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Abstract: The present study details the synthesis of silver nanoparticles (Ag NPs) from Dianthus caryoophyllus plants extract and study
its effect on the growth of Streptococcus isolated from the oral cavity. The synthesized silver nanoparticles (Ag NPs) were analyzed by
UV visible spectroscopy, diffraction of X-rays (XRD) and Infrared Spectroscopy with Fourier Transform (FTIR). The ability to fight
bacteria was also studied by diffusion technique using Agar wells against wild and mutant isolates of different species of Streptococcus
including S. mutans, S. salivarius and S. sobrinus. The results showed the most potent antibacterial effect of D. caryophyllus extract
was 30 mm in diameter at a concentration of 100 mg/ml against non-mutated S. salivarius and mutated isolates of S. salivarius and S.
sobrinus, while the lowest value is 9 mm in diameter at a concentration of 25 mg/ml against non- mutated S. mutans. also findings from
the study indicated that silver nanoparticles exhibit antimicrobial properties and the greatest number of the inhibitory zone estimated
35 mm in diameter at a 100 mg/ml concentration against non-mutated isolate of S. salivarius and 15 mm in diameter at concentration
of 25 mg/ml against mutated isolate of S. mutans was showed the lowest value of antibacterial effects. The origin of nanoparticles can
be useful in industry alternatives to antibiotics as an economic and safe source, but more studies are needs to ensure that they do not

effect on human cells.
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INTRODUCTION

"Nano" which refers to "dwarf," is derived from a Greek word
for things that are one billionth in size. Due to their numerous
uses, such as Nano- medicine, and their features in various
domains which based on their overall size, content, shape, and
distribution, to differentiate them, nanomaterial possess drawn a
lot of attention. Nanoparticles have been created using a variety
of chemical, physical and biological methods [1]. Nanoparticles
have different applications in medicine such as in the treatment
of tuberculosis by chemotherapy, the treatment of kidney
diseases, , drug delivery for skin diseases, the treating of
Alzheimer's disease, drug targeting to infectious diseases,
nanoparticles containing different anticancer agents and
nanoparticles used in vaccination against COVID-19 [2].

The use of fungi, bacteria, algae, plants, or extracts from
them in biological processes to create nanoparticles has been
investigated as an environmentally acceptable substitute for
chemical and physical approaches [3, 4]. One of the known
types of metallic nanoparticles is noble metal nanoparticles,
which include gold, silver, and platinum [5]. Due to their chemical
stability and other unique characteristics, silver nanoparticles
(Ag NPs) have drawn more attention and have been the subject
of substantial research. They are widely used as catalytic agents
or agents that kill bacteria. They are utilized in antiseptic sprays,
topical moisturizers and wound dressings, in addition to their
anti-inflammatory properties and biomedicine. They are effective
in the detection and treatment of cancer [6-8]. Ag NPs are used
in medicine for various activities such as drug-delivery systems,
anticancer, antiparasite, antiviral, antibiofilm and antimicrobial
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Plants can produce nanoparticles far more effectively than
other biological processes. The produced silver nanoparticles
have shown action against numerous clinical strains of bacteria,
and various types of nanoparticles have been utilized in various
ways to combat microbial resistance [10]. Plant extracts are
more advantageous than microorganisms because they are less
expensive, require less particular setup for culture and isolation
procedures, and are simple to scale up for large-scale
nanoparticle synthesis [11, 12]. One advantage of using plants
and their extracts to create metal nanoparticles is that they are
readily available, safe to utilize, and contain a range of
metabolites that could assist with the reduction process [8]. Metal
nanoparticles are reduced and stabilized by plant extracts [13].
Combining biomolecules including vitamins, terpens, saponins,
alkaloids, proteins, amino acids, enzymes, polysaccharides, and
tannins and phenols to reduce and stabilize the product [11].

However, the kind and concentration of phytochemicals in
the plant part, temperature during synthesis and the duration of
the reaction all influence its size, form, and antibacterial
properties of nanoparticles synthesized by plants [12].
Numerous plants, including Arabica coffee, Acalypha indica,
Sphaeranthus indicus, Matricaria chamomile, and Salvia
officinalis [12]. Alfalfa sprouts [13], starch [14] and Aloe vera
plant extract [15] has been used to synthesize mineral
nanoparticles using plant extracts.

D. caryophyllus was chosen for this research study.
Dianthus belongs to the family Caryophyllaceae. It's widespread
in the Mediterranean countries of Spain, Turkey, Italy, Croatia,
Greece and Albania [16]. According to reports, Dianthus plant
has a large number of secondary metabolites such as phenolic
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acids and flavonoids [17]. According to phytochemical assays,
Triterpenes, alkaloids, coumaruns, and cyanogenic glycoside
were found in D. caryophyllus, [18].

This study reveals an ecofriendly, more economical as well
as effective method of producing silver nanoparticles using D.
caryoophyllus plant extract and study the effect it is on the growth
of Streptococcus isolated from the oral cavity.

MATERIALS AND METHODS

Bacterial isolates: All samples were collected from gingiva
from healthy people after drying around teeth with cotton to
prevent contamination from normal flora and the samples were
cultures on blood agar medium by loop under anaerobic
conditions. Biochemical tests were performed on bacterial
isolates. The assays made the isolates' identification and
characterization easier. The biochemical assays employed in
this research were as follows and confirmed the identification of
bacteria by the Vitek 2 compact system [19].

Plant collection and grinding: The D. caryophyllus cloves
were obtained from a local market in March 2023, then the plant
sample was identified in the herbarium of the Department of
Biology-College of Science- University of Baghdad. After that the
plant sample was ground using an electric blender to prepare
fine powder, the prepared powder was put in an airtight container
and stored under dry conditions for further use.

Preparing of plant extract: Aqueous extract of D.
caryophyllus cloves was done according to [20] with some
modification, 250 ml of boiled distilled water with 50 g of clove
powder was suspended in it, and the beaker was placed in an
electrical shaker for 24 hr., then muslin was used for filtration
then used of filter paper, the supernatant placed in Petri dishes
for drying by oven at 40 °C. After drying the extract was collected
and three concentrations were prepared (25, 50 and 100) mg/ml
using distilled water and kept cold at 4 ‘C to be used later in silver
nanoparticles (Ag NPs) production [20].

Preparation of silver nanoparticles (Ag NPs): About 10 ml
of plant extract in each concentration alone (25, 50 and 100)
mg/ml and 5 ml of a (10mM AgNO3) solution were combined to
create the silver nanoparticles, while control was applied without
silver nitrate. These solutions were kept in the dark for 24 hours
at 30°C. The color of the solution converted to brown (dark color)
after 24 h. as a result of the production of Ag NPs that were
recovered for further characterization after being centrifuged
twice for 5 min. at 10,000 rpm [21, 22].

Ag NPs' characteristic feature: UV—visible spectroscopy is
used characterize the produced Ag NPs [23]. At room
temperature, 1 mL of Ag NPs was added to 4 mL of deionized
water using an absorbance of 300-800 nm [24, 25]. Then
the crystalline structure of Ag NPs was investigated using an X-
ray spectrometer (XRD-6000, Shimadzu, Japan) [26, 27]. Also,
FTIR assay was done using the technique described in [28], the
FTIR 8400S, Shimadzu, Japan, was utilized for investigating
significant alterations in the surface structure and bonding of Ag
NPs.

Making mutant isolates of bacteria: The antibiotic
Ciprofloxacin was used in making of the spontaneous mutants of
the three bacterial isolates. The necessary quantity of medium
(nutrient agar) was dissolved in D.W. to make the antibiotic
nutrients medium, sterilize it, and then leave it to cool until it
reached to 40°C. A certain amount of the antibiotic solution was
introduced to the medium and gently mixed ever after. In order
to ensure sterility, after adding the antibiotic medium to the plates
they were incubated for 24hr. [29]. This medium was used to
isolate the mutant bacteria.
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Detection of the antibacterial effect of D. caryophyllus
extract: The Blood agar plates for Streptococcus isolates were
prepared. In brain-heart broths, the bacteria were cultivated,
properly labeled, and incubated overnight at 37°C. The inoculum
was applied to each bacterium's agar plate in an aseptic
condition. A sterilized cork-borer was used to create cups in each
Petri plate. Each cup was filled with the plant extract in different
concentrations. In one of the cups, the identical volume of
solvent was pipetted and used as a control. After that, these
plates were stored at 37°C for 24 hours in an incubator. The
plates were checked after 24 h. to determine the zone of
inhibition, which was measured in millimeters [30].

Detection of the antibacterial effect of Ag NPs against
mutated and wild bacterial isolates: The antibacterial activity
of the crude solution of silver nanoparticles derived from the five
wild and mutant Streptococcus isolates was evaluated using the
well diffusion method [30]. A number of Streptococcus species,
such as S. mutans, S. salivarius, and S. sobrinus, were
employed to evaluate the antibacterial efficacy of the silver
nanoparticles solution. Ag NPs (100 pl) was applied to each well.
The diameters of the inhibitory zones were measured after the
plates were incubated for 24 hours.

Statistical Analysis: The Statistical Analysis System- SAS
(2018) program was used to detect the effect of different factors
in study parameters. This study used the least significant
difference-LSD to significantly compare between means
(ANOVA/ Two ways) [31].

Results and Discussion

Identifying the isolated bacteria: Streptococci were grown
on Mites Salivarius Agar plates and their shape and appearance
were employed for identification. It was observed as a violet or
light blue in color and the diameter was about 1-2 um. S.
salivarius appeared as ovoid or spherical in shape with a convex,
flat, or raised surface. In contrast, S. sobrinus appeared flat and
spherical with smooth surface, blue colonies on MSA Agar, as
shown in figure (1). This study detected three species of
Streptococci (2 isolates S. mutans, 4 isolates S. sobrinus, and 5
isolates S. salivarius) isolated from gingival infections. They are
Gram- positive, ovoid, or spherical in shape, arranged in short or
medium- length, non-spore forming chains. After that,
recognition of the isolates was confirmed by the Vitek 2 System.
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Figure (1): A: S. spps. on Mites Salivarius Agar, B: Gram stain of S.
Spps.
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Characterization of Ag NPs by alteration of Color: Figure
(2) illustrates how the color of the combination solution changes
from light dark to deep dark, showing the formation of Ag NPs.

—

nuno particles synthesized from D.
curophyllus
T

Figure (2): Change in color of plant extract after formation of Ag NPs.

UV using spectrophotometer: Figure (3) shows the
reported absorbance of Ag NPs at 350 nm. A higher absorbance
peak indicates a drop in the amount of Ag NPs.
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Figure (3): UV-Vis spectrophotometer applied to Ag NPs production.

XRD technique: An x-ray spectrometer is used to perform
diffraction of x-rays on a solution containing Ag NPs, as shown
in figure (4) to demonstrate the crystalline nature of the Ag NPs.
The refracting spectra were obtained at angles ranging from 20°
to 80° from the pattern. Reflections were seen at four significant
angles: 38.52°, 45.39°, 64.79°, and 78.18.
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Figure (4): XRD assay of Ag NPs from D. caryophyllus.

FTIR examination: Findings indicated that solutions
responsible for Ag NPs reduction and Ag ion bio- reduction were
analyzed using an FTIR spectrum. Transmission bands found at
the following wavelengths—3427, 2920, 2856, 1747, 1634,
1450, 1379, 1279, 1048, and 494 cm-1 [33] were indicative of
the presence of a capping agent containing Ag NPs, as figure (5)
shows.

3 2000 AL 1600 1400 .I!W
Figure (5): FTIR results of Ag NPs from D. caryophyllus

Antibacterial activity of D. caryophyllus aqueous extract
against mutated and non-mutated Streptococcus spps: The
extract of D. caryophyllus has a good activity against
Streptococcus spps.The data showed an inhibitory zone of
D.carophyllus flower extract at the concentration of 100
mg/miwas 30 mm and at a concentration of 50, 25 mg/ml were
27 and 25 mm, respectively against S. salivarius. In contrast the
inhibitory activity at concentration of 100 mg/ml was 16 mm and
in 50 and 5 mg/ml were 14 and 9mm, respectively, against S.
mutans. At the same time, least effective against S. sorbinus
were 15, 13, and 11mm in diameter of inhibition zone at
concentrations used in this study of D. caryophyllus. The result
is shown in table (1) and figures (6 and 7).

Table (1): Antibacterial activity of D. caryophyllus aqueous extract against Streptococcus spps.

P L.S.D
Bacterial isolates Conc. 100pg/ml Conc. 50ug/ml Conc. 25ug/ml Control (P-value)
A 6.961 **
S. salivarius 30.00 +1.84 27.05 £1.47 2519 +1.24 0.00 00 (0.0001)
Non -mutated S. mutans 16.07 £0.57 14.15£0.74 9.00 £0.67 0.00 £.00 %202060 Y
. 4.968 **
S. sorbinus 15.26 +0.42 13.00 +0.56 11.14 £0.54 0.00 +00 (0.0001)
- 6.308 **
S. salivarius 30.09 £2.17 25.22 £1.08 20.07 £1.13 0.00 +.00 (0.0001)
Mutated S. mutans 21.15 +0.85 23.29 +1.14 20.17 £0.82 0.00 +00 (5090%201)
S. sorbinus 30.04 £1.63 20.17 £0.78 18.08 £0.69 0.00 +.00 ?01070%;;
L.S.D. 6.029 ** 5.833 ** 6.752 ** 0.00 .
(P-value) (0.0001) (0.0001) (0.0001) NS
**(P<0.01).
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Figure (6): Antimicrobial activity of D. caryophyllus aqueous extract against Streptococcus spps.

-

Figure (7): A. Aqueous extract of D. caryophyllus against non-mutated Streptococcus spps., B. extract of D. caryophyllus against mutated Streptococcus spps.

Antibacterial action of Ag NPs from D. caryophyllus against mutated and non-mutated Streptococcus spps: This study showed good
activity of nanoparticles from D. caryophyllus against Streptococcus spps. isolated from gingiva, as demonstrated in table (2) and figures

(8 and 9).
Table (2): Antibacterial activity of Ag NPs from D. caryophyllus against Streptococcus spps. isolated from gingiva.
- L.S.D.
Bacterial isolates Conc. 100pg/ml Conc. 50pg/ml Conc. 25ug/ml Control (P-value)
L 7.028 **
S. salivarius 35.21+2.36 30.35+1.14 29.16 +1.26 0.00 +00 (0.0001)
Non-mutated S. mutans 30.08 +1.72 25.19£0.93 23.02 £1.07 0.00 +.00 (%401)70 Y
. 5.793 **
S. sorbinus 25.21 +1.19 23.00 +0.88 20.11 +0.79 0.00 .00 (0.0001)
- 6.026 **
S. salivarius 30.08 +0.91 30.17 +1.05 25.07 +1.14 0.00 +00 (0.0001)
Mutated S. mutans 20.00 +0.87 18.24 £0.75 15.00 +0.66 0.00 +00 %10%301)
. 5.508 **
S. sorbinus 25.19 £1.02 20.03 +0.79 18.12 £0.69 0.00 .00 (0.0001)
L.S.D. o o x
(P-value) 5.809 ** (0.0001) | 5.874 ** (0.0001) 6.054 ** (0.0001) 0.00 NS
**(P<0.01).
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Figure (7): Antibacterial activity of Ag NPs from D. caryophyllus against Streptococcus spps. isolated from gingiva.
208/212

Alaa M. Dh. Al-Haidari, et al.

Green Synthesis of Silver Nanoparticles Using Dianthus caryophyllus Extract: ......



Ag NPs have been shown in previous research to have the
ability to successfully fight both Gram- negative and Gram-
positive bacteria, including those that are extremely resistant to
antibiotics. The mechanism of Ag NPs is demonstrated to
penetrate the bacterial cell wall, alter the permeability of the cell
membrane, and ultimately result in the death of the cells G.M.
[34]. The research results were encouraging, and it was shown
that cloves have outstanding antibacterial activity in addition to
low amounts of zinc oxide nanoparticles working against these
bacteria.

Streptococci were grown on Mites Salivarius agar plates,
and their shape and appearance were employed to identify them.
This result agrees with [35]. About 69% of normal healthy
individuals found were carriers for Streptococcus spp. This result
agrees with another study that reported that about 20-70 % of
adult individuals carry Streptococcus ssp. in the gingival cavity,
which found almost all gingiva pathogens have been identified
and also found at a high rate in children [36, 37]. Microscopically,
the surface of silver nanoparticles form, plasmon palpitations
show signs of irritation, as seen by the change in color of the
aqueous solution [38, 39]. In the Ag NPs solution, the plasmon
band surface absorbance typically ranges from 300 to 450 nm
[40, 41]. In comparison to the standard, the generated XRD
spectrum matched the planes of 101, 189, 210, and 303. The
results obtained agreed with those found in [36]. Extracts rich in
phytochemicals and pure compounds have shown inhibitory
effects against plague, adhesion, and biofiim formation of
Streptococci [42].

Streptococci can cause a wide range of diseases, from non-
life-threatening illnesses like dental caries, and pharyngitis to
potentially fatal illnesses like necrosis of the fascia and
meningitis [43]. S. mutans is recognized as the oral
Streptococci's primary cause of dental caries; as stated by [41].
5%—10% of public health budgets in advanced nations are
allocated to periodontal disease, related dental care, and dental
caries [43]. Dental caries is among the most widely prevalent
disorders in the world [44]. When administered to pathogenic
bacteria such as P. aeruginosa and E. coli, plant extract in
ethanol solvent (400 mg/ml) significantly outperformed the
antibiotic (P < 0.05), while having no effect on S. aureus and K.
pneumoniae. At last, plant extract from D. caryophyllus L. flower
buds are thought to be an effective exporter for managing
harmful germs in hospitals [45]. D. caryophyllus L. flower buds
contain phytochemical substances that are thought to be an
excellent source for controlling hospital pathogenic bacteria [46].
Also used in toothpaste as an antibacterial agent against
Streptococcus spps. [47]. When the separate extracts were
combined with ineffective antibiotics at lower dosages, this
inhibition was seen [48]. The antibacterial effects of various

PMPJ. Vol. 10 (3), 2025

A

Figure (9): A. Ag NPs of D. caryophyllus against non-mutated Streptococcus spps., B. Ag NPs of D. caryophyllus against mutated Streptococcus spps.

ZnONPs and clove extract concentrations on S. mutans isolates
from dental caries cases were investigated in this study. A total
of 31 isolates of S. mutans were collected, representing 20.52%
of the 151 isolates in total. The selection of this particular
nanomaterial was based on its strong affinity for human cells and
its lack of toxicity when compared to other nanoparticles.

Excellent results were obtained from both the well diffusion
method and the MIC experiment. In the well diffusion method,
the effectiveness increased as the concentration of ZnONPs and
clove extract increased. It was found in the ZnONP that the
minimum inhibitory concentration is equivalent to 0. 312 mg/ml
for S. mutans, and in the MIC experiment, the alcoholic and
aqueous extracts of clove were found to have MICs in the third
and fourth tubes, indicating that their respective MICs for S.
mutans are 25 mg/ml and 12.5 mg/ml [49].

This study also agrees with another local study, which
reported that the Ag NPs synthesized from Streptococcus spps.
have antibacterial activity against Gram-negative and Gram-
positive bacteria [50, 51]. However, the Ag NPs had a good
antibacterial effect not only against Streptococcus spps. but also,
against K. pneumoniae and their biofilm formation [52, 53]. In
callus extract, adding AgNO3 Nanoparticles (0.5 mg/ml) resulted
in a substantial rise of Apigenin. However, adding AgNO3
nanoparticles (2 mg/ml) caused a considerable increase in
Quercetin and Luetolin production, according to the results of
[54]. Ag NPs increase the activity of Apigenin in callus extract,
which has a synergistic effect. These findings suggest that clove
oil may have an influence on the physical, chemical and
antibacterial properties of toothpaste made with hydroxyapatite,
Nano silver, and clove oil. Nanoparticles had not only
antimicrobial activity against bacteria but also anti-cancer activity
[65].

The extract of D. caryophyllus and AgNPS of this plant
extract can be used as antibacterial drugs against Streptococcus
spp. in gingiva and stop the destruction of our teeth by these
types of bacteria, but further studies are also needed to improve
its safety.

CONCLUSION

The D. caryophyllus had a good antibacterial agent against
Streptococcus spps., that caused dental caries, therefore, can
be used as herbal medicine for the treatment of these detrimental
bacteria. Because of this low side effects for healthy. AgNPs
synthesized from the hot extract of D. caryophyllus were also
used, and they had good antimicrobial activity against
Streptococcus spps. (mutated and non-mutated). Nanoparticles
of Ag are especially now used in treatment of teeth infected with
Streptococcus spps. (mutated and non-mutated), which cause
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dental caries. Finally, this type of research needs more studies
in vivo to study AgNPs effect on the tissue of the mouth.

Disclosure Statements

— Ethics approval and consent to participate: The protocol
for the present study was approved by the Ethics Committee
at the Department of Biology (University of Baghdad) and the
Iragi Ministry of Health (Reference: CSEV/0921/0099).
Written informed consent was obtained from all the patients.
The work was carried out in accordance with the code of
Ethics of the World Medical Association (Declaration of
Helsinki).

— Consent for publication: Not applicable

— Availability of data and materials: The raw data required
to reproduce these findings are available in the body and
illustrations of this manuscript.

— Author's contribution: The authors confirm contribution to
the paper as follows: study conception and design: Al-
Haidari, A M Dh, Sweedan, E Gh; theoretical calculations
and modeling: Sweedan, E Gh; data analysis and validation:
Hasan, J M, Sweedan, E Gh; draft manuscript preparation:
Sweedan, E. Gh, Al-Haidari A M Dh, Hasan, J M. All authors
reviewed the results and approved the final version of the
manuscript.

— Conflicts of interest: The authors declare that there is no
conflict of interest regarding the publication of this article

— Funding: No funding

— Acknowledgements: The authors are grateful to
Department of Biology-College of Science- University of
Baghdad.

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The
images or other third-party material in this article are included in
the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included
in the article's Creative Commons licence and your intended use
is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, Vvisit
https://creativecommons.org/licenses/by-nc/4.0/

REFERENCES

1] Saleh G M, Najem SH. S. Antibacterial Activity of Silver
Nanoparticles Synthesized from Plant Latex. Iraqgi Journal of
Science, 2020; 61(7): 1579- 1588.

2] Mazayen Z M, Ghoneim A M, Elbatanony R S, Basalious E
B and Bendas E R. Pharmaceutical nanotechnology:from
the bench to the market. Future Journal of Pharmaceutical
Sciences (2022) 8:12.

3] Kim B S, Song J Y. Biological synthesis of metal
nanoparticles. In: Hou, C. T. and Shaw, J. F. (ed.),
Biocatalysis and Agricultural Biotechnology” CRC Press,
2009; pp: 399-407.

4] Mohanpuria P, Rana N K, Yadav S K Biosynthesis of
nanoparticles:  technological concepts and future
applications. J. Nanopart. Res., 2008; 10: 507- 517.

5] Tratnyek P G, Johnson R L. Nanotechnologies for
environmental cleanup. Nano Today, 2006; 1: 44-48.

Alaa M. Dh. Al-Haidari, et al.

6] Ahmed S, Ahmad M, Swami B L, lkram S. A review on plants
extracts mediated synthesis of silver nanoparticles for
antimicrobial applications: a green expertise, J. Adv. Res.
2016; 7 (1): 17-28.

7] Gavade S J M, Nikam G H, Sabale S R, Dhabbe R S, Mulik
G N, Tamhankar B V. Green synthesis of silver nanoparticles
by using Acacia concinna fruit extract and their antibacterial
activity, Nanosci. Nanotechnol. 2015; 9 (3): 89— 94.

8] Sukumaran P, Eldho K P. Silver nanoparticles: mechanism
of antimicrobial action, synthesis, medical applications, and
toxicity effects. Prabhu and Poulose International Nano
Letters., 2012; 2-32.

9] Al-Matroudi  A. Silver nanoparticles: synthesis,
characterization and biomedical applications. open life
science, 2020; 15: 819-839.

10] Ghada M S. Green synthesis concept of nanoparticales from
environmental bacteria and their effects on pathogenic
bacteria. Iraqgi Journal of Science, 2020; 61(6): 1289-1297.

11] Pand S K, Sen S, Roy S, Moyez A. Synthesis of colloidal
silver nanoparticles by reducing aqueous AgNO3 using
green reducing agent, Mater. Today: Proceedings, 2018;
5(3): 10054-10061.

12] Jemilugba O T, Sakho E M, Parani S, Mavumengwana V,
Oluwafemi, O S. Green synthesis of silver nanoparticles
using Combretum erythrophyllum leaves and its antibacterial
activities, Colloid Interfac. Sci. Commun. 2019; 3:100191.

13] Gardea-Torresdey J L, Gomez E, Peralta-Videa J, Parsons
J G, Troiani H E, Jose-Yacaman M. Alfalfa sprouts: a natural
source for the synthesis of silver nanoparticle. Langmuir,
2003; 19: 357-361.

14] Vigneshwaram N, Nachane R P, Balasubramanya R H,
Varadrajan P V. A novel one- pot"green” synthesis of stable
silver nanoprticles using soluble starch.Carbohydrate. Res.,
2006; 341: 2012-2018.

15] Chandran S P, Chaudhary M, Pasriocha R, Ahmad A, Sastry
M. Synthesis of gold nano triangles and silver nanoparticles
using Aloe vera Plant extract, Biotechnol. Prog. 2004; 22:
577- 583.

16] Al-Snafi A E. Chemical contents and medical importance of
Dianthus caryophyllus- A review. Journal of Pharmacy,
2017; 7(3): 61-71.

17] Zhou X, Yang X, Sun R, Wang J, Mao Y, Cao G, Wang M.
Identification of chemical components in Dianthus
determined by widely targeted metabolomics. Hort. Sci.
(Prague), 2022; 49(2): 71-77.

18] Eltayeb R A. Study of some chemical constituents of
Dianthus caryophyllus and Elettaria Cardamomum. Thesis,
University of Khartoum 2016.

19] Abu Bakr R A, Tawfick M M, Mostafa Z A, Abdulall A K.
Prevalence and Antibiogram of Streptococcus mutans in
Dental Plaque and Caries Samples. Azhar Int. J. Pharm.
Med. Sci., 2022; 2 (2): 83-93.

20] Rachna B, Saharan S, Yadav M S. Effect of pH on
photosynthesized silver nanoparticles using Dianthus
caryophyllus L. (Carnation) flower. International Journal of
Chem.Tech. Research, 2018; 11(01): 273-276.

21] Kushwaha A, Singh V K, Bhartariya J, Singh P, Yasmeen K.
Isolation and identification of E. coli bacteria for the synthesis
of silver nanoparticles: Characterization of the particles and
study of antibacterial activity. European Journal of
Experimental Biology. 2015; 5(1):65-70.

210/212

Green Synthesis of Silver Nanoparticles Using Dianthus caryophyllus Extract: ......


https://creativecommons.org/licenses/by-nc/4.0/

22] Nath B P, Niture S R, Jadhav S D, Boid S O.Biosynthesis
and Characterization of Silver Nanoparticles Produced by
Microorganisms Isolated from Agaricus bisporus. Int. J. Curr.
Microbiol. App.Sci Special Issue-2, 2015; 330-342.

23] Bennett L E, Jegasothy H, Konczak I. Total polyphenolics
and antioxidant properties of selected dried fruits and
relationships to drying conditions. Journal of Functional
Foods, 2011; 3(2): 115-124.

24] Harborne J B. Phytochemical methods: A Guide to modern
techniques of plant analysis. Springer. 1984.

25] Abdul Kareem E A, Sultan A E, Oraibi H M. Synthesis and
Characterization of Silver Nanoparticles: A Review. Ibn Al-
Haitham Journal for Pure and Applied Sciences (IHJPAS),
2023; 36 (3): 177-200.

26] Awwad A M, Salem N M, Abdeen A O. Biosynthesis of silver
nanoparticles using Olea europaea leaves extract and its
antibacterial activity. Nanoscience and Nanotechnology,
2012; 2(6): 164-170.

27] Faig N H, Ahmed M E. Effect of Biosynthesized Zinc Oxide.
Nanoparticles on Phenotypic and Genotypic Biofilm
Formation of Proteus mirabilis. Baghdad Science Journal,
2023; 20(4): Issue 4.

28] Sweedan E G, Abdul Majeed S M. Effects of silver
nanoparticles synthesized from phenolic extract of Agaricus
bisporus against pathogenic bacteria and yeasts. Nano
Biomedicine and Engineering, 2023; 15(1): 86-95.

29] Barry A L. Procedure for testing antimicrobial agents in agar
media Theoretical considerations. In” Antibiotics in
laboratory medicine “ed.V.Lorian. William&  Wilkins
Baltimore and Lon\don. 1986.

30] Bauer A W, Kirby W M, Sherris J C, Turck M. Antibiotic
susceptibility testing by a standardized single disk method.
Am. J. Clin. Pathol., 1966; 45, 493— 496.

31] SAS. Statistical Analysis System, User's Guide. Statistical.
Version 9.6thed. SAS. Inst. Inc. Cary. N.C. USA. 2018.

32] Kasim AR, Hasan H M, Ahmed S A. Production, optimization
and application of Bioemulsifier Extracted from
Pseudomonas aeruginosa. World Journal of Experimental
Biosciences. 2017; 5(1), 9-13.

33] Al-Bahrani R M, Ghafil J A. Evaluation of inhibition
ctivity of silver nanoparticles activity against pathogenic
bacteria. Iraqi Journal of Science, 2016; 57(3C):2203-2207.

34] Hamad A M, Atiyea Q M. Study the effect of zinc oxide
nanoparticles and Dianthus caryophyllus L. extract on S.
mutans isolated from human dental caries in vitro. AIP
Conference Proceedings 2398. 2022.

35] Hossain M 'S, Alam S, Nibir Y M, Tusty T A, Bulbul S M, Islam
S, Hossain M S. Genotypic and phenotypic characterization
of Streptococcus mutans isolated from dental caries. Iranian
Journal of Microbiology, 2021; 13(4):449- 473.

36] Dianawati N, Setyarini W, Widjiastuti I, Ridwan R D,
Kuntaman K. The distribution of Streptococcus mutans and
Streptococcus sobrinus in children with dental caries
severity level. Dental Journal (Majalah Kedokteran
Gigi), 2020; 53(1): 36-39.

37] Onyido A, Amadi E, Olofin I, Onwumma A, Okoh I,
Chikwendu C. Prevalence of Entamoeba gingivalis and
Trichomonas tenax among dental patients attending Federal
School of Dental Technology and Therapy clinic, Enugu,
Nigeria. Oral diseases, 2011; 11(49): 35-40.

PMPJ. Vol. 10 (3), 2025

38] Bhattacharyya S. Oral Streptococci and Other Oral
Commensals in Children. Inter. Ped. Dent. Open. Acc. J.
(IPDOAJ), .2022; 7(2):634-636.

39] Mahmood M A. The antibacterial effect of silver
nanoparticles on some bacterial pathogens. Iraqgi Journal of
Physics, 2012; 10(18): 56- 61.

40] Shankar S S, Ray A, Ahmad A, Sastry M. Rapid synthesis of
Au,Ag and bimetallic Au Core-Ag shell nanoparticles using
Neem (Azadirachta indica) leaf. Broth J. Colloid Interface
Sci., 2004; 275: 496-502.

41] Tamkeen R M, Al-Bahrani R M. Treatment isolated fungi
from laboratory tools in some Baghdad hospitals by using
biosynthesized nanoparticles. Iragi Journal of Science,
2019; 60(8): 1673-1681.

42] Shareef S H, Saeed C H, Majeed P D. In vitro Antimicrobial
Activity of Salvadora persica (Miswak) and of Syzigium
aromaticum (Clove) Extracts Against Dental Plaque
Pathogens. Kirkuk Journal of Medical Sciences (KJMS),
2023; 11(2): 29-41.

43] Matsui R, Cvitkovitch D. Acid tolerance mechanisms utilized
by Streptococcus mutans. Future Microbiol, 2010; 5(3):403-
417.

44] Kamaluldeen A J, Al-Defiery M E. Antibacterial Activity of
Dianthus Caryophyllus L. Against Antibiotic Resistant
Pathogenic Bacteria. Nat.Volatiles & Essent. Oils, 2021;
8(6): 1886-1893.

45] Kamil Sh S, Hussein H J, Al-Marzogi A H. Evolution of
Antibacterial efficacy of Dianthus caryophyllus L. extracts
against some hospital’'s pathogenic bacteria. International
Journal of Pharmaceutical Research, 2020; 12(3):1274-
1279.

46] Tjandrawinata R, Widarmam A, Lilayni D. Effectiveness of
Eugenia caryophyllus in toothpaste against oral microbial in
the saliva of healthy subjects in Indonesia. Scientific dental
journal, 2019; 3(2): 56-60.

47] Nascimento G G F, Locatelli J, Freitas P C, Silva G L.
Antimicrobial activity of plant extracts and phytochemicals on
antibiotic resistant bacteria Brazilian Journal of Microbiology,
2000; 31: 247-256.

48] Saleh G M, Najim S S. Antibacterial activity of silver
nanoparticles synthesized from plant latex. Iragi Journal of
Science, 2019; 61(7): 1579-1588.

49] Ahmed S A, Hasan H M. Silver nanoparticles synthesized by
three species of genus Streptococcus and Valuate Heir
synergistic effects with the extracted from Syzygium
Aromaticum on Clinical bacterial isolates. Iragi Journal of
Science, 2023; 64(10): 5021-5029.

50] Ahmed S A, Hasan H M, Sweedan E G. Antibacterial action
of AgNPs produced from different isolates of Gram positive
and Gram- negative bacteria on biofilm of Klebsiella
pneumoniae isolated from RTI. Biomedicine (India), 2023;
43:983-987.

51] Ahmed O, Sibuyi N R S, Fadaka A O, Madiehe M A, Maboza
E, Meyer M, Geerts G. Plant Extract-Synthesized Silver
Nanoparticles for Application in Dental Therapy.
Pharmaceutics, 2022; 14: 380- 406.

52] Alnuaimi M Th A, Al-Hayanni H S A, Aljanabi Z Z. Gree
synthesis of gold nanoparticles from Sophora flavescens
extract an their antibacterial effect against some pathogenic
bacteria. Malaysian Society for Microbiology, 2023; 19(1):
74-82.

211/212
Published: An-Najah National University, Nablus, Palestine


https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18238262&AN=161915948&h=1igckC110b3OgPVuU6c41%2FQ0juGTUzz1g88lJNbAOSC1Y4LTfbviR0lj9MwG01eIKmQ2bobLHSJxcjroo9Q%2B%2Fg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18238262&AN=161915948&h=1igckC110b3OgPVuU6c41%2FQ0juGTUzz1g88lJNbAOSC1Y4LTfbviR0lj9MwG01eIKmQ2bobLHSJxcjroo9Q%2B%2Fg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18238262&AN=161915948&h=1igckC110b3OgPVuU6c41%2FQ0juGTUzz1g88lJNbAOSC1Y4LTfbviR0lj9MwG01eIKmQ2bobLHSJxcjroo9Q%2B%2Fg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18238262&AN=161915948&h=1igckC110b3OgPVuU6c41%2FQ0juGTUzz1g88lJNbAOSC1Y4LTfbviR0lj9MwG01eIKmQ2bobLHSJxcjroo9Q%2B%2Fg%3D%3D&crl=c

53] Hashim K M, Al-Aubaidi. Increasing of Some Medical
Flavonoid Compounds of Dodonaea viscosa L. using
AgNO3 Nanoparticles in Vitro. Iraqgi journal of Science, 2023;
57(2): 338-345.

54] Nugroho B, Cahyaningrum S E. Synthesis and
characterization of  hydroxyapatite-nanosilver-  clove
(Eugenia Caryophyllus) as antibacterial in toothpaste
preparations against Streptococcus mutans bacteria. J. Pijar
MIPA, 2023; 18 (4): 659-665.

55] Hasan A M, Abdul Majeed S M. Detection of anti-cancer
activity of silver nanoparticles synthesized using aqueous
mushroom extract of Pleurotus ostreatus on MCF-7 human
breast cancer cell line. Iraqi Journal of science, 2024; 65(4).

Alaa M. Dh. Al-Haidari, et al.

212/212
Green Synthesis of Silver Nanoparticles Using Dianthus caryophyllus Extract: ......



