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of coated sutures against human pathogenic microorganisms.
Methods: Silver nanoparticles were synthesized with ethanolic propolis extract and analyzed by UV spec-
trophotometry analysis. Absorption peak was detected at 430 nm to confirm silver nanoparticle synthe-
sis. Propolis - silver nanoparticles were coated over plain Cal Gut surgical sutures with the help of sodium
alginate by slurry dipping technique. The characterization of coated sutures was done by Fourier-
silver nanoparticles Transform Infrared analysis (FTIR) analysis and Scanning Electron Microscopy (SEM). The antimicrobial
Sutures activity of propolis silver nanoparticles was determined by disc diffusion method against pathogenic bac-
Antimicrobial activity teria like Staphylococcus aureus, E.coli and Aspergillus flavus obtained from clinical samples.
Surgical site infections Results: FTIR confirmed the presence of silver through its various peaks and the various functional groups
Clinical pathogens were detected. The SEM characterization revealed the particles size and shape of the nanoparticle at a
magnification of 20KV. The size is about 20 nm and its mostly spherical in shape. The surface of the
coated sutures was rough indicating the coating of propolis - silver nanoparticles (AgNPs) over the
sutures. The in-vitro antimicrobial assay showed that the propolis - silver nanoparticles and the also
coated sutures possessed a significant anti-microbial activity against the clinical pathogenic microorgan-
isms.
Conclusion: Propolis is a natural product which is an asset to the mankind. The combined effect of the
propolis and silver nanoparticles and also the antimicrobial activity of propolis nanoparticle coated
sutures were extensively studied. So, this synergistic drug can be used as antimicrobial materials for clin-
ical practice and bio medical use. It is proved that propolis silver nanoparticle loaded sutures are a ben-
eficial in preventing the surgical site infections.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Propolis is a biomaterial which is naturally found in the honey

* Corresponding authors. comb along with the bee’s wax. It is collected and deposited by
E-mail addresses: gayu.bt14@gmail.com (G.D. Selvaraju), sumathijones@gmail. honey bees from various tree buds. It is a mixture of substances
com (C. Sumathijones), sudesh.yadav@student.uts.edu.au (S. Yadav). like enzymes, and used mainly for sealing holes in the comb and
Peer review under responsibility of King Saud University. cleaning the comb cells (Greenaway et al., 1990). Beside these, pro-
polis is called as the chemical weapon against human pathogenic
microorganisms (Urushisaki et al., 2011), as well as bee pathogens
(Simone-Finstrom et al., 2012). Propolis has a very complex
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composition of chemicals in the form of bioactive components
(Marcucci, 1995).

Propolis is used in various fields such as food and meat preser-
vatives, drugs for cancer, cold sores, diabetes, wound healing, oral
diseases etc., It is proved to have anti-inflammatory, antibacterial,
antifungal and antiviral properties. It has been used as a traditional
medicine and has been reported to prevent against many acquired
diseases in humans (Burdock, 1998; Banskota et al., 2001). It has
high amount of flavonoid compound called pinocembrin acting
as an antifungal agent. These anti-inflammatory and antimicrobial
properties contribute in wound healing nature of propolis. Propolis
alcoholic extract which can be applied topically was more effective
in reducing mast cells during wounds caused by oral surgery
thereby reduced inflammation.

Antimicrobial activity of propolis is one of the most expansively
investigated studies. Several studies have been conducted in vari-
ous laboratories on its antimicrobial activity (Fernandes et al.,
1997). Its antibacterial activity can be considered on two levels.
Firstly, it has direct action on the microorganism, and secondly it
stimulates the immune system and thereby activates the natural
defense mechanism of the organism. Generally, it is observed that
Gram positive bacteria are more sensitive to propolis extract than
Gram-negative bacteria. This is because of the structural differ-
ences in their plasma membrane. Gram-negative bacteria produces
more hydrolytic enzymes that have the ability to break down the
bioactive ingredients of propolis (Stepanovic et al., 2003).

Nanotechnology refers to the amalgamation of ideas and tech-
niques related to biology and nano technology. The use of nanopar-
ticles has many applications including drug delivery, health
monitoring and diagnosis. One of its important goals is therapeutic
drug delivery, where drug carrying nanoparticles are introduced
into the body and they aid in targeted drug delivery. They have
gained a wide range of applications in biomedicine, food, textile
industries and personal home care products (Liao et al., 2019).

Though there are various conventional methods like physical
and chemical methods, the use of biological methods leads to the
production of lipid coated silver nanoparticles that gives a greater
solubility, a critical factor for biomedical applications. Various
resources such as plants, insects, bacteria, algae and fungi were
reported for the silver nanoparticle synthesis. The combination of
natural products and silver nanoparticles may synergistically
improve their antimicrobial effects and allows its easy incorpora-
tion into the matrix thus attaining uniform distribution. Hence,
in this study we have investigated the combined properties of
two components such as silver nanoparticles and ethanolic extract
of propolis (Kischkel et al., 2020).

Surgical site infections are the most common infections that
occur during long hospital stay. According to national nosocomial
infections surveillances system Staphylococcus aureus, Enterococ-
cus spp. and Escherichia coli are among the most frequently iso-
lated pathogens at surgical sites. Sutures are biomaterials widely
used for wound closure because it ligates injured blood vessels
and draw divided tissues together in clinical settings. Coating
sutures with natural antibiotics which release drug in a controlled
way can be useful against these infections. Synergistic effect of
propolis and silver nanoparticles would enhance wound healing
and this might be a novel approach in developing suture materials.
For the above purpose, sutures were treated with propolis extract
using a slurry dipping method in previous studies (Augustine and
Rajarathinam, 2012).

Hence, the present study made an attempt to design and
develop propolis loaded silver nanoparticles and their incorpora-
tion on the surface of the selected plain calgut sutures. Evaluation
of the coated sutures for their efficiency, safety, and stability were
carried out by standard procedures. Antimicrobial activities of the
coated suture were analyzed for the bacterial human associated
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pathogens. The sutures were also characterized by UV spectrome-
try, SEM and FTIR. The results proved that there was an effective
antimicrobial activity against the pathogenic microbes.

2. Materials and methods
2.1. Collection of samples

The propolis sample (stingless bee propolis) was collected from
Vibis natural bee farm, Kadachenenthal, Madurai, Tamil Nadu,
India.

2.2. Ethanolic extract of propolis

50 g of raw propolis was dissolved in 1 L of solvent mixture con-
taining ethanol and distilled water in the ratio (7:3) and incubated
at room temperature (25 °C) in an open shaker for 7-10 days in
dark. The dissolved brown color solution was filtered using What-
man number 4 filter paper and then the residues were removed.
The filtrate was then evaporated using rotary vacuum evaporator.
The resulting brown colored viscous substance was used as
ethanolic extract of propolis (EEP) (Wojtyczka et al., 2013).

2.3. Preparation of silver nitrate and synthesis of silver nanoparticles

0.005 g of silver nitrate is weighed approximately and mixed
with 50 ml of milli-Q water (1000 ppm). 5 g of ethanolic propolis
extract was dissolved in 500 ml of distilled water and NaOH was
added to adjust the pH. To this mixture, 500 ml of 50 mM AgNO;
solution was added in an Erlenmeyer flask and was stirred contin-
uously in a magnetic stirrer for 4 h at 120 rpm in room tempera-
ture. When stirred continuously at RT for about an hour, the light
brown color solution turns into dark brown color which indicates
the onset of formation silver nanoparticles. Once the reaction com-
mences the mixture is incubated overnight in a shaker in dark. The
next day, it is kept under sunlight for the photo catalytic action to
take place that enhances the color and formation of silver nanopar-
ticles. During this process, the silver nitrate is oxidized to silver
ions. The reaction was monitored by measuring the absorbance
at regular interval of time. The synthesized solution was then cen-
trifuged at 7000 rpm for 20 min at 4 °C. The pellet was collected
then frozen followed by lyophilization. This process yields pure
synthesized propolis silver nanoparticles which can be further
used for characterization and biological assays (Kumar et al., 2016).

2.4. Revival of microorganisms and inoculum preparation

Infectious pathogenic microorganisms which were isolated
from wounds were revived from the previously stored glycerol
stocks. The cultures used for the study was Gram -positive Staphy-
lococcus aureus, Gram-negative Escherichia coli and fungi Aspergillus
niger. For the antimicrobial assay, organisms were sub-cultured
once onto fresh nutrient broth following incubation 37 °C over-
night, the broth cultures were used for further studies and assays.

2.5. Tests for antimicrobial activity

The agar well diffusion method is widely used to evaluate the
antimicrobial activity of the extracts. Muller Hinton agar plates
were prepared and sterilized. The bacterial cultures were inocu-
lated by spreading the microbial inoculum over the agar surface.
Sterile well punctures were used to punch wells of 5 mm diameter
and were impregnated with 100 pl of different concentrations of
nanoparticles (100 mg, 75 mg, 50 mg, 25 mg and 12.5 mg). Equal
volume of sterile distilled water was used as control. The agar
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plates were incubated at 37 °C for 24 h and the zone of clearance
was measured for the inhibition of the bacterial growth
(Shubharani et al., 2019).

2.6. Antifungal activity

Antifungal activity of propolis - silver nanoparticles (AgNPs)
against Aspergillus flavus was performed by disc diffusion assay.
About 100 pl of the fungal culture was uniformly spread over the
potato dextrose agar plates. Then, 10 pl of varied concentrations
of propolis - silver nanoparticles (AgNPs) was added on the wells.
Equal volume of sterile distilled water was used as control. The
plates were then incubated at 28 °C for 2-3 days. The zone sizes
were then measured and noted to find the maximum zone of inhi-
bition (Huang et al., 2020).

2.7. Coating of propolis - silver nanoparticles (AgNPs) on surgical
sutures by immobilization

The propolis silver nanoparticles were coated on surgical
sutures by the slurry dipping technique by using sodium alginate
as an immobilizing agent. 10 ml sodium alginate (2% w/v) were
prepared and 10 ml sodium chloride (0.1% w/v) was mixed under
constant stirring in a magnetic stirrer at room temperature for
8 h. The propolis - silver nanoparticles (AgNPs) (100 mg/ml) were
added and kept for 30 min under stirring for the formation of
alginate-propolis silver nanoparticles colloid.

Sutures (Cal Gut, plain) were purchased from local surgical then
cut to 2 cm in length and immersed in the prepared mixture solu-
tion for 10 min, followed by air drying for 5 min. This process was
repeated 10 times for proper coating of sutures. After coating, the
sutures were immersed in 4% calcium chloride solution for about
30 min to ensure the complete cross linkage and was washed with
double distilled water and kept for further use (Augustine and
Rajarathinam, 2012).

2.8. Characterization of the coated sutures

The propolis silver nanoparticles were coated on surgical
sutures and were characterized by UV-Visible spectroscopy analy-
sis using a UV - Vis spectrophotometer (Thermoscientific Genesys
50), Fourier transform infrared spectroscopy (FTIR) analysis and
scanning electron microscopy (SEM) analysis.

2.8.1. UV-Visible spectral analysis

Absorbance was taken for the propolis silver nanoparticle solu-
tion in the wavelength of 230-730 nm. Ethanolic extract of propo-
lis was placed as blank solution. The absorbance values were noted
and tabulated and represented graphically.

2.8.2. Fourier-Transform Infrared (FTIR) spectrometry analysis

Fourier-Transform Infrared (FTIR) Spectrometry is a standard
assay to identify various types of chemical bonds and functional
group present in the components of propolis silver nanoparticle
and to characterize the nanoparticles. FTIR spectrometry in the
range of 4000-800 cm~! was performed at a resolution of
4 cm™! using an FTIR spectrophotometer (Shimadzu, Japan).

2.8.3. Scanning electron microscopy (SEM)

The morphological characteristics of the nanoparticles were
identified using scanning electron microscopy (SEM). A pinch of
the prepared nanoparticle powder was casted on to a carbon-
coated copper grid and then analyzed by the microscope.
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2.9. Antimicrobial study of the coated suture

The alginate-propolis - silver nanoparticles (AgNPs) coated
sutures were checked for their antimicrobial assays for the bacte-
rial and fungal cultures. Fresh overnight cultures inoculums were
spread on the nutrient agar plates and used for the assay. The
coated sutures of 2 cm in length were then placed on the cultures
and incubated at 37 °C overnight. Uncoated sutures were main-
tained as control and the respective zones of inhibitions were mea-
sured (Baygar, 2020).

3. Results and discussion
3.1. Ethanolic extraction of propolis

Propolis was extracted using 70% ethanol. The concentration of
the extract was found to be 4.56 + 0.8 g. Ethanol was used as sol-
vent for propolis extraction because large number of compounds
can be extracted using this solvent and higher yield of propolis
has been obtained in previous studies by using ethanol. Also,
higher percentage of antibacterial activity has been obtained by
using ethanolic extraction when compared to other solvents (Da
Silva et al., 2006; BaltrusSaityté et al., 2007).

3.2. Silver nanoparticle synthesis using ethanolic propolis extract and
UV-Visible spectrophotometry analysis

Synthesis of silver nanoparticles was confirmed by the change
of color from yellow to dark brown color (Fig. 1). As a confirmation
of this synthesis process a stringent absorption peak was obtained
at 430 nm. This peak depicted the characteristics of synthesized
silver nanoparticles which are produced by change in its surface
plasmon resonance. As discussed by previous reports silver nitrate
is reduced to elemental silver by using reductase as a catalyst
result in the formation of dark brown color due to change in plas-
mon resonance of silver nitrate (Augustine and Rajarathinam,
2012; Borase et al., 2014; Kothai and Jayanthi, 2015a,b). Thus,
the change of color from yellow to dark brown clearly indicates
the synthesis of silver nanoparticles in this study.

3.3. Subculturing of clinical pathogens

The collected samples were inoculated overnight and next day,
a loop full of culture were streaked on specific media E. coli in
MacConkey agar, Staphylococcus aureus in Baird Parker agar and
Aspergillus niger in potato dextrose agar. The plates were incubated
at 37 °C overnight. Lactose fermenting colonies were observed in
the MacConkey agar medium indicated that it is E. coli. black colo-
nies with lecithinase activity were obtained in Baird parker agar

Fig. 1. Synthesis of silver nanoparticles using propolis extract (AgNPs). The color
change from yellow to dark brown between the initial and final stage of synthesis.
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Table 1
Measurement of antimicrobial activity of propolis silver nanoparticles (AgNPs) by
well diffusion method.

Concentration of propolis silver
nanoparticles (mg/ml)

Zone of Clearance (mm)

S. aureus  E. coli A. niger

100 1.8+0.01 12+0.03 1.0+0.06
75 1.5%0.02 1.0+0.04 0.8*0.03
50 14+001 0.8£0.02 0.7%0.03
25 1.2+0.05 08*0.06 0.7%0.02
125 1.2+0.07 0.1%0.08 0.5%*0.06
Silver nitrate (Control) 0.8+0.03 06001 04%0.01
Distilled water (Control) 0.0 0.0 0.0

Propolis Extract (Control) 04%0.03 04+0.04 0420.06

Values are depicted as average * standard deviation.

Fig. 2. Antimicrobial Well diffusion method for Staphylococcus aureus (Muller
Hinton Agar) in various concentrations. Well A- 100 mg/ml, B- 75 mg/ml, C-
50 mg/ml, D- 25 mg/ml, E-12.5 mg/ml, F- Propolis extract, G- Silver nitrate, H-
Distilled water.

medium that indicated it is Staphylococcus aureus. Aspergillus niger
was grown on potato dextrose agar medium.

3.4. Antimicrobial activity of propolis

Significant differences were observed in zone of clearance for
the two different bacteria with respect to various concentrations
for propolis extract (Table 1, Fig. 2, Fig. 3 and Fig. 4). This may be
due to the differences in chemical composition of propolis which
is influenced by different regions and temperature zones from
where the propolis is collected (Alencar et al., 2007). These differ-
ences may also be due to seasonal nature and seasonal nature as
discussed in a previous study by Bankova et al. (1998). Another
important factor is that the chemical constituents of propolis
increases the bacterial membrane permeability and also inhibit
the mobility and growth of bacteria (Mirzoeva et al., 1997). Among

Fig. 3. Antimicrobial Well diffusion method for E.coli (Muller Hinton Agar) in
various concentrations. Well A- 100 mg/ml, B- 75 mg/ml, C- 50 mg/ml, D-
25 mg/ml, E-12.5 mg/ml, F- Propolis extract, G- Silver nitrate, H- Distilled water.
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Fig. 4. Antimicrobial Well diffusion method for Aspergillus niger (Potato dextrose
agar) in various concentrations. Well A- 100 mg/ml, B- 75 mg/ml, C- 50 mg/ml, D-
25 mg/ml, E-12.5 mg/ml, F- Propolis extract, G- Silver nitrate, H- Distilled water.

(A) (B)

Fig. 5. Antimicrobial activity of surgical sutures. (A)- Zone against Escherichia coli,
(B). Zone against Staphylococcus aureus grown in Muller Hinton Agar.

the four micro-organisms tested, Staphylococcus aureus showed
higher sensitivity to propolis nanoparticle extract when compared
to other bacteria and fungi. The structural difference in the cell
wall bacteria results in the more sensitivity of Gram-positive bac-
teria (Popova et al.,, 2007). Besides these factors, the extraction
methods, osmotic effect and origin of the matrix are also responsi-
ble for the differences in zone of inhibition (Machado et al., 2016).

3.5. Coating of propolis silver nanoparticles on surgical sutures and
analysis of its antimicrobial activity

The sutures were coated with the synthesized propolis silver
nanoparticles using the slurry dipping technique using sodium
alginate as immobilization agent because alginate acts as a

Table 2
FTIR analysis of Coated suture.

Wave number Stretch Functional group

3364 N-H stretching Aliphatic primary amine
2947 N-H stretching Amine salts

1680 C-N stretching Oxime

1142 C-0 stretching Aliphatic ether

1089 C-O0 stretching Secondary alcohol

840 C=C stretching Alkane

Table 3
FTIR analysis of Un Coated suture.

Wave number Stretch Functional group
3278 C-H Stretching Alkyne

2958 C-H Stretching Alkane

1650 C=0 Stretching 5 lactose

1232 C-N Stretching Amine
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Fig. 6. Scanning electron microscopy (SEM) analysis. A: coated suture; B: Uncoated suture. Images were captured under various magnifications.

mucoadhesive agent and highly water soluble. The coated sutures
were studied for their anti-microbial activity against E. coli and Sta-
phylococcus aureus. A clear zone of clearance was found around the
coated sutures where there was no zone obtained by uncoated
sutures (Fig. 5). This indicated an effective antimicrobial activity.
E. coli and S. aureus are multi drug resistant bacteria that cause
many human infections (Wisplinghoff et al., 2004). Enhanced bac-
teriostatic activity of propolis silver nanoparticle coated sutures
was clearly evident from clear zone of clearance around the coated
sutures. Other methods like X ray lithography, electro plating,
plasma spray and electrodeposition were also used for coating of
the nanoparticles on different surfaces.

3.6. Fourier-Transform Infrared (FTIR) analysis of the coated sutures

FTIR spectra was taken to get clear idea about the nature of bio-
logical molecules present in the sutures (Kothai and Jayanthi,
2015a,b). For coated sutures, the various absorbance bands were
obtained which showed the stretching vibrations for chemical
groups like C-N, N-H, C-0 and C=0. Also, many functional groups
like aliphatic primary amine, oxime, aliphatic ether, secondary
alcohol group and alkane whereas the uncoated suture showed
very few bands and functional group which clearly depicted that
there was absence of the propolis silver nanoparticles in the
uncoated suture (Table 2 and 3).

3.7. Scanning electron microscopic (SEM) analysis of the sutures

The structural characteristics of the synthesized propolis silver
nanoparticles were analyzed by the obtained SEM images and it
showed that all the nanoparticles were of same shape and size.
They are spherical in shape with approximately 20 nm in size. Also,
the surface of coated sutures was rough whereas the uncoated
sutures had a smooth even surface (Fig. 6). These results confirmed
the presence of propolis nanoparticle coated sutures. The results
are in accordance with the previous reports by Mannan and
Pawar (2014).

4. Conclusions

In conclusion, propolis remains a wonder product which is
obtained naturally and acts as a boon to the mankind in terms
of production of bioactive compounds and higher antimicrobial

properties. Propolis loaded sutures are beneficial in enhancing
the wound healing and thereby preventing the surgical site
infections. Along with the synergistic effect of a silver nanopar-
ticles, propolis can enhance the bioactive properties of the
coated sutures. Thus, it could be novel approach towards the
use of biological materials as antimicrobial agents in clinical
practice for surgical site infections.
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