects of al-haydawan on metabolic syndrome. Numerous studies have demonstrated that al-haydawan
includes a high concentration of bioactive compounds, including calcium and flavonoids that have anti-inflammatory and
antioxidant properties. Al-haydawan bioactive extracts efficiently lower body weight, body mass index (BMI), and fat mass—
factors linked to osteoporosis and obesity. This aids in the management and prevention of metabolic syndrome. Improvements in
blood pressure, blood glucose, and cholesterol levels have also been associated with steroid use. In animal studies, A-lhaydawan
extracts have been demonstrated to improve lipid profiles, lower insulin resistance, and improve glucose and lipid metabolism.
According to these findings, neutral might have a significant part in controlling metabolic risk factors. In conclusion, because of its
abundant nutritional value and possible health advantages, Al-haydawan intake functions as a dietary approach to prevent and

manage metabolic syndrome.
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1. Introduction

In and of itself, metabolic syndrome is not a disease.
Rather, it is a collection of risk factors for heart disease,
stroke, and type 2 diabetes, including high blood pressure,
high blood sugar triglycerides, and extra belly fat. Three or
more of these risk factors are typically present for the
diagnosis. According to [1], metabolic syndrome doubles the
risk of atherosclerotic cardiovascular disease and five times
the risk of type 2 diabetes. Globally, metabolic syndrome
affects about 25% of adults [2]. (People with insulin
resistance are frequently reported to have high blood
pressure, and obesity and high blood pressure are strongly
related. Impaired fasting blood glucose, which is defined as a
level of 100 mg/dL or greater, is another factor. Furthermore,
triglyceride levels exceeding 150 mg/dL and low HDL (good)
cholesterol levels (less than 40 mg/dL for men and less than
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50 mg/dL for women) are considered risk factors. If a person
exhibits three or more of these symptoms, the NHLBI and
AHA jointly advise diagnosing metabolic syndrome [3].
One of the complicated disorders where body fat mass rises
dramatically is obesity. Obesity is a medical disorder that
occasionally calls for surgery rather than being merely a
cosmetic issue. Obesity and being overweight are two major
outcomes of numerous chronic illnesses. A person is
considered overweight if their Body Mass Index (BMI) is b/w
25 and 29.9, and obese if their BMI is 30 or more [4].

A series of excessive food intakes that result in
energy intake exceeding consumption, excess caloric intake,
and decreased caloric expenditure cause obesity, a
multifactorial chronic disease, to develop in the human body
[5]. The World Health Organization (WHO) reports that
between 2000 and 2016, the prevalence of adult obesity in
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Arab nations rose by 10.0 percentage points. The region's
low- and middle-income countries saw the biggest increase
among subgroups, rising by 10.6 percentage points, followed
by high-income countries by 10.3 percentage points, low-
income countries by 6.7 percentage points, and the least
developed Arab countries by 5.7 percentage points [5-6].
Since many people are now aware of the risks and negative
effects of obesity, many have resorted to diet and lifestyle
changes to lower their risk of becoming obese. Many have
also looked for fat-burning beverages, herbs, and medicinal
plants, as well as healthy food options high in fiber and
oxidation flashes, which enhance digestion lower obesity, and
boost immunity. Among these plants is the Al-haydawan
(Boerhavia elegana Choisy) plant, which is common
throughout the Arab world, particularly in Yemen. It is used
in traditional medicine as a flavoring for Yemeni porridge and
has numerous significant health benefits, including the
treatment of liver infections, urinary tract infections, and
digestive disorders.

2. Plant Description

In Yemen, this plant grows after rain. It is known
among Yemenis, particularly those in Hadhramaut, where it
is milled to make flour, which is used to make the well-known
Yemeni porridge. It is recognizable by its sweet-smelling,
fennel-like seeds. [7], Reproductive Al-haydwan seeds are a
member of the Boerhavia genus, which has numerous
species. Mexico, America, Australia, Africa, and the Pacific
Islands are just a few of the tropical, subtropical, and
temperate locations where the genus Boerhavia is widely
distributed. Nearly all of the forty species in the genus
Boerhavia are found on gravel plains or rocky slopes in
tropical and subtropical regions [8]. Al Haydawan seeds are
little, fennel-like particles that have a pleasant scent and add
a delicious taste to food, especially warm porridge meals with
sesame oil. Plant-based substitutes for synthetic antioxidants
in processed foods are becoming more and more popular as a
result of growing public awareness of the artificial chemicals
used as antioxidants in these meals. Figure 1. When wet, the
fruits have a high percentage of mucilage, and the plant
flowers from March to April [9].

3. The chemical content of the plant Boerhavia elegans

After a thorough evaluation of their chemical and
nutritional makeup as well as their functional qualities, B.
elegans seeds were determined to have a high nutritional
value that might be used in the food business. [10-16]
measured the approximate composition of Al-haydwan seeds
and reported that the moisture content was 6.12%. At the
same time, the amounts of ash, carbs, fiber, crude protein, and
crude lipids were 14.6%, 11.49%, 36.13%, 6.88%, and
30.77%, respectively. They also found that the the protein
content was greater than that of eggs and cereal crops.
Additionally, they discovered that Al-haydwan seeds have a
greater proportion of ash and fat. The seeds had a larger
amount of fat than millet and corn. Large levels of minerals,
which are more abundant than grains and animal meat, are
reflected in the high percentage of ash. Furthermore, the
concentration of essential amino acids in bellow seeds is
comparable to that of whole wheat flour, with the exception
of tryptophan. Additionally, because seeds have a larger
proportion of calcium and potassium than other foods, they
have been discovered to be a good natural source of these
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minerals. These minerals can be taken as supplements by
youngsters, the elderly, and pregnant and lactating mothers.
Iron and zinc were also discovered to be the highest
concentrated elements.
4. Nutritional uses of Al-haydwan (B.elegans)
Additionally, seeds from B.elegans are a significant
source of calories. Since calories are broken down during
digestion, we know that they are a measure of energy. This
energy is subsequently used by the cells to carry out a number
of tasks, including the synthesis of proteins and other vital
materials that the body requires [11]. Earlier research clearly
shows the nutritional importance of Al-Hayadawan seeds.
Additionally, these seeds can be used as a novel ingredient to
increase the amount of fiber in a variety of products,
especially dairy products. A study by Khaliq found that the
chemical content of basil seeds is comparable to that of Al-
Haydawan seeds [12-13], discovered that because
carbohydrates provide more energy than lipids, total energy
(calorie value) in fats, proteins, and carbs was 0.49, 0.99, and
0.58 calories/g, respectively. Al-haydwan is therefore
regarded as a healthy calorie source. Energy that can be saved
for later use measured in calories or consumed immediately,
as is widely known. [11]. According to [14], protein content
of Al-haydawan seeds is similar to that of quinoa seeds, but
fiber and ash content is higher than that of chia seeds.
Researchers discovered that consuming Al-haydwan for 4
weeks decreased constipation and increased frequency of
defecation times, demonstrating that fiber also controls bowel
movements and helps processes of defecation and excretion.
Additionally, the anti-inflammatory chemical qualities aid in
the treatment of irritable bowel syndrome and intestinal
infections [13]. The study by [9] explores the fascinating
antioxidant qualities of Choisy seeds from Boerhavia
elegana. In addition to its usage as a food source, the research
findings show that Boerhavia elegana choisy seeds have
promise as a viable source of advantageous chemicals for the
creation of protection against oxidative damage and dietary
supplements. The oil's relative oxidative stability was high.
The composition of the tocol revealed that the concentrations
of higher levels of a-tocotrienol, y-tocopherol, and y-
tocotrienol were observed. Of the seven phenolic acids
identified, ascorbic acid was the most abundant (5.44 mg-100
g—1), followed by wvanillic, galic, p-coumaric, ascorbic,
cinnamic, and ferulic. There is currently a paucity of research
on the utilization of Al-haydwan seeds in beverage
applications, despite these encouraging nutritional qualities.
The possibility of using Al-haydawan as the main raw
material for the creation of reasonably priced and nutrient-
dense functional foods was examined in an Al-Farga study.
The physicochemical and cooking characteristics of Al-
haydawan seed flour, an underutilized resource, were
evaluated by the researchers. The results showed that Al-
haydawan seed flour had a much greater water solubility
index than some legume flours, suggesting that it may retain
flavor and be used as a thickening or gelling agent in a variety
of culinary products. Interestingly, no research has been done
on the use of Al-hydawan seeds in milk or non-milk
beverages as of yet. [10], also showed that the seed extract of
Boerhavia elegana Choisy showed antioxidant activity by a
number of methods, including the FRAP, carotene bleaching,
and Fe2+ chelating assays; also, the DPPH and ABTS tests
evaluated its potent free radical scavenging capabilities. [15]
Found that there were no discernible negative effects on fetal
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development in rats given a daily dosage of 250 mg/kg b.w.
of ethanolic root extract throughout pregnancy. Similarly,
using the brine shrimp (Artemia salina) toxicity test, [16]
found that an 80% ethanol extract of aerial parts of Boerhavia
elegana showed negligible toxicity, with an LD50 value of
1020 mg/ml. According to [17], the main parts of Boerhavia
species used for phytochemical and pharmacological study
are the leaves and roots. However, research into other
elements including seeds, flowers, and stems is required in
order to use these species successfully. All members of the
Boerhavia genus require toxicity investigations, even though
some reports dispute the toxicity of Boerhavia diffuse using
different tests.

5. Medicinal uses of Al-haydawan B. elegans cytotoxic
action

Two human cancer cell lines, PC3 (prostate cancer)
and MCF7 (breast cancer), were used for B. elegans' first
cytotoxicity screening. The findings showed that, in contrast
to duxorubicin, which inhibited 100% cell growth at a dose
of 10png/ml, the aerial parts of this plant (50pg/ml) inhibited
0% PC3 cells. B.elegans (50pg/ml) demonstrated 15.14%
inhibition on the MCF7 cell line in comparison to
Duxorubicin (10pug/ml, 95% inhibition) [18].

6. The activity of antioxidants

The high concentration of phenolic compounds in B.
elegans may be the cause of its antioxidant qualities. There
was a considerable anti-malaria effect from this plant. Its
antioxidant activity might be the cause of these qualities. The
potential use of B. elegans as a natural antioxidant in food
industries and other medicinal preparations is supported by
its strong antioxidant activity. Research revealed that a
variety of solvents may be used to extract the physiologically
active components of B. elegans. To determine which
metabolites are in charge of the crude methanolic extract's
pharmacological effects, more research is required. The
DPPH stable free radical method is the simplest way to
evaluate an extract's or fraction's antioxidant activity [19].
The compound that demonstrated the highest DPPH radical
scavenging activity was BPME. The extract/fractions other
than phenolics and flavonoids may contain primary
antioxidant compounds that can donate hydrogen to a free
radical in order to remove the odd electron that causes the
radical's reactivity, as indicated by weak correlation between
the EC50 value of DPPH and the total phenolic and total
flavonoid content. One of the most lethal oxidants that either
directly or indirectly destroys biomolecules is superoxide
anions [20-21]. The superoxide anions' EC50 value and the
total phenolic and flavonoid content are strongly correlated,
indicating critical function polyphenolics play in removing
superoxide anions. Cellular components have been reported
to be negatively impacted by superoxide anions [2022].

6.1. Inflammatory

Additionally, fiber facilitates better excretion and
aids in digestion. Probiotics that protect the digestive system,
boost immunity and lessen inflammation are supported and
maintained by the Al-haydwan plant through several
mechanisms. This is because it contains dietary fibers like
inulin, which is a component of the chemical composition of
fiber, as well as compounds with anti-inflammatory and
antimicrobial qualities. Which is: Through the use of inulin,
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a bio stimulant that humans cannot digest but which
probiotics eat to increase their development and survival in
the intestines. Hydrangea's anti-inflammatory qualities can
aid in lowering intestinal irritation, which improves the
conditions for probiotic growth and action. Due to its
antibacterial qualities, which can aid in the removal of
dangerous germs from the intestines, propionic development
and reproduction are facilitated [22].

6.2. Antimicrobial action

Many human pathogenic bacteria, including
Bacillus cereus, Bacillus subtilis, Escherichia coli, Klebsiella
sp., Proteus mirabilis, Pseudomonas aeruginosa, Salmonella
typhi, Shigella sp., Staphylococcus aureus, and Yersinia
enterocolitica, were found to be significantly inhibited by the
aqueous and methanolic extracts of B. elegans at a 50pl
concentration [23].

6.3. Anti-diabetic effects

The genus Boerhavia contained alkaloids,
glycosides, saponins, tannins, flavonoids, and phenols.
Previously, antidiabetic herbs found to contain flavonoids,
tannins, glycosides, catechol, alkaloids, and organic sulfur
compounds. It also stated that flavonoids improve insulin
secretion by encouraging the proliferation of pancreatic -
cells, which may be mechanism by which they decreased
streptozotocin-induced hyperglycemia in diabetic rats [24].

6.4. Hypolipidemic and anti-obesity properties

According to earlier research, changes in lipid
metabolism brought on by decreased insulin secretion and
insulin function abnormalities result in abnormalities of
lipoproteins, which are typically seen in diabetes mellitus,
and they also raise the risk of cardiovascular diseases linked
to atherogenic dyslipidacy [25-26]. Reverse cholesterol
transport is a mechanism that carries cholesterol from
peripheral cells to liver, and HDL cholesterol thought to be a
cardio protective lipid that is crucial to this process. A broad
and varied class of bioactive polyphenolic chemicals present
in plants are called flavonoids. According to their chemical
structures, flavonoids can be categorized into 6 subclasses:
isoflavones, flavones, flavanols, flavanones, anthocyanins,
and flavan-3-ols [27]. (Flavonoids and their metabolites have
been used in some studies in recent years to prevent and treat
a wide range of illness, including as cancer, obesity, diabetes
mellitus, hypertension, hyperlipidemia, & cardiovascular
disease [28]. This research suggests that the Boerhavia
elegana flavonoids contribute to the hypolipidemia. Many
pharmacological compounds are used as the anti-obesity
medications, but they frequently have negative side effects.
As a result the use of natural derivatives to treat obesity has
increased, especially in many Asian nations [29]. Many
organic resources, such as unpolished plant extracts and
separated contaminants, have been used to reduce diet and
fight obesity. Obesity and diabetes have a complex
relationship; they frequently coexist and have an impact on
one another. Numerous bioactive substances, including
lignans, alkaloids, flavonoids, and steroids, are abundant in
B. diffusa and lower blood glucose levels while regulating
lipid profiles [30]. The chemical makeup of the Boerhavia
diffusa and another the Boerhavia species is comparable. The
presence of numerous phytochemical components in B.
diffusa has been found to have a considerable anti-obesity
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effect on obese rats, according to a study [30]. All things seem to be important for the systems that control food and the
considered, the endocannabinoids’ are the orexogenic and" ~ body weight.

a 4
Fig.1. B. elegans: Flowers, Shrubs and leaf
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Fig.2. Some Phytochemical content is extracted with different solvents [28].
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Our research also shows that B. diffusa's drinking
water component inhibits the cannabinoid receptor, which
has a definite anti-obesity impact on obese rats fed a high-fat
diet. The phytoconstituent sitosterol is structurally similar to
cholesterol and has been found to reduce cholesterol levels in
plasma. HFD administration raised serum TG, TC, and LDL-
C levels while decreasing HDL-C. High TC, TG, and LDL
levels increase CVD risk [32]. The lipid profile may also be
influenced by gastric lipase activation, intestinal fat
absorption, and lipolysis. The researcher discovered that on a
high-fat diet, the Wt.-F of B. diffusa extract (200 mg/kg)
significantly decreased TC, HDL, VLDL, TG, and LDL
levels (p < 0.01) compared to group animals with no HFD.
Insulin resistance, increased adipose fat mobilization, and
decreased hepatic and muscle glucose absorption are the
causes of hyperlipidemia. Rats' lipid profile was improved
when HFD was added to their plasma. A previous study stated
that flavonoids improve insulin secretion by encouraging the
proliferation of pancreatic P-cells, which may be the
mechanism by which they decreased streptozotocin-induced
hyperglycemia in diabetic rats. Therefore, the flavonoids,
tannins, and glycosides found in B. erect extract may be
responsible for the extract's anti diabetic action [33]. The
body requires large amounts of the mineral calcium.

About 99% of the calcium in the body is stored in
the bones and teeth, making it vital for bone health. The body
uses the remaining 1% for several important processes.
Muscle contraction and relaxation depend on calcium, among
other aspects of muscle function. Additionally, it aids in
blood coagulation, hormone and enzyme secretion, nerve
impulse transmission, and more. Additionally, calcium is
essential for cell communication and signaling. It aids in
pulse regulation, blood pressure maintenance, and pH balance
in the body [34]. [35], conducted that about thirty active
bioactive components have been found in the methanolic
extract of the choisy plant (Boerhavia), indicating that the
plant may have medicinal use. Numerous functional groups,
including, nitrogenous compounds, alkenes, [9] demonstrated
that Boerhavia seeds can be used as a source of health
compounds for the development of nutritional supplements
and protection against oxidative stress in addition to their use
for food consumption. These findings are especially pertinent
to understanding the plant's potential for treating a variety of
diseases & contribute to a broader knowledge of biochemistry
of halophytes and their applications in diverse fields. An
investigation of the chemical, nutritional, and functional
characteristics of the Al-haydawan seeds flour was carried
out by [13].

Additionally, the study found that Al-haydawan
seed flour is nutrient-dense due to its high content of dietary
fiber, protein, raw fats, carbs, and ash. These findings
demonstrate flour's potential as a nutrient-dense food
element. Large quantities of vital minerals and amino acids
are also included in flour, which is advantageous for a number
of body processes. [36] Used GC-MS to identify the active
components in a study on the chemical analysis of the Al-
haydawan plant, flavonoids and saturated fats were the two
most significant active ingredients in Al-haydawan and their
ratios. The extracted compounds' chemical content and their
respective applications were categorized. [37] Investigated
that minerals are essential parts of our diet, they serve a wide
range of purposes, including supplying the building blocks
Alharbi et al., 2025

for our bones, affecting the function of muscles and nerves,
and controlling the water balance in the body. In addition,
they are parts of enzymes, hormones, and other substances
that have biological activity, additionally, certain minerals are
crucial for the immune system's efficient operation, this
pertains to both the adaptive immune response and the innate
defensive system. Accordingly, the mineral supply affects the
development of chronic diseases as well as an individual's
vulnerability to infections. According to study, [38] mention
that therapeutic plants have a high mineral and phytochemical
content, numerous potentials use for medicinal plants exist in
production of novel pharmaceuticals, nutraceuticals, and
medical supplies.

Numerous pharmacologically active phytochemicals
found in medicinal plants have been used to treat a range of
illnesses. Based on the information above, we can say that Al-
haydwan seed flour is a great source of dietary fiber, carbs,
uncooked protein, and other nutrients. Another alternative
source of dietary fiber is al-haydwan seed flour. The
important minerals (calcium, potassium, magnesium,
sodium, iron, and zinc) are present in adequate proportions.
Furthermore, it has comparatively high protein content and
the majority of necessary amino acids, which are comparable
to those in whole wheat flour. Fiber also promotes healthy
flora and helps digestion, which lowers the risk of obesity and
digestive disorders. Isoflavones, are thought to be effective in
lowering blood fat levels. The chemical composition of the
herb, which is rich in phenols and flavonoids, enhances its
medicinal importance as an antioxidant, eliminating free
radicals, and anti-inflammatory [39]. Zinc and iron were
found to be the most concentrated trace elements within these
seeds. By encouraging the growth of pancreatic B-cells,
flavonoids improve insulin secretion, which may be the
mechanism by which they lessened streptozotocin-induced
hyperglycemia in diabetic rats [40].

4. Conclusions

The compounds found in the al-haydwan plant may make
it a treasure, but more research and investigation are needed,
the plant also needs to be better cultivated and its growing
conditions understood in order to be used commercially in the
production of medical extracts and medicines its therapeutic
efficacy is influenced by lipid metabolism and antioxidant
substances. The precise characteristics, dosage, and
interactions of Al-haydwan and its active ingredients require
more investigation, all things considered, Al-haydwan can be
regarded as a natural substitute for treatment and prevention
of various illnesses, especially when it comes to reducing
inflammation and enhancing patients' lipid profiles. Waheeba
E. Ahmed: https: //orcid.org/0000-0003-2776-1347.
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