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AbstrAct

Silver nanoparticles (AgNPs) were synthesized by using leaf extracts of Brassica oleracea L. var. 
acephala D.C. (Kale), and the antibacterial character of cotton fabric loaded with these nanopar-
ticle solutions was tested against four different bacteria. The conditions for preparing nanopar-
ticle solutions were optimized by adjusting time, volume and concentration of silver nitrate 
solutions. UV-Vis spectroscopy, SEM-EDS, FT-IR and scanning transmission electron microsco-
py (STEM) were used for the characterization of AgNPs. The synthesized nanoparticles from 
Kale have spherical shapes with an average size of 25±5 nm. The antibacterial effect  
of nanoparticles on 4 different bacteria (Escherichia coli, Staphylococcus aureus, Pseudomonas 
aeruginosa and Enterococcus faecalis) was determined using the Kirby-Bauer Disc diffusion and 
broth microdilution methods. AgNPs obtained from Kale leaves were found to have the highest 
activity towards E. coli (15 mm) and E. faecalis (15 mm), and nanoparticles synthesized from 
Kale petioles showed the most effective antibacterial activity against P. aeruginosa (14 mm). 
Cotton fabric loaded with these nanoparticles displayed high antibacterial activity against  
E. coli (18 mm) and S. aureus (18 mm). Although cotton fabrics that were treated with AgNPs 
were washed with ultra pure water for 20 min, they still exhibited good durability in terms  
of antibacterial character. In conclusion, cotton fabric containing AgNPs showed an antibacte- 
rial activity against E. coli, E. faecalis, P. aeruginosa and S. aureus. AgNPs synthesized from 
aqueous extracts of Kale can be employed for economical production of antimicrobial cotton 
fabrics. 
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INTRODUCTION

Cotton textiles are used in everyday life owing to their softness, affinity 
to skin, capability to absorbe moisture and the ability to protect body 
warmth. However, cotton textiles provide an appropriate medium for the 
growth of microrganisms when they are in contact with oxygen, humidity, 
body temperature and exudates. The widespread use of antibiotics has led  
to the emergence of antibiotic-resistant bacteria, which has become a world-
wide problem. Silver ions and silver nanoparticles at low concentrations are 
nowadays prominent for their antibacterial activities that reduce the risk  
of infection. Metallic nanoparticles such as silver and gold are more effective 
in treatment against antibiotic resistant bacteria (MohaMMed et al. 2018). 
The manufacture of antibacterial textiles has gained importance since anti-
biotic resistant bacteria are the main cause of hospital infections which 
threaten human health. Antibacterial textiles can be also used in wound- 
-dressing applications for healing wounds and burns (el-ShiShtawy et al. 
2011, Moritz, GeSzke-Moritz 2013).

Nanotechnology is a new branch of interdisciplinary science which com-
bines biology, chemistry, physics, material science and engineering, and  
it is a field in which nano-sized particles are synthesized and used  
(dep 2014, Moritz, GeSzke-Moritz 2013). Nanoparticles have a great number 
of aplications in biomedical, optical and electrical fields, etc. (phanjoM et al. 
2012). Owing to their antibacterial activity, nanoparticles are used to develop 
antibacterial agents; particularly, in food, textile, medical and other indus-
tries (Moritz, GeSzke-Moritz 2013). The size, shape and morphology are  
important factors affecting the antimicrobial activity of nanoparticles. Some 
of the nanoscale antimicrobials such as chitosan, titanium dioxide and noble 
metal nanoparticles have been mostly applied for fiber coatings. These  
nano-sized materials provide some advantages such as a greater surface area 
to volume ratio, adherence to the substrate and longer antimicrobial protec-
tion activity (kaShid et al. 2017). Since nanoparticles have higher surface 
areas, they penetrate into bacteria much more efficiently. Therefore, they 
maximize their antimicrobial reactivity (Satyavani et al. 2011, taMileSwari  
et al. 2015). Among the noble metal nanoparticles, gold and silver nanopar-
ticles have attracted significant attention among researchers. Silver interacts 
with proteins in thiol (-SH) groups, where it binds to the bacterial cell wall 
and cell membrane. Damage observed in membranes that come into contact 
with silver nanoparticles causes leakage of cellular contents and thus cell 
death. Nanoparticles with a smaller diameter have a larger surface area and 
it has been observed that these particles have more antibacterial activity. 
These nanoparticles can reach the cytoplasm more readily than large 
nanoparticles, and the silver ion release from these nanoparticles is more 
intensive. After the nanoparticles and silver ions enter the cell, they also 
interact with cellular structures such as proteins, enzymes, DNA and ribo-
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somes. These interactions will lead to cell death due to the disruption  
of morphological and functional properties of cellular structures. In addition, 
nanoparticles have been reported to increase the generation of reactive oxy-
gen species in normal cells. ROS increase can cause respiratory inhibition, 
decrease in ATP production, lipid peroxidation and DNA damage (jalilian  
et al. 2020). Silver has been recognized for having good antimicrobial proper-
ties and inhibitory effects on microbes. It has been found that silver 
nanoparticles are effective against bacteria such as E. coli, Pseudomonas 
aeruginosa, Bacillus cereus, Staphylococcus aureus (GholaMreza et al. 2014). 
Silver nanoparticles are known and used in textile and medical industries for 
their antimicrobial and wound healing properties (GholaMreza et al. 2014, 
roy et al. 2015).

Several methods are used to synthesize nanoparticles, such as chemical, 
physical and biological methods. The most popular methods to produce 
nanoparticles are chemical approaches (zia et al. 2016). When compared with 
chemical methods in which toxic and harmful chemicals are used, it was  
observed that biological methods of nanoparticle synthesis using plant  
extracts have many advantages due to their cost effectiveness and ecofrien- 
dly nature (phanjoM et al. 2012, anjuM et al. 2013, dep 2014). Organic and 
inorganic components of leaf extracts can be used as reducing and capping 
agents when they react with metal ions, although the formation of nanopar-
ticles using plant extracts is not completely known (Gavarkar et al. 2014, 
FirdhouSe, lalitha 2015). Active biological compounds in plant extracts such 
as proteins, polysaccharides, vitamins, polyols, water soluble heterocyclic 
complexes, flavones, terpenoids and polyphenols were found to be responsible 
for the formation of metal particles via the reduction of metal ions (Barani  
et al. 2012, Gavarkar et al. 2014). These phytochemicals also act as agents 
that encapsulate nanoparticles, stabilizing them and preventing their clump-
ing together (jalilian et al. 2020). Brassica oleracea L. var. acephala D.C. 
(Kale) is a green plant which is a member of the Brassicaceae family, which 
also includes cabbage and broccoli. In Turkey, especially in the Eastern 
Black Sea Region, Kale is consumed as traditional food. It is a rich source of 
minerals (iron, calcium, potassium, etc.), vitamines (vitamin A, vitamin C, 
vitamin B6, vitamin E, vitamin K) and it also contains lutein, zeaxanthin 
and carotene, which are flavonoid antioxidants (anjuM et al. 2013, dep 2014). 
Since the components of Kale have strong antioxidant capacity, Brassica  
vegetables have beneficial effects on human health owing to their chemopre-
ventive characteristics against stomach, colon and lung cancer (GiorGetti  
et al. 2018). The purpose of this work is to synthesize silver nanoparticles 
(AgNPs) using aqueous extracts of Kale and to prepare antibacterial cotton 
textile with the application of AgNPs onto cotton fabric. To the best of our 
knowledge, there is no study about the synthesis of silver nanoparticles  
by using extracts of Brassica oleracea L. var. acephala D.C. and their appli-
cations on cotton fabric.
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MATERIALS AND METHODS

Chemicals
Analytical reagent grade AgNO3 was purchased from Sigma-Aldrich. 

Cotton textiles and Kale plant were provided from local suppliers in Samsun, 
Turkey. Ultra pure water was chosen as the reaction medium and it was 
produced using an Elga PURELAB Option-Q instrument.

Preparation of fresh Kale extracts
Fresh Kale was purchased from local markets and Kale leaves and  

petioles were used to prepare aqueous extracts. Kale leaves in the amount  
of 5 g were washed thoroughly in ultra pure water. Then, they were dried, 
cut into small pieces and boiled in 32 mL of ultra pure water for 5-6 mins. 
The extract was filtered through Whatman No.1 filter paper and centrifuged 
at 2500 rpm for 10 mins. The supernatant was kept in a refrigerator at 4°C 
and used in 2-days’ time. The aqueous extract of petiole parts from fresh 
Kale plant was prepared using the same extraction procedure as mentioned 
above.

Synthesis of silver nanoparticles
For the synthesis of AgNPs, the volumes and concentrations of silver 

nitrate solutions were optimized. 1mM and 3 mM aqueous silver nitrate 
solutions were prepared and mixed with Kale extracts for the production of 
silver nanoparticles. 

1 ml of Kale leaf extracts was added into twelve test tubes containing  
1, 2, 4, 6, 8, 10 ml of aqueous solutions of 1 mM and 3mM silver nitrate.  
The test tubes containing leaf extracts and silver nitrate solutions were incu-
bated for about 20 min at room temperature.

1ml of Kale petiole extracts was also added into other twelve test tubes 
containing 1, 2, 4, 6, 8, 10 ml of aqueous solutions of 1 mM and 3 mM silver 
nitrate. The solutions were incubated for about 15 min at room temperature. 

Characterization of silver nanoparticles
The proof for nanoparticle formation was investigated by monitoring  

the change of colour in solutions from yellow to yellowish brown. In addition, 
the characteristic absorbance peaks of AgNP solutions were analyzed  
in wavelengths between 190-800 nm by using a Thermo Array Evolution  
UV-Vis Spectrophotometer (USA). The surface morphology of AgNPs and 
cotton fabric loaded with AgNPs was analyzed by using JEOL-JSM-7001F 
equipped with EDS. The SE detector, high vacuum mode and 5-15 kV acce- 
lerating voltages were used during the experiments with EDS Oxford Instru-
ments. Samples for scanning transmission electron microscopy (STEM)  
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experiments were prepared by drying a drop of silver nanoparticle aqueous 
solutions on carbon-coated copper grids at room temperature. The histogram 
showing the size distribution of nanoparticles and average particle diameter 
of nanoparticles was obtained by measuring about 2300 nanoparticles from 
STEM micrographs using the ImageJ Software.

The application of AgNPs onto cotton fabrics
Cotton textile samples (5x5 cm, 0.3 g) were put in conical flasks. 2 ml 

plant extract and 3 mM 8 mL AgNO3 solution were added to every cotton 
sample and heated until boiling. After boiling, the heating process continued 
for 60 min at low heat to fix AgNPs on cotton. Afterwards, cotton samples 
were air-dried at room temperature.

Determination of antibacterial activity
The antibacterial activity of synthesized AgNPs against 4 different 

pathogenic bacteria (Escherichia coli ATCC25922, Staphylococcus aureus 
ATCC29213, Pseudomonas aeruginosa ATCC27853, and Enterococcus faecalis 
ATCC29212) was determined using Kirby-Bauer Disc Diffusion and broth 
microdilution methods. The standard bacterial strains used in the study 
were obtained from the University of Ondokuz Mayıs, Faculty of Veterinary 
Medicine, Department of Microbiology, Turkey. For the determination  
of antibacterial activity, the isolates of E. coli, S. aureus, E. faecalis and  
P. aeruginosa were inoculated onto 5% blood agar and incubated for 24 h 
aerobically at 37°C. A pure colony of each isolate was inoculated onto Tryptic 
Soy Broth and incubated for 24 h aerobically at 37°C. After incubation, broth 
cultures were adjusted to 0.5 McFarland for the antibacterial activity tests.

The Kirby-Bauer Disc Diffusion method was carried out against each 
bacterium using Kale leaves and petioles. To this aim, blank test discs  
(0.5 cm diameter) were soaked with synthesized silver nanoparticles of Kale 
leaves and petioles separately and left for 12 h. Then, the soaked discs were 
incubated and dried for 12 h. Dried discs were used for the Kirby-Bauer Disc 
Diffusion method according to NCCLS interpretive standards (CoCkerill  
et al. 2013, Balouiri et al. 2016).

Each bacterium that was adjusted to 0.5 McFarland was inoculated and 
spread onto Mueller Hinton agar in 0.1 ml volume and the loaded discs of 
Kale leaves and petioles were placed onto agar. After the incubation period 
(24 h) conducted aerobically at 37°C, the zones of bacterial growth inhibition 
were measured.

The broth microdilution method was carried out by using microplates 
(Balouiri et al. 2016). The two-fold dilutions (180 µl) of Kale leaves and  
petioles (from 1/1 to 1/32) were prepared in microplate wells separately for 
each bacterium. Then, pure broth cultures (pre-adjusted to 0.5 McFarland 
standard) of each bacterium (20 µl) were inoculated onto each well.  
The microplate was incubated for 24 h aerobically at 37°C. After the incuba-
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tion period, the inhibition of bacterial growth was evaluated, and the lowest 
concentration of the agent that completely inhibited the growth of organism 
in wells was determined as the minimum inhibitory concentration (MIC)  
for Kale leaves and petioles against the tested bacteria. 

AgNPs loaded test discs and cotton samples were used for the Kirby- 
-Bauer Disc Diffusion method according to NCCLS interpretive standards 
(Balouiri et al. 2016). After the incubation period conducted aerobically  
at 37°C for 24 h, the zones of bacterial growth inhibition were measured.

RESULTS AND DISCUSSION

Characterization of silver nanoparticles
In the synthesis of AgNPs using Kale aqueous extracts and silver nitrate 

solutions, colour changes occured after 20-25 min from colourless to yellow-
ish brown and honey brown, respectively, indicating the reduction of silver 
ions (Ag+1) to AgNPs by the plant extract. The surface plasmon resonance 
(SPR) bands of silver nanoparticles for different parts of Kale plant were 
found to be close to ~460 nm for leaves and petioles (Figures 1a and 1b).  
In agreement with previous reports (kuMari et al. 2016), the SPR peaks that 
were observed between 410 and 450 nm confirmed the synthesis of spherical 
AgNPs. Polyphenols, flavonoids, vitamins E and C and glucosinolates are the 
major components of Brassica vegetables. These compounds have functional 
groups which play important roles in the reduction of Ag+1 ions and stabili-
zation/capping of AgNPs (GiorGetti et al. 2018). It was observed that AgNPs 
can be formed by using two different concentrations of silver nitrate solu-
tions.

Fig. 1. The UV-Vis spectra of silver nanoparticle samples from leaves at concentrations  
of (a) 3 mM AgNO3 and (b) 1 mM AgNO3
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Figure 2 presents the FTIR spectra of fibers loaded with and without 
AgNPs showing strong vibration bands between 3000 cm-1 and 3600 cm-1 
(specifically at 3331 cm-1 and 3360 cm-1), which are attributed to stretching 
vibrations of –N-H and –O-H groups. A vibration band appearing at 2900 
cm-1 is responsible for –CH stretching vibration. The bands that appeared at 
1427 cm-1 and 1426 cm-1 are attributed to –CH2 bending vibrations while  
the band at 1314 cm-1 is attributed to –CH2 wagging vibration. The bands 
recorded at 1159 cm-1 and 1160 cm-1 indicate the presence of a C–O–C pyra-
nose ring. The bands at 1104 cm-1 and 1108 cm-1 showed the presence of C-N 
(aliphatic amine) stretching vibration while the bands located at 662 cm-1 
and 663 cm1 are attributed to the out-of-plane bending vibrations of C-H 
groups. The occurrence of these peaks shows the presence of secondary plant 
metabolites such as phenolic compounds and flavonoids. The presence  
of –NH, –OH and –CH groups in FTIR results indicated that the leaf extract 
contained flavonoids which were substituted with the hydroxyl and amine 
groups. The fabrics had similar peaks in their spectra; the intensity of the 
spectrum associated with the fabric loaded with the Kale extract was lower 
than that of the spectrum of the fabric loaded with nanoparticles, which 
showed the involvement of –OH groups in the production of AgNPs. Conse-
quently, flavonoids acting as reducing and stabilizing agents help to reduce 
Ag+ ions to Ag0 in the generation of AgNPs (BalaShanMuGaM, kalaiChelvan 
2015, Sadananda et al. 2017). In the study conducted by jailian et al. (2020), 
a decrease in peak intensities in the FTIR spectrum was reported after 
nanoparticle formation. This decrease shows that these groups play an active 
role in the formation and stabilization of nanoparticles.

The SEM images in Figures 3a and 3b showed that AgNPs synthesized 
from fresh Kale extracts were almost spherical in shape. The STEM  

Fig. 2. The FTIR spectra of fibers loaded with AgNPs and with Kale extract (without AgNPs)
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Fig. 3. The SEM images of AgNPs synthesized from (a) leaves and (b) petioles of Kale plant 

Fig. 4. Lower magnification STEM micrograph of AgNPs (a), higher magnification STEM  
micrograph of AgNPs (b), the histogram showing the particle size distribution of AgNPs (c)
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micrographs and the corresponding histogram showing the particle size dis-
tribution of AgNPs are shown in Figures 4 (a-c). STEM images of AgNPs 
(Figures 4a and 4b) clearly show the formation of spherical silver nanoparti-
cles with a uniform particle size of 25 ± 5 nm. 

Surface morphology of the cotton fabric loaded with AgNPs was investi-
gated by electron microscopy. The deposition of AgNPs onto cotton fabric was 
confirmed by these SEM images (Figures 5a and 5b). EDS results of cotton 
fiber loaded with AgNPs (Figure 6) and cotton fiber loaded with AgNPs 
which was washed with ultrapure water (Figure 7) confirmed the presence  
of AgNPs on the cotton fiber. 

Antibacterial activity
The results of the Kirby-Bauer Disc Diffusion method of testing silver 

nanoparticles which were synthesized by using Kale leaves and petioles  
are shown in Table 1. According to these results, the zones of bacterial 
growth inhibition by AgNPs that were synthesized from leaves were ob-
served to be the highest against E. coli (15 mm) and E. faecalis (15 mm). 
Nanoparticles which were synthesized from petioles were found to exhibit 
the highest antibacterial activity against P. aeruginosa (14 mm). 

Fig. 5. The SEM images of cotton fabric (a) unloaded and (b) loaded with AgNPs

Table 1 
The zones of bacterial growth inhibition by AgNPs synthesized from Kale leaves  

and petioles applied against pathogenic bacterial strains 

Bacterial strains Kale leaves (mm) Kale petioles (mm)
E.coli 15 12
E. faecalis 15 10
P. aeruginosa 13 14
S. aureus 12 13
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Fig. 6. EDS results of cotton fabric loaded with AgNPs
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Fig. 7. EDS results of cotton fabric loaded with AgNPs and then washed with ultrapure water
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The results of the broth microdilution method applied to AgNPs synthe-
sized from Kale leaves and petioles are shown in Table 2. The MIC values  
of AgNPs from Kale leaves were determined as ½, ½, 1 and 1 against E. coli, 
E. faecalis, P. aeruginosa and S. aureus, respectively. The MIC values  
of AgNPs from Kale petioles were determined as ½, 1, 1 and 1 against  
E. coli, E. faecalis, P. aeruginosa and S. aureus, respectively. According  
to these results, ½ dilutions of the AgNPs synthesized from Kale leaves 
showed the antibacterial activity against E. coli and E. faecalis. Also, ½ dilu-
tions of the AgNPs synthesized from Kale petioles showed the antibacterial 
activity against E. coli.

As shown in Table 3, silver nanoparticles and cotton fabric samples 
treated with these AgNPs showed strong antibacterial efficacy. AgNP loaded 

textile showed the antibacterial activity against E. coli (18 mm) and  
S. aureus (18 mm). The antibacterial character of fabrics exhibited good  
durability even though textile was washed with ultra pure water for  
20 minutes.

dada et al. (2020) synthesized AgNPs with the biosynthesis method  
using a 0.001 M AgNO3 solution and the plant extract of Acalypha wilke- 
siana at a temp. of 100°C at pH 9. They reported that the dimensions  
of the nanoparticles they obtained were in the range of 10-26 nm. The anti-
bacterial efficacy of nanoparticles and plant extract was evaluated in the 
study. When the measured zone diameters were evaluated, no antimicrobial 
activity was detected in the plant extract, but it was observed that nanopar-
ticles prevented bacterial growth in the range of 16-20 mm. It was observed 
that the efficiency of AgNPs against S. aureus, a gram negative bacteria,  
was higher than that against E. coli bacteria (dada et al. 2020). In our study, 

Table 2
MIC values of AgNPs synthesized from Kale leaves  

and petioles against pathogenic bacterial strains

Bacterial strains Kale leaves Kale petioles 
E.coli 1/2 1/2
E. faecalis 1/2 1
P. aeruginosa 1 1
S. aureus 1 1

Table 3
The zones of bacterial growth inhibition in cotton fabric samples treated  

with AgNPs against pathogenic bacterial strains 

Cotton fabric samples Escherichia coli (mm) Staphylococcus aureus (mm)
Plant extract loaded 0 0
AgNPs loaded 18 18
AgNPs loaded and washed 16 14
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the zone diameters measured against E.coli and S. aureus bacteria were also 
determined as 15 mm and 12 mm, respectively. As a gram positive bacte- 
rium, S. aureus is more resistant than E. coli, and when the antimicrobial 
test results were compared, it was determined that the MIC concentration 
obtained from AgNPs (synthesized using Kale leaves) against S. aureus  
(200 µg mL-1) was higher than that against E. coli (100 µg mL-1).  
Malaikozhundan et al. (2016) synthesized silver nanoparticles using  
Momordica charantia fruit extract. When the TEM results were evaluated,  
it was observed that the average diameter of the particles was 16 nm.  
According to the antibacterial activity test results, 100 µg mL-1 concentration 
of the AgNPs synthesized using plant fruit extract showed the highest anti-
bacterial activity against E. faecalis (Malaikozhundan et al. 2016). In our 
study 100 µg mL-1 concentration of AgNPs (synthesized using kale leaves) 
was also determined as the lowest concentration that could be effective in 
preventing the growth of E. faecalis. The MIC values of AgNPs from Kale 
petioles were determined as ½ (100 µg mL-1), 1 (200 µg mL-1), 1 (200 µg mL-1) 
and 1 (200 µg mL-1) against E. coli, E. faecalis, P. aeruginosa and S. aureus, 
respectively.

The analysis of the antibacterial activity of the AgNPs prepared using 
green tea extract and silver nitrate solution (at 10 mM) were conducted by 
Nakhjavani et al. (2017). The test results showed that smaller nanoparticles 
(25 nm) showed greater antibacterial activity than larger (45 nm and 75 nm) 
nanoparticles. For E. coli and S. aureus, 16 nm and 14 nm values were  
obtained, respectively, as a result of the diameter measurements at which 
bacterial growth was prevented (nakhjavani et al. 2017). MohaMMed et al. 
(2018) synthesized AgNPs using ethanolic and aqueous extracts of the fruit 
samples (Acacia nilotica, Ferula asafoetida and Phoenix dactylifera L.)  
The size of the synthesized nanoparticles ranged from 67.8 nm to 155.7 nm. 
The synergistic antibacterial activities of AgNPs with antibiotics (amoxicillin, 
cefuroxime, and ciprofloxacin) were evaluated. It was concluded that the 
combination of antibiotics and silver nanoparticles with a MIC concentration 
of 50 mg L-1 would reduce the use of antibiotics and the growth of antibiotic 
resistant bacteria. In a study carried out by jalilian et al. (2020), AgNPs 
were prepared by a green synthesis method using water extract of Allium 
ampeloprasum. When the electron microscope images were examined, it was 
determined that the nanoparticles were spherical and their dimensions were 
in the range of 8-20 nm. The antibacterial potential of the AgNPs and plant 
extract was evaluated using disc diffusion method and broth dilution meth-
od. The MIC values determined using the broth dilution method for the  
AgNPs were 18.75 (against P. aeruginosa and S. aureus) and 37.5 (against 
E.coli). The zones of inhibition of the AgNPs (300 µg mL-1) were measured  
at 23 mm and 27 mm against E. coli and P. aeruginosa, respectively  
(jalilian et al. 2020). As the diameter of the nanoparticles becomes smaller 
and their surface area expands, an increase in their antibacterial activity 
can be observed.
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For the antibacterial activities of metal nanoparticles, different mecha-
nisms were proposed. According to one suggestion, silver ions generated by 
AgNPs penetrate into the cells, causing damage to bacterial cell membranes. 
Silver ions may behave like ‘mild acid’ and enter into interactions with pro-
teins, enzymes and DNA, sulfur and phosphorus containing parts of cells. 
Inhibition of the DNA replication activity causes the death of cells. Respira-
tory chain enzymes also may be inactivated by silver ions. In addition,  
the bacterial cells may undergo self-destruction due to the oxidative stress 
induced by reactive oxygen species (ROS), which are also known as free  
radicals. Parameters such as the concentration and size of nanoparticles or 
the initial bacterial number affect the zones of bacterial growth inhibition. 
Nanoparticles having small sizes and large surface areas show higher anti-
microbial activity due to their higher degree of interaction with bacterial 
cells compared to larger particles (kuMari et al. 2016, nayak et al. 2016).

CONCLUSIONS

The results of this study demonstrated that AgNPs were successfully 
synthesized using Kale plant extracts at room temperature. Kale plant can 
be evaluated as a bioreduction source for aqueous Ag+ ions. This biosynthesis 
method of AgNPs is costly efficient, rapid, free from organic solvents and 
toxic chemicals and therefore environmental friendly. The silver nanoparti-
cles with the uniform particle size of 25 ± 5 nm showed strong antibacterial 
efficacy against some human pathogens. Cotton fabric containing AgNPs also 
exhibited antibacterial activity against E. coli, E. faecalis, P. aeruginosa and 
S. aureus. AgNPs synthesized from aqueous extracts of Kale can be em-
ployed for economical production of antimicrobial cotton fabrics.
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