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ABSTRACT 

Cotton is the most widely used natural fiber for textiles; however, the capacity of cotton fibers to 

absorb large amounts of moisture, retain oxygen and have a high specific surface area makes 

them more prone to microbial contamination, becoming an appropriate medium for the growth of 

bacteria and fungi. In recent years, the incorporation of silver nanoparticles in textile products is 

becoming widely used due to its broad-spectrum antibacterial activity and low toxicity towards 

mammalian cells. In this work the antibacterial and antifungal activity of the nanocomposite based 

on silver nanoparticles and carboxymethyl chitosan (NPsAg-CMQ) against E. coli, S. aureus and 

C. albicans was evaluated by the well diffusion method. The antibacterial activity against E. coli 

and S. aureus was also evaluated by the qualitative method of inhibition zone and the quantitative 

method of colony counting. Likewise,, the antifungal activity of the functionalized fabric against C. 

albicans and A. niger was determined by inhibition zone method and the antifungal activity method 

GB / T 24346-2009, respectively. The results showed an excellent antibacterial activity of the 

nanocomposite against E. coli and S. aureus and a good antifungal activity against C. albicans. 

Likewise, the functionalized fabric showed 100% antibacterial activity against E. coli and S. 

aureus and a good antifungal activity against C. albicans and A. niger. Our results indicate that 

our fabric can be used in garments for hospital use to contribute in the reduction of nosocomial 

infections.  
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INTRODUCTION 

Cotton is the most widely used natural fiber for textiles due to its softness, low price, easy mass 

production and is particularly suitable for the manufacture of medical products, health care 

products and hygiene (A. Hebeish, El-Naggar, et al., 2011)(Shahid-Ul-Islam, Shahid, & 

Mohammad, 2013). However, cotton fibers absorb large amounts of moisture, retain oxygen 

and have a high specific surface area (Y. Gao & Cranston, 2008), makes them more prone to 

microbial contamination, becoming an appropriate medium for the growth of bacteria and fungi 

(Cheung, Ho, Lau, Cardona, & Hui, 2009). In this sense, cotton fibers with antimicrobial 

properties have attracted considerable attention due to their potential application in several 

fields such as health and medicine (Moritz & Geszke-Moritz, 2013). It has been reported the use 

of biocides such as triclosan, quaternary ammonium compounds or organosilicons, among 

others (Rajendran, Radhai, Kotresh, & Csiszar, 2013). However, these antimicrobial agents 

often produce highly toxic or undesirable byproducts (Falletta et al., 2007). 

 

In recent years, the incorporation of silver nanoparticles in textile products is being widely used 

due to its broad spectrum antibacterial activity and low toxicity towards mammalian cells (A. 

Hebeish, Abdel-Mohdy, et al., 2011), (Ashayer-Soltani, Hunt, & Thomas, 2015) (Gorjanc, Kovač, 

& Gorenšek, 2012), (Ravindra, Murali Mohan, Narayana Reddy, & Mohana Raju, 2010). The 

antimicrobial properties of silver nanoparticles are size dependent because silver nanoparticles 

of different sizes have different surface / volume ratios, which produces different antibacterial 

efficiency during their interaction with microorganisms (Vigneshwaran, Kathe, Varadarajan, 

Nachane, & Balasubramanya, 2007), (Liu, Dai, Fu, & Hsu, 2010), (Perera et al., 2013), (Wu et al., 

2018). Instability of silver nanoparticles has been reported because a variation in the size of the 

nanoparticles when they are applied directly on textiles can cause agglomeration of the 

nanoparticles, resulting in a decrease in the antimicrobial effect (Emam, Saleh, Nagy, & Zahran, 

2015). 

 

It has been described that the use of stabilizing agents, such as natural polymers, to form 

nanocomposites, significantly improves the stability of the nanoparticles (El-Rafie, Ahmed, & 

Zahran, 2014). Polymer-based inorganic nanocomposites combine the unique mechanical, 

optical and electrical properties of organic, inorganic and nanomaterial compounds. The 

polymer chains of these nanocomposites can contain reactive groups and in combination with 

the inorganic antimicrobial agents have exceptional advantages such as exhibiting synergistic 

antimicrobial effects, improving the adhesion to the substrates, avoiding agglomeration and 
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improving the stability of silver nanoparticles inside the polymer matrix. (Bao, Feng, Wang, Ma, 

& Tian, 2017), (Y. Gao & Cranston, 2008). 

 

In this work the antibacterial and antifungal activity of the nanocomposite based on silver 

nanoparticles and carboxymethyl chitosan (NPsAg-CMQ) against E. coli, S. aureus and C. albicans 

was evaluated by the well diffusion method. The antibacterial activity against E. coli and S. 

aureus was also evaluated by the qualitative method of inhibition zone and the quantitative 

method of colony counting. Likewise, the antifungal activity of the functionalized fabric against 

C. albicans and A. niger was determined by the inhibition zone method and the standard method 

of antifungal activity GB / T 24346-2009, respectively. 

 

MATERIAL AND METHODS 

Reagents and Materials 

The following reagents were used: potassium dihydrogen phosphate (pa ≥99%) (Merck 

Millipore, USA), sodium hydroxide (pa ≥99%) (Merck Millipore, USA), trypticase soy agar (TSA) 

(Liofilchem, Italy), Trypticase soy broth (TSB) (Liofilchem, Italy), Escherichia coli (ATCC 25922) 

(Merck Millipore, USA), Staphylococcus aureus (ATCC 25923) (Merck Millipore, USA).  

Candida albicans and Aspergillus niger were provided by the Microbiology Laboratory of the 

Universidad Nacional de San Agustin (UNSA). The nanocomposite material (NPsAg-CMQ) was 

provided by the LAPCI-NANO laboratory of the Universidad Nacional de San Agustin (UNSA).  

 

Antibacterial Activity of the Nanocomposite (NPsAg-CMQ) 

The antibacterial activity was evaluated by the standard well diffusion method. Inoculate of the 

bacteria E. coli (ATCC 25922) and S. aureus (ATCC 25923) were prepared at a concentration of 

1.02 x 103 CFU/mL and 1.36 x 104 CFU/mL, respectively. Then, 20 μL of the inoculum was 

measured and plated uniformly on the surface of the Mueller Hinton agar (MH). Then 3 wells of 7 

mm diameter were made, distributed equidistantly in the petri dish and 20 μL of the 

nanocomposite was placed (NPsAg-CMQ). The plates were then incubated for 24 hours at 37°C, 

then the inhibition zone was measured around the well using a vernier caliper (Balandin, G.V.; 

Suvorov, O.A.; Shaburova, L.N.; Podkopaev, D.O.; Frolova, Yu.V.; Ermolaeva, 2015). 

  

Antibacterial Activity of Cotton Fabric Functionalized with the Nanocomposite NPsAg-

CMQ 

Inhibition Zone Method 

It was evaluated by qualitative zone inhibition method. Initially, inoculate of the bacteria E. coli 

(ATCC 25922) and S. aureus (ATCC 25923) were prepared at a concentration of 1.02 x 103 
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CFU/mL and 1.36 x 104 CFU/mL, respectively. Then, 20 μL of the inoculum was measured and 

plated uniformly in petri dishes with Mueller Hinton agar (MH) and allowed to dry 10 minutes. On 

the surface of the agar, disks (previously sterilized by UV) of the control and functionalized fabric 

of 0.8 cm diameter were placed. The plates were then incubated for 24 hours at 37°C, then the 

inhibition zone was measured around the fabric using a vernier caliper (Balamurugan, Saravanan, 

& Soga, 2017) . 

 

Colony Counting Method 

The antibacterial effect of the fabric functionalized with nanocomposite NPsAg-CMQ was tested 

using the standard quantitative method ASTM E-2149-10 against E. coli and S. aureus. For this, 

a fabric sample, weighing 1,000 ± 0.001 g, was cut into small pieces with a size of about 1 × 1 

cm2, which were sterilized by UV radiation for 30 min. Then, these fabric pieces were immersed 

in a 250 mL bottle with 50 mL of 0.3 mM dihydrogen phosphate buffer solution, pH = 7.2 containing 

1.5 to 3.0 x105 CFU/mL of bacteria. 

The bottle was shaken at 150 rpm in a shaker at 37°C, for 1 h. From each incubated sample, 1 

mL of solution was taken and diluted to 10-1, 10-2, and 10-3 and then seeded on an agar plate. All 

plates were incubated at 37°C for 24 h, and the colonies formed were counted with the naked 

eye. The percentage of bacterial reduction was determined as follows: 

 

Bacterial reduction in CFU (%) =  𝑥 =
B−A

B
∗ 100 

 

where: 

A = Colony forming units (CFU) / mL for the bottle at the end time, after one hour contact 

B = Colony forming units (CFU) / mL for the bottle at time zero, after one minute of contact. 

 

Antifungal Activity of the Nanocomposite NPsAg-CMQ 

The antifungal activity of the nanocomposite was evaluated by the standard well diffusion method. 

An inoculum of C. albicans (ATCC 10231) was prepared at a concentration of 1.06 x 107 CFU/mL. 

Then, 20 μL of the inoculum was measured and plated uniformly on the surface of the potato 

dextrose agar (PDA). Then 3 wells of 7 mm diameter were made equidistantly distributed in the 

petri dish; where 20 μL of the nanocomposite (NPsAg-CMQ) was placed. The plates were then 

incubated for 24 hours at 37 ° C, after which time the zone of inhibition was measured around the 

well using a vernier caliper (Balandin, G.V.; Suvorov, O.A.; Shaburova, L.N.; Podkopaev, D.O.; 

Frolova, Yu.V.; Ermolaeva, 2015) . 

 

Antifungal Activity of Cotton Fabric Functionalized with the Nanocomposite NPsAg-CMQ 

Antifungal activity was evaluated by qualitative zone inhibition method. Initially an inoculum of C. 

albicans of 1.06 x 107 CFU/mL was prepared. It was seeded in PDA medium and then proceeded 

in the same way as in the case of E. coli and S. aureus described above. 
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Antifungal Activity of the Cotton Fabric Functionalized with the Nanocomposite NPsAg-

CMQ against a Filamentous Fungus 

The antifungal activity of the control cotton fabric and the functionalized fabric was evaluated 

against an isolated strain of A. niger according to the standard method of antifungal activity GB 

/ T 24346-2009 (D. Gao et al., 2019a). 

 

RESULTS AND DISCUSSION 

 

Antibacterial Activity of the Nanocomposite NPsAg-CMQ 

Figure 1 shows the results of inhibition of antibacterial activity by the well diffusion method against 

E. coli and S. aureus. There is an average inhibition halo of 5 mm for E. coli and 8 mm for S. 

aureus. These results show that the nanocomposite has an excellent antibacterial activity against 

these two types of gram-negative and gram-positive bacteria, respectively.  

 

 

              

Figure 1. Antibacterial activity of the nanocomposite NPsAg-CMQ against E. coli (a) and S. 

aureus (b) 

 

Antibacterial activity of the cotton fabric functionalized with the nanocomposite NPsAg 

CMQ 

The antibacterial activity of the fabric functionalized with the nanocomposite NPsAg-CMQ was 

evaluated qualitatively by the zone of inhibition method and quantitatively by the colony counting 

method, according to the ASTM E-2149-10 technical standard. 

 

Figure 2 shows the antibacterial activity of the control and textile fabric functionalized with the 

nanocomposite. The textile functionalized with nanocomposite shows an average zone of 

inhibition of 1.5 mm and 2 mm around the textile for E. coli and S. aureus, respectively. This form 

of inhibition clearly indicates that the textile functionalized with the nanocomposite possesses an 

antibacterial activity due to the action of the nanocomposite on the bacterial cells.  
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Figure 2. Antibacterial activity of the control and functionalized fabric against E. coli (a-b) y S. 

aureus (c-d) 

 

The results in Table 1 and Figure 3 showed a bacterial reduction of 0% in the control fabric against 

E. coli and S. aureus. In contrast, the functionalized fabric exhibited a 100% bacterial reduction 

in both bacterial strains, showing the excellent antibacterial activity of the functionalized fabric 

compared to the control. 

  

Table 1. Antibacterial reduction of control fabric and fabric functionalized with nanocomposite 

NPsAg-CMQ 

 
Sample 

 
Antibacterial activity 

 

 

E. coli S. aureus 

Bacteria  
UFC/mL 

% reduction 
Bacteria 
UFC/mL 

% reduction 

Control 107500 No reduction 73167 No reduction 

Functionalized 0 100 0 100 

 

 

 

 

 

 

b 

d c 

Control  Funcionalized 

Funcionalized Control  
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        Control                 Functionalized                Control            Functionalized                                              

Figure 3. Antibacterial activity of the control and functionalized fabric against E. coli (a-b) y S. 

aureus (c-d) 

 

Our antibacterial activity results are superior to those reported previously where 80-90% bacterial 

reduction was achieved (A. Hebeish, El-Naggar, et al., 2011) (El-Rafie, Shaheen, Mohamed, & 

Hebeish, 2012) (D. Gao et al., 2019b) (Wu et al., 2018). This demonstrates that the 

nanocomposite that we used (NPsAg-CMQ) has a better antibacterial activity, which was 

previously observed by another research group (Zea Alvarez JL., 2016). Similarly, these results 

for bacterial reduction correlate with Paszkiewicz et al. (Paszkiewicz et al., 2016), where they 

used bimetallic silver and copper nanoparticles. The bactericidal mechanism of the silver 

nanoparticles is only partially known and the antibacterial effect reported for the functionalized 

fabric could be explained based on the following mechanisms; the Ag+ ions formed from the 

oxidation of zero-valent silver (Agº) interact with the sulfur of the proteins present in the bacterial 

cell membrane or intracellularly, which affects the viability of the bacterial cell. It has also been 

proposed that the silver / silver ion (AgNPs / Ag +) nanoparticles can act with the molecules of 

phosphorus present in DNA producing an inactivation of DNA replication (A. Hebeish, El-Naggar, 

et al., 2011) (Raza et al., 2015) (Sathishkumar et al., 2009) (Ali Hebeish, Hashem, El-hady, & 

Sharaf, 2013) (Yang & Li, 2013) . 

 

The release of Ag+ from the AgNPs can also catalyze the production of oxygen radicals that 

oxidize the molecular structure of the bacteria. Such a mechanism does not need a direct contact 

between the antimicrobial agent Ag+ and the bacterium, because the active oxygen produced 

diffuses from the textile to the surrounding environment. . (A. Hebeish, El-Naggar, et al., 2011) 

(A. Hebeish, El-Shafei, Sharaf, & Zaghloul, 2014). 

 

Antifungal activity of the Nanocomposite NPsAg-CMQ 

Figure 4 shows the results of inhibition of antifungal activity by the well diffusion method against 

C. albicans. An average inhibition halo of 1.5 mm is observed, this result shows that the 

nanocomposite has an antifungal activity against C. albicans.  
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Figure 4. Antifungal activity of nanocomposite NPsAg-CMQ against C. albicans. 

 

Antifungal activity of the cotton fabric functionalized with the nanocomposite (NPsAg-

CMQ) 

Figure 5 shows the antifungal activity of the control and textile fabric functionalized with the 

nanocomposite. The functionalized fabric shows an average zone of inhibition of 2 mm against 

C. albicans, which clearly indicates that the fabric functionalized with the nanocomposite 

possesses antifungal activity.  

     

     

 

Figure 5. Antifungal activity of control (a) and functionalized (b) fabric against C. albicans. 

 

The antifungal activity of the control cotton and the functionalized fabric was evaluated against 

an isolated strain of Aspergillus niger according to the standard method GB / T 24346-2009 (D. 

Gao et al., 2019a) (Yu et al., 2015). Figure 6 shows the results of the antifungal activity of the 

control cotton and functionalized fabric with the nanocomposite, it can be clearly seen that the 

control fabric (Figure 6a) is covered by the filamentous fungus, indicating that this fabric does not 

show resistance to the growth of A. niger. However, the textile functionalized with the 

nanocomposite (Figure 6b) shows a greater surface area without growth of the fungus.  
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Figure 6. Antifungal activity of control (a) and functionalized (b) fabric against A. niger 

 

D. Gao et al., reported similar results, with the difference that they worked with a functionalized 

fabric with a nanocomposite based on P(DMDAAC-AGE)/Ag/ZnO, which presented an ability to 

inhibit the growth of A. flavus up to 5 days (D. Gao et al., 2019b). However, our functionalized 

textile showed a growth inhibition for up to 7 days, which shows a better antifungal effect.  

 

ACKNOWLEDGEMENT 

We thank the National Innovation Program for Competitiveness and Productivity, Innóvate Perú, 

for the RNR funds assigned to the project: "Functionalization of cotton textiles with 

nanocomposites NPsAg-carboxy methylchitosan to improve the antibacterial and antifungal 

properties with potential application in the manufacture of garments for hospital use 

"AGREEMENT 396-PNICP-PIAP-2014”. 

  

Likewise, our thanks are expressed to Dr. Mónica Gómez León, from the Faculty of Sciences of 

the Universidad Nacional de Ingenieras (UNI), for having facilitated the use of the Eco dyer 

equipment and to Dr. Carmen Uribe Valenzuela of the Faculty of Textile Chemistry Engineering 

for providing the cotton fabric.  

 

REFERENCES 

Ashayer-Soltani, R., Hunt, C., & Thomas, O. (2015). Fabrication of highly conductive stretchable 
textile with silver nanoparticles. Textile Research Journal, 86(10), 1041–1049. 
https://doi.org/10.1177/0040517515603813 

Balamurugan, M., Saravanan, S., & Soga, T. (2017). Coating of green-synthesized silver 
nanoparticles on cotton fabric. Journal of Coatings Technology and Research, 14(3), 735–
745. https://doi.org/10.1007/s11998-016-9894-1 

Balandin, G.V.; Suvorov, O.A.; Shaburova, L.N.; Podkopaev, D.O.; Frolova, Yu.V.; Ermolaeva, 
G. A. (2015). The study of the antimicrobial activity of colloidal solutions of silver 
nanoparticles prepared using food stabilizers, 52(June), 3881–3886. 
https://doi.org/10.1007/s13197-014-1455-y 

Bao, Y., Feng, C., Wang, C., Ma, J., & Tian, C. (2017). Hygienic, antibacterial, UV-shielding 
performance of polyacrylate/ZnO composite coatings on a leather matrix. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 518, 232–240. 
https://doi.org/10.1016/j.colsurfa.2017.01.033 

a 
b  1 

 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Cheung, H. yan, Ho, M. po, Lau, K. tak, Cardona, F., & Hui, D. (2009). Natural fibre-reinforced 
composites for bioengineering and environmental engineering applications. Composites 
Part B: Engineering, 40(7), 655–663. https://doi.org/10.1016/j.compositesb.2009.04.014 

El-Rafie, M. H., Ahmed, H. B., & Zahran, M. K. (2014). Characterization of nanosilver coated 
cotton fabrics and evaluation of its antibacterial efficacy. Carbohydrate Polymers, 107(1), 
174–181. https://doi.org/10.1016/j.carbpol.2014.02.024 

El-Rafie, M. H., Shaheen, T. I., Mohamed, A. A., & Hebeish, A. (2012). Bio-synthesis and 
applications of silver nanoparticles onto cotton fabrics. Carbohydrate Polymers, 90(2), 915–
920. https://doi.org/10.1016/j.carbpol.2012.06.020 

Emam, H. E., Saleh, N. H., Nagy, K. S., & Zahran, M. K. (2015). Functionalization of medical 
cotton by direct incorporation of silver nanoparticles. International Journal of Biological 
Macromolecules, 78, 249–256. https://doi.org/10.1016/j.ijbiomac.2015.04.018 

Falletta, E., Bonini, M., Fratini, E., Nostro, A. L., Becheri, A., & Lo, P. (2007). Poly(acrylic) acid-
coated Silver Nanoparticles for Antibacterial Textile Finishing. Technical Proceedings of the 
2007 NSTI Nanotechnology Conference and Trade Show, 4, 412–414. Retrieved from 
http://www.nsti.org/procs/Nanotech2007v4/2/W78.824 

Gao, D., Li, Y., Lyu, B., Lyu, L., Chen, S., & Ma, J. (2019a). Construction of durable antibacterial 
and anti-mildew cotton fabric based on P(DMDAAC-AGE)/Ag/ZnO composites. 
Carbohydrate Polymers, 204, 161–169. https://doi.org/10.1016/j.carbpol.2018.09.087 

Gao, D., Li, Y., Lyu, B., Lyu, L., Chen, S., & Ma, J. (2019b). Construction of durable antibacterial 
and anti-mildew cotton fabric based on P(DMDAAC-AGE)/Ag/ZnO composites. 
Carbohydrate Polymers, 204(September 2018), 161–169. 
https://doi.org/10.1016/j.carbpol.2018.09.087 

Gao, Y., & Cranston, R. (2008). Recent Advances in Antimicrobial Treatments of Textiles. Textile 
Research Journal, 78(1), 60–72. https://doi.org/10.1177/0040517507082332 

Gorjanc, M., Kovač, F., & Gorenšek, M. (2012). The influence of vat dyeing on the adsorption of 
synthesized colloidal silver onto cotton fabrics. Textile Research Journal, 82(1), 62–69. 
https://doi.org/10.1177/0040517511420754 

Hebeish, A., Abdel-Mohdy, F. A., Fouda, M. M. G., Elsaid, Z., Essam, S., Tammam, G. H., & 
Drees, E. A. (2011). Green synthesis of easy care and antimicrobial cotton fabrics. 
Carbohydrate Polymers, 86(4), 1684–1691. https://doi.org/10.1016/j.carbpol.2011.06.086 

Hebeish, A., El-Naggar, M. E., Fouda, M. M. G., Ramadan, M. A., Al-Deyab, S. S., & El-Rafie, M. 
H. (2011). Highly effective antibacterial textiles containing green synthesized silver 
nanoparticles. Carbohydrate Polymers, 86(2), 936–940. 
https://doi.org/10.1016/j.carbpol.2011.05.048 

Hebeish, A., El-Shafei, A., Sharaf, S., & Zaghloul, S. (2014). In situ formation of silver 
nanoparticles for multifunctional cotton containing cyclodextrin. Carbohydrate Polymers, 
103(1), 442–447. https://doi.org/10.1016/j.carbpol.2013.12.050 

Hebeish, A., Hashem, M., El-hady, M. M. A., & Sharaf, S. (2013). Development of CMC hydrogels 
loaded with silver nano-particles for medical applications. Carbohydrate Polymers, 92(1), 
407–413. https://doi.org/10.1016/j.carbpol.2012.08.094 

Liu, H. L., Dai, S. A., Fu, K. Y., & Hsu, S. hui. (2010). Antibacterial properties of silver 
nanoparticles in three different sizes and their nanocomposites with a new waterborne 
polyurethane. International Journal of Nanomedicine, 5(1), 1017–1028. 
https://doi.org/10.2147/IJN.S14572 

Moritz, M., & Geszke-Moritz, M. (2013). The newest achievements in synthesis, immobilization 
and practical applications of antibacterial nanoparticles. Chemical Engineering Journal, 228, 
596–613. https://doi.org/10.1016/j.cej.2013.05.046 

Paszkiewicz, M., Gołąbiewska, A., Rajski, Ł., Kowal, E., Sajdak, A., & Zaleska-Medynska, A. 
(2016). The antibacterial and antifungal textile properties functionalized by bimetallic 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



nanoparticles of Ag/Cu with different structures. Journal of Nanomaterials, 2016. 
https://doi.org/10.1155/2016/6056980 

Perera, S., Bhushan, B., Bandara, R., Rajapakse, G., Rajapakse, S., & Bandara, C. (2013). 
Morphological, antimicrobial, durability, and physical properties of untreated and treated 
textiles using silver-nanoparticles. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 436, 975–989. https://doi.org/10.1016/j.colsurfa.2013.08.038 

Rajendran, R., Radhai, R., Kotresh, T. M., & Csiszar, E. (2013). Development of antimicrobial 
cotton fabrics using herb loaded nanoparticles. Carbohydrate Polymers, 91(2), 613–617. 
https://doi.org/10.1016/j.carbpol.2012.08.064 

Ravindra, S., Murali Mohan, Y., Narayana Reddy, N., & Mohana Raju, K. (2010). Fabrication of 
antibacterial cotton fibres loaded with silver nanoparticles via “ Green Approach.” Colloids 
and Surfaces A: Physicochemical and Engineering Aspects, 367(1–3), 31–40. 
https://doi.org/10.1016/j.colsurfa.2010.06.013 

Raza, Z. A., Rehman, A., Mohsin, M., Bajwa, S. Z., Anwar, F., Naeem, A., & Ahmad, N. (2015). 
Development of antibacterial cellulosic fabric via clean impregnation of silver nanoparticles. 
Journal of Cleaner Production, 101, 377–386. https://doi.org/10.1016/j.jclepro.2015.03.091 

Sathishkumar, M., Sneha, K., Won, S. W., Cho, C., Kim, S., & Yun, Y. (2009). Colloids and 
Surfaces B : Biointerfaces Cinnamon zeylanicum bark extract and powder mediated green 
synthesis of nano-crystalline silver particles and its bactericidal activity, 73, 332–338. 
https://doi.org/10.1016/j.colsurfb.2009.06.005 

Shahid-Ul-Islam, Shahid, M., & Mohammad, F. (2013). Green chemistry approaches to develop 
antimicrobial textiles based on sustainable biopolymers - A review. Industrial and 
Engineering Chemistry Research, 52(15), 5245–5260. https://doi.org/10.1021/ie303627x 

Vigneshwaran, N., Kathe, A. A., Varadarajan, P. V., Nachane, R. P., & Balasubramanya, R. H. 
(2007). Functional Finishing of Cotton Fabrics Using Silver Nanoparticles. Journal of 
Nanoscience and Nanotechnology, 7(6), 1893–1897. https://doi.org/10.1166/jnn.2007.737 

Wu, Y., Yang, Y., Zhang, Z., Wang, Z., Zhao, Y., & Sun, L. (2018). Fabrication of cotton fabrics 
with durable antibacterial activities finishing by Ag nanoparticles. Textile Research Journal. 
https://doi.org/10.1177/0040517518758002 

Yang, N., & Li, W. (2013). Mango peel extract mediated novel route for synthesis of silver 
nanoparticles and antibacterial application of silver nanoparticles loaded onto non-woven 
fabrics. Industrial Crops & Products, 48, 81–88. 
https://doi.org/10.1016/j.indcrop.2013.04.001 

Yu, D., Tian, W., Sun, B., Li, Y., Wang, W., & Tian, W. (2015). Preparation of silver-plated wool 
fabric with antibacterial and anti-mould properties. Materials Letters, 151, 1–4. 
https://doi.org/10.1016/j.matlet.2015.03.025 

Zea Alvarez JL. (2016). Obtención y caracterización del nanocomposito: Nanopartículas de plata 
y carboximetilquitosano (NPs-Ag-CMQ). Tesis Doctoral. Universidad Nacional de San 
Agustin de Arequipa. 

 

 

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 


