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ABSTRACT
Keywords: Although the plants of the Cistaceae family have historically been prized for
Cistaceae Plant Extracts, their medicinal qualities, thorough comparative studies of various plant
Phytochemicals, Mineral. components are frequently lacking. The goal of this investigation was to

estimate the total carbohydrate and total protein by spectrophotometer, and
to estimate the concentrations of Iron, Copper, and Nickel by atomic
absorption, also to compare the phytochemical and biochemical makeup of
leaf and stem extracts from a Cistus species to identify the most useful
component of the plant for potential uses. Qualitative phytochemical
screening for key secondary metabolites was performed on alcoholic and
aqueous extracts of leaves and stems. In addition, quantitative analyses were
carried out to ascertain the overall content of carbohydrates, proteins, amino
acids, and specific minerals (Fe, Ni, and Cu). The phytochemical screening
findings demonstrated that leaves have a substantially higher concentration
of bioactive ingredients, with aqueous extracts containing high amounts of
flavonoids and both extracts containing moderate amounts of tannins and
saponins, as compared to stems. Compared to the stems (0.541 and 0.272),
respectively, the quantitative analysis also confirmed the superiority of the
leaves, which had much higher concentrations of total proteins (1.983 ppm)
and amino acids (0.541 ppm). In contrast, the stems, which function in
nutrient storage, had a greater total carbohydrate content (0.359 ppm) than
the leaves (0.137 ppm). The iron content of the leaves was similar to that of
the mineral analysis, but the copper and nickel levels were slightly higher.
These data provide conclusive evidence of a distinct biochemical division
between the two organs and establish the leaves as a better source of both
vital nitrogenous molecules and secondary metabolites of medicinal value.
Prioritizing the use of Cistus leaves in the creation of phyto-pharmaceuticals
and nutraceuticals is supported by this solid scientific argument.

Introduction

For millennia, natural products derived from medicinal plants have been a cornerstone of traditional
medicine and a prolific source for modern drug discovery [1]. The vast chemical diversity inherent in the
plant kingdom offers a unique and largely untapped reservoir of bioactive compounds with significant
therapeutic potential [2]. These compounds, which are also referred to as phytochemicals or secondary
metabolites, consist of important classes like flavonoids, phenolics, alkaloids, and terpenoids that have been
shown to have a variety of pharmacological properties, such as antioxidant, anti-inflammatory,
antimicrobial, and anticancer effects [3]. Consequently, the systematic investigation of plant-derived natural
products continues to be a critical endeavor in the search for novel therapeutic agents [4]. The Cistaceae
family, commonly known as rockroses, comprises several genera of perennial shrubs predominantly found
in the Mediterranean region [5]. Plants belonging to this family, particularly from the Cistus, Halimium, and
Helianthemum genera, have a long history of use in folk medicine for treating various ailments, including
skin diseases, digestive problems, and inflammatory conditions [6].

Scientific literature has increasingly substantiated these traditional uses, attributing the observed biological
activities to a rich profile of phytochemicals [7]. Species within the Cistaceae family are known to be
abundant sources of polyphenolic compounds, such as flavonoids and tannins, as well as a diverse array of
terpenes, including labdane-type diterpenes [8]. These compounds are recognized for their potent
antimicrobial and antioxidant properties, making Cistaceae species a subject of considerable research
interest. The distribution and concentration of phytochemicals can differ significantly not only between
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species but also within the same plant, such as leaves and stems [9]. Genetic factors, developmental stage,
and environmental conditions often influence this variation. Leaves are typically the primary sites of
photosynthesis and are often rich in phenolic compounds that protect against UV radiation and oxidative
stress, while stems provide structural support and are involved in the transport and storage of metabolites
[10]. Therefore, a comparative analysis of the phytochemical composition of different plant organs is
essential for identifying the most potent source of specific bioactive compounds. Such studies are crucial
for optimizing extraction procedures and maximizing the yield of desired molecules for pharmaceutical or
nutraceutical applications. Despite the growing body of research on the Cistaceae family, many species
remain underexplored, and comprehensive comparative studies evaluating the biochemical potential of
different plant parts are limited [8,9].

Challenges in phytochemical research, including the need for standardized extraction methods and robust
analytical techniques, persist [11]. The study of different plant constituents and their medical applications
was conducted in Libya in different studies [12-41]. This study aims to address this gap by conducting a
comparative phytochemical screening and biochemical evaluation of leaf and stem extracts from selected
Cistaceae species. By systematically analyzing and contrasting the phytochemical profiles, specifically the
total phenolic and flavonoid contents, and evaluating the associated antioxidant and antimicrobial activities,
this research seeks to determine whether leaves or stems represent a richer source of bioactive compounds.
The findings are expected to provide valuable scientific data to support the targeted use of specific plant
parts from the Cistaceae family in the development of new phytomedicines and functional ingredients.

Methods

Plant Collection

In the spring of 2023, fresh aerial pieces of Cistaceae were collected from the Al-Gabel Al-Akhdar region.
The plant specimens were officially identified and verified at the Seliphium Herbarium in the Botany
Department of the Faculty of Science at Omar Al-Mukhtar University.

Samples preparation

To ensure the purity and preservation of the plant material, a rigorous sample preparation technique was
employed. To remove any dirt or other pollutants that may be present, the selected plant's leaves and stems
were first carefully collected and washed in distilled water. At this point, it's critical to remove any foreign
components that could obstruct potential testing. After that, the cleaned plant material was thoroughly
dried in a chilly, dark area to prevent deterioration brought on by light and humidity. This drying method
eliminates excess water while preserving the integrity of the plant's constituent parts and preventing the
growth of microorganisms. After the plant material had dried enough. A mortar and pestle were used to
grind it into a fine powder. This grinding process makes it easier to efficiently extract bioactive chemicals in
the subsequent analysis by increasing the surface area of the plant material. After that, the crushed plant
powder was carefully stored in hermetic polyethylene containers to prevent deterioration and contamination.
These bottles were kept in a chilly, dark place to maintain the stability of the plant chemicals until further
research could be conducted.

Phytochemical Screening

A qualitative phytochemical screening of the plant extracts was carried out in order to determine whether
significant groups of secondary metabolites were present. The analyses were carried out using several well-
known, common colorimetric Techniques according to previous studies [20-25].

Sterol and Triterpenoid Testing (Liebermann-Burchard Test)

The chloroform extract was mixed with 0.3 mL of acetic anhydride in a ratio of one milliliter (1 mL). Following
this, a few drops of concentrated sulfuric acid were gently administered along the side of the test tube. A
reddish-violet ring formed at the interface between the two layers, followed by the emergence of a green tint
in the chloroform layer, was considered a strong indication of the presence of sterols and/or triterpenoids.

Flavonoids Test (Alkaline Reagent Test)
Adding a few drops of diluted sodium hydroxide solution rendered a portion of the plant extract alkaline.
The presence of flavonoids was indicated by the appearance of a strong yellow hue, which disappeared upon
the addition of a few drops of diluted acid.

Alkaloid Testing (Dragendorff’s Test)

The plant extract was filtered after being acidified with a dilute solution of hydrochloric acid. With diluted
ammonium hydroxide, the acidic filtrate was then meticulously neutralized before being extracted with
chloroform. On a piece of filter paper, a few drops of the chloroform extract were placed. The location was

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 03-10-2025 - Accepted: 02-12-2025 - Published: 09-12-2025 433


https://doi.org/10.69667/lmj.2517412
https://lmj.ly/index.php/ojs/index

Libyan Med J. 2025;17(4):432-441
https://doi.org/10.69667/Imj.2517412

Libyan Medical Journal

https://Imj.ly/index.phplojs/index eISSN: 2079-1224

treated with Dragendorff's reagent after drying. The presence of alkaloids was confirmed by the appearance
of a notable orange or reddish-brown precipitate/spot.

Tannin Test (Ferric Chloride Test)

The plant extract was filtered after being diluted with 50% ethanol. A few drops of a 1% ferric chloride (FeCls)
solution were introduced to the transparent hydroalcoholic filtrate. A favorable outcome for the existence of
tannins was the formation of a blue-black or greenish-black precipitate.

The Modified Borntrager's Test for Anthraquinones

The plant extract was filtered after being hydrolyzed by boiling with a few drops of dilute sulfuric acid in one
milliliter (1 mL) of solution. Chloroform was used to extract the filtrate. An equal volume of diluted ammonia
solution was introduced after the chloroform layer was removed. The presence of anthraquinones was
indicated by the formation of a rose-pink to cherry-red hue in the lower ammoniacal layer of the mixture as
it was shaken.

Test for Saponins

The plant extract, about 1 mL, was diluted in a test tube with 5 mL of distilled water, then vigorously shaken
for 5 minutes. The presence of saponins was indicated by the formation of a stable foam layer that was at
least 1 cm high and lasted for at least 15 minutes.

Determining the total amount of soluble protein
To determine the total protein (Total N x 6. 25), the soluble protein was calculated by multiplying the total
nitrogen by 6. 25, and the protein content was expressed as mg protein/g/g FW.

Estimation of metals
Using the technique outlined by previous studies, the atomic absorption (Perkin Elmer 800) was used to
identify the metals of (Cu, Ni, and Fe) at Omar El-Mukhtar University's central lab.

Carbohydrate Identification

0. 2 of the dry sample by weight was initially crushed to ascertain the total carbohydrates, followed by the
addition of 5 ml of sulfuric acid. After the samples had completely dissolved, a little barium carbonate
(Ba2CO3) was added, and the samples were heated once more before being allowed to cool at room
temperature. The phenol-sulfuric acid method was used to calculate the total carbohydrate content. The
sample solutions were filtered after cooling. To induce color development, 1 mL of a 5% aqueous phenol
solution was added to 1 mL of the filtrate, followed by the quick introduction of 5 mL of concentrated sulfuric
acid. The absorbance of the colored complex produced.

Results

Phytochemical screening

To determine the existence of significant secondary metabolite classes, a qualitative phytochemical analysis
was conducted on both aqueous and alcoholic extracts obtained from the leaves (B1) and stems (B2) of the
tested Cistaceae species. The findings, which are based on the strength of colorimetric reactions, are
presented in (Tables 1) (aqueous extracts) and 2 (alcoholic extracts). The relative amounts of each
phytochemical group were qualitatively assessed and classified as high (++++), moderate (+++), low (++),
trace (+), or absent (-).

Aqueous Extracts

The phytochemical study of the aqueous extracts, as seen in Table 1, revealed a rich and diverse composition
in both the leaves and stems. The leaf extract (B1l) revealed an extremely high concentration of flavonoids
(++++), a moderate concentration of tannins and saponins (+++), a low concentration of alkaloids (++), and
a trace amount of sterols and/or triterpenes (+). The stem extract (B2), in contrast, showed a moderate
presence (+++) of tannins and saponins. Nevertheless, the flavonoid (+++) and alkaloid (++) concentrations
were somewhat lower than those seen in the leaves. The concentration of anthraquinones was low (++) in
both leaves and stems.

Alcoholic Extracts

A different distribution pattern of phytochemicals was seen during the screening of the alcoholic extracts
(Table 2). The leaf extract (B1) had a particularly high concentration of tannins and saponins, both of which
were found in moderate concentrations (+++). Additionally, it included trace levels (+) of alkaloids, flavonoids,
and sterols and/or triterpenes. In contrast, the phytochemical content of the alcoholic stem extract (B2)
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was typically lower. Only traces of tannins, alkaloids, and saponins were found (+), whereas flavonoids and
anthraquinones were found at low concentrations (++). Surprisingly, the alcoholic extract of the stems
contained none of the sterols or triterpenes (-). When comparing the screening results, the leaves are
generally found to be a better source of the tested phytochemicals, specifically flavonoids in the aqueous
extract and tannins and saponins in both the aqueous and alcoholic extracts. The extraction efficiency of
these secondary metabolites was also greatly impacted by the solvent used.

Table 1. The phytochemical screening of aqueous extracts of the studied plants

Phytochemical screening B1 B2
test

Tannins +++ +++

Alkaloid +++ ++

Flavonoids ++++ +++
Anthraquinenes ++ ++
Sterols and or Triterpenes ++ +

Saponins +++ +++

B1: Cistaceae leaves
Table 2. The phytochemical screening of Alcoholic extracts of the studied plants

B2: Cistaceae stems

Phytoc!'lemlcal B1 B2
screening test
Tannins +++ +
Alkaloid + +
Flavonoids + ++
Anthraquinenes ++ ++
Sterols and or Triterpenes + _
Saponins +++ +

B1: Cistaceae leaves B2: Cistaceae stems
(+): presence , (++): Moderate contents as color test, (+++) : High contents as color test, (-): Absent

Total carbohydrate, protein, Amino Acid, and Metals

Primary Metabolites and Mineral Content

On the leaf and stem sections of the examined Cistaceae species, primary metabolites—total carbohydrates,
total proteins, and total amino acids were quantitatively analyzed in addition to the qualitative screening of
secondary metabolites. Additionally, the concentration of key trace elements (Fe, Ni, Cu) was measured.

The entire amount of protein, amino acids, and carbohydrates

(Tables 3, 4, and 5) display quantitative data for the main metabolites. There was a notable difference in the
distribution of these substances between the stems and leaves. As seen in (Table 3), the total carbohydrate
content of the stems (B2) was much higher (average 0. 359 ppm) than that of the leaves (B1) (average 0. 137
ppm). In contrast, the leaves were shown to have a lot more nitrogenous chemical. The leaves have three
times as much protein as the stems, with an average of 1. 983 compared to 0. 541 ppm, respectively (Table
4). In the same way, the leaves had about twice as many total amino acids (an average of 0. 541) as the
stems (an average of 0.272 ppm (Table 5). The analysis of selected trace elements revealed comparable levels
of iron (Fe) in both the leaves (39.15 pg/g) and stems (39. 85 ppm). However, the leaves (B1) had somewhat
higher concentrations of nickel (Ni) (1.571 ppm) and copper (Cu) (2.51 ppm) than the stems (B2), which had
1. 22 ppm of Ni and 2. 16 ppm of Cu (Table 6).

Table 3. The total carbohydrate contents (ppm) of the studied plant extracts:

ontent Cc1 c2 c3 Average
Samp
Cistaceae leaves 0.136 0.138 0.138 0.137
Cistaceae Stems 0.360 0.359 0.358 0.359

Table 4. The contents of total protein (ppm) of the studied plant extracts.

tents C: C2 Cs
Sample

Average
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Cistaceae leaves | 1.968 1.994 1.983 1.981
Cistaceae Stems | 0.543 0.542 0.541 0.542

Table 5. The contents of amino acids (ppm) of the studied plant extracts.
tents
Sample C1 C2 C3 Average
Cistaceae leaves 0.542 0.541 0.541 0.541
Cistaceae Stems 0.275 0.272 0.272 0.273
Table 6. Metal contents of the studied plants(ppm).
ments | pe | Ni | Cu
Samp

Bl 39.15 | 1.571 | 2.51
B2 39.85| 1.22 | 2.16

Discussion

The current study examined the chemical composition of alcoholic and water extracts from the leaves and
stems of a Cistaceae species. According to the existing scientific literature, there are significant differences
in the distribution of secondary metabolites depending on the plant component and the extraction solvent
used. Our findings indicated that, in general, the leaves have a higher concentration of essential
phytochemicals than the stems. Particularly, the aqueous leaf extract had a very high flavonoid
concentration (++++). This is consistent with previous research indicating that leaves, as the primary sites
of photosynthesis, accumulate high levels of phenolic compounds like flavonoids to protect against biotic
and abiotic stresses, including UV radiation and oxidative damage. A recent comprehensive review on
various Cistus species also highlighted those leaves are the main repository for polyphenolic compounds,
directly corroborating our observations [42]. The moderate presence of tannins and saponins in both
aqueous and alcoholic leaf extracts further underscores the metabolic activity of this plant part. The choice
of solvent profoundly influenced the extraction efficiency, a well-documented phenomenon in phytochemical
research [43].

In our study, water (aqueous extract) proved to be more effective for extracting flavonoids, whereas the
alcoholic extract of the leaves showed higher relative concentrations of tannins and saponins. This
differential solubility is expected, as the polarity of the solvent plays a crucial role in determining which
compounds are extracted. The high polarity of water makes it an excellent solvent for many polar compounds
like flavonoid glycosides, while less polar solvents like ethanol can be more effective for other classes of
compounds, which explains the different profiles observed. Interestingly, alkaloids were detected in low to
trace amounts in most extracts. While many plant families are known for high alkaloid content, the
Cistaceae family is not typically characterized as a primary source. However, their presence, even in small
quantities, warrants further investigation, as alkaloids are known to be a scaffold for many therapeutic
drugs and exhibit potent pharmacological activities even at low concentrations [44]. Similarly, the detection
of anthraquinones, although in low amounts, is significant. These substances are recognised for their
possible biological effects, including laxative and antimicrobial effects, which could contribute to the plant's
traditional medicinal uses. A key observation from our study is the marked difference between the leaf and
stem extracts. The stem extracts consistently showed lower concentrations of most phytochemicals. This is
biologically plausible, as different plant organs are specialized for different functions; stems primarily
provide structural support and transport, while leaves are major sites for the synthesis and storage of
defensive secondary metabolites [45].

The complete absence of sterols and triterpenes in the alcoholic stem extract, while present in the leaf
extract, is a clear example of this organ-specific chemical distribution. This finding is critical for traditional
medicine and commercial applications, as it suggests that harvesting leaves would be far more efficient for
obtaining a high yield of bioactive compounds. This aligns with a review by previous studies [46] which
emphasized that different parts of Cistus plants possess varied chemical profiles and, consequently, different
biological activities. In conclusion, this comparative study provides valuable insight into the phytochemical
landscape of the studied Cistaceae species. It confirms that leaves are a superior source of medicinally
important compounds like flavonoids, tannins, and saponins compared to stems. Furthermore, it highlights
the critical importance of solvent selection in phytochemical analysis. These findings strongly support the
traditional use of Cistaceae leaves in herbal medicine and provide a scientific basis for prioritizing this plant
part for future pharmacological investigations and the potential development of phytopharmaceutical
products.
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The physiological roles and nutritional potential of various components of the Cistaceae plant are further
revealed by quantitative analysis of main metabolites and minerals. Our research reveals that
carbohydrates, proteins, and amino acids are clearly separated between the leaves and stems, which
correspond to their unique biological roles. The significantly higher concentration of total carbohydrates in
the stems (0.359 ppm) compared to the leaves (0.137 ppm) is a key finding. This is biologically consistent,
as stems in perennial shrubs serve as a primary organ for transport and, importantly, the storage of
carbohydrates like starch and sucrose. These stored reserves provide energy for survival during dormant
periods and for new growth. In contrast, while leaves are the site of carbohydrate synthesis (photosynthesis),
they primarily export these sugars to other parts of the plant rather than storing them in large quantities
[47]. Conversely, our results show that the leaves are substantially richer in total proteins (1.983 ppm) and
amino acids (0.541) than the stems. This is expected, as leaves are the epicenters of metabolic activity. They
are densely packed with enzymes required for photosynthesis, carbon fixation (e.g., RuBisCO, one of the
most abundant proteins on Earth), and the synthesis of secondary metabolites [47]. The higher protein and
amino acid content directly reflects this intense enzymatic and biosynthetic machinery. This finding also
highlights the potential nutritional value of Cistaceae leaves as a source of protein. The analysis of mineral
content revealed that both leaves and stems are good sources of iron (Fe), with nearly equal concentrations.
Iron is a crucial micronutrient for plants, acting as a cofactor in many enzymatic reactions, including
chlorophyll synthesis and electron transport chains [48]. The slightly higher levels of copper (Cu) and nickel
(Ni) in the leaves are also noteworthy. Copper is another essential cofactor for enzymes involved in
photosynthesis and respiration, while nickel is a component of the urease enzyme. The accumulation of
these metals in the leaves is likely linked to their role in the active metabolic processes occurring there [45].
The concentrations of these metals are within the typical range reported for many plant species and
underscore the plant's ability to uptake essential minerals from the soil. The determination of metals in
different samples plants, soils, water and others were studied by used different methods as atomic
absorption, X -ray Florescence and spectrophotometer [49-92] most of these studies showed high accuracy
and precision, the distribution of primary metabolites follows a clear functional pattern: stems act as
carbohydrate storage organs, while leaves serve as the primary centers for protein synthesis and
metabolism. This complements our phytochemical findings, painting a comprehensive picture where leaves
are the richest source of both bioactive secondary metabolites and essential nitrogenous compounds,
making them the most valuable part of the plant for potential nutritional and medicinal applications.

Conclusion

The phytochemical and biochemical makeup of leaf and stem extracts from the studied Cistaceae species
was successfully compared in this study. The findings clearly show that the leaves contain far higher levels
of essential primary metabolites, such as proteins and amino acids, as well as beneficial secondary
metabolites, such as flavonoids, tannins, and saponins, when compared to the stems. The stems, on the
other hand, were discovered to be the main site of carbohydrate storage. The solvent selection was also
proven to be a crucial element that affects how various chemical classes are extracted. These results offer
solid scientific evidence in support of the traditional use of Cistaceae plant leaves in herbal treatments. From
a practical perspective, this study supports targeting leaves rather than the stems for harvesting to maximize
the production of bioactive chemicals for use in the pharmaceutical, nutraceutical, and cosmetic industries.
Future research should concentrate on evaluating the pharmacological effects of substances isolated and
identified from leaf extracts.

Acknowledgement
The authors highly appreciate the collaboration of the central laboratory of chemical analysis (Chemistry
Department, Omar Al-Muhtar University) for their help during the practical part of this study.

Conflict
No conflict with any other studies for the results recorded in this study.

References

1. Yuan H, Ma Q, Ye L, Piao G. The traditional medicine and modern medicine from natural products. Molecules.
2016 May;21(5):559.

2. Newman DJ, Cragg GM. Natural products as sources of new drugs over the nearly four decades from 01/1981
to 09/2019. J Nat Prod. 2020 Mar;83(3):770-803.

3. Hussain T. Bioactive secondary metabolites from plant sources: types, synthesis, and their therapeutic uses.
Int J Plant Biol. 2021 Sep;13(1):4-14.

4. Butler MS. Natural products to drugs: natural product-derived compounds in clinical trials. Nat Prod Rep.
2008;25(3):475-516.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 03-10-2025 - Accepted: 02-12-2025 - Published: 09-12-2025 437


https://doi.org/10.69667/lmj.2517412
https://lmj.ly/index.php/ojs/index

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Libyan Med J. 2025;17(4):432-441
https://doi.org/10.69667/Imj.2517412

Libyan Medical Journal

https://Imj.ly/index.phplojs/index eISSN: 2079-1224

El Hachlafi N, Chebat A, Bencheikh RS, Fikri-Benbrahim K. A review on Cistus sp.: phytochemical and
antimicrobial activities. Plants (Basel). 2021 Jan;10(2):200.

Barrajon-Catalan E, Fernandez-Arroyo S, Saura D, Guillén E, Fernandez-Gutiérrez A, Segura-Carretero A, Micol
V. Cistaceae aqueous extracts containing ellagitannins show antioxidant and antimicrobial capacity, and
cytotoxic activity against human cancer cells. Food Chem Toxicol. 2010 Aug-Sep;48(8-9):2273-82.

Zivkovi¢ J, Joksimovi¢ J, Maksimovi¢ S, Jankovi¢ T, Stankovi¢ M. Phytochemistry and antihyperglycemic
potential of Cistus salviifolius L., Cistaceae. Front Pharmacol. 2022 Jan;12:758664.

Bouyahya A, Abrini J, Bakri Y, Dakka N. Chemical composition, antibacterial and antifungal activity of the
essential oil from Cistus ladanifer L. J Herbs Spices Med Plants. 2017;23(4):369-76.

Michalak M, Szwajgier D, Paduch R, Kukula-Koch W, Wasko A, Polak-Berecka M. Characterization of Cistus
incanus L. and Cistus ladanifer L. extracts as potential multifunctional antioxidant ingredients for skin
protecting cosmetics. Antioxidants (Basel). 2020 Mar;9(3):202.

Al-Khayri JM, Rashmi R, Toppo V, Chole PB, Banadka A, Sudheer WN, et al. Plant secondary metabolites: the
weapons for biotic stress management. Metabolites. 2023 Mar;13(4):716.

Sasidharan S, Chen Y, Saravanan D, Sundram KM, Latha LY. Extraction, isolation and characterization of
bioactive compounds from plants' extracts. Afr J Tradit Complement Altern Med. 2011;8(1):1-10.

Aljamal MA, Hasan HM, Al Sonosy HA. Antibacterial activity investigation and anti-biotic sensitive's for different
solvents (ethanol, propanol, DMSO and di ethyl ether) extracts of seeds, leaves and stems of (Laurus azorica
and Avena sterilis) plants. Int J Curr Microbiol Appl Sci. 2024;13(11):175-90.

Hamade MH, Abdelraziq SA, Gebreel AA. Extraction and determination the of Beta carotene content in carrots
and tomato samples collected from some markets at ElBeida City, Libya. EPH Int J Appl Sci. 2019;1(1):105-10.
Hasan HM, Ibrahim H, Gonaid MA, Islam M. Comparative phytochemical and antimicrobial investigation of
some plants growing in Al Jabal Al-Akhdar. J Nat Prod Plant Resour. 2011;1(1):15-23.

Hasan H, Jadallah S, Zuhir A, Ali F, Saber M. The anti-cancer, anti-inflammatory, antibacterial, antifungal,
anti-oxidant and phytochemical investigation of flowers and stems of Anacyclus clavatus plant extracts.
AlQalam J Med Appl Sci. 2025;8(1):415-27.

Hasan H, Zuhir A, Shuib F, Abdraba D. Phytochemical investigation and exploring the Citrullus colocynthis
extracts as antibacterial agents against some Gram and negative bacteria species. AlQalam J Med Appl Sci.
2025;8(1):392-400.

Zeyaullah M, Nehal M, Alam M, Abdelkafe AS, Ali A. Catechol biodegradation by Pseudomonas strain: a critical
analysis. Int J Chem Sci. 2009;7(3):2211-21.

El-Mehdawy MF, Eman KS, Hamad MI Hasan. Amino acids contents of leaves and stems for two types of herbal
plants (Marjoram and Hybrid tea rose) at AL-Gabal AL-Akhder region. Der Pharma Chem. 2014;6(6):442-7.
El-Mehdawy MF, Eman KS, Hamad MIH. Amino acid contents of leaves and stems for three types of herbal
plants at Al-Gabal Al-Akhder region. World J Chem. 2014;9(1):15-9.

Hamad MAH, Noura AAM, Salem AM. Phytochemical screening, total phenolic, anti-oxidant, metal and mineral
contents in some parts of plantago Albicans grown in Libya. World J Pharm Res. 2024;13(3):1-17.

Anees AS, Hamad MIH, Islam M. Antifungal potential of 1,2-4triazole derivatives and therapeutic efficacy of
Tinea corporis in albino rats. Der Pharm Lett. 2011;3(1):228-36.

Hasan H, Mohammed M, Haroon A. Determining the contents of antioxidants, total phenols, carbohydrate, total
protein, and some elements in Eucalyptus gomphocephala and Ricinus communis plant samples. Libyan Med
J. 2015;45(1):222-31.

Hasan H, Zuhir A, Shuib F, Abdraba D. Efficiency of Cynara cornigera fruits on antibacterial, antifungal and its
phytochemical, anti-oxidant screening. Libyan Med J. 2025;1(1):120-8.

Hanan MA, Hamida E, Hamad MAH. Nitrogen, phosphorus and minerals (sodium, potassium and calcium)
contents of some algae's species (Anabaena and Spirulina platensis). Int J Curr Microbiol Appl Sci.
2016;5(11):836-41.

Hasan H, Mariea FFE, Eman KS. The contents of some chemical compounds of leaves and stems of some herbal
plants (Thymy, Rosemary, Salvia, Marjoram and Hybrid Tea Rose) at Al-Gabal Al-Akhder region. EPH Int J Appl
Sci. 2014;6(3):1-11.

El-Mehdawy MF, Eman KS, Hamad MIH. Heavy metals and mineral elements contents of leaves and stems for
some herbal plants at AL-Gabal AL-Akhder region. Chem Sci Rev Lett. 2014;3(12):980-6.

Hasan H, Sulayman A, Alehrir A. Estimation of amino acid composition, total carbohydrate, and total protein
content in Ballota pseudodictamnus plant extracts from Al Jabal Al Akhdar Region, Libya. Libyan Med J.
2025;1(1):266-71.

Hasan H, Hamad A, Abdelsatar W. Evaluation of anti-oxidant capacity, total phenol, metal, and mineral contents
of Ziziphus lotus plant grown at some regions of AlGabal AlKhder, Libya. Libyan Med J. 2025;1(1):137-43.
Hesien RA, Amira AKA, Ahlaam MA, Hamad MAH. Determination the anti-oxidant capacity, total phenols,
minerals and evaluation the anti- bacteria activity of leaves and stems of Gaper plant extracts. Sch J Appl Med
Sci. 2024;12(4):451-7.

Hamad MAH, Noura AAM, Salem AM. Total carbohydrate, total protein, minerals and amino acid contents in
fruits, pulps and seeds of some cultivars of muskmelon and watermelon fruit samples collected from Al. Der
Pharma Chem. 2024;16(3):330-4.

Ben Arous NAA, Naser ME, Hamad MAH. Phytochemical screening, anti-bacterial and anti-fungi activities of
leaves, stems and roots of C. parviflorus Lam and C. salviifolius L plants. Int J Curr Microbiol Appl Sci.
2024;13(11):262-80.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 03-10-2025 - Accepted: 02-12-2025 - Published: 09-12-2025 438


https://doi.org/10.69667/lmj.2517412
https://lmj.ly/index.php/ojs/index

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Libyan Med J. 2025;17(4):432-441
https://doi.org/10.69667/Imj.2517412

Libyan Medical Journal

https://Imj.ly/index.phplojs/index eISSN: 2079-1224

Anas FAE, Hamad MAH, Salim AM, Azza MH. Phytochemical screening, total phenolics, antioxidant activity and
minerals composition of Helichrysum stoechas grown in Libya. Afr J Biol Sci. 2024;3(6):2349-63.

Naseer RE, Najat MAB, Salma AA, Hamad MAH. Evaluation of metal and mineral contents of leaves, stems and
roots of C. parviflorus Lam and C. salviifolius L plants growing at Al Ghabal Al-Khder (Libya). Int J Adv Multidisc
Res Stud. 2024;4(5):191-4.

Hamad MAH, Salem AM. Total carbohydrate, total protein, minerals and amino acid contents in fruits, pulps
and seeds of some cultivars of muskmelon and watermelon fruit samples collected from Algabal Alkhder region.
Sch J Appl Med Sci. 2024;12(1):1-7.

Haroon A, Hamad MAH, Wafa AAS, Baset ESM. A comparative study of morphological, physiological and
chemical properties of leaves and steam samples of (E.gomphocephala) (Tuart )plant growing at coastal (Derna
city) and ... . J Res Environ Earth Sci. 2024;9(12):10-8.

Enam FM, Wesam FAM, Hamad MAH. Detection the contents of minerals of (sodium, potassium and calcium)
and some metals of (iron, nickel and copper) in some vegetable and soil samples collected from Al-Marj. Int J
Adv Multidisc Res Stud. 2023;5(3):304-9.

Rinya FMA, Hamad MAH, Ahlam KA, Hammida MEH. Phytochemical screening of some herbal plants (Menthe,
Origanum and Salvia) growing at Al-Gabal Al-akhder region-Libya. Afr J Basic Appl Sci. 2017;9(3):161-4.

Ali RFA, Hamad MAH, Ahlam KA, Hammida MEH. Phytochemical screening of some herbal plants (Menthe,
Origanum and Salvia) growing at al-gabal al-akhder region- Libya. Int J Pharm Life Sci. 2017;8(4):5500-3.
Alaila A, Bouhuish R, Ali R, Naji H, Hasan H, Akrim Z. Evaluation of mineral (Na,Ca) and metal (Fe,Cu,Ni)
content, alongside phytochemical screening of Eriobotrya japonica L. grown in two different locations in Libya.
AlQalam J Med Appl Sci. 2025;8(3):1967-76.

Al-Awjali K, Abdulsalam S, El-Mokasabi F, Akrim Z, Hasan H. Estimate the antioxidant capacity, total phenol
contents mineral concentrations, total carbohydrate of Capparis Spinosa L.(Kabbar), Ceratonia Siliqua L
(Kharuwb) and Juniperus Phoenicea L (Arar) plants. Attahadi Med J. 2025;2(4):376-84.

Mierziak J, Kostyn K, Kulma A. Flavonoids as important molecules of plant interactions with the environment.
Molecules. 2014 Oct;19(10):16240-65.

Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. Phytochemical screening and extraction: a review. Int Pharm Sci.
2011;1(1):98-106.

Kittakoop P, Mahidol C, Ruchirawat S. Alkaloids as important scaffolds in therapeutic drugs for the treatments
of cancer, tuberculosis, and smoking cessation. Curr Top Med Chem. 2014;14(2):239-52.

El Hachlafi N, Chebat A, Bencheikh RS, Fikri-Benbrahim K. A review on Cistus sp.: phytochemical and
antimicrobial activities. Plants (Basel). 2021 Jan;10(2):200.

Wink M. Introduction: biochemistry, role and biotechnology of plant secondary metabolites. In: Wink M, editor.
Annual plant reviews, volume 39: biochemistry of plant secondary metabolism. 2nd ed. Wiley-Blackwell; 2010.
p. 1-19.

Taiz L, Zeiger E, Mgller IM, Murphy A. Plant physiology and development. 6th ed. Sunderland (MA): Sinauer
Associates; 2015.

Hamad MAH, Hanan AAK, Fatima A. Infrared (IR) characterization and physicochemical properties of Schiff base
compound obtained by the reaction between 4-Hydroxy-3-methoxy benzaldehyde and 2-Amino-3 . J Res Pharm
Sci. 2021;7(3):8-12.

Hamad MIH, Aaza IY, Safaa SH, Mabrouk MS. Biological study of transition metal complexes with adenine
ligand. Proc Sci Conf. 2019;41(1):77.

Ahmed O, Ahmed NH, Hamad MAH, Fatin ME. Chemical and biological study of some transition metal complexes
with guanine as ligand. Int J New Chem. 2023;10(3):172-83.

Hamad MAH, Enas UE, Hanan AK, Hana FS, Somia MAE. Synthesis, characterization and antibacterial
applications of compounds produced by reaction between Barbital with Threonine, glycine, lycine, and alanine.
Afr J Biol Sci. 2024;6(4):1234-45.

Ashraf AA, Hamad MAH, Hanan AAK, Hana FS, Somaia MAE, Taffaha AA, et al. Molecular docking studies of
some Schiff base compounds. Afr J Biol Sci. 2024;6(3):3324-34.

Mohmed GB, Zainab SH, Hamad MAH, Hanan AKA, Mounera AAE, Mohammed MY, et al. [.R analysis and some
biological applications for some Schiff base compounds prepared between (4- di methyl amino benzaldehyde).
and some amino acids (Trptophan, Phenylalanine. Eur Chem Bull. 2024;12(5):887-906.

Salama MM, Moussa SF, Hasan HM. Synthesis, characterization, and antibacterial studies of metal complexes
with tyrosine ligand. Int J New Chem. 2023;10(5):323-39.

Hasan H. Biological study of some first series transition metal complexes with adenine ligand. In: Proceedings
of The 23rd International Electronic Conference on Synthetic Organic Chemistry; 2019 Nov 1-30; Online. MDPI;
2019. p. 15.

Siddiqui AA, Islam M, Hasan HH. Synthesis and antituberculostic activity of some novel 1, 3, 4-oxadiazole.
Hamdard Medicus. 2011;54(1):82-9.

Eltawaty SA, Abdalkader GA, Hasan HM, Houssein MA. Antibacterial activity and GC-MS analysis of chloroform
extract of bark of the Libyan Salvia fruticosa Mill. Int J Multidiscip Sci Adv Technol. 2021;1(1):715-21.
Elsalhin H, Abobaker HA, Hasan H, El-Dayek GA. Antioxidant capacity and total phenolic compounds of some
algae species (Anabaena and Spirulina platensis). Sch Acad J Biosci. 2016;4(10):782-6.

Alaila AK, El Salhin HE, Ali RF, Hasan HM. Phytochemical screening of some herbal plants (Menthe, Origanum
and Salvia) growing at al-gabal al-akhder region- Libya. Int J Pharm Life Sci. 2017 Apr;8(4):5500-3.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 03-10-2025 - Accepted: 02-12-2025 - Published: 09-12-2025 439


https://doi.org/10.69667/lmj.2517412
https://lmj.ly/index.php/ojs/index

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Libyan Med J. 2025;17(4):432-441
https://doi.org/10.69667/Imj.2517412

Libyan Medical Journal

https://Imj.ly/index.phplojs/index eISSN: 2079-1224

Hasan H, Mariea FFE, Eman KS. The contents of some chemical compounds of leaves and stems of some herbal
plants (Thymy, Rosemary, Salvia, Marjoram and Hybrid Tea Rose) at Al-Gabal Al-Akhder region. EPH Int J Appl
Sci. 2014;6(3):1-11.

Abdelrazeg A, Khalifa A, Mohammed H, Miftah H, Hamad H. Using melon and watermelon peels for the removal
of some heavy metals from aqueous solutions. AlQalam J Med Appl Sci. 2025;8(1):787-96.

Abdul Razaq A, Hamad H. Estimate the contents and types of water well salts by the Palmer Roger model
affecting the corrosion of Al-Bayda city (Libya) network pipes. AlQalam J Med Appl Sci. 2025;8(1):744-53.
Abdulsayid FA, Hamad MAH, Huda AE. IR spectroscopic investigation, X-ray fluorescence scanning, and flame
photometer analysis for sediments and rock samples of Al-Gabal Al-Akhder coast region (Libya). IOSR J Appl
Chem. 2021;14(4):20-30.

ALambarki M, Hasan HMA. Assessment of the heavy metal contents in air samples collected from the area
extended between Albayda and Alquba cities (Libya). AlQalam J Med Appl Sci. 2025;8(1):695-707.

Al-Nayyan N, Mohammed B, Hamad H. Estimate of the concentrations of heavy metals in soil and some plant
samples collected from (near and far away) of the main road between Al-Bayda city and Wadi Al-Kouf region.
AlQalam J Med Appl Sci. 2025;8(1):816-26.

Hasan HMI. Studies on physicochemical parameters and water treatment for some localities along coast of
Alexandria [dissertation]. [Alexandria (EG)]: Alexandria University; 2006.

Hamad MAH, Hager AA, Mohammed EY. Chemical studies of water samples collected from area extended
between Ras Al-Halal and El Haniea, Libya. Asian J Appl Chem Res. 2022;12(3):33-46.

Hamad MH. Studies on physicochemical parameters and water treatment for some localities along coast of
Alexandria. Alexandria (EG): Alexandria University; 2006.

Hamad M, Mohammed AA, Hamad MAH. Adsorption and kinetic study for removal some heavy metals by use
in activated carbon of sea grasses. Int J Adv Multidisc Res Stud. 2024;4(6):677-85.

Hamad MAH, Hamad NI, Mohammed MYA, Hajir OAA, Al-Hendawi RA. Using bottom marine sediments as
environmental indicator state of (Tolmaitha — Toukra) region at eastern north coast of Libya. Sch J Eng Technol.
2024;2(14):118-32.

Hamad MIH. The heavy metals distribution at coastal water of Derna city (Libya). Egypt J Aquat Res.
2008;34(4):35-52.

Hamad MIH, Islam M. The concentrations of some heavy metals of Al-Gabal Al-Akhdar Coast Sediment. Arch
Appl Sci Res. 2010;2(6):59-67.

Hamad MAH, Amira AKA. Estimate the concentrations of some heavy metals in some shoes polish samples.
EPH Int J Appl Sci. 2016;2(2):24-7.

Hamad MAH, Hussien SSM, Basit EEM. Accumulation of some heavy metals in green algae as bio indicators of
environmental pollution at Al-Haniea region: Libya coastline. Int J Adv Multidisc Res Stud. 2024;4(5):188-90.
Hamad MIH, Ahmed MA. Major cations levels studies in surface coastal waters of Derna city, Libya. Egypt J
Aquat Res. 2009;35(1):13-20.

Hamad MIH, Islam M. The concentrations of some heavy metals of Al-Gabal Al-Akhdar Coast Sediment. Arch
Appl Sci Res. 2010;2(6):59-67.

Hamad MIH, Masoud MS. Thermal analysis (TGA), diffraction thermal analysis (DTA), infrared and X-rays
analysis for sediment samples of Toubrouk city (Libya) coast. Int J Chem Sci. 2014;12(1):11-22.

Hamad R, Ikraiam FA, Hasan H. Estimation of heavy metals in the bones of selected commercial fish from the
eastern Libyan coast. J Rad Nucl Appl. 2024;9(1):47-51.

Hasan HAH. Estimate lead and cadmium contents of some archeological samples collected from ancient cities
location (Cyrene and Abolonia) at Al-Gabal Al-Akhder Region, Libya. Univ J Chem Appl. 2021;12(21):902-7.
Alfutisi H, Hasan H. Removing of thymol blue from aqueous solutions by pomegranate peel. EPH Int J Appl Sci.
2019;1(1):111-9.

Hasan JA, Hasan HMA. Potential human health risks assessment through determination of heavy metals
contents in regularly consumed yogurta in Libya. World J Pharm Pharm Sci. 2024;13(12):100-12.

Mamdouh SM, Wagdi ME, Ahmed MA, Alaa EA, Essam AM, Hamad MIH. Rice husk and activated carbon for
waste water treatment of El-Mex Bay, Alexandria Coast, Egypt. Arab J Chem. 2016 Nov;9:5S1590-6.

Mamdouh SM, Wagdi ME, Ahmed MA, Alaa EA, Hamad IH. Heavy metals accumulation in sediments of
Alexandria coastal areas. Bull Fac Sci. 2012;47(1-2):12-28.

Mamdouh SM, Wagdi ME, Ahmed MA, Hamad MIH. Chemical studies on Alexandria coast sediment. Egypt Sci
Mag. 2005;2(4):93-102.

Mamdouh SM, Wagdi ME, Ahmed MA, Alaa EA, Hamad MIH. Distribution of different metals in coastal waters
of Alexandria, Egypt. Egypt Sci Mag. 2010;7(1):1-19.

Mohamed AE, Afnan SA, Hamad MA, Mohammed AA, Mamdouh SM, Alaa RE. Usage of natural wastes from
animal and plant origins as adsorbents for the removal of some toxic industrial dyes and heavy metals in
aqueous media. J Water Process Eng. 2023 Dec;55:104169.

Mohamed HB, Mohammed AZ, Ahmed MD, Hamad MAH, Doaa AE. Soil heavy metal pollution and the associated
toxicity risk assessment in Ajdabiya and Zueitina, Libya. Sci J Damietta Fac Sci. 2024;14(1):16-27.

Nabil B, Hamad H, Ahmed E. Determination of Cu, Co and Pb in selected frozen fish tissues collected from
Benghazi markets in Libya. Chem Methodol. 2018;2(1):56-63.

Wesam FAM, Hamad MAH. Detection of heavy metals and radioactivity in some bones of frozen chicken samples
collected from Libyan markets. Int J Adv Multidisc Res Stud. 2023;3(3):761-4.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 03-10-2025 - Accepted: 02-12-2025 - Published: 09-12-2025 440


https://doi.org/10.69667/lmj.2517412
https://lmj.ly/index.php/ojs/index

Libyan Med J. 2025;17(4):432-441
https://doi.org/10.69667/Imj.2517412

Libyan Medical Journal

https://Imj.ly/index.phplojs/index eISSN: 2079-1224

89. Wesam FAM, Hamad MAH. Study the accumulation of minerals and heavy metals in Ulva algae, Cladophora,
Polysiphonia and Laurencia algae samples at eastern north region of Libya coast. GSC Biol Pharm Sci.
2023;23(3):147-52.

90. Hamad R, Ikraiam FA, Hasan H. Estimation of heavy metals in the bones of selected commercial fish from the
eastern Libyan coast. J Rad Nucl Appl. 2024;9(1):47-51.

91. Hanan MA, Hamida E, Hamad MAH. Nitrogen, phosphorus and minerals (sodium, potassium and calcium)
contents of some algae's species (Anabaena and Spirulina platensis). Int J Curr Microbiol Appl Sci.
2016;5(11):836-41.

92. Mardhiyah F, Hamad H. Assessment of soil contamination by heavy metals in the Al-Fatayeh Region, Derna,
Libya. AlQalam J Med Appl Sci. 2025;8(1):1081-91.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 03-10-2025 - Accepted: 02-12-2025 - Published: 09-12-2025 441


https://doi.org/10.69667/lmj.2517412
https://lmj.ly/index.php/ojs/index

