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ABSTRACT

 Nanoparticles can be readily synthesized using environmentally friendly techniques from 
a wide range of plants. Silver nanoparticles (AgNPs) are particularly useful because their unique 
biological, physical and chemical properties make them ideal as antibacterial, antiviral, antifungal as 
well as anticancer activities. Several methods are available for producing AgNPs, but the biological 
approach, also known as the green method is particularly useful. A wide range of extracts from 
flowers, fruits, leaves, stems, bark, seeds and roots can be used to synthesize AgNPs. Such 
biological synthesis has a number of advantages over chemical and physical approaches, notably 
a marked reduction in the use of hazardous production pathways. Here, the biogenic synthesis and 
antimicrobial effects of AgNPs obtained from medicinal plant extracts, obtained from the Arabian 
Peninsula is reviewed.

Keywords: Silver nanoparticles, Biogenic synthesis, Medicinal plants, 
Antimicrobial activity, Arabian Peninsula.

INTROdUCTION

 Nanotechnology, using materials with a 
scale size smaller than 100 nm, is an increasingly 
important area of science. The approach utilizes 
substances on a molecular level and the resultant 
organic or inorganic nanoparticles (NPs) can be used 
in a wide range of applications. Examples of inorganic 
NPs include semi-conductor NPs, such as ZnO, ZnS, 
and can also be synthesized from Co, Fe, and Ni; 
fullerenes, quantum dots, while carbon nanotubes 
provide excellent examples of organic NPs1. 

 Due to their remarkable properties and 
practical adaptability, gold and silver NPs are of 
particular interest. Compared to larger particles 
with the same chemical composition, AgNPs 
exhibit significant biological effects, catalytic 
activity, and atomic behavior, largely as a result 
of their large surface zone2. AgNP fabrication is 
particularly important because of its potential 
wide-spread application for the development of 
biological sensors3-4, plasmonics5, DNA sequencing6, 
optoelectronics7, Surface-Enhanced Raman 
Scattering8, energy generation9, clean water 
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technology10, biomedical applications11 and finally 
information storage12,13. 

 A number of methods have been widely used 
to fabricate AgNPs, including the 1) the hydrothermal 
method, 2) chemical vapor deposition, 3) the  
sol–gel method, 4) microwave-assisted combustion 
and finally, 5) thermal decomposition14-16. The 
biogenic fabrication (referred to as green synthesis) 
of AgNPs involves the use of biological materials 
such as plant extracts and microorganisms 
(e.g., fungi, bacteria and algae) as reducing 
agents. The antimicrobial activity of the resultant 
products has been widely investigated17-18. AgNPs 
are made by green synthesis when several 
biomolecules, including flavonoids, aldehydes, 
ketones, tannins, polyphenols, carboxylic acids; the 
protein component of plant extracts and microbes 
being the agent which oxidizes Ag+ to Ag0.  

 Here, I review the biogenic fabrication, 
and use as antimicrobials, of AgNPs obtained from 
a wide range of medicinal plants sampled from the 
Arabian Peninsula. The mechanisms of antibacterial 
inhibition and the characteristics of the developed 
AgNPs are also discussed.

Characterization of AgNPs
 The most common and frequently used 
techniques to study the characterization of AgNPs 
are a) ultraviolet-visible spectroscopy (UV-Vis), 
which is commonly used as an indicator of the 
fabrication of AgNPs19-20, b) energy dispersive 
spectroscopy (EDS), which is used to examine 
the structure of AgNPs, Fourier-transform infrared 
spectroscopy, c) (FTIR) which is conducted to 
observe functional groups within active compounds 
present in the synthesized AgNPs and d) scanning 
(SEM) and transmission electron (TEM) microscopy; 
Raman Spectroscopy can also be carried out 
determine the shape and size diameters of 
nanoparticles21. 

 The potential of synthesized AgNPs as 
antibacterial agents can be assessed using agar and 
well and disc diffusion technique, used to measure 
bacterial inhibition zones in agar and the minimal 
inhibitory concentration (MIC), which determines the 
lowest antibiotic concentration sufficient for inhibiting 
the growth of a test-bacterium. 

Antibacterial mechanisms of AgNPs
 Although the exact means by which 
AgNPs inhibit bacteria remains unclear, a number 
of antibacterial effects have been demonstrated22. 
Toxic silver ions are continuously released from 
AgNPs23, and have an affinity for sulfur proteins and 
by electrostatic attraction, can themselves to both 
the cytoplasmic membrane and cell wall. This may 
cause the bacterial envelope to rupture following 
increased cytoplasmic membrane permeability24. 
Respiratory enzymes may also become inactive 
after the absorption of free silver ions into cells, 
producing reactive oxygen species while inhibiting 
the synthesis of adenosine triphosphate25. The 
production of reactive oxygen likely aides the 
decomposition of cell membranes and alteration 
of the cell’s DNA. Since sulfur and phosphorus 
are essential components of DNA, interactions 
between silver ions and these elements can disrupt 
DNA replication, inhibit cell division, or eventually 
cause bacteria death. Furthermore, by denaturing 
ribosomes in the cytoplasm, silver ions can prevent 
the formation of new proteins26. AgNPs have 
antibacterial effects in addition to the ability of silver 
ions' ability to kill bacteria. For example, when AgNPs 
bond to the cell surface, they cause the accumulation 
of weakened pits in the cell wall. Denaturation of 
the cell membrane might thereby result from the 
accumulated AgNPs. Because they are nano-
sized, AgNPs may also pass through bacterial cell 
walls and negatively impact the structure of the cell 
membrane27. Meikle et al., (2020)28 demonstrated 
that AgNPs are likely to affect Gram-negative 
bacteria because these bacteria have a thinner cell 
wall than Gram-positive species. It is well established 
therefore, that AgNPs smaller than 10 nm have the 
potential to immediately alter a cell's permeability, 
penetrate bacterial cells, and damage cells29.

Applications of AgNPs
 AgNPs show significant antibacterial 
activity against a number of Gram-positive and 
Gram-negative bacteria30, Recently, for examples, 
AgNPs which are tolerant to high temperatures have 
been used instead of organic and inorganic acids, by 
the food packaging sector in order to kill microbes 
and thereby extend the shelf life of preserved foods31. 
AgNPs are also used in agriculture to generate 
bio-fertilizers that can regulate plant utilization and 
maintain soil fertility by avoiding nutrient loss32. 
Applications of AgNPs in medicine include, amongst 
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others, their involvement in cancer therapy, dental 
science and technology and, medical imaging33.

Biogenic synthesis of AgNPs from plant parts
 AgNP manufacturing techniques are 
classified as physical, chemical, or biological34. They 
utilize two methods in the fabrication process: a  
top-down approach where the appropriate bulk 
material is reduced into nano-particles, the other 
a bottom-up approach in which nanoparticles are 
synthesized chemically or biologically by a procedure 
where atoms self-assemble into new nuclei, which 
then form onto nanoscale particles35-36. This review 
focuses on the biological method, particularly using 
a variety of plant parts for the synthesis of AgNPs 
(Fig. 1). Saudi Arabia, having a wide range of such 
useful plants (Fig. 2) is well-placed amongst Arab 
states, to exploit this technology. 

Synthesis from plant leaves
 Several leaf extracts obtained the Arabian 
Peninsula have been utilized in the fabrication of 
AgNPs. For example, leaf extracts of Aloe vera, 
Portulaca oleracea and Cynodon dactylon have 
been used to produce AgNPs with bactericidal 
activity against Gram-positive bacteria including,  
E. faecalis, S. aureus, B. cereus and B. subtilis, 
as well as Gram-negative species such as E. coli,  
S. typhi, P. aeruginosa, A. baumannii and Shigella 
sp.37. Indigofera oblongifolia leaf extract mediated 
AgNPs with spherical in shape and size (8–25 nm), 
have antibacterial effects against S. pyogenes, 
B. subtilis, S. aureus E. coli and S. typhimurium38. 
Antibacterial AgNPs with a particle size of between 
24 and 50 nm have also been produced using 
Sisymbrium irio leaf extract39. Aloe fleurentiniorum, 
Artemisia sieberi, Calotropis procera and Capparis 
spinosa leaves extract were found to be capable of 
the biosynthesis of spherical, antibacterial AgNPs of 
notably small diameters ranging from 8 to 27 nm40-42. 
AgNPs fabricated using Alhagi graecorum leaf 
extract also exhibited antifungal activity and cytotoxic 
effects43. Rizwana, et al., (2021)44 also showed that 
spherical AgNPs, having an average size of 68.71 
nm, exhibit antifungal and antibacterial properties. 
Spherical biogenic AgNPs with an average size of 
>37 nm have also been synthesized using Cissus 
rotundifolia and show antimicrobial effects against 
some microbes such as K. pneumonia, E. coli,  
S. aureus, B. cereus, Aspergillus and C. albicans. Not 
surprisingly, the antibacterial effects of AgNPs have 

been shown to be dose related45. The antibacterial 
effect of Brassica oleracea mediated AgNPs have 
been shown to be maximal against S. epidermidis 
with 14.33 ± 0.57 mm and P. aeruginosa with 12.0 ± 
0.20 mm inhibition zone; these. AgNPs also exhibited 
antioxidant and anticancer properties46. 

 An antifungal effect was found in Portulaca 
oleracea extract that mediated green AgNPs with a 
spherical shape and size of 69.09 nm. These AgNPs 
showed a relatively stronger antifungal activity than 
the standard AgNPs against all of the tested fungal 
species47. Spherical in shape with an average size 
from 27 to 32 nm AgNPs were also bio-fabricated 
using Catha edulis and these biogenic AgNPs 
showed marked inhibitory effects against both 
sensitive and multi-drug resistance S. aureus and  
E. coli bacteria. The findings of this study demonstrated 
that AgNPs are more effective than the antifungal 
drugs, which are typically used to treat oral infections 
caused by C. albicans48. Catha edulis leaves extract 
have also been used for AgNPs synthesis of 
spherical particles49; their antimicrobial properties 
were not however, evaluated. Recently, Ocimum 
basilicum leaf derived AgNPs of nanoparticle size 
from 8 to 52 nm were shown to possess marked 
antibacterial activity against E. coli.50

 The  inh ib i to r y  e f fec ts  o f  AgNPs 
biosynthesized from Rhazya stricta aqueous 
extract were shown to be effective reported 
against numerous plant pathogenic fungi, including 
Drechslera halodes, Macrophomina phaseolina, 
Drechslera tetramera, Curvularia australiensis and 
Alternaria alternate51. Aloe vera gel extract was 
used to synthesis of AgNPs with sizes 50–100 nm 
which proved to be52. Antibacterial and antifungal 
activities were also produced by green AgNPs 
synthesized by extracts from the leaves of Phoenix 
Dactylifera L. The resultant AgNPs had a spherical 
shape with diameters between 40 and 50 nm and 
antibacterial activity was reporte53. Myrtus communis 
plant extracts have been used to fabricated biogenic 
AgNPs with a spherical shape and an average 
diameter of circa 15 nm54. Synthesized AgNPs 
using this plant demonstrated significant inhibitory 
activity against E. coli and methicillin-resistant  
S. aureus, suggesting that they may be used 
in the future as an effective antibacterial agent.  
Alharbi et al., (2023)55 recently produced very small 
particles (4–7 nm) AgNPs using Senna alexandrina 
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that were shown to inhibit some important multidrug-
resistant pathogens (MDRPs), including A. baumanii/
haemolyticus, S. epidermidis, E. coli and Methicillin-
resistant Staphylococcus aureus (MRSA), as well 
as having the potential to inhibit breast cancer cells 
(MCF-7 cells). Ochradenus arabicus leaves were 
used to fabricate spherical biogenic AgNPs with an 
average diameter was 6–27 nm. Antibacterial activity 
was seen against S. aureus, E. coli, S. mutans and 
P. aeruginosa that P. aeruginosa56.

Synthesis from stems, roots and seeds
 Qanash et al., (2023)57 used the stems and 
leaves mint plant to produce AgNPs and to assess 
the antioxidant activities and antimicrobial of AgNPs 
compared to mint extract alone. The average diameter 
of the formed AgNPs was determined to be 17.77 nm 
and synthesized AgNPs was shown to be spherical in 
nature. When compared to the synthesized AgNPs, 
which exhibited a zone of inhibition of 33, 25, 30, 32, 
32, and 27 mm against B. subtilis, E. faecalis, E. coli, 
P. vulgaris, and C. albicans., 

 Masoud., et al., (2019)58 used the plants, 
Ziziphus spina-Christi (sidr), Salvadora persica 
(arak), Allium cepa (onion), Allium sativum (garlic), 
Mentha spicata (mint) and Zingiber officinale 
(ginger) to synthesisze biogenic AgNPs. AgNPs 
and tetracycline were evaluated for their individual 
and combination effects against S. aureus and 
K. pneumonia. The mean particle size has been 
determined to be 30-60 nm for sidr, 50-120 nm for 
onion and 15-25 nm for ginger extract. Extracts of 
sidr, onion and ginger contributed to produce AgNPs, 
however extracts of, garlic, arak and mint were 
unable to convert silver ions into AgNPs. AgNPs 
synthesized from ginger had the highest individual 
and combined activity against the bacteria that were 
examined, followed by AgNPs synthesized from 
sidr and then onion. AgNPs considerably boosted 
the activity of tetracycline against S. aureus and  
K. pneumonia. Recently, biogenic spherical AgNPs 
have been fabricated using Caralluma subulata 
aqueous extract with an average diameter was  
8–26 nm. AgNPs were used against 19 bacterial 
isolates as antibacterial agents and inhibited both 
Gram-positive and Gram-negative bacteria as well 
as some fungi59. Biogenically generated AgNPs 
obtained from the Caralluma subulata plant showed 
promise for important bio-applications, including 
the treatment of contaminated water. According to  

Oves et al.,60, Phoenix dactylifera root hair extract 
can be used to biofabricate spherical AgNPs with an 
average diameter of 15–40 nm. Additionally, it was 
shown that synthesized AgNPs inhibited the growth of  
C. albicans and E. coli on solid medium, with zones 
of inhibition of 22 and 20 mm, respectively. Date seed 
(Phoenix dactylifera) extract also mediated AgNPs 
the production of spherical particles with diameter 
at 7–37 nm. Antibacterial activity of AgNPs also was 
confirmed against pathogenic bacteria, including  
E. coli, S. aureus and S. epidermidis.61

Synthesis from flowers
 Recently, Hibiscus sabdariffa flower extract 
has been shown to mediate the green synthesis 
of AgNPs that recorded 72.30 nm in diameter. 
The antibacterial potential of biogenic AgNPs was 
confirmed against some pathogenic bacteria such 
as Methicillin-resistant S. aureus, E. cloacae, E. coli 
and K. pneumoniae strains with relative inhibition 
zone diameters of 14.54±0.15 mm, 12.82 ±0.36 mm, 
21.69±0.12 mm and 18.35±0.24 mm, respectively. 
It was also shown that E. coli was particularly 
susceptible to the biogenic AgNPs. Additionally, 
the patterns of synergistic interactions between 
biogenic AgNPs and the antibiotic fosfomycin were 
assessed in this study, with K. pneumonia showing 
the greatest synergistic pattern, with an approximate 
synergistic percentage of 64.22%62. Flowers extract 
of Abelmoschus esculentus were also used to 
fabricated biogenic AgNP. The resultant green 
synthesized AgNPs were spherical and had a size 
range of 5.52 to 31.96 nm., with an average size 
of 16.19 nm. Antibacterial activity was confirmed 
against Gram-positive pathogens like S. epidermidis, 
S. aureus, B. subtilis and S. pyogenes and the Gram-
negative pathogens like E. coli, K. pneumoniae, 
P. aeruginosa, S. typhimurium, P. vulgaris and  
S. sonnei. The antimicrobial activity varied according 
to the species of bacteria, with the biogenic 
AgNPs inhibitory effect being most marked against  
Gram-negative bacteria63.

Synthesis from fruits and peels
 Oves et al., (2022)64 described the green 
synthesis of AgNPs using Conocarpus lancifolius 
fruits extract. The particles size of the synthesized 
AgNPs was between 21 and 173 nm; these 
showed antimicrobial effects against bacteria 
such as S. aureus (inhibition zones of 18 mm) and  
S. pneumonia (inhibition zones of 24 mm) and fungal 
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pathogen A. flavus and R. stolonifera. Following 
a 24-h exposure, the nanomaterials showed 
potential anticancer activity against MDA MB-231 
cells and were nontoxic. Phoenix dactylifera fruits 
extract-mediated biogenic spherical AgNPs have 
been synthesized with diameters ranging from 
20 to 100 nm and showed antimicrobial effects 
against E. coli, S. aureus P. aeruginosa, E. faecalis 
and Candida albicans65,66. Biosynthesis of AgNPs 
using pomegranate peel extract was confirmed 
by Saad et al., (2021)67 who reported biological 
effects for AgNPs that included antioxidant effects, 
cytotoxic activities and significant antibacterial 

properties. Citrus limon waste peels extract has 
also been used to fabricated biogenic AgNPs 
that had average size of 59.74 nm68. An extract 
of Anthemis pseudocotula was also used for 
biosynthesis of AgNPs which showed biological 
effects such as antibiofilm activity and the 
antimicrobial against several Gram-negative 
and Gram-positive bacteria, including E. coli,  
S. aureus, P aeruginosa and A. baumannii (MDR-
AB), MRSA bacteria and the pathogenic yeast,  
C. albicans. It has also been shown that AgNPs, 
of diameter 0.039 mg/mL have the ability to inhibit 
Gram-negative bacteria from forming biofilms69.

Table 1: Plant parts which mediate the green synthesis of AgNPs and their biological properties

 No Plants  Part of plant Shape and size (nm) Biological activity Region References

  Aloe vera,
 1 Portulaca oleracea and Leaves N/R Bactericidal Riyadh-Saudi Arabia 37
  Cynodon dactylon
 2 Indigofera oblongifolia Leaves Spherical 8-25  Antibacterial Shabwah, South 38
      of Yemen
 3 Sisymbrium irio Leaves 24-50 Antibacterial Al Zulfi-Saudi Arabia 39
 4 Aloe fleurentiniorum Leaves Spherical 8-27 Antibacterial South of Yemen 40
 5 Artemisia sieberi Leaves Spherical 10-14 Antibacterial Riyadh-Saudi Arabia 41
  Calotropis procera
 6 Capparis Spinosa Leaves Spherical 13 Antibacterial Riyadh-Saudi Arabia 42
 7 Alhagi graecorum Leaves Spherical 22-36 Antifungal,  Baghdad-Iraq 43
     Cytotoxic effect
 8 Trigonella foenum-graecum L. Leaves Spherical 68.71 Antibacterial,  Qaseem-Saudi Arabia 44
     Antifungal
 9 Cissus rotundifolia Leaves Spherical >37 Antibacterial Al Baha, Saudi Arabia 45 
 10 Brassica oleracea leaves Spherical 20 Antibacterial,  Riyadh-Saudi Arabia 46
     Anticancerand
     Antioxidant 
 11 Portulaca oleracea leaves Spherical 69.09 Antifungal Al-Qassim, Saudi Arabia 47
 12 Catha edulis leaves Spherical 27-32 Antibacterial Sana’a, Yemen 48
     Antifungal
 13 Catha edulis leaves Spherical 18.11 N/R Taiz, Yemen 49
 14 Ocimum basilicum leaves Spherical 8-52 Antibacterial Riyadh-Saudi Arabia 50
 15 Rhazya stricta leaves 21-90 nm and Fungicidal Riyadh-Saudi Arabia 51
    7.2-25.3 nm properties
 16 Aloe vera Leaves Spherical 50-100 Antibacterial,  Riyadh-Saudi Arabia 52
     Antifungal, 
     Anticancer
 17 Phoenix dactylifera L Leaves Spherical 40-50 Antibacterial,  Al-Medina, Saudi Arabia 53
     Antifungal
 18 Myrtus communis Leaves Spherical 15 Antibacterial Al-Qassim, Saudi Arabia 54
 19 Senna alexandrina Leaves Spherical 4-7 Antibacterial,  Al-Medina, Saudi Arabia 55
     Anticancer
 20 Ochradenus arabicus Leaves Spherical 6-27 Antibacterial Riyadh-Saudi Arabia 56
 21 Mentha longifolia Leaves,  Spherical 17.77 Antimicrobial,  Al-Medina and Hail,  57
   stems  Antioxidant Saudi Arabia
 22 Salvadora persica, Leaves N/R Antibacterial, Najran, Saudi Arabia 58
  Allium sativum,  roots
  Allium cepa, 
  Zingiber officinale, 
  Mentha spicata,



149Salmen., Orient. J. Chem., Vol. 41(1), 144-151 (2025)

  Ziziphus spina-Christi
 23 Caralluma subulata stems Spherical 8-26 nm Antibacterial Jizan, Southwestern 59
      Saudi Arabia
 24 Phoenix dactylifera Roots Spherical 15-40 Antibacterial,  Jeddah-Saudi Arabia 60
     Antifungal, 
     Anticancer
 25 Phoenix dactylifera L Seeds Spherical7-37 Antibacterial Riyadh-Saudi Arabia 61
 26 Hibiscus sabdariffa L Flowers Spherical 58.682 Antibacterial Riyadh-Saudi Arabia 62
 27 Abelmoschus esculentus Flowers Spherical 5.52-31.96 Cytotoxicity,  Al-Kharj, Saudi Arabia. 63
     Antimicrobial
 28 Conocarpus lancifolius Fruits 21-173 Antimicrobial,  Jeddah-Saudi Arabia 64
     Anticancer
 29 Phoenix dactylifera Fruits Spherical 20-100 Antimicrobial and Jazan, Saudi Arabia 65
     Cytotoxic effects
 30 Palm date  Fruit Spherical3-30 Antibacterial,   Jeddah-Saudi Arabia 66
     Antifungal, 
     Catalytic
     degradation
 31 Pomegranate peel Peel of Spherical 21.7-43.7 Antibacterial Addakhliya-Oman 67
   fruits  Cytotoxicity
 32 Citrus limon Peels Spherical 59.74 Antimicrobial,  Riyadh-Saudi Arabia 68
     Cytotoxic effect
 33 Anthemis pseudocotula Aerial Spherical 20 Antibacterial,  Northern Riyadh,  69
   Parts  Antifungal,  Saudi Arabia
     Antibiofilm

N/R = Not Reported

Fig. 1. Percentage of AgNPs synthesized from medicinal 
plant parts

Fig. 2. Percentage distribution of plants used to 
synthesis AgNPs in countries on the Arabian Peninsula

CONCLUSION

 Nanotechnology,  par t icu lar ly  b io-
nanotechnology, is becoming increasingly 
impor tant due to the unique proper t ies of 
nanoparticles that can be utilized in medicine, 
biosensors, agriculture, food technology, etc. Green 
synthesis of AgNPs using some medicinal plants 
in the Arabian Peninsula has been a particular 
promising area of research during the last decade. 
Extracts of all plant parts can synthesize AgNPs 
that contain bioactive compounds which enable 
the formation nanoparticles of varying sizes. Thers 
is no doubt that green AgNPs have biological 
properties such as antibacterial, antifungal, biofilm 
effecting and anticancer activities, all of which 
warrant further study.
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