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Abstract- A large number of plant pathogens belongs to the kingdom fungi, which are responsible for some 

catastrophic diseases in crops. The diseases that are common in fruits and vegetables are mostly fungi originated. 

In the present work, an attempt has been made to evaluate the antifungal activity of biosynthesized sulphur 

nanoparticles (SNPs). Sulphur is an essential component in both agriculture and technology. Ocimum basilicum 

(Basil) leaves extract has been used as a surfactant in an acidic (oxalic) medium to synthesize Sulphur 

nanoparticles. Oxalic acid is a weak acid that meets the requirement of green synthesis fairly. Different 

characterization techniques such as XRD, UV-Vis, SEM and FTIR have been employed to assess the 

nanoparticles. Uv-Vis spectrum shows a peak at 298nm, which confirms the formation of Sulphur nanoparticles. 

A highly crystalline nature with crystalline size 58nm has been revealed by the XRD analysis. The linkage of 

biomolecules on the surface of Sulphur nanoparticles has been analyzed by the FTIR spectrum. The adsorption 

of biomolecules on the surface is responsible for ceasing the agglomeration process and increasing their 

adaptability with nature. SEM data shows the quasi-spherical shape of nanoparticles. Well diffusion assay has 

been performed to study the antifungal activity of SNPs against Alternaria triticina, Aspergillus niger and 

Fusarium oxysporum, and significant growth inhibition has been observed in the case of Aspergillus niger. 

Keywords: Green synthesis; Oxalic acid; Sulphur nanoparticles; Antifungal activity. 

1. Introduction 

Over the decades, sulphur has proven its worth in both agriculture and industrial field due to its astonishing 

attributes and functionality. Sulphur is one of the macro nutrients needed by crops to ensure food sustainability. 

It is an essential component for the production of some metabolites such as enzymes, proteins, amino acids and 

vitamins in plants as well as in living beings. It also helps the plants to fight against abiotic stress and diseases 

[1-3]. For a long time, sulphur has been used as a fungicide and antimicrobial against different pathogens. It is 

used to control apple scab diseases in cold weather and also used in various crops such as grapes, strawberries 

and many other vegetables as an antifungal agent [4].  

Nowadays, we are dealing with an era of nanoparticles and nanotechnology. Nanoparticles have always surprised 

human beings due to their magnificent properties and applications. Sulphur nanoparticles have gained popularity 

in the past few years due to their vast use in almost every field like agriculture, high specific capacity sulphur-

lithium batteries, industries, for carbon nanotubes modification, pharmaceuticals, antibacterial efficacy and 

catalytic properties [5-7]. Lots of chemical methods have been employed by the researchers to synthesize sulphur 

nanoparticles such water/oil microemulsion method with the use of hazardous H2S accompanied by novel 

biodegradable iron chelates [8], reverse microemulsion method [9] and electrochemical method in both non-

solvent and solvent mediums [10]. All these methods possess a number of demerits as they use perilous chemicals, 

harsh environmental conditions and high expenses. Extensive use of these methods has threatened the ecological 

safety and security. A balance between the modern technologies and Mother Nature is needed for the sustainable 

use of all the resources available and for the betterment of mankind. In order to achieve this goal, researchers 

have introduced ‘the green synthesis of nanoparticles’. Use of biological entities such as plants and 

microorganisms for the production of nanoparticles is a revolutionary step to coexist with nature [11-12].  Lots 

of literature is available for the green synthesis of metal nanoparticles such as gold, silver and copper etc. [13-
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14]. But, only a few works has been done for the synthesis of sulphur nanoparticles despite their magnificent 

applications and essentiality. Paralikar and Rai used Catharanthus roseus (Vinca), Azadirachta indica (Neem), 

Polyalthia longifolia (Ashoka) and Mangifera indica (Mango) with precursor sodium polysulphide to synthesize 

sulphur nanoparticles [15]. Khairan et al. reported spherical sulphur nanoparticles of size 55.613nm using 

aqueous garlic extract as a capping and stabilizing agent [16]. Salem et al. used Punica granatum peel extract 

along with sodium thiosulphate as precursor in acidic medium for the production of sulphur nanoparticles [17]. 

And even fewer works has been done for the assessment of antifungal activity of green prepared sulphur 

nanoparticles.  

The present work focuses on the antifungal activity of green synthesized sulphur nanoparticles using Ocimum 

basilicum (Basil) leaves extract as a surfactant. Basil is a year-long herb belonging to the family Lamiaceae and 

genus Ocimum L. It is considered a holy plant in India. Oxalic acid (organic acid) has been used throughout the 

process to provide acidic medium. Alternaria triticina, Aspergillus niger and Fusarium oxysporum plant 

pathogens have been taken to study the antifungal efficacy of SNPs.  

 

2. Materials and Methods 

2.1 Materials 

Oxalic acid dihydrate (C2H2O4.2H2O), Sodium thiosulphate pentahydrate (Na2S2O3.5H2O, 99.5%) and 

potato dextrose agar have been purchased from Himedia. Fresh Ocimum basilicum leaves have been taken from 

the surroundings of the university campus. Deionized double distilled water has been used as a solvent throughout 

the process. 

2.2. Culture collection 

 The isolated fungi strains of plant pathogens Alternaria triticina, Aspergillus niger and Fusarium 

oxysporum have been collected from department of microbiology, Govind Ballabh Pant University of Agriculture 

and Technology, Pantnagar.  

2.3 Preparation of aqueous extract of Ocimum basilicum leaves 

 Firstly, the collected Ocimum basilicum leaves have been washed using tap water about a couple of times 

and thereafter, they have been cleaned using deionized double distilled water 5-6 times. All the dust particles and 

physical impurities have been washed off. After drying them for about an hour, they are finely chopped into small 

pieces. 50g of these has been dissolved in 500mL of distilled water and boiled for 25 minutes. The cooled-down 

mixture has filtered using filter paper Whatman No-1 to pull out the undesired part. Thereafter, the extract has 

been centrifuged at 5000 rpm for 10 minutes in order to remove any biological impurities present. The extract 

has been stored in freeze for further use. 

2.4 Synthesis of sulphur nanoparticles 

 The present work deals with a safe and environment-friendly method to synthesize the SNPs as given by 

Khairan et al. with some modest changes [16]. 24.8g of precursor Na2S2O3.5H2O, 99.5% has been mixed up with 

250mL of Ocimum basilicum leaves extract and sonicated for 40 minutes at 300C. The uniform sonicated solution 

has been further diluted using 250mL of deionized double distilled water with mild stirring. Thereafter, 10% 

oxalic acid has been added to the solution drop-wise under continuous stirring at 300C and a yellow precipitate 

is observed. The schematic representation of synthesis is given in figure 1. The mixture has been centrifuged at 

6000 rpm for 5 minutes. The precipitate has been collected and washed repeatedly using double distilled water 

to remove any impurity. It has been placed in a hot air oven to dry at 50oC for 8 hours and collected for further 

use. The possible disproportion reactions involved in this instance is as follows: 

Na2S2O3.5H2O + C2H2O4     →  Na2C2O4 + SO2 + S (↓) +H2 
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Figure 1: Schematic representation of synthesis of Sulphur nanoparticles 

2.5 Well diffusion assay 

 To study the antifungal effect of sulphur nanoparticles, a well diffusion assay is performed. Inoculum 

carrying the fungus strains to be tested is spread on nutrient plate filled with potato dextrose agar (PDA) using a 

sterile spreader. Thereafter, the two wells each of 8mm are punched into the agar medium. The wells are filled 

with 0.4mM solution of sulphur nanoparticles and left to diffuse thoroughly at room temperature for two hours. 

Then, the plates are incubated for a week in upright position at 370 C. The incubated plates without any sulphur 

nanoparticles in the wells are taken as control in the each case of fungi strains 

2.6 Characterization techniques  

Different characterization techniques have been used to study the optical, structural, morphological and 

compositional properties of sulphur nanoparticles. UV-Vis spectroscopy has been carried out using Perkin Elmer 

UV/VIS Lambda 365 instrument with a range of 190nm to 800nm. The crystalline nature of SNPs is explored by 

Bruker D-8 Advanced Eco XRD furnished with Cu-Kα radiation source along with Ni as a filter in 2θ range 10o-

90o. Bruker Alpha FTIR spectrometer is used to study the composition of Ocimum basilicum leaves extract and 

adsorption of biomolecules on the surface of sulphur nanoparticles. Scanning Electron Microscopic 

morphological analysis has been performed to examine the morphology of nanoparticles. The purity of 

nanoparticles is examined using EDX technique with FEI Quanta-200 MK-2. 

3. Results and Discussion 

For the sustainable development of science and technology, harmony between nature and science/technology is 

a must. Green synthesis of nanoparticles has emerged as a stepping stone to accomplish this goal. Green synthesis 

of sulphur nanoparticles is a simple and one-step process. Ocimum basilicum leaves extract has been used as a 

green surfactant throughout the process. Since the green surfactant is rich in a variety of secondary metabolites 

such as ketones, carboxylic acids, proteins, alcohols, phenols and alkyl group etc., which also exhibit reducing 

properties according to the literature [18-19], the precursor has been added to the extract and sonicated for 40 

minutes, but no chemical change has been observed. This indicates that it does not show any reducing property 

with sulphur precursor. Therefore, Oxalic acid has been used as a reducing agent to synthesize SNPs. 

3.1 Uv-Vis analysis:  

UV-Vis spectrum for the synthesized nanoparticles shows a peak at 298nm as shown in figure 2. It 

confirms the availability of sulphur nanoparticles as the optical spectrum for sulphur nanoparticles lies between 

245-300nm [20]. The sharp peak indicates that the SNPs have a small range for particle size distribution. 
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Figure 2:  UV-Vis spectrum of SNPs 

3.2 FTIR analysis:  

The presence of biomolecules in the extract and their adsorption on the surface of sulphur nanoparticles 

have been studied using Fourier-transform infrared spectroscopy. FTIR spectrum for the extract and the SNPs 

has been shown in figure 3. The spectrum of the extract shows a broad sharp peak at 3286 cm-1 corresponding to 

O-H stretching of alcohols due to intra-molecular bonding and N-H stretching. The weak peak at 2141 cm-1 and 

sharp strong peaks at 1634 cm-1 and 580 cm-1 are due to the presence of  C≡C stretching of monosubstituted 

alkyne, C=C  stretching of monosubstituted alkene and halo compounds respectively. The FTIR spectrum for 

synthesized SNPs shows peaks at 3746 cm-1, 1610 cm-1, 1516 cm-1, 1304 cm-1 and 785 cm-1 corresponding to O-

H stretching of alcohols, C=C stretching of alkene in α,β-unsaturated ketone, N-O stretching of the nitro group, 

S=O stretching of sulphone and halo compound respectively.  Some biomolecules such as alcohols, alkenes and 

halo compounds which are predominantly observed in both the extract and the sulphur nanoparticles are 

responsible for capping and even distribution of SNPs. The presence of the nitro group and sulphone at the surface 

of sulphur nanoparticle is due to the linkage of alcoholic and amide group of protein with the nanoparticles 

resulting in stabilizing and casing of sulphur nanoparticles. The small changes in the peak stipulate the 

biomolecules are perfectly adsorbed at the surface of SNPs and responsible for capping and stabilization. No 

other significant new peaks are observed for sulphur nanoparticles indicating only the adsorption of 

phytochemical on the surface of SNPs, no chemical reaction. 

 
Figure 3: FTIR spectrum of extract and SNPs 

 

 

3.3 X-ray Diffraction analysis:  

XRD technique has been employed to study the crystal nature of SNPs. The diffraction pattern shows a 

strong peak at 23.140 corresponds to the crystallographic plane 222 as shown in figure 4. This data is consistent 

with the data given by pdf no 00-008-0247, International Centre for Diffraction Data (ICDD) for the standard 
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orthorhombic Sulphur pattern. The average crystalline size 58nm is calculated using the Debye-Scherrer formula 

given as: 

D=K.λ/β.cosθ 

Where D stands for the diameter of nanoparticles, λ represents the wavelength of X-ray radiation source given as 

0.1546, β is FWHM (full width at half-maximum value), θ is the half diffraction angle in radian and K is the 

Scherrer constant with a value of 0.9. The small crystalline size specifies that the Ocimum basilicum leaves extract 

works exquisitely as a surfactant and oxalic acid is responsible for the fast nucleation process.  

 

Figure 4: XRD graph of SNPs 

3.4 FESEM analysis:  

The morphology and uniformity of sulphur nanoparticles has been studied using field emission scanning 

electron microscope (FESEM). Finely grounded sulphur nanoparticles powder is subjected to the scanning. It 

shows that the nanoparticles are of irregular shape (quasi-spherical) with a size distribution from 60-90nm range 

as shown in figure 5. The process of agglomeration is slowed down due to the presence of green surfactant 

resulting in small size SNPs. It indicates that green surfactant Ocimum basilicum extract along with reducing 

agent oxalic acid binds perfectly with the nanoparticle and which is in agreement with above discussed FTIR 

results.  

 
Figure 5: SEM image of SNPs 

 

3.6 Assessment of antifungal activity of sulphur nanoparticles:  

The antifungal effect of synthesized sulphur nanoparticles has been studied against three plant pathogens namely 

Alternaria triticina, Aspergillus niger and Fusarium oxysporum. All these three exhibit devastating effects on 

some particular crops such as Alternaria is responsible for blight disease which reduces the yield tremendously 

[21] and Fusarium oxysporum effects the banana crop [22-23]. A concentration of 0.4mM has been used against 

these plant pathogens. A significant inhibitory effect on the growth of spore has been observed in the case of 

Aspergillus niger, while no notable inhibitory effect is observed with the Alternaria triticina and Fusarium 

oxysporum as shown in figure 6. It may be because of the small concentration of sulphur nanoparticles as previous 
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studies revealed that with increasing the concentration of nanoparticles, the spore inhibition increases [24]. 

Different species of plant pathogens need different amounts of fungicides and different compositions. At this 

particular concentration, the zone inhibition occurs only with Aspergillus niger. 

                  
a                                              b                                              c 

                     
d                                                    e                                          f 

Figure 6: a) Aspergillus niger control; b) Aspergillus niger treated with SNPs; c) Fusarium oxysporum control; d) Fusarium 

oxysporum treated with SNPs; e) Alternaria triticina control; f) Alternaria triticina treated with SNPs. 

4. Conclusions 

 Sulphur nanoparticles play an inconceivable part in agriculture and industrial development. Green 

synthesis of sulphur nanoparticles is considered as a boon to the agriculture as they do not possess any toxic 

effect. Highly crystalline orthorhombic SNPs have been synthesized in the present work using basil leaves extract 

as surfactant with crystalline size 58nm and nanoparticles size 60-90 nm. There is no additional layer of any 

harmful chemical at the surface of nanoparticles is observed, only the biomolecules are available as revealed by  

FTIR analysis. Uniformly distributed quasi-spherical SNPs are synthesized. Treatment of different plant 

pathogens with sulphur nanoparticles reveals the antifungal nature of the nanoparticles, which is highly dependent 

on the concentration of the nanoparticles.  

References 

[1] Scherer, H.W. 2001. Sulphur in crop production — invited paper. European Journal of Agronomy 14:  81–

111. 

[2] Dubuis, P.H., Marazzi, C., Städler, E. and Mauch, F. 2005. Sulphur Deficiency Causes a Reduction in 

Antimicrobial Potential and Leads to Increased Disease Susceptibility of Oilseed Rape. J Phytopathol, 153(1): 

27–36.  

[3] Salem, N.M., Albanna, L.S., Awwad, A.M., Ibrahim, Q.M. and Abdeen, A.O. 2016. Green Synthesis of Nano-

Sized Sulfur and Its Effect on Plant Growth. Journal of Agricultural Science, 8:  188-194. 

[4] Ellis, M.A., Ferree, D.C., Funt, R.C. and Madden, L.V. 1998. Effects of an Apple Scab-Resistant Cultivar on 

Use Patterns of Inorganic and Organic Fungicides and Economics of Disease Control. The American 

Phytopathological Society, 82: 428-433. 

[5] Suleiman, M., Al-Masri, M., Ali1, A.A., Aref, A., Hussein, A., Saadeddin, I. and Warad, I. 2015. Synthesis 

of Nano-sized Sulfur Nanoparticles and their Antibacterial Activities. J. Mater. Environ. Sci. 6 (2): 513-518. 

[6] Barkauskas, J., Jusˇke˙nas, R., Mileriene, V. and Kubilius, V. 2007. Effect of sulphur on the synthesis and 

modification of carbon nanostructures. Materials Research Bulletin, 42: 1732–1739. 

[7] Choudhury, S.R., Roy, S., Goswami, A. and Basu, S. 2012. Polyethylene glycol-stabilized sulphur 

nanoparticles: an effective antimicrobial agent against multidrug-resistant bacteria. J AntimicrobChemother, 

67: 1134–1137. 

http://www.jetir.org/


© 2019 JETIR May 2019, Volume 6, Issue 5                                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1905W45 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 656 
 

[8] Deshpande, A.S., Khomane, R.B., Vaidya, B.K., Joshi, R.M., Harle, A.S. and Kulkarni, D.B. 2008. Sulfur 

nanoparticles synthesis and characterization from H2S gas, using novel biodegradable iron chelates in W/O 

microemulsion. Nanoscale Res Lett, 3: 221–229. 

[9] Guo, Y., Zhao, J., Yang, S., Yu, K., Wang, Z. and Zhang, H. 2006. Preparation and characterization of 

monoclinic sulfur nanoparticles by water-in-oil microemulsions technique. Powder Technology, 163: 83-86.  

[10] Shamsipur, M., Pourmortazavi, M.S., Roushani, M., Kohsari, I. and Hajimirsadeghi, S.S. 2011. Novel 

approach for electrochemical preparation of sulfur nanoparticles. Microchim Acta, 173: 445–451.  

[11] Iravani, S. 2011. Green synthesis of metal nanoparticles using plants. Green Chem., 13:  2638-2650. 

[12] Ghosh, M.K., Sahu, S., Gupta, S. and Ghorai, T.K. 2020. Green synthesis of copper nanoparticles from an 

extract of Jatropha curcas leaves: characterization, optical properties, CT-DNA binding and photocatalytic 

activity. RSC Adv., 10: 22027(1-9). 

[13] Dash, S.S. and Bag, B.G. 2014. Synthesis of gold nanoparticles using renewable Punica granatum juice and 

study of its catalytic activity. Applied Nanoscience, 4: 55-59.  

[14] Krithiga, N., Rajalakshmi, A. and Jayachitra, A. 2015. Green Synthesis of Silver Nanoparticles Using Leaf 

Extracts of Clitoria ternatea and Solanum nigrum and Study of Its Antibacterial Effect against Common 

Nosocomial Pathogens. Journal of Nanoscience, 2015: 928204(1-8).  

[15] Paralikar, P. and Rai, M. 2017. Bio-inspired synthesis of sulphur nanoparticles using leaf extract of four 

medicinal plants with special reference to their antibacterial activity. IET Nanobiotechnol., 12: 25-31.   

[16] Khairan, K., Zahraturriaz and Jalil, Z. 2019. Green synthesis of sulphur nanoparticles using aqueous garlic 

extract (allium sativum). Rasayan J. Chem., 12: 50-57. 

[17] Salem, N.M., Albanna, L.S. and Awwad, A.M. 2016. Green synthesis of sulphur nanoparticles using Punica 

granatum peels and the effects on the growth of tomato by foliar spray applications. Environmental 

Nanotechnology, Monitoring &Management6: 83–87. 

[18] Tailor, G., Yadav, B.L., Chaudhary, J., Joshi, M. and Suvalka, C. 2020. Green synthesis of silver 

nanoparticles using Ocimum canum and their anti-bacterial activity. Biochemistry and Biophysics Reports, 24: 

100848 (1-5). 

[19] Wonsawat, W. 2014. The green synthesis AgNPs from basil leaf extract. International Journal of Chemical 

and Molecular Engineering, 8(5): 448-450. 

[20] Chaudhuri, R. G. and Paria, S. 2011. Growth kinetics of sulfur nanoparticles in aqueous surfactant solutions. 

Journal of Colloid and Interface Science 354: 563–569. 

[21] Mamgain, A., Roychowdhury, R. and Tah J. 2013. Alternaria pathogenicity and its strategic controls. 

Research Journal of Biology, 1: 01-09. 

[22] Wu, K., Chen, W.Z., Yang, S., Wen, Y.,  Zheng, Y., Anjago, W. M., Yun, Y. and Wang, Z. 2019. Isolation 

and identification of Fusarium oxysporum f. sp. cubense in Fujian Province, China. Journal of Integrative 

Agriculture, 18: 1905–1913.  

[23] Maymon, M., Sela, N. Shpatz, U., Galpaz, N. and Freeman, S. 2020. The origin and current situation of 

Fusarium oxysporum f. sp. cubense tropical race 4 in Israel and the Middle East. Scientific Reports, 10: 1590(1-

11).  

[24] Kim, Y. H., Kim, G. H., Yoon, K. S., Shankar, S. and Rhim, J. W. 2020. Comparative antibacterial and 

antifungal activities of sulfur nanoparticles capped with chitosan. Microbial Pathogenesis, 144: 104178.  

 

http://www.jetir.org/
https://link.springer.com/journal/13204

