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Abstract 
_______________________________________________________________________________________________________________ 
Background: Green synthesis of metallic nanoparticles using medicinal plant extracts has  
emerged as an eco-friendly and sustainable approach for developing bioactive nanomaterials with 
potential biomedical and textile applications. Tabernaemontana divaricata is a medicinal plant 
rich in phytochemicals that can act as reducing and stabilizing agents during nanoparticle 
synthesis. 
Objective: To synthesize copper nanoparticles (CuNPs) using the hydroethanolic flower extract of 
Tabernaemontana divaricata, characterize the synthesized nanoparticles, and evaluate their 
antioxidant and antibacterial properties on cotton fabric. 
Materials and Methods: Copper nanoparticles were synthesized through a green synthesis  
approach using hydroethanolic flower extract of Tabernaemontana divaricata. The synthesized 
CuNPs were characterized using UV–Visible spectroscopy, FTIR, SEM, and XRD analysis. 
Qualitative phytochemical screening was performed to identify bioactive constituents. Antioxidant 
activity was assessed by DPPH radical scavenging, FRAP, and Hydrogen Peroxide scavenging 
assays. Cotton fabrics were coated with CuNPs using the dip-coating method and evaluated for 
antibacterial activity against Escherichia coli and Bacillus subtilis, including wash durability  
studies. 
Results: Phytochemical analysis confirmed the presence of alkaloids, flavonoids, tannins,  
terpenoids, glycosides, proteins, carbohydrates, saponins, and starch. UV–Visible spectroscopy  
confirmed nanoparticle formation through characteristic surface plasmon resonance. FTIR 
analysis revealed the presence of hydroxyl and other functional groups involved in nanoparticle 
stabilization. SEM images showed predominantly spherical nanoparticles, while XRD analysis 
confirmed their crystalline nature. The synthesized CuNPs exhibited concentration-dependent 
antioxidant activity in DPPH, FRAP, and hydrogen peroxide scavenging assays. CuNP-coated cotton 
fabrics demonstrated effective antibacterial activity against both E. coli and B. subtilis and 
retained considerable antimicrobial efficacy after washing cycles. 
Conclusion: The study successfully demonstrated the green synthesis of copper nanoparticles  
using Tabernaemontana divaricata flower extract. The synthesized CuNPs exhibited significant 
antioxidant and antibacterial activities, and the nanoparticle-coated cotton fabric showed durabl e 
antimicrobial properties, highlighting its potential application in medical textiles and healthcare 
products. 
Keywords: Tabernaemontana divaricata, Copper Nanoparticles, Green Synthesis, Antioxidant 
Activity, Antibacterial Activity, Cotton Fabric, Medical Textiles.  

 

1. INTRODUCTION 

Medicinal plants have long been recognized as valuable 
sources of bioactive compounds and have been 
extensively utilized in traditional medicine for the 
prevention and treatment of various diseases 1,2. The 
growing demand for eco-friendly and sustainable 
technologies has led to increased interest in the green 
synthesis of nanoparticles using plant extracts. 
Compared with conventional physical and chemical 
methods, green synthesis offers several advantages, 
including low cost, environmental compatibility, 
reduced toxicity, and enhanced biocompatibility 3,4. 

Among different metallic nanoparticles, copper 
nanoparticles (CuNPs) have attracted considerable 
attention due to their remarkable antimicrobial, 
antioxidant, catalytic, and biomedical properties 5,6. In 
addition, copper is more economical and readily 
available than noble metals such as silver and gold, 
making it suitable for large-scale industrial and medical 
applications 7. Tabernaemontana divaricata, a medicinal 
plant belonging to the Apocynaceae family, is rich in 
phytochemicals such as alkaloids, flavonoids, tannins, 
terpenoids, and glycosides, which can serve as reducing 
and stabilizing agents in nanoparticle synthesis 8,9. 

The present study focuses on the biogenic synthesis of 
copper nanoparticles using the hydroethanolic flower 
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extract of T. divaricata and their characterization 
through UV–Visible spectroscopy, FTIR, SEM, and XRD 
analyses. Furthermore, the antioxidant activity and 
antibacterial efficacy of CuNP-treated cotton fabrics 
against pathogenic bacteria were evaluated to explore 
their potential applications in healthcare and 
antimicrobial textile products 10,11. 

 

Fig 1 : Tabernaemontana divaricata 

2. METHODS AND MATERIALS 

2.1 Plant Material Collection 

Fresh flowers of Tabernaemontana divaricata were 
collected from Coimbatore, Tamil Nadu, India. The plant 
material was authenticated and washed thoroughly with 
distilled water to remove adhering impurities. The 
flowers were shade-dried at room temperature and 
pulverized into fine powder for further experimental 
studies 12,13. 

2.2 Preparation of Hydroethanolic Flower Extract 

The dried flower powder was extracted using 
hydroethanol (70:30 ethanol) by maceration method. 
The extract was filtered through Whatman No.1 filter 
paper and concentrated under reduced pressure. The 
concentrated extract was stored at 4°C until use for 
nanoparticle synthesis and phytochemical analysis 14,15. 

2.3 Green Synthesis of Copper Nanoparticles 

Copper nanoparticles (CuNPs) were synthesized using 
the hydroethanolic flower extract as a reducing and 
stabilizing agent. Copper nitrate solution was mixed 
with the extract under continuous stirring. The 
formation of CuNPs was visually confirmed by the color 
change of the reaction mixture from pale brown to 
bluish-green, indicating the reduction of Cu²⁺ ions into 
copper nanoparticles 16,17. 

2.4 Characterization of Copper Nanoparticles 

The synthesized nanoparticles were characterized using 
different analytical techniques. UV–Visible spectroscopy 
was employed to monitor surface plasmon resonance 
and nanoparticle formation. Fourier Transform Infrared 
Spectroscopy (FTIR) was used to identify the functional 
groups involved in nanoparticle stabilization. Scanning 
Electron Microscopy (SEM) was performed to 
determine particle morphology and size, while X-Ray 
Diffraction (XRD) analysis confirmed the crystalline 
nature of the synthesized CuNPs 18,19. 

 

2.5 Phytochemical Analysis 

Qualitative phytochemical screening of the 
hydroethanolic flower extract was carried out using 
standard protocols to detect carbohydrates, proteins, 
alkaloids, flavonoids, tannins, terpenoids, glycosides, 
saponins, and starch. These phytoconstituents play an 
important role in nanoparticle synthesis and biological 
activity 20,21. 

2.6 Antioxidant Assays 

2.6.1 DPPH Radical Scavenging Assay 

The free radical scavenging activity of the synthesized 
CuNPs was determined using the DPPH assay. The 
reduction in absorbance at 517 nm was measured and 
expressed as percentage inhibition 22. 

2.6.2 Ferric Reducing Antioxidant Power (FRAP) 
Assay 

The reducing power of the nanoparticles was evaluated 
by measuring the conversion of ferric ions (Fe³⁺) to 
ferrous ions (Fe²⁺), which reflects antioxidant capacity 
23. 

2.6.3 Hydrogen Peroxide Scavenging Assay 

Hydrogen peroxide scavenging activity was determined 
by assessing the ability of the synthesized nanoparticles 
to neutralize H₂O₂ radicals under in vitro conditions 24. 

2.7 Fabric Treatment 

2.7.1 Scouring 

Cotton fabrics were scoured using a standard detergent 
solution to remove impurities, oils, and waxes present 
on the fabric surface before nanoparticle treatment 25. 

2.7.2 Dip-Coating Method 

The scoured cotton fabrics were immersed in varying 
concentrations of CuNP suspension for 24 h. The treated 
fabrics were washed with distilled water and dried in a 
hot-air oven at 37°C for 10 min to ensure proper 
fixation of nanoparticles onto the fabric surface 25,26. 

2.8 Wash Durability Test 

The durability of the CuNP coating on cotton fabric was 
evaluated through repeated washing cycles using 
detergent solution. The antibacterial activity of the 
treated fabric was assessed after each wash cycle to 
determine coating stability 26. 

2.9 Antibacterial Activity 

The antibacterial efficacy of untreated and CuNP-treated 
cotton fabrics was evaluated against Escherichia coli 
and Bacillus subtilis using the agar diffusion method. 
The inoculated Mueller–Hinton Agar plates were 
incubated at 37°C for 24 h, and the zones of inhibition 
were measured to determine antibacterial effectiveness 
27. 

3. RESULTS AND DISCUSSION 

3.1 SYNTHESIS OF COPPER NANOPARTICLES 

The aqueous extract of Tabernaemontana divaricata 
was initially pale brown in color before the addition of 
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the copper nitrate solution. Upon mixing with the 
copper nitrate solution, the reaction mixture gradually 
changed to a bluish-green color, indicating the 
formation of copper nanoparticles. This visible color 
change suggests the reduction of copper ions by the 
bioactive compounds present in the plant extract and 
serves as a preliminary confirmation of nanoparticle 
synthesis. The phytochemicals in the extract act as both 
reducing and stabilizing agents during the green 
synthesis process. thesis of Copper Nanoparticles 28. 

3.2 Characterization of Copper Nanoparticles  

3.2.1 UV Visible Spectral analysis 

The UV–Visible spectrum of the synthesized copper 
nanoparticles exhibited a characteristic absorption 
band, which is attributed to the surface plasmon 
resonance (SPR) phenomenon of copper nanoparticles. 
The SPR absorption arises from the collective oscillation 
of conduction electrons on the nanoparticle surface 
when exposed to incident light. The position and 
intensity of this absorption band are influenced by the 
size and distribution of the nanoparticles, with changes 
in particle size leading to corresponding shifts in the 
SPR peak. Thus, the observed absorption band provides 
preliminary evidence for the successful formation of 
copper nanoparticles 29 

 

Figure 2: UV VISIBLE SPECTRAL ANALYSIS 

3.2.2 Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR spectrum of the synthesized nanoparticles 
showed a characteristic peak at 3127.36 cm⁻¹, 

indicating the presence of hydroxyl (–OH) functional 
groups 30.  

 
Figure 3: Fourier Transform Infrared Spectroscopy (FTIR) 

3.2.3 SEM Analysis (Scanning Electron Microscope) 

SEM analysis revealed the successful formation of 
copper nanoparticles synthesized using T. divaricata 

extract. The micrographs showed aggregated clusters of 
nanoparticles with varying particle sizes, predominantly 
exhibiting a spherical morphology 31. 
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Figure 4: SEM Analysis(Scanning Electron 
Microscope) 

3.2.4 X RAY Diffraction 

X-ray diffraction (XRD) analysis further confirmed the 
successful synthesis of copper nanoparticles 32. 

 

Figure 4: X RAY Diffraction 

3.3 Phytochemical Analysis  

Preliminary phytochemical screening of the 
Tabernaemontana divaricata leaf extract revealed the 
presence of several important bioactive constituents. 
Qualitative analysis showed positive results for 
carbohydrates (Molisch test), proteins (Ninhydrin test), 
alkaloids (Wagner’s test), flavonoids (Lead acetate test), 
tannins (Ferric chloride test), terpenoids (Salkowski 
test), glycosides (Keller–Killiani test), saponins, and 
starch (Iodine test). The presence of these 
phytochemicals suggests that the plant is a rich source 
of secondary metabolites that may contribute to its 
reported medicinal properties, including antioxidant, 
antimicrobial, and anti-inflammatory activities 33 

3.4 Antioxidant Study 

3.4.1 DPPH radical scavenging Assay 

The antioxidant activity of the synthesized sample was 
evaluated using the DPPH radical scavenging assay. The 
results demonstrated a concentration-dependent 
increase in radical scavenging activity, indicating the 
presence of significant antioxidant potential. As the 
concentration increased from 200 to 1000 µg/mL, the 
percentage of DPPH radical inhibition also increased, 
suggesting an enhanced ability to donate electrons or 
hydrogen atoms to neutralize free radicals. This trend 
confirms the antioxidant properties of the sample 34.  

 

3.4.2 Ferric Reducing/ Antioxidant Power Assay 

The ferric reducing antioxidant power (FRAP) assay 
demonstrated a concentration-dependent increase in 
reducing activity for the sample extract. As the 
concentration increased from 200 to 1000 µg/mL, the 
reducing power of the sample increased progressively 
from approximately 18% to 48%, whereas the standard 
exhibited higher activity ranging from about 40% to 
85%. The results indicate that the sample possesses 
significant electron-donating ability and antioxidant 
potential by reducing Fe³⁺ to Fe²⁺ ions. Although the 
antioxidant activity of the sample was lower than that of 
the standard, a steady increase in reducing power with 
increasing concentration confirms its dose-dependent 
antioxidant efficacy 35.  

3.4.3 Hydrogen Peroxide Scavenging Assay 

The hydrogen peroxide scavenging assay revealed a 
concentration-dependent increase in the free radical 
scavenging activity of the sample extract. The 
scavenging activity increased from approximately 4% at 
200 µg/mL to 36% at 1000 µg/mL, while the standard 
showed higher inhibition ranging from about 9% to 
47% over the same concentration range. The gradual 
increase in H₂O₂ scavenging activity indicates the ability 
of the extract to neutralize hydrogen peroxide and 
prevent the formation of highly reactive hydroxyl 
radicals. Although the activity was lower than that of the 
standard, the results confirm that the extract possesses 
notable antioxidant potential in a dose-dependent 
manner 36. 

3.5 Antibacterial Assay 

The antibacterial activity of copper nanoparticle-coated 
cotton fabric was evaluated against Escherichia coli and 
Bacillus subtilis using the disc diffusion method. After 
incubation at 37°C for 24 h, clear zones of inhibition 
were observed around the treated fabric samples, 
indicating effective antibacterial activity. The test 
organisms exhibited sensitivity towards all treated 
samples (WT, UT, and C), while the positive control (1 
mg/mL) showed the highest inhibitory effect. The 
results demonstrate that the copper nanoparticle-
treated cotton fabric possesses significant antibacterial 
activity against both Gram-negative (E. coli) and Gram-
positive (B. subtilis) bacteria 37. 

3.5.1 The wash Durability test  

The wash durability test was performed to evaluate the 
retention of antibacterial activity of the 
Tabernaemontana divaricata-mediated copper 
nanoparticle-coated cotton fabric after detergent 
washing. Even after the washing treatment, the coated 
fabric exhibited noticeable zones of inhibition against 
both Escherichia coli and Bacillus subtilis, indicating that 
the antibacterial coating remained effective. The results 
demonstrate the good durability and wash-fastness of 
the antimicrobial finish, confirming that the T. 
divaricata extract-mediated coating possesses sustained 
antibacterial activity against both Gram-negative and 
Gram-positive bacteria 38. 
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4. CONCLUSION 

In conclusion, the present study successfully 
demonstrated the green synthesis of copper 
nanoparticles using the flower extract of 
Tabernaemontana divaricata. The formation and 
stability of the nanoparticles were confirmed through 
UV–Visible spectroscopy, while FTIR, SEM, and XRD 
analyses verified their functional groups, morphology, 
and crystalline nature. The synthesized copper 
nanoparticles exhibited significant antibacterial activity 
against Escherichia coli and Bacillus subtilis when 
applied to cotton fabric. Furthermore, the coated fabric 
retained its antimicrobial efficacy after washing, 
indicating good durability. These findings suggest that 
the nanocomposite cotton fabric has promising 
applications in medical textiles and healthcare products.  

REFERENCES 

[1] Qu X, Alvarez PJ, Li Q. Applications of nanotechnology in water and 
wastewater treatment. Water research. 2013 Aug 1;47(12):3931 -
46.  

[2] Savage N, Diallo MS. Nanomaterials and water purification: 
opportunities and challenges. Journal of Nanoparticle research.  
2005 Oct;7(4):331-42.  https://doi.org/10.1007/s11051-005-
7523-5  

[3] Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: green synthesis  
and their antimicrobial activities. Advances in colloid and 
interface science. 2009 Jan 30;145(1-2):83-96.  

[4] Iravani S. Green synthesis of metal nanoparticles using plants.  
Green chemistry. 2011;13(10):2638-50.   
https://doi.org/10.1039/c1gc15386b  

[5] Ren G, Hu D, Cheng EW, Vargas-Reus MA, Reip P, Allaker RP.  
Characterisation of copper oxide nanoparticles for antimicrobial  
applications. International journal of antimicrobial agents. 2009 
Jun 1;33(6):587-90.   
https://doi.org/10.1016/j.ijantimicag.2008.12.004  
PMid:19195845 PMCid:PMC8398903  

[6] Rai M, Yadav A, Gade A. Silver nanoparticles as a new generation of 
antimicrobials. Biotechnology advances. 2009 Jan 1;27(1):76-83.  

[7] Nasrollahzadeh M, Sajjadi M, Iravani S, Varma RS. Green synthesis  
of nanoparticles using plants and microorganisms. RSC Adv.  
2019;9(52):30165-30186.  

[8] Kirtikar KR, Basu BD. Indian medicinal plants. publisher not 
identified Basu, Bhuwaneśwari Âśrama; 1918.   
https://doi.org/10.5962/bhl.title.137025  

[9] Das N, Devi KM, Singh PK. Phytochemical constituents and 
pharmacological activities of Tabernaemontana divaricata: A 
review. J Pharmacogn Phytochem. 2020;9(4):1268-1274.  

[10] Ibrahim NA, Eid BM, Abdellatif FH. Advanced materials and 
technologies for antimicrobial finishing of cellulosic textiles.  
Handbook of renewable materials for coloration and finishing.  
2018 Jul 16;13:303-56.   
https://doi.org/10.1002/9781119407850.ch13  

[11] Hebeish A, El-Rafie MH, El-Sheikh MA, Seleem AA, El-Naggar ME.  
Antibacterial functionalization of cotton textiles using metal  
nanoparticles. Carbohydr Polym. 2012;86(4):1684-1691.   
https://doi.org/10.1016/j.carbpol.2011.06.086  

[12] Kirtikar KR, Basu BD. Indian medicinal plants. publisher not 
identified Basu, Bhuwaneśwari Âśrama; 1918.  

[13] Das N, Devi KM, Singh PK. Phytochemical consti tuents and 
pharmacological activities of Tabernaemontana divaricata: A 
review. J Pharmacogn Phytochem. 2020;9(4):1268-1274.  

[14] Harborne AJ. Phytochemical methods a guide to modern 
techniques of plant analysis. springer science & business media; 
1998 Apr 30.  

[15] Reynolds T, Sofowora A. Medicinal plants and traditional  
medicine in Africa. Kew Bulletin. 1984;39(3):667.   
https://doi.org/10.2307/4108615  

[16] Iravani S. Green synthesis of metal nanoparticles using plants.  
Green chemistry. 2011;13(10):2638-50.   
https://doi.org/10.1039/c1gc15386b  

[17] Nasrollahzadeh M, Sajjadi M, Iravani S, Varma RS. Green synthesis  
of nanoparticles using plants and microorganisms. RSC Adv.  
2019;9:30165-30186.  

[18] Ren G, Hu D, Cheng EW, Vargas-Reus MA, Reip P, Allaker RP.  
Characterisation of copper oxide nanoparticles for antimicrobial  
applications. International journal of antimicrobial agents. 2009 
Jun 1;33(6):587-90. PMid:19195845 PMCid:PMC8398903   
https://doi.org/10.1016/j.ijantimicag.2008.12.004   

[19] Evans WC. Trease and Evans’ pharmacognosy. Elsevier Health 
Sciences; 2009 May 27.  

[20] Lilhare T, Kawale M. Pharmacognostic and phytochemical studies  
on Holarrhena antidysenterica (Roth) Wall. Ex. A. Dc. Global 
Journal of Bioscience and Biotechnology. 2019;8(2):162-7.  

[21] Brand-Williams W, Cuvelier ME, Berset CL. Use of a free radical  
method to evaluate antioxidant activity. LWT-Food science and 
Technology. 1995 Jan 1;28(1):25-30.   
https://doi.org/10.1016/S0023-6438(95)80008-5  

[22] Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) 
as a measure of “antioxidant power”: the FRAP assay. Analytical  
biochemistry. 1996 Jul 15;239(1):70-6.   
https://doi.org/10.1006/abio.1996.0292  PMid:8660627  

[23] Ruch RJ, Cheng SJ, Kl aunig JE. Prevention of cytotoxicity and 
inhibition of intercellular communication by antioxidant catechins  
isolated from Chinese green tea. Carcinogenesis. 1989 Jun 
1;10(6):1003-8.  

[24] Tan LY.  Functionalization of cotton fabric with Zno/Pva for 
antibacterial textile application.  Universiti Tunku Abdul Rahman.  
2018 Oct.  

[25] Abdelmoneim HM, Taha TH, Alhudhaibi AM, Afifi FM, Faqihi AA,  
Alsalamah SA, Bendif H. Green synthesis of silver nanoparticles  
and polymeric nanofiber composites: fabrications, mechanisms, 
and applications. Polymers. 2025 Aug 28;17(17):2327.   
https://doi.org/10.3390/polym17172327  PMid:40942245 
PMCid:PMC12430956  

[26] Prabhu S, Poulose EK. Silver nanoparticles: mechanism of 
antimicrobial action, synthesis, medical applications, and toxicity  
effects. International nano letters. 2012 Dec;2(1):32.  

[27] Ahmed S, Ahmad M, Swami BL, Ikram S. A review on plants  
extract mediated synthesis of silver nanoparticles for 
antimicrobial applications: a green expertise. Journal of advanced 
research.  2016 Jan 1;7(1):17-28.   
https://doi.org/10.1016/j.jare.2015.02.007  PMid:26843966 
PMCid:PMC4703479  

[28] Iravani S. Green synthesis of metal nanoparticles using plants.  
Green chemistry. 2011;13(10):2638-50.   
https://doi.org/10.1039/c1gc15386b  

[29] Kelly KL, Coronado E, Zhao LL, Schatz GC. The optical properties  
of metal nanoparticles: the influence of size, shape, and dielectric  
environment. The Journal of Physical Chemistry B. 2003 Jan 
23;107(3):668-77.  https://doi.org/10.1021/jp026731y  

[30] Pasieczna-Patkowska S, Cichy M, Flieger J. Application of Fourier 
transform infrared (FTIR) spectroscopy in characterization of 
green synthesized nanoparticles. Molecules. 2025 Feb 
4;30(3):684.  https://doi.org/10.3390/molecules30030684  
PMid:39942788 PMCid:PMC11821210  

[31] Singaravelu G, Arockiamary JS, Kumar VG, Govindaraju K. A novel  
extracellular synthesis of monodisperse gold nanoparticles using 
marine alga, Sargassum wightii Greville. Colloids and surfaces B: 
Biointerfaces. 2007 May 15;57(1):97-101.   
https://doi.org/10.1016/j.colsurfb.2007.01.010  PMid:17350236  

[32] Nasrollahzadeh M, Sajadi SM, Rostami-Vartooni A, Bagherzadeh 
M, Maham M. Green synthesis of copper nanoparticles using 

https://doi.org/10.1007/s11051-005-7523-5
https://doi.org/10.1007/s11051-005-7523-5
https://doi.org/10.1039/c1gc15386b
https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.5962/bhl.title.137025
https://doi.org/10.1002/9781119407850.ch13
https://doi.org/10.1016/j.carbpol.2011.06.086
https://doi.org/10.2307/4108615
https://doi.org/10.1039/c1gc15386b
https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.3390/polym17172327
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1039/c1gc15386b
https://doi.org/10.1021/jp026731y
https://doi.org/10.3390/molecules30030684
https://doi.org/10.1016/j.colsurfb.2007.01.010


Anjum et al.                                                                                                                                           Journal of Drug Delivery & Therapeutics. 2026; 16(7):1-4 

ISSN: 2250-1177                                                                                           [49]                                                                                             CODEN (USA): JDDTAO 

aqueous extract of Rosa canina fruit and its catalytic activity. J 
Colloid Interface Sci. 2015;448:106-113.   
https://doi.org/10.1016/j.jcis.2015.02.009  PMid:25721860  

[33] Harborne JB. Phytochemical methods: a guide to modern 
techniques of plant analysis. 3rd ed. London: Chapman & Hall; 
1998.  

[34] Blois MS. Antioxidant determinations by the use of a s tabl e free 
radical. Nature. 1958;181(4617):1199-1200.   
https://doi.org/10.1038/1811199a0  

[35] Benzie IFF, Strain JJ. The ferric reducing ability of plasma (FRAP) 
as a measure of antioxidant power: The FRAP assay. Anal  
Biochem. 1996;239(1):70-76. doi:10.1006/abio.1996.0292.   
https://doi.org/10.1006/abio.1996.0292  PMid:8660627  

[36] Ruch RJ, Cheng SJ, Kl aunig JE. Prevention of cytotoxicity and 
inhibition of intercellular communication by antioxidant catechins  
isolated from Chinese green tea. Carcinogenesis. 
1989;10(6):1003-1008.  
https://doi.org/10.1093/carcin/10.6.1003  PMid:2470525  

[37] Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic  
susceptibility testing by  a standardized single disk method. Am J 
Clin Pathol. 1966;45(4):493-496.   
https://doi.org/10.1093/ajcp/45.4_ts.493  PMid:5325707  

[38] Gao Y, Cranston R. Recent advances in antimicrobial treatments  
of textiles. Text Res J. 2008;78(1):60-72.   
https://doi.org/10.1177/0040517507082332    

  

 

https://doi.org/10.1016/j.jcis.2015.02.009
https://doi.org/10.1038/1811199a0
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1093/carcin/10.6.1003
https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1177/0040517507082332

