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Abstract
Compared to traditional production method (chemical

test revealed the presence of saponins, carbohydrates

method), biological synthesis of nanoparticles tend to be

and phenols that were responsible for the reduction and

cheaper since no chemical reducing agents are required,

stabilisation of biosynthesized silver nanoparticle. The

secondary metabolites easily reduced metal ions to

antimicrobial activities of both type of synthesized

nanoparticles in simple steps. The present study

nanoparticle were tested against both Gram positive and

compared the antimicrobial activities of both chemically

Gram negative bacteria and a fungus. Excellent

and biologically produced nanoparticles. Aqueous

antimicrobial

extract of Pittosporum senacia, an endemic medicinal

Escherichia coli using both chemically and biologically

plant, was used to produce silver nanoparticle. Sodium

synthesized silver nanoparticles, reporting inhibition

citrate was used as reducing agent in the chemical

zone of 20.0 ± 0.0 mm and 21.67 ± 1.15 mm

production of silver nanoparticle. Produced silver

respectively. No synergistic interaction was found

nanoparticles were then characterised using UV-Vis

between biologically synthesized nanoparticles and

spectroscopy. Absorption peak were produced at 400

antibiotic, chloramphenicol. This study demonstrated

nm by both type of nanoparticles indicating their

that there was no significant difference in the

spherical nature. Peak at 600 nm was also observed for

antimicrobial properties of both type of nanoparticle and

the biosynthesized nanoparticle denoting other shapes of

Pittosporum senacia leaves can be effectively used to

nanoparticles or possible aggregation. Phytochemical

synthesize silver nanoparticles.
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filter paper and stored at 4°C until further use [4].

1. Introduction

2.3 Biosynthesis of silver nanoparticles

Silver

nanoparticles

have

received

considerable

1 mM of silver ions was prepared by dissolving 0.017 g

attention due to their distinct physical, chemical and

of silver nitrate in 100 ml of distilled water. 10 ml of 1

biological properties, attributed to their large surface

mM of silver nitrate was taken in a 50-ml conical flask;

area and increased number of atoms at the surface [1].

then 1 ml, 2 ml, 3 ml, 4 ml and 5 ml of Pittosporum

The latter can be produced by both chemical and

senacia extract was added separately to it. The final

biological means, however, the chemical approach

volume was 15 ml, so distilled water was added to top

includes certain drawbacks. Dramatic modifications in

up. The solution was left for incubation in the dark, to

the structure, size and stability of the nanoparticle can

prevent any light reaction [4].

arise by small changes in the synthetic parameters [2].
Biosynthetic methods offer an alternative to complex

2.4 Chemical synthesis of silver nanoparticles

chemical approach. This study employed Pittosporum

A modified protocol [5] was used for the chemical

senacia extract as reducing and stabilizing agent to

production of silver nanoparticles. 10 ml of 1 mM of

produce silver nanoparticles. Silver nanoparticles are

silver nitrate was boiled while stirring vigorously and 2

known for its myriad application such as antimicrobial,

ml of sodium citrate was added to it. The solution was

anti-inflammatory, catalytic, larvicidal and wound

stirred until any color change was observed and left for

healing activities [3]. However, it is also true that the

cooling at room temperature.

properties of silver nanoparticles are strongly influenced
by its shape, size and size distribution [1]. This study

2.5 Characterization of silver nanoparticles

investigated the significant difference in antimicrobial

The Ultraviolet-visible spectroscopy (Jenway 7305

activities

Spectrophotometer) was used to confirm the formation

of

both

chemically

and

biologically

synthesized nanoparticles.

of silver nanoparticles [6]. The absorbance was
measured at a wavelength of 200 to 700 nm after both 5

2. Materials And Methods

min and 60 min incubation process. Color change was

2.1 Sample collection and identification

also observed visually after addition of plant extract to

Fresh Pittosporum senacia leaves were collected and

silver nitrate solution.

identified at the Mauritius herbarium, with an accession
number of MAU0022466. The leaves were washed with

2.6 Purification of silver nanoparticles

tap water to remove any dust or debris. It was washed a

Both the biologically and chemically synthesized silver

second time with distilled water and dried for 21 days to

nanoparticles were centrifuged in Centrifuge-MIKRO

remove moisture.

22R, at 10, 000 rpm for 30 minutes [7]. Pellets were resuspended in 1 ml of distilled water. The process was

2.2 Sample extraction

repeated 5 times to ensure removal of impurities from

5 g of leaf powder was mixed in 100 ml of distilled

silver nanoparticles. This was used as 100% silver

water and then heated for 10 minutes at approximately

nanoparticles solution.

80°C. The leaf decoction was allowed to cool at room
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2.7 Phytochemical screening

biologically synthesized silver nanoparticles, mixture

The aqueous extract of Pittosporum senacia was

containing

screened both before and after addition of silver nitrate

synthesized

for the presence of alkaloids, tannins, steroids,

chloramphenicol, 1 mM silver nitrate solution, 100%

carbohydrates using the biochemical method of [8],

chemically synthesized nanoparticle. 100 µl extracts

flavonoids [9], terpenoids [10], saponins [11], phenols

were two-fold serially diluted with 100 µl Mueller

and protein using Biuret test.

Hinton Broth (MHB). Bacterial inoculums were diluted

equal
silver

volume

of

100%

nanoparticle

and

biologically
10

µg/ml

to a concentration of 106 cfu/ml and for clear
2.8 Antibacterial screening of silver nanoparticles

distinction, 40 µl of 0.2 mg/ml p-iodonitrotetrazolium

Antibacterial activity was assessed against Gram

violet (INT) dye indicator was added to each well.

positive bacteria Listeria innocua (ATCC 33090),
Bacillus cereus (ATCC 10876), Staphylococcus aureus

3. Results and Discussion

(ATCC

3.1 UV-Visible spectra analysis and colour change

29213)

and

Gram

negative

bacteria

Pseudomonas fluorescens (ATCC 13525), Escherichia

After addition of aqueous extract to silver nitrate

coli (ATCC 25922). Antifungal activity was tested

solution, a color change to brownish yellow was

against Candida albicans (ATCC 10231). Bacteria were

observed while for the chemically synthesized silver

cultured in Mueller Hinton broth while Potato Dextrose

nanoparticles, color changed from colourless to dark

broth was used to grow the fungus. Agar-disc diffusion

green. Colour change was due to the excitation of

method was used as a preliminary screening. The plate

surface plasmon resonance (SPR) in the production of

was divided into quadrants and 100 µl of the bacterium

silver nanoparticles [12-14]. Maximum absorption of

inoculum was spread on the agar. The sterile disc was

silver nanoparticles was observed at 400 nm which is

dipped into the silver nanoparticle solution, placed in

indicative of spherical nanoparticles [6, 15]. Broaden

the first quadrant. The second quadrant contained disc

peak at 300 nm was also discerned for 3.33 mg/ml plant

dipped into solution of silver nitrate, while the third

extract, indicative of nanoparticle polydispersion [4].

consisted of disc dipped into solution containing equal

Absorption peak observed at 300 nm can also show that

volume of silver nanoparticles and chloramphenicol

there were electronic transitions of metallic silver, Ag0

antibiotic (5 mg/ml). The last quadrant consisted of the

[16].

positive control, chloramphenicol. Similar procedure
was followed for the fungus and chemically synthesized

As the diameter of silver nanoparticles increases, the

nanoparticles, except that Nystatin (3 mg/ml) was used

absorbance spectra tends to shift over longer wavelength

as positive control for fungus. The plates were incubated

and become broader [17]. This may explain why

for 24 hours at 37°C. Inhibition zone was measured

absorption was obtained at 600 nm. Metal nanoparticle

using a ruler in mm.

synthesis

is

mostly

observed

using

UV-Vis

spectroscopy as a result of its simplicity [4]. As extract
2.9 Minimum Inhibitory Concentration (MIC)

concentration increased, the absorption peak at 400 nm

Extract showing clear inhibition zone were selected for

and 600 nm would increase consequently. This would

the determination of MIC. Chloramphenicol (10 mg/ml)

result from the increase number of biomolecule

was used as positive control and distilled water as

contributing to the reduction of silver ion reductive

negative control. Samples to be tested included: 100%

process [18].
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Compared to the biologically synthesized nanoparticles,

dependent on its size and shape [18]. It is hypothesized

the characterisation of chemically synthesized one

that due to its increase surface area, the silver

showed shorter and broader peaks. This indicated that

nanoparticle would be able to better interact with the

smaller amount of silver nanoparticles have been

bacterium’s cell wall [6, 19]. Likewise, it might also be

produced since intensity of peaks are known to be

possible that silver ions inhibit DNA replication, reduce

proportional to the concentration. The broaden peak

cell viability and lead to apoptosis by directly

might also demonstrate that the diameter of chemically

interacting with the basic component that makes up

synthesized nanoparticle is larger than the biologically

DNA and proteins such as sulphur and phosphorus [6,

synthesized one.

20]. Other possible mechanism would include the
adverse reaction that silver ions have on functional

3.2 Phytochemical screening

group of enzymes and their inductive oxidative stress [6,

Phytochemical screening revealed the presence of

20, 21].

saponins, carbohydrates and phenols in both the plant
extract and the biosynthesized silver nanoparticles. The

Lowest MIC value obtained was for P. fluorescens;

latter could be responsible for the reduction and

12.5%

stabilisation

nanoparticles alone and 6.3% using a combination of

of

nanoparticles

[6].

Tannins

and

terpenoids was also recorded in the plant extract.

using

biologically

biologically

synthesized

chloramphenicol.

synthesized

silver

silver

nanoparticles

Unfortunately,

no

and

significant

3.3 Antibacterial screening

synergistic interaction (p>0.05) was observed with

For both the chemically and biologically synthesized

chloramphenicol alone yielding an MIC value of 0.6%.

silver nanoparticles, no activity was denoted against
either Gram positive bacteria B. cereus and S. aureus or

3.4 Synergistic effect of silver nanoparticle with

fungus C. albicans. In this study, Gram negative

antibiotic

bacteria were more susceptible to the silver nanoparticle

There were no significant difference in inhibition zone

reporting at average of 21.67 ± 1.15 mm and 20.0 ± 0.0

of biosynthesized nanoparticle alone and combination of

mm against E.coli using biologically and chemically

biosynthesized

synthesized silver nanoparticle respectively (Table 1).

chloramphenicol (p>0.05). Compared to other studies

Maximum activity against E.coli was also recorded by

such as [6], no synergistic interaction was observed

[18], 16 mm zone of inhibition using C. spinosa leaf

between

extract. Antibacterial activity of nanoparticles is greatly

antibiotic.
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Figure 1: UV- Spectra illustrating silver nanoparticles synthesised by P. senacia extract at different concentration
indicated by the legend.

Silver nanoparticles
Microorganism

Antibiotic &

Biologically

Chemically

B. cereus

-

-

S. aureus

-

L. innocua

Biosynthesized

Control
Silver nitrate

Positive

26.67 ± 1.15

-

27.33 ± 0.58

-

19.33 ± .15

-

33.0 ± 1.00

11.0 ± 0.0

12.67 ± 1.15

25.67 ± 0.58

24.67 ± 0.58

23.33 ± 0.58

E.coli

21.67 ± 1.15

20.0 ± 0.0

12.0 ± 0.0

24.33 ± 0.58

27.0 ± 0.58

P. fluorescens

13.33 ± 1.57

15.33 ± 0.58

22.67 ± 0.58

13.33 ± 0.58

30.0 ± 0.0

P. mirabilis

17.67 ± 0.58

17.33 ± 0.58

19.0 ± 0.0

10.0 ± 0.0

24.0 ± 0.0

C. albicans

-

-

18.0 ± 0.0

-

15.67 ± 0.58

nanoparticle

Table 1: Zone of inhibition zone (in mm) using silver nanoparticles.
Following tukey’s test, it was found that there was no
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