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ABSTRACT 
 

A Survey of WHO showed that the wound infections rates are 5 - 34% in the world. It is necessary 
to treat the wounds properly as it will cause more infection inside the skin. Usage of normal 
bandages for the treatment of wounds or infections can heal the outer surface of the skin that too 
by a slow process. Many researchers started investigating the different healing properties of plant 
based bandages. Silver nanoparticles are known for their efficient antibacterial properties. It has 
gained greater attention in the biomedical industries. In this study, the nanoparticles are 
synthesized by using environment friendly green synthesis method. Ceiba pentandra aqueous leaf 
extract was used as reducing and capping agent for the silver nanoparticle synthesis. It was then 
evenly coated on a bamboo fabric material and then assessed for its antibacterial activity by using 
quantitative method. It is less hazardous as no toxic chemicals are involved. The Antibacterial 
activity of silver nanoparticles combined with the plant extract will exhibit efficient wound healing 
properties. The Bandage layer can further be designed to form a completely plant based product. 
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1. INTRODUCTION 
 
Popular perceptions of medicinal plant use and 
effectiveness play an important role in the 
disclosure of their therapeutic properties because 
they are often administered, even though their 
chemical constituents are not always fully 
understood [1]. With the advent and spread of 
microbial species resistant to multiple antibiotics, 
as well as a focus on lowering health-care costs, 
several researchers have attempted to create 
new effective antimicrobial reagents that are both 
sensitive and inexpensive. Such concerns and 
demands have caused a revival in the usage of 
Ag-based antiseptics, which are thought to have 
a wide range of action and a much lesser 
proclivity for inducing microbial resistance [2]. 
Antibacterial materials containing numerous 
natural and inorganic substances have been the 
subject of extensive research [3]. Antimicrobials 
play a critical role in reducing the global burden 
of infectious diseases [4]. A large number of 
medicinal plants have been identified as useful 
sources of natural antimicrobial compounds that 
may be effective in the treatment of difficult 
bacterial infections [5]. The importance of silver 
in biological applications has been known for 
over 2000 years. Silver has long been regarded 
as a disinfectant, and its nanoparticle forms allow 
it to be used in a variety of applications ranging 
from medicine to food [6]. Many antimicrobial 
applications use silver nanoparticles to improve 
their activity. Silver's antimicrobial activity is 
much superior to that of metals such as copper, 
mercury, lead, chromium, and tin [7]. Green 
synthesis is a process that uses plant extracts in 
place of expensive chemicals [8]. Plant extracts 
are easily available, non-toxic, and safe with 
various metabolites which aid in silver ion 
reduction [9]. Usage of parts of the whole plant in 
nanoparticle synthesis is exhilarating and 
underexplored [10]. The rate of synthesis can be 
faster by the usage of plant extracts compared to 
other microorganisms. One of the prospective 
options in the developing environment is the 
usage of silver nanoparticles as a coating in 
bandages and other medical equipment to 
reduce bacterial transfer. Ceiba pentandra 
exhibits many medicinal properties. Traditionally 
the leaf extracts are used in the treatment of 
malaria, diabetes, wound healing, asthma, 
gastrointestinal problems [11-13]. It shows 
inhibitory effects on many bacterial and fungal 
species. The leaves show high antimicrobial and 
analgesic properties. The phytochemical 
constituents present in the plant are alkaloids, 
flavonoids, glycosides, carbohydrates, tannins, 

saponins, and steroids [14]. In this study, the 
bamboo fabric was coated with the silver 
nanoparticles synthesized by using Ceiba 
pentandra aqueous leaf extracts and its 
antibacterial properties was investigated. The 
Coated bamboo fabric layer can be further 
designed into bandages by using natural plant 
based layers. 
 

2. MATERIALS AND METHODS 
 
2.1 Preparation of Sample 
 
The extract of the leaf was prepared by 
combining finely chopped 20g of thoroughly 
washed leaves in a 500ml Erlenmeyer flask with 
100 ml distilled water and stirred for 1 hour at 
60°C. After cooling, the mixture was filtered 
through Whatman No. 1 filter paper. 
 

2.2 Synthesis of Silver Nanoparticles 
 
From the prepared leaf extract 5 ml of the extract 
was taken with 45 mM of AgNo3 in a conical 
flask and left for the bioreduction process to 
occur. It was kept at 30℃ in dark condition.                    

The colour change which shows the reduction              
of AgNo3 into Silver nanoparticles was noted 
[15]. 
 

2.3 Antimicrobial Activity 
 
2.3.1. Antibacterial coating of bamboo fabric  
 
The fabric was coated by pad and dry cure 
method. For that, the Material to Liquor Ratio 
(MLR) was 1:40. The cross linking agent used for 
the coating was 6% citric acid according to the 
fabric weight. The fabric was dipped in the 
reduced silver nitrate solution of the leaf extract 
along with the cross linking agent for ten minutes. 
The fabric material is passed through the 
pneumatic padding mangle at a speed of 100 
RPM with the confirmation of wet pickup at 70%. 
It was then shade dried and cured for 3 minutes 
at 140℃. 
 
2.3.2 Antibacterial evaluation 
 
Bacterial strains: The Bamboo material coated 
with the silver nanoparticles synthesized from 
aqueous leaf extracts of Ceiba pentandra was 
tested for its antibacterial activity against one 
gram positive bacterium (Staphylococcus 
aureus) and one gram negative bacterium 
(Klebsiella pneumoniae). 
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AATCC 100 Quantitative method: In individual 
petridishes, the determined number of cut and 
sterilized treated and untreated swatches are 
placed and equally distributed 1.0± 0.1 ml of 
diluted S.aureus and K.pneumoniae inoculum. 
Aseptically the swatches are all transferred to the 
screw cap bottle and are labelled with the time 
durations of 0 and 24hours.The 24 hour bottle is 
incubated at 37 ± 2℃ for 24hours. In 0 hour and 
24 hour bottle, 100 ± 1ml of neutralising solution 
was added in the inoculated treated, inoculated 
untreated and un inoculated treated bottles. They 
are kept in shaker for 1min. 100, 10-1, 10-2 and 10-

3serial dilutions are made using the neutralising 
solution and are plated. The plates are kept in 
the incubator at 37 ˚C ± 2 ˚C and incubated for 
24 to 48 hours. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Synthesis of Silver Nanoparticles 
 
The plant extract showed a colour change which 
indicated the reduction of silver nitrate into silver 
nanoparticles. It was due to the bioreduction 
process.  
 

3.2 Antibacterial Coating of Bamboo 
Fabric 

 
The material taken for coating was bamboo due 
to its natural antibacterial properties. The fabric 
was coated by Pad and dry cure method. The 

usage of citric acid as cross linking agent was 
due to the binding properties. The fabric was 
dipped in the silver nanoparticle solution as in 
Fig. 1 and then passed through pneumatic 
paddig mangle to remove excess solution. The 
pressure was maintained at 1kg/cm2 in order to 
remove the excess of antibacterial solution with 
the confirmation of wet pickup at 70%. It was 
then shade dried. 
 
3.2.1 Antibacterial activity 
 
The antibacterial activity was done using AATCC 
100 Quantitative method against Klebsiella 
pneumoniae ( a gram negative bacterium) and 
Staphylococcus aureus (a gram positive 
bacterium). The 0 hr plates are examined, 
colonies are counted and recorded. Similarly, in 
the 24 hour plates 100 ± 1ml of neutralising 
solution is added and kept in shaker for 1 min, 
then incubated for 24 to 48hours. The 24 hour 
plates are examined for growth, the values are 
recorded and the percent reduction is 
calculated(R). 
 

4. PERCENTAGE OF REDUCTION (R) = 
99.99% 

 
Bamboo material coated with the silver 
nanoparticles of Ceiba pentandra was effective 
against both the Gram positive and gram 
negative bacteria and showed the high 
percentage of reduction.  

 

 
 

Fig. 1 a) Bamboo fabric dipped in silver 
nanoparticle solution 

 
 

Fig. 1 b) Bamboo fabric passed through 
pneumatic padding mangle 

 
Table 1. Growth count of Klebsiella pneumoniae in 0th hour and 24th hour 

 

Validation 0thHOUR 24th HOUR 

Dilution 10-1 10-2 10-3 10-1 10-2 10-3 

Count 195 22 3 0 0 0 
Area % 93.774 88.627 50.740 33.357 35.776 36.473 
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Fig. 2. Klebsiella pneumoniae growth count in 10-1, 10-2, 10-3 serial dilutions 
 

 
 

Fig. 3. Staphylococcus aureus growth count in 10-1, 10-2, 10-3 serial dilutions 
 

Table 2. Growth count of Staphylococcus aureus in 0th hour and 24th hour 
 

 
 5. CONCLUSION 
 
This is a new approach for the production of 
biological bandages using the synthesized silver 
nanoparticles from the aqueous leaf extracts of 
an antimicrobial activity rich medicinal plant 
Ceiba pentandra, using the environmentally 
friendly method without the usage of chemicals. 

The Bamboo fabric layer coated with the silver 
nanoparticles can be designed with many 
chemical free and plant based layers. It will 
increase the wound healing properties and acts 
directly over the bacteria present. This can be 
further studied for the analysis of the bio-
bandages and their active response over human 
infections or wounds. 
 

Validation 0th HOUR 24th HOUR 

Dilution 1e-1 1e-2 1e-3 1e-1 1e-2 1e-3 
Count 106 14 2 0 0 0 
Area % 91.550 92.288 34.027 31.818 32.818 23.350 



 
 
 
 

Priya and Santheya; AJOB, 13(1): 9-13, 2021; Article no.AJOB.73704 
 

 

 
13 

 

ACKNOWLEDGEMENT 

  
The Authors greatly acknowledge support from 
the Principal and Secretary, PSG College of Arts 
and Science, Coimbatore, TamilNadu, India. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Silva NCC, Fernandes Júnior AJJOVA. 

Biological properties of medicinal plants: a 
review of their antimicrobial activity. 
Journal of venomous Animals and Toxins 
including tropical diseases. 2010;16(3): 
402-413. 

2. Jones SA, Bowler PG, Walker M, Parsons 
D. Controlling wound bioburden with a 
novel silver ‐ containing Hydrofiber® 
dressing. Wound repair and regeneration. 
2004;12(3):288-294. 

3. Kim TN, Feng QL, Kim JO, Wu J, Wang H, 
Chen GC, Cui FZ. Antimicrobial effects of 
metal ions (Ag+, Cu2+, Zn2+) in 
hydroxyapatite. Journal of materials 
science: Materials in Medicine. 1998;9(3): 
129-134. 

4. Bhatia R, Narain JP. The growing 
challenge of antimicrobial resistance in the 
South-East Asia Region-Are we losing the 
battle?. The Indian journal of medical 
research. 2010;132(5):482. 

5. Iwu MW, Duncan AR, Okunji CO. New 
antimicrobials of plant origin. Perspectives 
on new crops and new uses. ASHS Press, 
Alexandria, VA, 1999;457- 462. 

6. Mittal AK, Chisti Y, Banerjee UC. 
Synthesis of metallic nanoparticles using 
plant extracts. Biotechnology advances. 
2013;31(2):346-356. 

7. Chen S, Wu G, Zeng H. Preparation of 
high antimicrobial activity thiourea 

chitosan–Ag+ complex. Carbohydrate 
Polymers. 2005;60(10):33-38. 

8. Hussain I, Singh NB, Singh A, Singh H, 
Singh SC. Green synthesis of 
nanoparticles and its potential application. 
Biotechnology letters. 2016;38(4):545-560. 

9. Prabhu S, Poulose EK. Silver 
nanoparticles: mechanism of antimicrobial 
action, synthesis, medical applications, 
and toxicity effects. International nano 
letters. 2012;2(1):1-10. 

10. Bhattacharya R, Mukherjee P. Biological 
properties of “naked” metal nanoparticles. 
Advanced drug delivery reviews. 
2008;60(11):1289-1306. 

11. Anosike CA, Ugwu JC, Ojeli PC, Abugu 
SC. Anti-ulcerogenic effects and anti-
oxidative properties of Ceiba pentandra 
leaves on alloxan-induced diabetic rats. 
European Journal of Medicinal Plants. 
2014;458-472. 

12. Odugbemi T. Outlines and pictures of 
medicinal plants fromNigeria,(Eed.); 2006. 

13. Osuntokun OT, Ajayi Ayodele O, Adeoye 
MI, Odufunwa AE. Assessment of 
antimicrobial and phytochemical properties 
of crude leaf and bark extracts of Ceiba 
pentandra on selected clinical isolates 
found in nigerian teaching hospital. Journal 
of Bacteriology and Mycology Open 
Access. 2017;4(1):17-23. 

14. Njokuocha RC, Ewenike AE. Antibacterial 
and Phytochemical Properties of Crude 
Leaf Extracts of Moringa oleifera Lam., 
Pterocarpus santalinoides L‟Herit DC and 
Ceiba pentandra L. on Some Clinical 
Bacterial Isolates in Nigeria. Journal of 
Complementary and Alternative Medical 
Research. 2020;1-15. 

15. Debabrat B, Nakul S, Rituparna B. Green 
synthesis of Silver Nanoparticles using 
Bryophyllum pinnatum (Lam) and 
monitoring their antimicrobial activities; 
Archives of Applied Science Research. 
2012;4(5):2098.

_________________________________________________________________________________ 
© 2021 Priya and Santheya; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/73704 

http://creativecommons.org/licenses/by/4.0

	Asian Journal of Biology
	13(1): 9-13, 2021; Article no.AJOB.73704

	Silver Nanoparticles to Increase Antibacterial Efficiency in Bandages
	ABSTRACT
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS AND DISCUSSION
	The antibacterial activity was done using AATCC 100 Quantitative method against Klebsiella pneumoniae ( a gram negative bacterium) and Staphylococcus aureus (a gram positive bacterium). The 0 hr plates are examined, colonies are counted and recorded. ...
	4. PERCENTAGE OF REDUCTION (R) = 99.99%
	Bamboo material coated with the silver nanoparticles of Ceiba pentandra was effective against both the Gram positive and gram negative bacteria and showed the high percentage of reduction.

	5. CONCLUSION
	ACKNOWLEDGEMENT
	COMPETING INTERESTS
	REFERENCES


