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ABSTRACT
Background and Objective: Medicinal plants used to combat diseases, they are of great importance for
primary healthcare due to of their lesser costs, high safety margin and large biological activities. This study
for Saliva officinalis L. aimed to synthesize silver nanoparticles from an aqueous extract of aerial parts as
a reducing agent and evaluate its antibacterial potential. Materials and Methods: About 1 mL of 0.01 mM
of silver nitrate was added to 5 mL of the prepared aqueous extract. The green synthesized silver
nanoparticles were characterized by using UV-vis Spectroscopy and Fourier Transform Infrared
Spectroscopy, antibacterial activity was evaluated by disk diffusion method against two Gram-negative
(Klebsiella pneumonia and Pseudomonas aeruginosa) and one Gram-positive (Staphylococcus aureus) and
was compared with the antibacterial activity of the aqueous extract. Results: Formation of silver nano
particles by reduction of silver ions into silver element was indicated by the change of colour of the
reaction mixture from pale yellow to dark brown colour. The UV-vis Spectroscopy absorption peak is
obtained in the visible range at 410 nm confirmed the formation of silver nanoparticles. Fourier Transform
Infrared Spectroscopy confirmed the presence of ingredients in Salvia extract which are responsible for
the capping and reduction of the silver. The disk diffusion method results showed potent antibacterial
activity  against  the  three  bacteria  species,  showing  higher  antibacterial  activity  against
Staphylococcus aureus and Pseudomonas aeruginosa and medium activity against Klebsiella pneumonia.
Conclusion: Aqueous silver nanoparticle extracts are found to be more effective against all bacteria
studied than the normal aqueous extract so it can improve the activity of the plant extract and it can be
further investigated for biomedical applications.
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INTRODUCTION
The use of plant-based materials including herbal or natural health products with supposed health
benefits is increasing in developed countries. Medicinal plants have been used for many centuries to
combat diseases, they are of great importance for primary healthcare because of their lesser costs, high
safety margin and large biological activities1. Microbial diseases are increasing day by day  and  becoming
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a big problem for human health. There are many known diseases which are transmitted by bacteria,  fungi,
viruses and other microbes to the human being. The development of antibiotic resistance makes scientists
around the world seek new drugs that would be more effective. The use and search for drugs obtained
from plants and other natural products have increased in recent years. Plants-derived silver nanoparticles
can be a good substitute for antimicrobial agents and can help in fighting the problem of drug resistance
as nanoparticles exhibit completely new or improved properties based on specific characteristics such as
size, distribution and morphology2. Nanotechnology is the science that manipulates matter at the scale
of 1 billionth of a meter and studies matter at the atomic and molecular scale. Metallic nanoparticles have
different physical and chemical properties which prove disarmingly in different industrial applications3.
Silver  nanoparticles  are  interested in many areas because they have a large number of applications4.
Salvia genus includes about 900 species cultivated in many countries for its traditional importance in folk
medicine and domestic implementations5. Salvia officinalis L. (sage) extract and essential oil are used in
pharmaceutical industries and food preparation as flavouring agents6. Salvia officinalis has been used for
the treatment of many kinds of diseases like seizure, gout, ulcers, rheumatism, dizziness, inflammation,
tremor, diarrhoea, paralysis, hyperglycemia anti-inflammatory, anti-cancer, anti-antioxidant, nociceptive,
antimutagenic, antimicrobial, anti-dementia, hypolipidemic effects and hypoglycemic7. This study for
Saliva officinalis L. aimed to synthesize silver nanoparticles from aqueous extract of aerial parts as a
reducing agent, characterize the synthesized silver nanoparticles using UV absorbance and FTIR and treat
them against one gram-positive and two gram-negative bacteria to compare them with the antibacterial
activity of its aqueous extract.

MATERIALS AND METHODS
Study area: The study was carried out in Khartoum Central Sudan the period from May, 2017 to May,
2018.

Materials
Plant materials: Saliva officinalis L. aerial parts were purchased from a local market in Saudi Arabia. The
identification of plant material had been carried out at the Department of Botany Faculty of Science and
Technology, Omdurman Islamic University, Sudan. 

Microorganisms: The bacteria Staphylococcus aureus (Gram-positive), Pseudomonas aeruginosa and
Klebsiella pneumoniae (Gram-negative) were isolated and identified at the Department of Bacteriology
(Factually of Veterinary, University of Khartoum, Sudan).

Methods
Preparation of the aqueous extract: The aerial parts of S. officinalis were air dried under shade and
ground to a fine powder. About 50 g of the powder was macerated in 100 mL boiling distilled water at
room temperature. After 24 hrs the solution was filtered using man filter paper (No.1) and kept in the
refrigerator for further use.

Synthesis of aqueous silver nanoparticles: About 1 mL of 0.01 mM of silver nitrate (AgNO3) was added
to 5 mL of the prepared aqueous extract. After 20 min, the colour of the solution (aqueous
extract+AgNO3) changed from light yellow to dark brown, indicating the formation of aqueous AgNPs8.

Characterization of silver nanoparticles by UV-VIS: The formation of AgNPs was confirmed by
measuring  its  optical  properties  with UV-Vis spectroscopy (Shimadzu UV 1800) in the range of 200 to
800 nm. To determine the phytochemical compounds involved in the reduction of AgNO3 to AgNPs as
well as those involved in the stabilization of AgNPs.
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Characterization of silver nanoparticles by Fourier Transform Infra-Red: Fourier Transform Infrared
(FTIR) Spectroscopy Binding properties of AgNPs synthesized by S. officinalis L. aqueous extract were
investigated by Fourier Transform Infrared Spectroscopy (FTIR) analysis. The FTIR measurements were
taken on Bruker vertex 70 in the range of 4000-400 cmG1. Dried and powdered AgNPs were palliated with
potassium  bromide  (KBr)  (1:1  proportion).  The  spectra  were  recorded  in  the  wave  number  range
of 450-2500 cm-k and analyzed by subtracting the spectrum of pure KBr.

Antimicrobial activity
Preparation of standard bacterial suspension: Mueller Hinton agar powder 2.8 g was dissolved into
1000 mL distilled water and allowed to soak for 10 min. Then each 20 mL of the prepared solution was
put in 5 bottles. These were sterilized by autoclaving at 121°C for 15 min, after which they were cooled
at room temperature.

Disk diffusion method: The antimicrobial activity was evaluated by paper disc diffusion9 and dilution
methods10. The disk diffusion assay was used to determine the antibacterial activity of the aqueous extract
and the silver nanoparticles of the aqueous extract of S. officinalis11. Overnight bacterial cultures of
Staphylococcus aurous, Klebsiella pneumonia and Pseudomonas aeruginosa which were incubated at 37°C
in broth media, were spread or swabbed onto the surface of Mueller Hinton agar. S. officinalis extracts
were applied to 10 mm disks (what man filter paper NO. 1) and then placed onto the inoculated dishes
and after 24 hrs of incubation at 37°C, the antibacterial activity was assessed by measuring the diameter
of inhibition zones. The control disks were immersed in test tubes containing AgNPs and were placed on
agar plates. The zones of inhibition around the disks were measured after one-night incubation at 37°C.

RESULTS AND DISCUSSION
Formation of silver nano particles: Formation of Silver Nano Particles (AgNPs) by reduction of silver ions
into a silver element using aqueous extract of S. officinalis is indicated by the change of colour of the
reaction mixture from pale yellow to dark brown colour in Fig. 1, the colour darkened with time. The
AgNO3 solution and leaf extract have not shown any visible colour changes during the same incubation
period under similar conditions. Other study12 stated that silver nanoparticles are synthesized using plant
extract showing yellowish-brown colour in an aqueous solution due to excitation of Surface Plasmon
vibrations in silver nanoparticles.

Characterization using UV-visible spectrophotometers: The formation of silver nanoparticles in UV-vis
absorption spectroscopy analysis is one of the most sensitive, efficient and simple techniques that is
commonly used at the preliminary stage to confirm the synthesis of AgNPs. The absorption peak is
obtained in the visible range at 410 nm in Fig. 2. Generally metal nanoparticles such as in Ag, the
conduction band and valence band lie very close to each other in which electrons move freely. These free
electrons give rise to a Surface Plasmon Resonance (SPR) absorption band occurring due to the collective
oscillation of electrons of Ag-NPs in resonance with the light wave13,14. The UV-vis Spectra depict the
surface plasmon resonance peak for Salvia splendens found previously at 437 nm15.

Characterization by Fourier Transform Infra-Red:  To  identify  the  phytochemical  compounds  from
S. officinalis extract responsible for the reduction of AgNO3 and those involved in the capping and
stabilizing of AgNPs. Fourier Transform Infra-Red (FTIR) analysis was carried out and the result is depicted
in Fig. 3.  FTIR analysis revealed that the biomolecules present in the leaf extract could be responsible for
the reduction of silver ions as well as prolonged stability of nanoparticles. In this study, S. officinalis extract
showed several spectra that indicate the complex nature of the plant extract and our findings corroborate
with the previous results16. The spectra of S. officinalis extracts displayed a broad and strong absorbance
peak at 3248 cmG1 that corresponds to O-H vibration, from phenolic compounds or carboxylic  group  in
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Fig. 1: Color change after formation of aqueous silver nanoparticles
1: AgNo3 solution, 2: Aqueous extract+AgNo3 after 5 min reaction and 3: After 2 hrs reaction

Fig. 2: UV spectrophotometer of the silver NPs aqueous extract of S. officinalis

Fig. 3: FTTR spectra of synthesized AgNPs of aqueous extract of S. officinalis

the extract17. The peak spectrum at 2918.9 cmG1 is assigned to the stretching vibration of CH2 group18,
vibration peak at 1683 cmG1 indicates C=O stretching or C-N bending 0f the amide group16. The spectra
peaks of AgNPs at 3895, 3739, 2842, 2312, 2102, 1900,1683, 1566, 1215 and 1006 cmG1 indicate a shift
in absorption bands of the phytochemical compounds from aqueous extract of S. officinalis stabilizing it.
These observations agreed with the reports of other researchers in the literature19,20. The FTIR revealed
some key phytochemical compounds acting as capping and stabilizing agents.
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Antibacterial activity: Antibacterial activities of the aqueous extract and synthesized aqueous AgNPs
were determined using the disc diffusion assay method, they were screened against three bacterial strains
Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella pneumonia. Table 1 shows that the extracts
inhibited the growth of bacteria at different levels, the inhibition zone of the concentrations 25 g mLG1

against  S.  aureus  was  11.07  and  14.3  for  aqueous extract and aqueous nanoparticles, respectively in
Fig. 4, whereas the inhibition zones against P. aeruginosa was 9.77 and 21.00 for aqueous extract and
aqueous nanoparticles respectively in Fig. 5 and against K. pneumonia were 9.73 and 10.00 for aqueous
extract and aqueous nanoparticles respectively in Fig. 6. The inhibition zones of concentrations 50 g mLG1

against S. aureus were found to be 9.77 and 17.00 for aqueous extract and aqueous nanoparticles
respectively in Fig. 7, whereas the inhibition zones against P. aeruginosa was 12.73 and 19.67 for aqueous
extract and aqueous nanoparticles, respectively in Fig. 8 and against K. pneumonia were 9.87 and 11.67
for aqueous extract and aqueous nanoparticles, respectively (Fig. 9). The inhibition zones of concentrations
75 g mLG1 were found to be 16.33 and 18.00 against S. aureus for aqueous extract and aqueous
nanoparticles, respectively in Fig. 10, whereas the inhibition zones against P. aeruginosa were 10.67 and
10.30 for aqueous extract and aqueous nanoparticles, respectively in Fig. 11 and against K. pneumonia
were 10.30 and 10.33 for aqueous extract and aqueous nanoparticles, respectively in Fig. 12. From the
present study it has been observed that the aqueous and aqueous silver nano particle extracts are active
and the inhibition zones are different for different concentrations and for the different bacteria.
Staphylococcus aureus is sensitive followed by Pseudomonas aeruginosa but Klebsiella pneumoniae is
resistant. Aqueous silver nanoparticle extracts are found to be more effective than the normal aqueous
extract which means that nanoparticles can improve the activity of the plant extract. In previous studies,
it was found that the aqueous extract of S. officinalis concentration of 100 mg mLG1 was most effective
against Staphylococcus aureus21. Other studies with different results22 higher antibacterial activity against 

Fig. 4(a-b): Inhibition zones of extracts  of concentration 25 g mLG1 against  S. aureus, (a) Aqueous extract
and (b) Silver nanoparticle

Fig. 5(a-b): Inhibition zones of extracts of concentration 25 g mLG1 against P. aeruginosa, (a) Aqueous
extract and (b) Silver nanoparticle
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Fig. 6(a-b): Inhibition zones of extracts of concentration 25 g mLG1 against K. pneumoniae, (a) Aqueous
extract and (b) Silver nanoparticle

Fig. 7(a-b): Inhibition zones of extracts  of concentration 50 g mLG1 against S. aureus, (a) Aqueous extract
and (b) Silver nanoparticle

Fig. 8(a-b): Inhibition zones of extracts  of concentration 50 g mLG1 against P. aeruginosa, (a) Aqueous
extract and (b) Silver nanoparticle

Fig. 9(a-b): Inhibition zones of extracts of concentration 50 g mLG1 against K. pneumoniae, (a) Aqueous
extract and (b) Silver nanoparticle
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Fig. 10(a-b): Inhibition zones of extracts  of concentration 75 g mLG1 against S. aureus, (a) Aqueous extract
and (b) Silver nanoparticle

Fig. 11(a-b): Inhibition zones of extracts  of concentration 75 g mLG1 against P. aeruginosa, (a) Aqueous
extract and (b) Silver nanoparticle

Fig. 12(a-b): Inhibition zones of extracts of concentration 75 g mLG1 against K. pneumoniae, (a) Aqueous
extract and (b) Silver nanoparticle

Table 1: Mean inhibition zones of different concentrations of aqueous extract and aqueous nanoparticles against the tested bacteria
Bacteria

-------------------------------------------------------------------------------------------------------------------------
Staphylococcus aureus Pseudomonas aeruginosa Klebsiella pneumonia

---------------------------------- ------------------------------------ ---------------------------------
Aqueous Aqueous Aqueous Aqueous Aqueous Aqueous

Treatment extract Nanoparticles extract Nanoparticles extract Nanoparticles
25 g mLG1 11.07 14.33 9.77 21.00 9.73 10.00
50 g mLG1 9.17 17.00 12.73 19.67 9.87 11.67
75 g mLG1 16.33 18.00 10.67 15.00 10.30 10.33
±SD 1.32 3.09 0.79
SD: Standard deviation
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Gram-negative bacteria than Gram-positive by silver nanoparticles using S. officinalis aqueous extract, no
activity against Staphylococcus aureus23 and other results showed weak activity against Staphylococcus
aureus24. The aqueous extract was most  effective  against Pseudomonas  aeruginosa25.  In  the  aqueous
extract of S. officinalis all concentrations are very weak. The effect in this study is very strong
concentrations of 75 and 25 g mLG1 increased with increased concentration, results of aqueous
nanoparticles following previous studies concluded that the effect is medium.

CONCLUSION
From this work, it had been concluded that S. officinalis aqueous extract was successfully used to produce
AgNPs as a reducing and stabilizing agent. The AgNPs possessed good anti-bactericidal activity against
Gram-negative bacterial strains. Therefore, it can be taken into consideration as a promising agent for the
production of antibacterial drugs in the future.

SIGNIFICANCE STATEMENT
This study discovered that S. officinalis extract can be successfully used to produce AgNPs as a reducing
and stabilizing agent that can be beneficial for the synthesis of silver nanoparticles, this study will help the
researchers to uncover the promising agent for the production of the antibacterial drugs in the future that
many researchers were not able to explore. 
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