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Abstract

The use of nanoparticles in various industries have increased over the years with the improvement of the methods of nanoparticle
synthesis which uses less energy at a cheaper cost through the use of eco-friendly materials such as plants and microorganisms.
Silver nanoparticles (AgNPs) were synthesized in an eco-friendly method using six species of Diospyros leaf extracts under various
temperature conditions where the optimum conditions were at a temperature of 90 °C for an hour. All species of Diospyros produced
spherical AgNPs, with the exception of Diospyros malabarica, of an average diameter of 30 nm when viewed under TEM. These
AgNPs were classified as semiconductors once the bandgap energy was calculated with a surface plasmon resonance at a
wavelength of 420 nm. The AgNPs and the water extracts were tested for their antioxidant capabilities through Total antioxidant
Capacity (TAC), Total Flavonoid Content (TFC), Total Phenolic Content (TPC), DPPH and ICso assays which revealed that the
AgNPs had better antioxidant activity than the water extracts with Diospyros oocarpa having the highest activity. The
photocatalytic activity of different concentrations of the AgNPs were measured by measuring the degradation of the organic dye,
Eriochrome Black T where 333 ppm AgNPs had the highest degradation rate with the use of NaBHa4. In addition, the antibacterial
activity of the AgNPs and water extracts was measured and compared against Staphylococcus aureus and Escherichia coli, where
the AgNPs had greater antibacterial activity against Staphylococcus aureus due to higher greater zones of inhibition. The properties
of Diospyros AgNPs were determined and the possible uses the AgNPs can be used in several industries.
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nanoparticles, that are structures of at least one dimension of by AgNPs
length ranging from 1 to 100 nanometres.? Different
nanoparticles are of different sizes and compositions ranging
from liposomes and micelles to quantum dots and metallic
nanoparticles.®
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Metallic nanoparticles of various metals of gold,
silver, copper, platinum and palladium, are used routinely in
several applications ranging from biomedical to
environmental applications.*® Several properties of AgNPs
such as the large surface area to volume ratio, surface L
plasmon resonance and the strong antimicrobial ability led
to the employment of these nanoparticles in applications
such as drug delivery, cell imaging, wastewater treatment,
UV protection and photocatalysis,®

Figure 1. The antibacterial mechanisms of AgNPs.*?

Other applications of AgNPs such as hydrogen
production from wastewater and dye effluent treatment are

AgNPs are used as antibacterial agents as these
nanoparticles are known to exert bactericidal action through
various mechanisms by the release of silver ions, resulting
in the significant inhibition of the growth of bacteria as
illustrated in Figure 1,201

carried out through photocatalysis. Photocatalysis is the
ability of the particle to undergo oxidation when exposed to
UV light, creating electron-hole pairs when an excited
electron transitions from the valence band to the conduction
band, forming free radicals which breakdown organic
compounds as shown in Figure 21314
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Figure 2.  Photocatalytic ~ degradation of an
organic compound.*3

In addition, AgNPs are known to be used in the
treatment of cancer due to their antioxidant properties.t®
Antioxidants are compounds that inhibit oxidation reactions,
preventing the formation of free radicals which cause
oxidative stress (Figure 3).1% The antioxidants in plant
extracts primarily consist of flavonoids and phenols.”: 1
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Figure 3. Mechanism of action of antioxidants.1®

Oxidative stress in the human body can be defined
as the imbalance between the number of free radicals, which
is an atom with an unpaired electron, and the number of
antioxidants, causing tissue damage due to the elevated
levels of reactive oxygen species (ROS).1%2 These high
levels of ROS can be caused by the exogenous factors such
as radioactivity and endogenous factors such as deficiencies
in antioxidant enzymes, leading to harmful conditions such
as macular degeneration, cardiac fibrosis, skin aging and
auto-immune disorders.?\:??

Oxidative stress is prevented in the body by
antioxidants, which are primarily supplied through dietary
sources such as citrus fruits.®® AgNPs which show
significant antioxidant activity can be utilized to decrease the
concentration of ROS, reducing oxidative stress such as the

loading of nanoparticles into hydrogels to prevent skin
aging.?*
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Figure 4. Approaches to the synthesis of nanoparticles.?’

Table 1. Advantages and disadvantages of the approaches to
the synthesis of nanoparticles.3® 3t

Advantages Disadvantages
Top-Down s Large scale prod s Relatively expensive
*  Requires no purification o Size distribution
Bottom-Up +  Relatively cheap ¢ Cannot be employed for large
+  Able to control size and scale production
shape of nanoparticles

The approaches to the synthesis of nanoparticles
can be divided into the Top-Down and the Bottom-Up
approach (Figure 4), with their individual advantages and
disadvantages (Table 1).> % The Top-Down approach
involves the breakdown of large bulk material into smaller
particles through physical or chemical methods until
particles of the nanoscale are reached.?”- 2 Bottom-Up
approach involves the build-up of nanoparticles using
simpler particles such as atoms and molecules through
chemical and biological methods.?” 2 The physical synthesis
of nanoparticles involves the breaking of larger materials
through processes such as grinding and evaporation which
require large quantities of energy and space, while being
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time-consuming.® Chemical processes primarily use
chemicals acting as reducing agents which synthesizes
nanoparticles through the reduction of metallic ions, at the
risk of chemical contamination.3!
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Figure 5. Green synthesis of AgNPs.33

The biological synthesis (green synthesis) of
nanoparticles employs the use of biodegradable materials,
such as plants and microbial organism, for the synthesis of
metallic nanoparticles from their ionic form (Figure 5).3% 32
In this study, leaves were preferred as a raw material due to
the ease in obtaining the leaf extract, low cost and abundance
in raw materials whereas microorganisms require constant
culture maintenance.®*
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Figure 6. Formation of metallic nanoparticles.®
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The mechanism through which metallic nanoparticles form
(Figure 6) involve the mixing of the plant extracts in a metal-
salt solution under certain conditions which results in the
reduction of metal ions (M*) to their metallic form (M9),
leading to nucleation, growth and stabilization of the
nanoparticles.®® Phytochemicals such as flavonoids and
phenols, in the plant extracts act as reducing and stabilizing
agents in nanoparticle synthesis.36

The green synthesis is more favourable due to the
cost-effectiveness,  the  availability of  samples,
environmental friendliness, disuse of toxic chemicals and
compounds, and the ability to manipulate the size and shape
of the nanoparticles.3":%

T11Y

Diospyros affinis S1
Diospyros atrata S2
Diospyros ebenum S3
Diospyros malabarica S4
Diospyros oocarpa S5
Diospyros quaesita S6

Figure 07. Species of Diospyros used

The leaf samples used in this study are of the species,
Diospyros, from the Ebenaceae family, and is a genus of
over 500 species of plants and shrubs which are distributed
pantropically around the world.3® The species of Diospyros
used in this study are outlined in Figure 7.

Different parts of the Diospyros species have been
used in several industries where fruit-yielding species
include D. kaki, D. lotus and D. virginiana, whereas species
such as D. ebenum and D. celebica are used for their
timber.#° In addition, a number of species are used for
therapeutic purposes in traditional medicine to treat
conditions such as hypertension, atherosclerosis, asthma and
infectious diseases.*!: 42

These samples were selected for this study as
previous studies have concluded that titanium and selenium
nanoparticles, synthesized using leaf extracts from species
of Diospyros, possess significant antibacterial properties
against gram-positive bacteria and significant antioxidant
activity.*344

Hence assessing the properties of AgNPs
synthesized from leaf extracts of Diospyros, determines for
which applications these nanoparticles can be used for.

The aim of this study is to synthesize AgNPs from
leaf extracts of the six species of Diospyros through green
synthesis. The antioxidant activity of the extracts will be
measured through TAC, TFC, TPC, DPPH and ICso assay,
whereas the antibacterial activity will be assessed using the
well diffusion method with bacterial strains of
Staphylococcus aureus and Escherichia coli. The
photocatalytic activity of the nanoparticles will be measured
through the degradation of organic dyes, and the presence of
phytochemicals will be confirmed through various assays.
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2. Methodology

Good laboratory practice was maintained when carrying out
nanoparticle synthesis and the relevant assays to determine
its properties and the relevant COOSH forms were filled out
when requesting the required chemical reagents.

2.1 Sample collection. Leaves from six species of the
Diospyros genus (Figure 7) were selected and collected from
the Royal Botanic Garden in Peradeniya, Sri Lanka. The
samples can be identified using the below key (Table 2).

Table 2: Sample key

Species of Diospyros Code
Diospyros affinis S01
Diospyros atrata S02
Diospyros ebenum S03
Diospyros malabarica S04
Diospyros oocarpa S05
Diospyros guaesita S06

2.2. Preparation of leaf extracts. The leaves were air-dried
in the shade for 72 hours and ground into a fine powder, from
which 2 g of each sample was mixed with 50 ml of distilled
water. The samples were placed in the dry oven for 15
minutes at 85 °C and filtered into a 50 ml Falcon tube using
a Whatman No. 1 filter paper. The prepared leaf extracts
were placed in the 4 °C for future use.

2.3. Phytochemical analysis. The presence of the below
phytochemicals in the leaf extracts of Diospyros was
confirmed using the below tests (Table 3).

Table 3. Methodology to confirm the presence of
phytochemicals

Phytochemical Methodology Positive Result

Anthraquinones 4 - 5 drops of 10% A pink colour
ammonium hydroxide | precipitate will
solution were added to | be formed.
1 ml of the leaf
extract.

Carbohydrates 1 ml of the Molisch's A reddish-
reagent was added to 2 | purple ring will
ml of the plant extract | be formed.
along with 4 - 5 drops
of concentrated
sulfuric acid.*®

Proteins A few drops of copper | A dark bluish-
sulfate were added purple colour
into the leaf extract will be formed.
along with 1 ml of
10% sodium
hydroxide.*”

Saponins 0.2 g of the dried leaf Foam will
extract was shaken appear on the
with 5 ml of distilled solution.

water. The solution
was heated to
boiling.*

was added into 0.5 ml
of the leaf extract
along with a few drops

Steroids 1 ml of chloroform A brown colour
was added into 1 ml of | ring will be
the leaf extract along formed.
with a few drops of
concentrated sulfuric
acid.*’

Tannins 3 ml of 5% Iron A dark green-
Chloride was added blue colour will
into 1 ml of the leaf be formed.
extract.s

Terpenoids 2 ml of chloroform A reddish —

brown colour
will be formed
at the interface.

of concentrated
sulfuric acid.*®

2.3. Synthesis of AgNPs. 9 ml of 1 mM solution of Silver
nitrate was mixed with 1 ml of the leaf extracts, and placed
in the dry oven for 1 hour at 90 °C. The absorbance of the
samples was measured at wavelengths ranging from 320 nm
to 520 nm using distilled water as the blank.

2.3.1 Optimisation of AgNP synthesis. 9 ml of 1 mM solution
of Silver nitrate was mixed with 1 ml of the leaf extracts and
placed in the incubator at different temperatures for different
periods of time which include 30 minutes at 90 °C, 1 hour at
60 °C, 30 minutes at 90 °C and 72 hours at 25 °C (Room
Temperature). The absorbance of the samples was measured
at wavelengths from 320 nm to 520 nm using distilled water
as the blank.

2.4 Dilution of water extracts and AgNPs. The water extracts
and the synthesised AgNPs were diluted into a 1:15 ratio
using distilled water. The prepared leaf extracts were placed
in the 4 °C for future use.

2.5. Antioxidant Assays. The diluted samples were used to
assess the following assays.

2.5.1. Determination of the Total Flavonoid Content (TFC).
A modified colorimetric method was carried out to
determine the TFC using aluminium chloride.®® A 1.2%
aluminium chloride solution was prepared along with a 120
mM solution of potassium acetate. 1 ml of the sample was
mixed with 0.5 ml of the 1.2% aluminium chloride and 120
mM potassium and left for 30 minutes at room temperature.
The absorbance was measured in triplicates at 415 nm, using
distilled water as the blank and the TFC was expressed as
quercetin equivalents (QE).

2.5.2. Determination of the Total Phenol Content (TPC). The
total content of phenols was determined through the Folin-
Ciocalteu reagent test (48). A 20 N solution of Folin-
Ciocalteu was diluted to a 1 N Folin-Ciocalteu solution using
distilled water. 1 ml of the sample was mixed with 0.1 ml of
the 1 N Folin-Ciocalteu reagent and were left for 15 minutes
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at room temperature, and to which 5 ml of the saturated
sodium carbonate solution was added. The test tubes were
left for 30 minutes at room temperature and the absorbance
was measured in triplicates at 760 nm, using distilled water
as the blank and the TPC was expressed as gallic acid
equivalents (GAE). *8

2.5.3. Determination of the Total Antioxidant Capacity
(TAC). The TAC was determined using the
phosphomolybdenum assay derived from other studies.*®
The phosphomolybdenum reagent was prepared by mixing
equal volumes of 0.6 M sulphuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate. 2 ml of the
phosphomolybdenum reagent was mixed with 0.2 ml of the
sample, and incubated for 90 minutes at 95 °C. The
absorbance was measured in triplicates at 695nm, using
distilled water as the blank and the TAC was expressed as
ascorbic acid equivalents (AAE). 48

2.5.4. Determination of the DPPH scavenging activity.
0.004% of the DPPH solution was prepared by mixing
0.0054 g of DPPH in 100 ml of methanol to which 1 ml of
the sample was added to 1 ml of DPPH solution. The
samples were incubated for 30 minutes and the absorbance
was measured at 517 nm, using methanol as the blank. The
DPPH scavenging activity was calculated using the below
equation.

DPPH Percentage Scavenging Activity

B % Activity control — % ActiVitysample % 100
% Activitycontrol

2.5.5. Determination of the Median Inhibition Concentration
(ICs0). 0.004% of the DPPH solution was prepared by
mixing 0.0054 g of DPPH in 100 ml of methanol. A 100%,
80%, 60%, 40% and 20% solutions were prepared using the
samples and distilled water to which 2 ml of the 0.004%
DPPH solution was added. The solutions were incubated for
30 minutes at room temperature and the absorbance was
measured at 517 nm, using methanol as the blank. The
percentage activity was calculated using the above equation
and the 1Cso was determined.

2.6. Determination of the Photocatalytic Activity. A 2 mM
solution of Eriochrome Black T (EBT) was prepared to
which 1 ml of the 333 ppm AgNPs was pipetted in. The
absorbance of the solution was measured at a wavelength
range from 320 nm to 720 nm. The solution was placed in
sunlight and the absorbance was measured at 30-minute
intervals, using distilled water as the blank. The experiment
was also carried out after adding 1 ml of 0.2 M solution of
sodium borohydride which acts as a catalyst. The experiment
once again was repeated using the 5000 ppm solutions of the
AgNPs.

2.7. Determination of the antibacterial activity. The
antibacterial activity of the samples was determined through
the well diffusion method using bacterial strains of
Staphylococcus aureus and Escherichia coli. The agar plates
were produced by pouring 20 ml of Mueller-Hinton agar into
each plate and left to cool. Once cooled, the plates were
labelled and placed under UV light for sterilisation. The
plates were separately swabbed with the bacterial strains and
three wells were created on the agar for the negative control
(-) and two duplicates of the sample (S1 and S2) as shown in
Figure 08. The positive control (+) used was a gentamycin
disc, which was placed on the agar along with 0.5 mL of
saline water as the negative control (-). 0.5 mL of the sample
was transferred into S1 and S2, and the plates were placed in
the incubator at 37 °C for 24 hours (Figure 8). Once
incubated, a ruler was used to measure the diameter of the
zones of inhibition.

Figure 8: Labelling of agar plates

2.8. Transmission Electron Microscopy. 1 ml of the S05
AgNPs was transferred into an Eppendorf tube and
centrifuged at 5000 rpm for five minutes. Once centrifuged,
the Eppendorf tube was transferred into the dry oven for 48
hours. The morphology of the nanoparticles was examined
at the Sri Lanka Institute of Nanotechnology using the JEM-
2100 Transmission Electron Microscope.

2.9 Statistical Analysis. The statistical software, SPSS
Version 25 (Statistical Package for the Social Sciences) was
used to carry out the one-way ANOVA statistical test to
determine a significant difference between the TFC, TPC
and TAC of the water extracts and AgNPs, and the
antibacterial activity of the samples against Staphylococcus
aureus and Escherichia coli.

3. Results

The results of the phytochemical tests carried out on the
water extracts of Diospyros are outlines in Table 4. Saponin
is present in all the samples except in SO4. The formation of
AgNPs in the extracts is indicated by the colour change from
colourless to a reddish-brown solution as illustrated in
Figure 9, where S01, S02, S03, S05 and S06 exhibited a
colour change.
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Table 4. Results of the phytochemical tests

Positive

Phytochemical So01 S02 503 S04 S05 S06
Result

Anthraquinones x x x * x x

Carbohydrates % x * v v v

L)
Proteins % v v * v v H

Saponins 4 v v * v v ‘

Steroids x x x * x x

Tannins x x x * x x

Terpenoids * v x * v v Vo’
(4)

S01 S02 S03 S04 S05

S04 S0 506

Figure 9. Colour change observed when nanoparticles are
synthesized at 90 °C at 1 hour
(A — Before, B — After).

The absorbance of the solutions was measured at
a wavelength range from 320 nm to 520 nm, where peaks in
absorbance at 420 nm indicate the formation of AgNPs
(Figure 13). All the samples with the exception of S04
produced peaks at 420 nm, indicating the formation of
AgNPs.

Absorbance

30 40 360 380 400 420 0 400 430 S00 20
Wavelength /nin
——D, affinis ——D, airata —— D). ebemm —— D, malabarica ——D. oocaipa D, quaesita

Figure 10. Visible spectrum for the optimized AgNPs
synthesized at 90 °C at 1 hour.

Synthesis of AgNPs were carried out at
temperatures of 90 °C ,60 °C and 25 °C (room temperature)
for different periods of time where the optimum conditions
were found to be 90 °C for 1 hour (Table 5).

Table 05. Conditions at which AgNPs were synthesized

Conditions
Species of Diospyros | 35e¢ (Room Tewperatute) 60 °C o) °C
72 hours 30minutes | 60 mimutes | 30 minotes | 60 minufes
501 v 4 x 4 v
502 v v v v v
503 v v 4 v 4
S04 x x X x %
503 v v v v v
506 v v v ' 4

When measuring the absorbance at wavelengths
from 320 nm to 520 nm, the samples that had a peak at 400
nm to 440 nm are labelled with a v/, indicating the presence
of AgNPs.

Transmission Electron Microscopy was caried out
to determine the morphology and size of the synthesized
AgNPs. Asillustrated on Figure 11, the AgNPs are spherical
in shape with an estimated average diameter of 30 nm,
ranging from 20 nm to 40 nm.
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As illustrated in Figure 13, the AgNPs had a higher total
phenol content than the water extracts.
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Figure 12. Total flavonoid content of water extracts and
AgNPs (ug QE/100g)

As illustrated in Figure 12, the AgNPs had a higher total
flavonoid content than the water extracts.

Total Antioxidant Capacity (g AAE / 100g)

3.2. Determination of the Total Phenol Content. Figure 14. Total antioxidant capacity of water extracts and
AgNPs (g AAE/100 g)
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As illustrated in Figure 14, the AgNPs gave a
higher total antioxidant capacity than the water extracts.

3.4 Statistical Analysis of TFC, TPC and TAC.

The statistical test, One-Way ANOVA was carried out to
determine if there are any significant differences between the
TFC, TPC and TAC of the water extracts and the AgNPs
(Table 6, Table 7 and Table 8).

Table 6. One-Way ANOVA between the TFC of water
extracts and AgNPs

ANOVA
Source of Variation 58 df MS r P-value Ferit
Between Groups 5423202.68 [ 1 54253292.68 | 11187367 | 0.008595 5.117355
Within Groups 4362924127 | 9| 484769.3474
I'otal 9786216.807 | 10

Table 7. One-Way ANOVA between the TPC of water
extracts and AgNPs

ANOVA
Source of Varialion 35 df MS F Pvalue Frii
Between Groups 1560953.065 1 1560953.065 | 201.47957 | 1.821-07 | 5117355
Within Groups 6972705701 9 7747 450779
Total 1630680.122 10

Table 8. One-Way ANOVA between the TAC of water
extracts and AgNPs

ANOVA
Sowrce of Variation S8 df MS I P-value Ferit
Beiween Groups 17070.56333 | 1| 17070.56333 | 18.230835 | 0.0016376 | 4.9646027
Within Groups 936356646 | 10 | 936.356646

Total 20643412979 | 11

3.5. Determination of the DPPH Radical Scavenging
Activity.

DPPH Scavenging Activity

o0
s0
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o

D. affiais . atvata . chenum D malabarica . oocarpa D, queasita

%

Percentage Activity / %

Species of Diospyros

m Percentage Activity - AgNPs W Percentage Activity - W

Figure 15. DPPH scavenging percentage activity of water
extracts and AgNPs

The AgNPs synthesized from S01, S02 and S03
gave a higher DPPH radical scavenging percentage activity
compared to the water extracts (Figure 15).

3.6. Determination of the Inhibitory Concentration (1C50) of
DPPH.

DPHH Scavenging Percentage Activity of Water Extracts
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Figure 16. I1Cso of water extracts
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Figure 17. 1Cso of AgNPs

Table 9. ICso of the water extracts and the AgNPs.

1C50
Sample
WE AgNPs
S01 137.69322 57451875
s02 §3.149342 45155247
S03 11091513 83.021492
S04 163,32515
S05 21448999 50.882992
S06 67.92098 62255501

The IC50 values calculated for the water extracts
of S01, S03 and S06 are greater than the 1C50 values of the
AgNPs whereas the IC50 values calculated for the water
extracts of S02 and SO5 are less than the 1C50 values of the
AgNPs.
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3.7. Determination of the Photocatalytic Activity.

Absorbance of the Triochrome Black T (TBT)

Ahbsorbance

300 350 400 £0 500 S50 i 630 700 70
Wavelength / nm

Figure 18. Absorbance of EBT from 320 nm to 720 nm

Figure 18 outlines the absorbance of EBT at
wavelengths ranging from 320 nm to 720 nm, which can be
used to compare the degradation of the dye by AgNPs.

Photocatalytic activity of 333 ppm AgNPs (Without NaBH,)
1%
16
14
0.6
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02
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=Control 30 mins 60 ming =90 mins === 120 mins ====150 mins ===240 mins

Figure 19. Photocatalytic activity of 333 ppm AgNPs
(Without NaBHa)

The absorbance of the dye was measured at 30-
minute intervals till 150 minutes, and once again measured
at the 4-hour mark (240 minutes) (Figure 19). The
photocatalytic degradation rate constant was calculated to be
0.0025, using an In (Ct/C0) against reaction time graph

Photocatalytic activity of 333 ppm AgNPs (With NaBH,)

IS

Absorbance

300 350 400 450 00 550 600 630 00 750
Wavelength / min

——Control  ——0 mins 10mins ——15mins ——20mins ——25 mins

Figure 20. Photocatalytic activity of 333 ppm AgNPs (With
NaBHa4)

The absorbance of the dye was measured at 10-
minute intervals till 10 minutes, and then to 25 minutes in 5-
minute intervals (Figure 20). The photocatalytic degradation
rate constant was calculated to be 0.0271, using an In (Ct/CO)
against reaction time graph.

Photocatalytic activity of 5000 ppm AgNPs (Without NaBIL,)

Absorbance

300 350 400 450 500 550 GO0 650 e
Wavelength / nm

=——(mins =30 mins 60 mins 120 mins =180 mins === Control

Figure 21. Photocatalytic activity of 5000 ppm AgNPs
(Without NaBH4)

The absorbance of the dye was measured at 30-
minute intervals till 60 minutes, and then to 180 minutes in
60-minute intervals (Figure 21). The photocatalytic
degradation rate constant was calculated to be 0.0005, using
an In (Ct/CO) against reaction time graph.
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Photocatalytic activity of 5000 ppm AgNP (With NaBH,)
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Figure 22. Photocatalytic activity of 5000 ppm AgNPs
(With NaBH4)

The absorbance of the dye was measured at 10-
minute intervals till 40 minutes (Figure 22). The
photocatalytic degradation rate constant was calculated to be
0.0111, using an In (Ct/CO) against reaction time graph.

3.8 Determination of the Antibacterial Activity.

) (B)

Figure 23. Antibacterial activity of the samples. (A - S04
water extract, B — S02 silver nanoparticles)

The agar plates exhibited zones of inhibition (ZOl)
around the samples after being incubated for 24 hours as
illustrated on Figure 23.

Figure 24 and 25 compares the zones of inhibition
between the water extracts and the AgNPs concluding that
the AgNPs exhibit are significantly higher ZOls than that of
the water extracts against both Staphylococcus aureus and
Escherichia coli.

750

Antibacterial Activity on Staphylococcus aureus

14 I I I
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Figure 24. Antibacterial activity on Staphylococcus aureus

Antibacterial Activity on Escherichia coli
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Figure 25. Antibacterial activity on Escherichia coli

The statistical test, One-Way ANOVA was carried
out to determine if there is a significant difference between
the antibacterial activity of the water extracts and the AgNPs
against Staphylococcus aureus and Escherichia coli (Table
10 and Table 11).

Table 10. One-Way ANOVA between the antibacterial
activity against Staphylococcus aureus between water
extracts and AgNPs

ANOVA
MS r P-value | Ferit

87.57575758 | 27818182 | 0.000511 | 5.117355

3148148148

Source of Variation 5§ af
3757575758 | 1
28.33333333 ) 9

Between Groups

Within Groups

Total 1139090909 | 10

Table 11. One-Way ANOVA between the antibacterial
activity against Escherichia coli between water extracts
and AgNPs

ANOYA
Seutrce of Variation 55 df MS F P-valne Ferit
Between Groups 150.5208333 | 1| 150.5208333 | 4.8522498 | 0.0321947 | 49646027

Within Groups 3102083333 | 10| 31.02083333
Total 460.7291667 | 11
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5. Discussion

The green synthesis of nanoparticles is the most preferred
form of nanoparticle synthesis as the consumption of energy
in the techniques is reduced hence more cost-effective, and
the absence of chemicals in the production processes
removes the risk of toxicity and contamination.3” Despite the
use of both microorganisms and plants in green synthesis,
the use of plant extracts is favoured over microorganisms as
the use of microorganisms is more time-consuming due to
the isolation and maintenance of cell cultures along with
possibility —of contamination.®®  Furthermore, the
phytochemicals in the leaves act as reducing agents in the
reduction of metal ions into nanoparticles.5*

When selecting a solvent for leaf extraction, water
over methanol or ethanol was selected as it is non-toxic, non-
inflammable and removes the need for purification. In
addition, the synthesized nanoparticles partially oxidize due
to the presence of oxygen in water.5?

The synthesis of nanoparticles can be affected by
several external factors. When synthesizing the AgNPs from
the leaf extracts of Diospyros, the factors of temperature and
reaction time were adjusted to determine the optimum
conditions for the reaction. The optimum conditions for the
synthesized nanoparticles are at 90 °C for 1 hour. Whereas
nanoparticles were synthesized at 60 °C and at room
temperature, the increase in absorbance is greater when
synthesized at 90 °C as higher temperatures result in the
higher rate of formation of nanoparticles hence a greater
concentration of nanoparticles leading to a higher
absorbance.5®%* However, nanoparticles formed at higher
temperatures are of a smaller average size compared to
nanoparticles synthesized at a lower temperature.>®

The colour change from a light-yellowish solution
to a dark reddish-brown solution, observed during the
formation of nanoparticles is due to surface plasmon
resonance (SPR).%® SPR occurs when the plasmons on the
surface of the nanoparticles are excited by the incident light
at a specific wavelength, leading to a decrease up the
intensity of the light reflected.>"- This decrease in reflected
light causes the decrease in absorbance giving a “peak” in
UV-Visible spectrum at the 420 nm wavelength, indicating
the formation of AgNPs.>® In order to characterize the
nanoparticles synthesized, through TEM, the morphology of
the S05 AgNPs was determined as spherical with an average
diameter of 30 nm under a range of 20 — 40 nm. However,
previous studies on Diospyros montana AgNPs of an
irregular shape with an average diameter of 18 nm.%°

Further optical properties of AgNPs were
determined by calculating the band gap energy. The band
gap energy can be defined as the minimum amount of energy
required to excite an electron to jump from the valence band
to the conduction band.5-62

If the bandgap energy is less than 3.0 eV, the
nanoparticles are classified as semiconductors whereas if the
bandgap energy is more than 4.0 eV, the nanoparticles are
classified as insulators.®® The bandgap energies were
calculated using the Planck’s equation given below (Figure
26).

E—hxC
- A

1eV=1.6022 x 1077
E — Bandgap Energy (I)
i — Planck’s constant (6.626 x 103 T s
C — Speed of Light (6.626 » 10°m s'!)

. — Peak Wavelength of AgNP

Figure 26. Planck’s equation

Table 12 shows the bandgap energies of the
nanoparticles calculated to be less than 3.0 eV, classifying
them as semiconductors.

Table 12. Classification of AgNPs based on bandgap energy

Sample Bandgap Encrgy Classification
Joules eV
Diospyros affinis 473 % 10" 296
Diospyros atreta 473 % 101 296
Diospyros ebenm 479 10 299 Semiconductor
Diospyros oocarpa 473 % 107 2.96
Diospyros quaesita 452 % 107" 2.82

Despite limited research on Diospyros AgNPs, the
nanoparticles along with the water extracts were subjected
to antioxidant assays to determine and compare their
antioxidant capabilities.

Flavonoids are a class of polyphenolic derivatives
containing at least one hydroxyl group in the aromatic ring
which acts as an electron donor, providing an antioxidant
effect®. The TFC assay was carried out to quantify the
content of flavonoids in the samples through an AICI3
colourimetric assay at a maximum absorption wavelength of
415 nm, where AICIs binds to the C4 keto-group and the
C3/C5 hydroxyl-group in flavonoids, forming an acid stable
complex (Figure 27).55 66
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Figure 27. Formation of a flavonoid complex.5

The TFC of the AgNPs are significantly higher
than the water extracts which can be seen in studies
involving Syzygium cumini fruit extract due to the coating of
flavonoids on the AgNPs.®” The ANOVA test determined
that there is a significant difference between the TFCs of the
water extracts and AgNPs as the calculated P-value < 0.05
(0.008595), with S05 and S01 giving the highest and lowest
TFCs respectively.

The TPC assay was carried out to quantify the
content of phenols in the samples through a Folin-Ciocalteu
colourimetric assay at a maximum absorption wavelength of
760 nm, where the Folin-Ciocalteu reagent is reduced by
phenolic compounds to blue complexes (Figure 28).68:6°

M

i

HOQOH HO.. OH
[ |
o Q’

OH o

Folin-Ciocalten Reagent Reduced Folin—Ciocalteu Reagent

Figure 28. Reduction of Folin—Ciocalteu reagent.

The TPC of the AgNPs are significantly greater
than of the water extracts due to the accumulation of phenols
by AgNPs (70). The ANOVA test determined that there is a
significant difference between the TPCs of the water extracts
and AgNPs as the calculated P-value < 0.05 (1.82x10-7)
with S05 and SO01 giving the highest and lowest TPCs
respectively.

The TAC of the samples was determined through
the phosphomolybdenum assay at a maximum absorption
wavelength of 695 nm where phosphate-molybdenum V1 is
reduced to phosphate-molybdenum V in the presence of
antioxidants forming a green complex (Figure 29).7+-7

The TACs of the AgNPs are significantly higher
than the TACs of the water extracts indicating that the
AgNPs have a higher ability to stabilize free-radicals which
correlates with the high content of flavonoids and phenols.”™
The ANOVA test determined that there is a significant
difference between the TACs of the water extracts and
AgNPs as the calculated P-value (0.001638) is less than
0.05.

OH

OH
O Mo (V1)

HO ot
I —
Z > oH
OH

Figure 29. Reduction of Phosphate Molybdate V1.7

The DPPH radical scavenging assay was carried
out to determine the antioxidant capabilities of the AgNPs
by using a stable DPPH free radical which receives an
electron from the antioxidants, stabilizing the molecules
resulting in the discolouration of the violet DPPH solution.”™
The AgNPs have a greater % DPPH scavenging activity
compared to the water extracts (Figure 15).

In addition to the DPPH assay, the ICso of the
samples was calculated to estimate the concentration of the
sample required to stabilize 50% of the DPPH radicals where
majority of the water extracts gave a higher 1Cso compared
to the AgNPs with the exception of S05 and S02 (Table 9).7

The ICso values are inversely proportional to the
antioxidant activity of the samples as a high ICso indicates a
high concentration is required to stabilize 50% of the DPPH
radicals, concluding that the S02 and SO05 AgNPs have
greater antioxidant activities compared to the water
extracts.”

The correlation between the antioxidant assays
were analyzed and it was determined that a strong
correlation existed between the assays (Figure 30). The TFC
and TPC in the samples directly correlated with the
calculated TAC indicating that content of flavonoids and
phenols play a vital role in the TAC.

Correlation between Antioxidant Assays

racvsTec N
trcvstac I

0 0.2 0.4 0.6 0.8 1 1.2

Figure 30. Correlation between antioxidant assays

The photocatalytic activity of the nanoparticles
was compared by measuring the degradation of Eriochrome
Black T (EBT) dye into intermediates where the N=N bond
is dissolved (Figure 31) by free radicals formed by
photocatalysis, resulting in a colourless solution.”
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S05 Na*

Figure 31. Chemical structure of Eriochrome Black T.7°

The rate constant was calculated by using an
ascorbic acid standard graph to calculate the concentrations
at a given time and by following the below equation (Figure
32).

Ce

In(eh)

t

Rate Constant =

C, — Initial concentration
C;— Peak concentration

t — Reaction time at peak concentration

Figure 32. Rate constant equation

The photocatalytic-degradation of EBT was
carried out using SO5 AgNPs of concentrations, 333 ppm and
5000 ppm, with and without NaBHa catalyst for a duration
of 4 hours, in which the catalyzed reaction using 333 ppm
AgNPs gave the highest degradation rate constant of 0.0271
(Figure 33 and Figure 34).

The addition of NaBHa4 significantly increases the
degradation rate of the 333 ppm AgNPs from 0.0025 to
0.0271 as electrons from NaBH4 are transferred to the EBT
molecule by AgNPs, but the rate decreased as the AgNP
concentration increased from 333 ppm to 5000 ppm possibly
due to the formation of intermediates and the accumulation
of excess AgNPs which cause excessive scattering of light,
decreasing photocatalysis.8-82

A blue shift of the control peak can be seen in the
graphs of the catalyzed photo-degradation of EBT (Figure
23 and Figure 25) which is caused by the formation of
intermediates in the solution.®

When comparing the antibacterial activity, Figure
27 and Figure 28 reveals that the AgNPs have a greater
antibacterial activity against Staphylococcus aureus and
Escherichia coli as the AgNPs have higher zones of
inhibition (ZOl) due to the action of the Ag* ions (Figure 03)
where S05 had the highest ZOI against Staphylococcus
aureus with SO1 against Escherichia coli (84). AgNPs
employ Ag*ions to exert bactericidal activity through the
proposed mechanisms in Figure 3.

In (Ct/Co)

In(Ct/Co)

Aa)

Determination of rate constant of 333 ppm AgNP

oe
0, 50 100 150 200 250
01 [
L 2N
02
.
03 TN
..
04 ot
-05
06 .
vy =-0.0025x - 0.0193',.
07 R?=0.9736
Time (minutes)
Determination of rate constant of 5000 ppm AgNP
oe
o 20 40 60 80 100 120 140 160 180

¥ =-0.0005x - 0.0254.
R2=0.5847

Time (minutes)

(A —333 ppm, B — 5000 ppm)
@

Determination of rate constant of catalyzed 333 ppm AgNP

[ 5 10 15 20 2

In (Ct/Co)
L]

07 y=-0.0271x - 0.0404..
RE=0.8417
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®)

Determination of rate constant of catalyzed 5000 ppm AgNP

°
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Figure 33. Rate constant graph of uncatalyzed AgNPs

Figure 34. Rate constant graph of catalyzed AgNPs

(A —333 ppm, B — 5000 ppm)
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However, when comparing the ZOI of the AgNPs, the ZOI
against Escherichia coli are greater than the ZOI of
Staphylococcus aureus. Similar results were obtained in
studies on SnO2 nanoparticles concluded that the difference
in antimicrobial activity was due to differences in the cell
wall structure where Escherichia coli consists of a thin
peptidoglycan layer containing lipopolysaccharides and
proteins allowing easy entry for Ag* ions and less resistance
to ROS compared to Staphylococcus aureus. 8 8

The P-values calculated for the ANOVA tests
stated that there is a significant difference between the
antibacterial activity against Staphylococcus aureus between
the water extracts and AgNPs (P<0.05, P=0.000511),
whereas there is no significant difference between the
antibacterial activity against Escherichia coli of the water
extracts and AgNPs (P>0.05, P=0.052195). However, the P-
value calculated to determine a significant difference
between the antibacterial activity between Staphylococcus
aureus and Escherichia coli, was greater than 0.05 (P=
0.617294), concluding there is no significant difference.

Conclusion

AgNPs were synthesized using the six species of Diospyros
with the exception of Diospyros malabarica at the
temperatures of 25 °C, 60 °C and 90 °C for a time periods
between 30 minutes to 72 hours where the optimum
temperature was 90 °C. The phytochemical analysis on the
water extracts confirmed that the leaves contained
carbohydrates, proteins, saponins and terpenoids. TEM
analysis determined that the synthesized AgNPs were
spherical in shape with an average diameter of 30 nm. The
AgNPs were subjected to antioxidant assays which
determined that the AgNPs had a higher antioxidant capacity
than the water extracts. The photocatalytic assays concluded
that the 333 ppm AgNPs showed a higher photocatalytic
activity when using NaBH4. The antibacterial assays
determined that the AgNPs show greater antibacterial
activity against the bacterial strains where the activity
against Staphylococcus aureus was greater than Escherichia
coli due to structural differences in the cell wall. The
determination of the following properties of the AgNPs
allows for further studies and analysis for its implementation
of its use into industries.
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