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Abstract---The gold nanoparticles synthesis is processed using a 

crude concentrate from cottonseed oil cake. Aqueous gold chloride 
makes stable nanoparticles of gold with crude concentrate from 

cottonseed oil cake. The combined gold nanoparticles were 

distinguished using a scanning electron microscopic study (SEM), UV-
VIS spectrophotometer, Fourier transform infrared study and X-ray 

diffraction method. The gold nanoparticles color observed from yellow 

to purple to dark. In 1 mM NaCl solution, the gold nanoparticles were 

stable at pH 7-8, 25-35°C. The synthesized gold nanoparticles show a 
568 nm plasmon reverberation. The SEM study additionally proved 

the gold nanoparticles with a circular morphology. The XRD survey 

reveals the facecentered, translucent, and cubic shape of thegold 
nanoparticles. Regardless, at a pH of 6-7 at a temperature of 35-55 

°Cgold nanoparticles are best. The typical gold nanoparticles size is 

showed in the 18 to25 nm range. The presence of carboxylic acids, 
flavonoids and phenols was confirmed with FT-IR spectrum. With the 

most remarkable volume of 100 μL, biosynthesized gold nanoparticles 

showed an extremely strong inhibition of denaturation of 74.09%. 
 

Keywords---Cotton seed oil cake, Gold Nanoparticles, SEM, XRD, 

FTIR, and denaturation inhibition. 

 
 

Introduction  

 
The presence in recent years, nanoparticles from various sources have been 

studied vastly used in the fields of science and innovation as well as medicine. In 

particular, gold nanoparticles (AuNPs) have been traced in science, medicine, and 
materials design because of their wide range of physicochemicals and 

physiochemical optical nature. The physicochemical strategies was maintained for 

the production of gold and various metallic based nanoparticles (H. Huang and Y. 
Yang 2008; R. Emmanuel et al. 2014). Especially, the compound combination of 
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AuNPs can't keep away from the utilization of harmful synthetic compounds (A. 

Farhangi et al. 2009). Along these lines, the biosynthesis of AuNPs acquired 

impressive consideration in the previous ten years attributable to their apparent 

mechanicalsignificance and ecological advantages (D. A. Kumar et al. 2017). A few 
normal assets like plant crude extracts (T. Selvankumar et al. 2015), microbial 

secondary metabolites (A. R. Shahverdi et al. 2007), dairy by-products (M. 

Govarthanan et al. 2013), oilcake (K. J. Lee et al. 2016), and panchakavyam (K. 
Manoharan et al. 2014) have been investigatedfor the natural combination of 

AuNPs. Among the naturalcourses, plants and agricultural derived industrial 

wastes based AuNPs blend acquired consideration because of their fast 
development, simpletaking care of, and enormous scopecreation. 

 

The cotton plant (Gossypium hirsutum) has a place in the Malvaceae family, a 
continual shrub that evolved as yearly. This plant primarily developed for 

harvesting cotton and used in fabrics and clothing (N. Kanipandian and R. 

Thirumurugan 2014). Aside from the skeins, cottonseed also has conservative 

merit. The oil from Cottonseed is an edibleobtained from the cotton plant seeds. 
The Cottonseed Oil Cake was made because of the cottonseed oil producing 

industry. Because of its high protein content, it is utilized as livestock feed. Late 

investigations of point by point blending of AuNPs utilizing cottonseed oil cake (N. 
Kanipandian and R. Thirumurugan 2014). In any case, there is no report on the 

combination of AgNPs utilizing cottonseed oil cake. 

 
Materials and Methodology 

 

Cotton seed oil cakematerial preparation 
 

Cottonseed oil cake was brought from local shops in Chennai, Tamil Nadu. The 

collected cotton seed oil cake was powdered using mixer and 100 gm of powder 

was extracted using ethanol as a solvent. The ethanolic crude extract was 
fractionated using maceration method. The ethanolic extract was stand alone for 

2 to 3 days for complete extraction. From that point forward, the unrefined 

concentrate was sifted utilizing Whatman #1 filter paper. The gathered filtrate was 
aggregated at room temperature. 

 

Method to synthesis gold nanoparticles 
The gold nanoparticles were prepared according to the technique of Ahmed S et 

al. synthesized. (2016) with some changes. 

 
Preparation of metal solutions for gold nanoparticle synthesis 

 

1 mM gold chloride solution (AuCl3, Merck) was prepared in 500 mL deionized 

water and set aside in amber jars to avoid direct light and intensity. The prepared 
reaction mixture was utilized to prepare gold nanoparticles synthesis (G.V. et al. 

2017; Ahmed S et al. 2016). 

 
Method for gold nanoparticles production 

 

In this procedure, 1 mL of crude cottonseed oil cake concentrate was added with 
1 mM aqueous gold chloride solution at a (1:15) level with consistent mixing at 
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room temperature. The solution's yellowish colour quickly turned to a purple 

color, confirming the gold nanoparticles. The reacting hemical contents 
wasundisturbed for 24 hours to completely reduce gold chloride to gold 

nanoparticles using crude concentrate from cottonseed oil cake (Ahmed S et al. 

2016; G.V. et al. 2017). 
 

Study on stability analysis of biosynthesized NPs 

The stable capacity of gold nanoparticles has been tested against temperature, pH 

and salt (Wan Mat Khalir WKA et al. 2020; Kashan and Javed, Saleem. 2021). 
 

Temperature stress study 

 
The synthesized gold nanoparticles from the crude cottonseed oil cake 

concentrate were placed on a hot plate. A thermometer was used to check the 

nanoparticles for thermal expansion. A UV-VIS spectrophotometric analysis was 
carried out on the nanoparticles heated between 25–100 °C (Wan Mat Khalir WKA 

et al. 2020). 

 
pH stress study 

 

We used 1M HCl and 1M NaOH solutions to change the pH ranges of gold 

nanoparticles This aqueous solution was dropped dropwise on the synthesized 
gold nanoparticles. From acidic to basic, the pH was changed (3-8) and held for 

24 hours or briefly.After incubation of 12 hours, the gold nanoparticles were 

actually taken a look at utilizing UV-VIS spectrophotometer (Ovais et al. 2018). 
 

Salt stress study 

 
To check the salt stress test for combined gold nanoparticles, different molar 

focuses (1, 10, 100 mM and 1 M) of sodium chloride were added autonomously to 

gold nanoparticles in a 1:1 ratio (1 ml NPs mixed with 1 ml saline) and incubated 
for 12 hours for the time being. The results were then recorded the following day 

using a UV-VIS spectrometer (Ovais et al. 2018). 

 

Characterization methods for biosynthesized gold nanoparticles  
The biosynthesized gold nanoparticles were then read up for the characterization 

by the accompanying strategies referenced as follows. 

 
UV-visible spectrophotometry Analysis 

 

Biosynthesized gold nanoparticles were examined with an UV-Vis 
spectrophotometer to affirm the total decrease of gold particles to gold 

nanoparticles in the presence of crude cottonseed oilcake cake concentrate. The 

gold nanoparticles were attenuated at a ratio of 1:2 (1 mL AuNp:2 mL deionized 
water) and analyzed with a UV-Visible spectrophotometer (HITACHI, JAPAN, 

U2900 SpectroPhotometer). The UV-Vis spectra were recorded from frequencies of 

300–800 nm with an interval of 2 nm (Anandalakshmi, K et al. 2016; Ashraf, J.M. 
et al. 2016). 
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Scanning electron microscopic examination 

 

The morphology and typical size of nanoparticles were depicted by Scanning 

Electron Microscope isntrument (JSM 5910, JEOL, Japan). A couple of drops of 
biosynthesized gold NPs in deionized water were poured on a detached glass slide 

with cover slip. The coverslip was air dried for a surprisingly long time. The items 

were gold-plated for 2 minutes at 40 Dc milliamps utilizing a gold coater (SPI, 
USA, Model No. SPI-Spatter Coater). After this, the gold cover was then dissected 

under SEM at 15 kV/20 kV voltage and at various additions (Banerjee et al., 

2014). Acquire, vvoltage, and content size data wasreferenced on the pictures. 
Resulting pictures were dissected utilizing Image J programming (M. et al. 2016; 

Khan, M.J. 2019). 

 
Study using Fourier Transform Infrared spectroscopy  

 

The Fourier change infrared spectroscopy study was performed to recognize 

useful functional chemical groups present in gold nanoparticles. The decreased 
type of nanoparticles from crude concentrate. The freeze-dried crude concentrate 

and gold nanoparticles were freely grounded with KBR (FTIR grade) and tested 

with FTIR (SHIMADZU, IR Prestige 21 Model) utilizing movement mode on a 4cm1 
objective. The ensuing reach was recorded from 400 to 4000 cm1 esteem range 

(Javan Bakht Dalir, S et al. 2020). 

 
X-ray diffraction  

 

The translucent property, size and nature of response combinations were really 
taken a look at by X-Ray diffraction technique (JEOL X-Ray diffraction, JDX-3532 

Model).The combined gold nanoparticles were freeze-dried. The refrigerated 

nanoparticles powder was used for examination. The well in the point of 

convergence of the glass test holder was equally stacked with the gold 
nanoparticles for sporadic transport. (The external layer of the example ought not 

be higher or lower than the example holder). The gold NPs were then analyzed by 

XRD utilizing copper K-radiation (1.5404 A) and handled at 40 kV voltage and 30 
milliamps current with 0.2 mm cut, 2 dissipate cut and 1 dissimilarity cut. The 

XRD configuration was recorded at the 2 Braggs point going from 10 - 70 theta 

and the magnitude was resolved (Kero Jemal et al. 2017). 
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In vitro anti-inflammatory test by following inhibition of protein 

denaturation process 
 

The bovine serum albumin denaturation inhibition is one such measure to 

recognize inflammation action. The impact was driven with the gold nanoparticles 
to verify their capacity to repress BSA denaturation. A relationship was laid out 

between the compound quercetin and the biosynthesized gold nanoparticles 

(Douglas Bosco Aidoo et al. 2021). 

 
Results and Discussion 

 

Gold nanoparticles biosynthesis 
 

Synthesized gold nanoparticles from crude cotton seed oil cake extract includes 

re-process, in which the gold particles are decreased by the bioactive 
phytocompounds of the cotton seed oil cake crude to gold nanoparticles. The 

incorporated nanoparticles have free electrons that result in surface plasmon 

reverberation detectable by UV-Vis spectrophotometer. The biosynthesized 
nanoparticles have been studied, optimized and described using different 

strategies (Zhang, X.F. et al. 2016). 

 

UV-VIS Spectrometer analysis for confirmation of gold nanoparticles  
 

The prepared nanoparticles from gold solution were first examined externally by 

changing the variety from yellow to purple, which is the sign of decline and the 
cycle of merging. The color of the reaction mixture changes and becomes darker 

after 24 hours of incubation. The development of gold nanoparticles has been 

further considered (Rajkiran Reddy Banala et al. 2015). 
 

UV-Vis Spectrophotometry Detection 

 
The crude concentrate solution obtained from cotton seed oil cake and 1 mM gold 

chloride aqueous solution was examined in UV-VIS spectrometry. The take-up of 

gold nanoparticles was shown to have a sharp retention band of 1.721 at 568 nm 

because of the surface plasmon reverberation of gold nano-particles (Figure No.1) 
(Rajkiran Reddy Banala et al. 2015). 
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Figure No.1: Gold nanoparticle UV-VIS Spectrum by 1:15 crude concentrate gold 

chloride solution, showing most elevated band sharp at 568 nm. 

 
Studying the stability of gold nanoparticles 

 

Studying the various temperature impact 
 

As shown in Figure No. 2, the gold nanoparticles were more stable at a lower 

temperature of 25-35 °C, when tested under a UV-Vis spectrophotometer. At 35-
50°C and 50-70°C, gold nanoparticles' UV spectra have a peak area that is lower 

than the peak at 25-35°C. Similarly, the UV spectrum at 35-50°C and 50-70°C 

shows that their stability decreases as temperature increases. In addition, the UV 

range showed no discernible extinction for gold nanoparticles at 50-70°C. 
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Figure No. 2: Biosynthesized gold nanoparticles are tested at different 

temperatures from the nanoparticles. Peak intensities are higher at 35-50 °C and 
lower at 50-70 °C in the UV spectra. 

 

Influence of pH  
 

The pH of the solution also affects the size and state of the nanoparticle. The 

spectra of gold nanoparticles at different pH values are shown in Figure 5. Gold 

nanoparticles were observed to be improved at pH 7 to 8. This suggests that the 
bioreduction process for the combination of gold nanoparticles should be finished 

at basic pH (Figure No.3), as changing the pH from acidic (3-4) to basic 7-8 also 

increased the strength of the absorption. Anyhow, a low pH value inhibited gold 
nanoparticle development, as no or an unknown absorption band was found in 

the studied region. 

 

 
Figure No.3: Effect of pH was studied at alkaline pH of 7 to 8. The absorbance 

peak and intensity increased by raising pH from acidic (3-4) to basic 7-8). 
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Influence of NaCl Salt  

 

Figure No.4 illustrates how salt stress affects gold nanoparticle dissolution. 1mm 

saline showed the best UV-Vis spectrum range. In comparison with different salt 
solutions, such as 10 mM, 100 mM, and 1M, gold nanoparticles were considered 

to be more stable with this fixation. According to spectrophotography, the highest 

concentrations of salt (100 mM and 1 M) inhibited the accumulation of gold 
nanoparticles, as no noticeable retention peak was located in the plasmon region. 

 

 
Figure No.4: The UV-Vis spectrum shows that a salt concentration of 1 mm was 
the best. The stability of the gold nanoparticles was higher compared to other salt 

concentrations of 10mM, 100mM and 1M. 

 
Scanning electron microscopic study 

 

In addition to providing information on the morphology and size of incorporated 
gold nanoparticles, scanning electron microscopy is one of the instrumental 

characterization analyses. Images of test gold nanoparticles at different 

magnifications (Figure No.5) demonstrate round morphology of the gold 
nanoparticles. According to image J. programming, the calculated gold 

nanoparticle size ranged between 18 to 24 nm. 
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Figure No.5: Examining electron micrographs of synthesized gold nanoparticle at 
various amplification uncovering circular morphology and size of 18-24 nm. 

 

FTIR spectrum summary 

 
The presence of functional groups in the raw concentrate and its investigation as 

a reducing agent in the biosynthesis of nanoparticles was confirmed by FTIR 

investigation. The FTIR range of crude cotton seed oil cake extract addresses 
functional groups at 3448.7 cm -1 , 2677.1 cm -1 , 2600 cm -1 , 2062 cm -1 , 

1635.6 cm -1 , 1249 cm -1 (Figure No.6 ). A broad band of 3448.7 cm-1 is due to 

the OH-extending vibration of alcoholic and phenolic functional groups. A peak 
stretch at 2677.1 cm -1 and 2600 cm -1 relates to the presence of carboxyl 

groups. The noted peak at 2062 cm-1 relates to the NH3 stretch, showing the 

presence of free amino acids and their halides. The sharp upper peak at 1635.6 
cm -1 is assigned to the attached C=C alkenyl group. Nevertheless, the band at 

1249 cm-1 has a place with the CN stretch of an amine group. The peaks 

obtained have a place mainly in alkaloids, carboxylic acids and flavonoids, 
terpenoids, etc., which are the main phytochemicals of cottonseed oil cake, which 

are responsible for the plant-assisted reduction process related to the 

nanoparticle synthesis process. 

 
The FTIR study of cottonseed oil cake concentrate and gold nanoparticles. The 

FTIR range of the example containing gold nanoparticles synthesized using 
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cottonseed oil cake concentrate and gold chloride solution is introduced in (Figure 

No.6 and Figure No.7). The FTIR obtained spectrum of the gold nanoparticles 

shown the potential reduction capacity of the cottonseed oil cake extricate in the 

bioreduction cycle of nanoparticles. In Figure No.6 uncovered that absorbance 
band of 2677.1 cm-1 initially present in cotton seed oil cake extricate totally 

vanished in combined gold nanoparticles. The FT-IR spectrum which addresses 

the carboxylic acid functional group uncovers that the carboxylate content 
present in cotton seed oil cakefor the reduction of gold to gold particles. A 

significant 3525.8 cm-1 -3448.7 cm-1 shiftwas noticed confirming the phenol, 

alcohol groups of cotton seed oil cake concentrate to be engaged with the 
reduction process. The most nearer absorbance and correlation of the spectra of 

gold nanoparticles and cotton seed oil cake removes uncovered little changes in 

the wavenumbers of various functional groups asserted the biosynthesis of gold 
nanoparticles (Figure No.7) from absolutely cotton seed oil cake crude extract. 

 

 
Figure No. 6: FTIR range of crude extract of cottonseed oilcake showing retention 

groups at wavenumbers cm - 1 with % transmittance. 
 

Cotton Seed Crude 

Extract 
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Figure 10: FTIR range of cotton seed oil cake crude incorporated gold 

nanoparticles showing retention groups at wavenumbers cm - 1 with % 

transmittance. 
 

Crystanility property checking of gold nanoparticles with XRD Analysis 

 
X Ray diffraction was utilized to affirm the crystal phase identification of 

biosynthesized gold nanoparticles using crude cottonseed oil cake extract. 

Diffraction powers were recorded at 2 points from 10 to 70 (Figure 8). These 
obtained diffraction patterns are comparable to (111), (200) and (220) phases in 

Profex software. The average size of the gold nanoparticles examined was 10.32 

nm for the most extreme diffraction pattern of 38.4. The average mean size for 

different samples was individually obtained as 6.6 and 7.5 nm.Subsequently, the 
typical size emerged to be 8.1 (Table No.1). The presence of various different 

peaks and coordinating of XRD design with the Profex software obviously shows 

that the biosynthesized Gold Nanoparticless were of crystalline nature (Döbelin 
2015; Döbelin 2015; Döbelin et al. 2008; McCusker, L. B et al. 1999; Toby, B. H. 

2006; Döbelin, N. 2010). 

 

Biosynthesized Gold 

Nanoparticles 
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Figure No.8: X Ray diffraction was utilized to affirm the crystal phase 

identification of biosynthesized gold nanoparticles using crude cottonseed oil cake 

extract. Diffraction powers were recorded at 2 points from 10 to 70 (Figure No.8). 
These obtained diffraction patterns are comparable to (111), (200) and (220) 

phases in Profex software. 

 
Table No.1: Size of biosynthesized Gold nanoparticles (AuNPs) 

 

 
 

Anti-inflammatory result 

 
We assessed the anti-inflammation property of the gold nanoparticles and 

contrasted them with standard control quercetin. In the ongoing study, 

inflammation reaction was contrasted with denaturation of BSA. Protein 
denaturation is the essential source of inflammation. The anti-inflammation of the 

biosynthesized gold nanoparticles was taken into account and showed this 
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inhibition of protein denaturation. At the most extreme inhibition was shown in 

100 μL, the biosynthesized gold nanoparticles showed the most remarkable 
inhibition of denaturation at 74.09%, and the IC50 esteem was viewed as 67.92 

μL, while the quercetin showed inhibition at 68.02%. The IC50 value for quercetin 

was given as 73 l. Diclofenac sodium was utilized as a standard medication with 
anti-inflammation and showed a most extreme inhibition of 76.99% at 100 μL 

(Figure No. 9). Thus, the information indicates that the biosynthesized gold 

nanoparticles displayed a higher rate inhibition of protein denaturation than the 

compound quercetin, demonstrating the adequacy of the biosynthesized gold 
nanoparticles as an anti-inflammatory drug. 

 

 
Figure No.9: The anti-inflammatory activity of biosynthesized gold nanoparticles, 
quercetin and Diclofenac sodium was tested by protein denaturation inhibition by 

Bovine Serum Albumin. All the values are calculated by taking the mean ± 

standard deviation of 3 independent experimental designs. 
 

Conclusion 

 
Our study describes simple, inexpensive, and environmentally friendly agro-

industrial by-products mediated by AuNPs using CSOC crude extract. The 

biosynthesized AuNPs were visualized by nanotechnology characterization 

techniques. Furthermore, the AuNPs had tremendous anti-inflammatory activity 
against the bovine serum albumin protein denaturation inhibition assay. At any 

rate, more experiments are expected prior to applying the AuNPs in bio-

nanotechnology and biomedical sciences. 
 

Competing Interests of Authors 

The authors proclaim that they have no contending interests. 
 

Funding Resources: 

This research did not receive specific funding from any public or commercial 
funding body. 

0

20

40

60

80

100

50 μl 100 μl 150 μl

%
 o

f 
P

ro
te

in
 D

en
at

u
ra

ti
o
n
 

In
h
ib

it
io

n

Samples in μl

Anti-inflammatory Activity

AuNPs Quercetin Diclofenac Sodium



 

 

14301 

References 

 

1. H. Huang and Y. Yang, “Preparation of silver nanoparticles in inorganic clay 

suspensions,” Composites Science and Technology, vol. 68, no. 14, pp. 2948–
2953, 2008.  

2. R. Emmanuel, C. Karuppiah, S.-M. Chen, S. Palanisamy, S. Padmavathy, and 

P. Prakash, “Green synthesis of gold nanoparticles for trace level detection of a 
hazardous pollutant (nitrobenzene) causing Methemoglobinaemia,” Journal of 

Hazardous Materials, vol. 279, pp. 117–124, 2014.  

3. A. Akbarzadeh, D. Zare, A. Farhangi et al., “Synthesis and characterization of 
gold nanoparticles by tryptophane,” American Journal of Applied Sciences, 

vol. 6, no. 4, pp. 691–695, 2009.  

4. D. A. Kumar, V. Palanichamy, and S. M. Roopan, “Green synthesis of silver 
nanoparticles using Alternanthera dentata leaf extract at room temperature 

and their antimicrobial activity,” Spectrochimica Acta-Part A: Molecular and 

Biomolecular Spectroscopy, vol. 127, pp. 168–171, 2014.  

5. A. Sengottaiyan, R. Mythili, T. Selvankumar et al., “Green synthesis of silver 
nanoparticles using Solanum indicum L. and their antibacterial, splenocyte 

cytotoxic potentials,” Research on Chemical Intermediates, vol. 42, no. 4, pp. 

3095–3103, 2015. 
6. A. R. Shahverdi, S. Minaeian, H. R. Shahverdi, H. Jamalifar, and A.-A. Nohi, 

“Rapid synthesis of silver nanoparticles using culture supernatants of 

Enterobacteria: a novel biological approach,” Process Biochemistry, vol. 42, 
no. 5, pp. 919–923, 2007. 

7. K.-J. Lee, S.-H. Park, M. Govarthanan et al., “Synthesis of silver nanoparticles 

using cow milk and their antifungal activity against phytopathogens,” 
Materials Letters, vol. 105, pp. 128–131, 2013.  

8. M. Govarthanan, Y. S. Seo, K. J. Lee et al., “Low-cost and ecofriendly 

synthesis of silver nanoparticles using coconut (Cocos nucifera) oil cake 

extract and its antibacterial activity,” Artificial Cells, Nanomedicine, and 
Biotechnology, 2016.  

9. M. Govarthanan, T. Selvankumar, K. Manoharan et al., “Biosynthesis and 

characterization of silver Nanoparticles using Panchakavya, an Indian 
traditional farming formulating agent,” International Journal of 

Nanomedicine, vol. 9, no. 1, pp. 1593– 1599, 2014.  

10. N. Kanipandian and R. Thirumurugan, “A feasible approach to phyto-
mediated synthesis of silver nanoparticles using industrial crop Gossypium 

hirsutum (cotton) extract as stabilizing agent and assessment of its in vitro 

biomedical potential,” Industrial Crops and Products, vol. 55, pp. 1–10, 2014. 
11. Ahmed S, Annu, Ikram S, Yudha S S. Biosynthesis of gold nanoparticles: A 

green approach. J Photochem Photobiol B. 2016 Aug;161:141-53. doi: 

10.1016/j.jphotobiol.2016.04.034. Epub 2016 May 18. PMID: 27236049. 

12. Botteon, C.E.A., Silva, L.B., Ccana-Ccapatinta, G.V. et al. Biosynthesis and 
characterization of gold nanoparticles using Brazilian red propolis and 

evaluation of its antimicrobial and anticancer activities. Sci Rep 11, 1974 

(2021). https://doi.org/10.1038/s41598-021-81281-w 
13. Wan Mat Khalir WKA, Shameli K, Jazayeri SD, Othman NA, Che Jusoh NW 

and Hassan NM (2020) Biosynthesized Silver Nanoparticles by Aqueous Stem 

Extract of Entada spiralis and Screening of Their Biomedical Activity. Front. 
Chem. 8:620. doi: 10.3389/fchem.2020.00620 

https://doi.org/10.1038/s41598-021-81281-w


         14302 

14. Khan, Kashan & Javed, Saleem. (2021). Silver nanoparticles synthesized 

using leaf extract of Azadirachta indica exhibit enhanced antimicrobial 
efficacy than the chemically synthesized nanoparticles: A comparative study. 

Science Progress. 104. 003685042110121. 10.1177/00368504211012159.  

15. Ovais, M., Khalil, A. T., Ayaz, M., Ahmad, I., Nethi, S. K., & Mukherjee, S. 
(2018). Biosynthesis of Metal Nanoparticles via Microbial Enzymes: A 

Mechanistic Approach. International journal of molecular sciences, 19(12), 

4100. https://doi.org/10.3390/ijms19124100 

16. Anandalakshmi, K., Venugobal, J. & Ramasamy, V. Characterization of silver 
nanoparticles by green synthesis method using Pedalium murex leaf extract 

and their antibacterial activity. Appl Nanosci 6, 399–408 (2016). 

https://doi.org/10.1007/s13204-015-0449-z 
17. Ashraf, J. M., Ansari, M. A., Khan, H. M., Alzohairy, M. A., & Choi, I. (2016). 

Green synthesis of silver nanoparticles and characterization of their inhibitory 

effects on AGEs formation using biophysical techniques. Scientific reports, 6, 
20414. https://doi.org/10.1038/srep20414 

18. Saeb, A. T., Alshammari, A. S., Al-Brahim, H., & Al-Rubeaan, K. A. (2014). 

Production of silver nanoparticles with strong and stable antimicrobial activity 
against highly pathogenic and multidrug resistant 

bacteria. TheScientificWorldJournal, 2014, 704708. 

https://doi.org/10.1155/2014/704708 

19. Goudarzi, M., Mir, N., Mousavi-Kamazani, M. et al. Biosynthesis and 
characterization of silver nanoparticles prepared from two novel natural 

precursors by facile thermal decomposition methods. Sci Rep 6, 32539 (2016). 

https://doi.org/10.1038/srep32539 
20. Khan, M. J., Shameli, K., Sazili, A. Q., Selamat, J., & Kumari, S. (2019). Rapid 

Green Synthesis and Characterization of Silver Nanoparticles Arbitrated by 

Curcumin in an Alkaline Medium. Molecules (Basel, Switzerland), 24(4), 719. 
https://doi.org/10.3390/molecules24040719 

21. Javan Bakht Dalir, S., Djahaniani, H., Nabati, F., & Hekmati, M. (2020). 

Characterization and the evaluation of antimicrobial activities of silver 
nanoparticles biosynthesized from Carya illinoinensis leaf 

extract. Heliyon, 6(3), e03624. 

https://doi.org/10.1016/j.heliyon.2020.e03624 

22. Kero Jemal, B. V. Sandeep, Sudhakar Pola, "Synthesis, Characterization, and 
Evaluation of the Antibacterial Activity of Allophylus serratus Leaf and Leaf 

Derived Callus Extracts Mediated Silver Nanoparticles", Journal of 

Nanomaterials, vol. 2017, Article 
ID 4213275, 11 pages, 2017. https://doi.org/10.1155/2017/4213275 

23. Douglas Bosco Aidoo, Daniels Konja, Isaac Tabiri Henneh, Martins 

Ekor, "Protective Effect of Bergapten against Human Erythrocyte Hemolysis 
and Protein Denaturation In Vitro", International Journal of 

Inflammation, vol. 2021, Article 

ID 1279359, 7 pages, 2021. https://doi.org/10.1155/2021/1279359 
24. Zhang, X. F., Liu, Z. G., Shen, W., & Gurunathan, S. (2016). Silver 

Nanoparticles: Synthesis, Characterization, Properties, Applications, and 

Therapeutic Approaches. International journal of molecular sciences, 17(9), 
1534. https://doi.org/10.3390/ijms17091534. 

25. Rajkiran Reddy Banala, Veera Babu Nagati, Pratap Reddy Karnati,Green 

synthesis and characterization of Carica papaya leaf extract coated silver 

https://doi.org/10.3390/ijms19124100
https://doi.org/10.1007/s13204-015-0449-z
https://doi.org/10.1038/srep20414
https://doi.org/10.1155/2014/704708
https://doi.org/10.1038/srep32539
https://doi.org/10.3390/molecules24040719
https://doi.org/10.1016/j.heliyon.2020.e03624
https://doi.org/10.1155/2017/4213275
https://doi.org/10.1155/2021/1279359
https://doi.org/10.3390/ijms17091534.


 

 

14303 

nanoparticles through X-ray diffraction, electron microscopy and evaluation of 

bactericidal properties,Saudi Journal of Biological Sciences,Volume 22, Issue 

5,2015,Pages 637-644,ISSN 1319-

562X,https://doi.org/10.1016/j.sjbs.2015.01.007. 
26. Döbelin, N., Kleeberg, R., „Profex: a graphical user interface for the Rietveld 

refinement program BGMN„, Journal of Applied Crystallography 48 (2015), 

1573-1580. doi:10.1107/S1600576715014685 
27. Döbelin, N., „Interlaboratory study on the quantification of calcium phosphate 

phases by Rietveld refinement“, Powder Diffraction 30(3) (2015), 231-

241. 10.1017/S088571561500038X 
28. Powder Diffraction: Theory and Practice, Dinnebier, R. E., Billinge, S. J. L. 

(eds.), The Royal Society of Chemistry, ISBN: 978-0-85404-231-9, 2008 

29. McCusker, L. B., Von Dreele, R. B., Cox D. E., Louer, D., Scardi, P. Rietveld 
Refinement Guidelines, Journal of Applied Crystallography 32(1), 36-50, 

1999. 

30. Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2022). Post-pandemic 

health and its sustainability: Educational situation. International Journal of 
Health Sciences, 6(1), i-v. https://doi.org/10.53730/ijhs.v6n1.5949 

31. Toby, B. H., R factors in Rietveld analysis: How good is good enough?, Powder 

Diffraction 21(1), 67-70, 2006. 
32. Döbelin, N., Luginbühl, R., Bohner, M., „Synthetic Calcium Phosphate 

Ceramics for Treatment of Bone Fractures“, Chimia 64(10) (2010), 723-729. 

Copyright ©Swiss Chemical Society: CHIMIA, 64(10), 723-729, 2010 
doi: 10.2533/chimia.2010.723. 

 

 
 

http://journals.iucr.org/j/issues/2015/05/00/isscontsbdy.html#computer_programs2
http://journals.iucr.org/j/issues/2015/05/00/isscontsbdy.html#computer_programs2
http://journals.iucr.org/j/issues/2015/05/00/isscontsbdy.html#computer_programs2
http://journals.iucr.org/j/issues/2015/05/00/isscontsbdy.html#computer_programs2
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9950041&fileId=S088571561500038X
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9950041&fileId=S088571561500038X
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=9950041&fileId=S088571561500038X
http://dx.doi.org/10.1017/S088571561500038X
http://www.rsc.org/shop/books/2008/9780854042319.asp
http://www.xray.cz/xray/csca/kol2011/kurs/Dalsi-cteni/clanky/McCusker-JApplCryst-1999-32-36-Rietveld-Guidelines.pdf
http://www.xray.cz/xray/csca/kol2011/kurs/Dalsi-cteni/clanky/McCusker-JApplCryst-1999-32-36-Rietveld-Guidelines.pdf
http://x-ray.ucsd.edu/mediawiki/images/6/61/Toby_Rfactors.pdf
https://www.profex-xrd.org/wp-content/uploads/2015/09/RMS3438-Doebelin-et-al.pdf
https://www.profex-xrd.org/wp-content/uploads/2015/09/RMS3438-Doebelin-et-al.pdf
https://www.profex-xrd.org/wp-content/uploads/2015/09/RMS3438-Doebelin-et-al.pdf
https://www.profex-xrd.org/wp-content/uploads/2015/09/RMS3438-Doebelin-et-al.pdf
http://dx.doi.org/10.2533/chimia.2010.723

