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Resumen

Introducción: Alternaria spp y Candida spp. son hongos patógenos de ambientes interiores como la casa, la 

ofi cina, el aula, etc., causan enfermedades como asma crónica e infecciones sistémicas en individuos inmunode-

primidos a través de la secreción de diversas sustancias tóxicas. Los ambientadores a base de productos químicos 

disponibles comercialmente que se utilizan para controlar la carga de hongos en el ambiente interior no son 

benefi ciosos para la salud humana. Objetivo: proporcionar una alternativa viable en forma de enfoque basado 

en nanopartículas para el manejo de hongos transmitidos por el aire. Metodología: aislamiento, identifi cación 

microscópica y bioquímica de hongos de interior; Síntesis de nanopartículas de azufre (SNP) mediadas por Aza-

dirachta indica, su detección y caracterización; y evaluación in vitro de SNP contra hongos aislados presentes en 

el ambiente interior. Resultado: Los hongos aislados se identifi caron como especies de Alternaria spp y Candida 

spp. Los SNP mostraron máximos de absorbancia a 291 nm. El análisis NTA mostró un tamaño medio de 188,4 

nm y un potencial zeta de -4,94 mV, lo que representa una síntesis de SNP estables. El patrón XRD confi rmó la 

naturaleza cristalina cúbica centrada en la cara de los SNP. El espectro FTIR representó la presencia de compues-

tos polihidroxilo, nitrilo, ceto, aromáticos y carboxílicos que estabilizaron los SNP. Los ensayos antifúngicos 

demostraron la actividad signifi cativa de los SNP formulados y del ambientador infundido con aceite de eucalipto. 

Conclusión: Los SNP mediados por A. indica se pueden aplicar en la formulación y fabricación de un ambienta-

dor ecológico para el manejo de hongos patógenos de interior como Alternaria spp y Candida spp.  
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Abstract

Introduction: Alternaria spp. and Candida spp. are the main fungal pathogen of indoor environment like house, 

offi  ce, classroom, etc. These may cause various diseases and infections like systemic infections, or chronic asthma 

in immunocompromised individuals through secretion of various toxic substances. Chemical-based commercia-

lly available room fresheners used to control the fungal load of indoor environment are not benefi cial to human 

health. Objective: was to provide viable alternative in the form of nanoparticle-based approach for the mana-

gement of air-borne fungi. Methodology: The present study primarily focuses on the isolation, microscopic and 

biochemical identifi cation of indoor fungi; Azadirachta indica-mediated sulphur nanoparticles (SNPs) synthesis, 

their detection and characterization; and in vitro assessment of SNPs against isolated fungi present in indoor 

environment. Result: The isolated fungi were identifi ed as Alternaria spp and Candida spp. The SNPs showed 

absorbance maxima at 291 nm. NTA analysis showed average size of 188.4 nm, and zeta potential of -4.94 mV 

which represented synthesis of stable SNPs. XRD pattern confi rmed the face centered cubic, crystalline nature of 

SNPs. FTIR spectrum depicted the presence of polyhydroxyl, nitrile, keto, aromatic and carboxylic compounds 

which stabilized the SNPs. The antifungal assays demonstrated the signifi cant activity of the formulated SNPs and 

eucalyptus oil infused air freshener. Conclusion: It can be concluded that A. indica-mediated SNPs can be applied 

in the formulation and manufacture of an ecofriendly air freshener for the management of indoor fungal pathogens 

like Alternaria spp. and Candida spp.
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1. Introduction   

The incidence of fungi in indoor air of residential and 

offi  cial buildings and their management has proven its 

importance in the fi eld of mycology and has opened 

new avenues of research (1). Since the last few decades 

aerobiology is gaining much importance and includes 

studies of both indoor and outdoor fungi (2). Various 

studies have reported all around the world including 

Europe and North America (3, 4). There are numerous 

fungal species present in the indoor environment like 

home, offi  ces, classrooms, etc. These includes Asper-

gillus spp. (eg. A. niger, A. versicolor, A. fl avus, etc.), 

Cladosporium spp. (C. cladosporoides, C. sphaerosper-

mum), Curvularia spp., Penicillium spp. (P. nigricans), 

candida and some yeasts (1, 5-7). These fungi are ubi-

quitously present where humans spend their most of the 

time and they cause many diseases and adversely impact 

the human health. Various diseases caused by the above 

mentioned fungi are respiratory infections, rheumato-

logic diseases, immunological diseases and others. The 

microbial volatile organic compounds (MVOC) from 

molds produce bronchitis, illness and discomfort when 

inhaled along with fungal biomass (8, 9). C. albicans 

is responsible for nasal polyps and skin reactivity (10). 

Fungal spores may cause persistent cough which may 

lead to asthma in infants (11). Organic dust containing 

fungal and bacterial spores in non-industrial and non-

agricultural area leads to Organic dust toxicity syndro-

me (12) and hypersensitivity syndrome which shows 

pneumonia like symptoms (13).  Immune diseases 

caused by molds in damp area include Systemic lupus 

erythematosus, rheumatoid arthritis, ankylosing spon-

dylitis, Sjogren’s syndrome and psoriatic arthritis (14).   

It is estimated that globally nearly 30% buildings have 

poor quality of indoor rooms and is a result of organic 

as well as inorganic pollutants originating from both li-

ving and non-living materials. The fungal spores also 

contribute to the living pollutants up to a great extent 

that enters into indoor environment through ventilation 

or airing. Usually these are unnoticed but, are respon-

sible for the dangers associated like allergic reactions, 

mycotoxins and various fungal infections (15, 16). 

There is a need to improve the quality of indoor envi-

ronment. For general purpose commercially available 

room-fresheners and foggers are used. Most of them are 

based on the toxic chemicals that smell pleasant but are 

hazardous to human health (17). Nano-based room fres-

heners supplemented with essential oils can be a novel 

and ecofriendly alternative to these toxic air fresheners. 

In this study, we have evaluated the antifungal activi-

ty of air freshener incorporated with Azadirecta indica 

mediated sulphur nanoparticles (SNPs) and Eucalyptus 

oil (individually and in combination) against the fungi  
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isolated from the classroom at Department of Biotech-

nology, Sant Gadge Baba Amravati University, Amra-

vati, Maharashtra, India. 

2. Materials and methods

2.1. Isolation and identifi cation of fungi from indoor 

environment of classroom

The fungal contaminants were isolated from the clas-

sroom by open plate exposure method (18). Air sam-

ples were collected by exposing Petri plates containing 

sterilized potato dextrose agar (PDA). The PDA plates 

were exposed to indoor environment of classroom and 

kept open for respective time interval (at the height of 

about 1meter above the fl oor). The plates were then in-

cubated till the fungal growth is observed. The isolation 

was done at the height equal to human breathing zone 

i.e. 1 meter above the fl oor and the plates were exposed 

at diff erent locations of classrooms for diff erent time in-

terval. To isolate the appropriate load of fungi the plates 

were exposed for 15 min and the samples were collec-

ted twice a day at around 9 am before entry of students 

in the classrooms and at around 6.30 pm after leaving 

the classrooms by all the students. In addition, Petri pla-

tes were also exposed to outdoor environment (outside 

of windows, in corridors, etc.) to know whether fungi 

are coming from air. After exposure, the plates were in-

cubated at 27±2°C in incubator for 2-3 days. After in-

cubation, the plates were observed for fungal growth. 

The isolates were cultured in pure form and examined 

microscopically for their morphological characters. 

2.2. Synthesis of Sulphur nanoparticles (SNPs)

The SNPs were biosynthesized by method reported by 

Awwad et al. (2015) with little modifi cation using the 

crude extract of A. indica leaves as a stabilizing agent 

and sodium thiosulphate as a precursor molecule (19). 

The synthesized SNPs were precipitated and purifi ed 

by ultracentrifugation and washing with sterile distilled 

water and air dried to form powder. 

2.3. Characterization of SNPs

The biosynthesized sulphur NPs were primarily detec-

ted using the UV-Vis spectrophotometry by scanning 

a spectrum for absorbance. Further characterization 

involved size determination by Nanoparticle Tracking 

and Analysis (NTA) by NTA LM-20, zeta potential 

measurement by Zetasizer Nano-ZS 90, FTIR analysis 

using Bruker’s ATR spectrometer and x-ray diff raction 

pattern was recorded by Rigaku minifl ex instrument. 

2.4. Extraction of eucalyptus oil

The oil was extracted from Eucalyptus globulus by Sox-

hlet extraction method. The leaves were collected from 

Eucalyptus plant, washed properly in tap water and cut 

into small pieces. These pieces were added to distilled 

water inside the assembly. After 4 to 5 hours the oil was 

extracted and collected in the air tight container.

2.5. Preparation of air freshener

The SNPs-based air freshener was prepared by using 

the method reported by Trass and colleagues (US pa-

tent) (20). The synthesized ingredients were mixed in 

an appropriate proportion to obtain a stable emulsion 

of air freshener. These oil in water emulsion contained 

88 – 99 % (w/w) of water, about 0.1 - 5% (w/w) of 

fragrance, 0.1 - 5% (w/w) of surfactant and about 0.1 

% by weight preservative with the dispersion preserved 

against microbial attack. To this emulsion A. indica me-

diated 1% SNPs were added in powder form and soni-

cated to get uniform distribution of SNPs in emulsion. 

Further the emulsion was evaluated for its antifungal 

activity against the isolated Alternaria spp. 

2.6. Evaluation of antifungal activity of SNPs based 

air freshener

The in vitro antifungal activity was evaluated against 

the formulated SNPs based air freshener by using Kir-

by-Bauer disc diff usion method (21) and NCCLS gui-

delines were followed (22). 

3. Results 

3.1. Isolation and identifi cation of fungi from indoor 

environment of classroom

After the exposure and incubation the PDA plates were 

observed for the visible fungal growth. Various fungal 

isolates were observed (Figure 1a), which were then 

obtained in a pure form, spores attached to mycelium 

observed under microscope (Figure 1b and 1c shows 

spores of Isolate 1) and Figure 1c and 1e shows spores 

of isolate 2 i.e. selected Candida spp. 
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Figure 1. Isolation and microscopic identifi cation of indoor fungi, (a) Visible growth of fungi on PDA plate; 

(b) Pure culture of fungal isolate 1 i.e. Alternaria spp (10X).; (c) Sac like conidia at the end of hyphae (100X); 

(d) Isolate 2 observed under microscope (10X); (e) Spores of isolate 2 i.e. Candida spp. (100X)

3.2. Synthesis and characterization of A. indica- me-

diated SNPs

The diluted extract of A. indica was challenged with so-

dium thiosulphate and precipitated using strong acid to 

get turbid, yellowish sulphur nanoparticles at the bottom 

of reaction mixture (Figure 2(a)) (19). The SNPs were 

extracted and converted to powder form and resuspen-

ded into sterile distilled water and were characterized 

further. The UV-Visible spectrum of SNPs showed 

absorption peak at 291nm confi rming the synthesis of 

SNPs (Figure. 2(b)). The X-ray diff raction pattern of 

A. indica mediated SNPs was studied (Figure. 2(c)) to 

determine the crystalline nature of nanoparticles. The 

synthesized sulfur nanoparticles showed its characteris-

tic diff raction peak at 24˚, 28˚, 31˚, 35˚, which depicts 

the presence of facets of FCC (face centered cubic) 

structure (113), (222), (040),(313), (422), (319). These 

values are in agreement with JCPDS (Joint Committee 

on Powder Diff raction, Standard) fi le no. 34-094.The 

broad bottom area of the peaks indirectly represents the 

smaller size of the nanoparticles. 

�
Figure 2. Synthesis and characterization of A. indica-mediated Sulphur NPs (a) light-yellow precipitate of 

SNPs; (b) UV-Vis spectrum of SNPs; (c) XRD pattern of SNPs; (d) FTIR spectrum of SNPs; (e) NTA analysis 

of SNPs; (f) Zeta potential analysis of SNPs
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Table 1. FTIR spectrum of A. indica-mediated SNPs

Sr. No. Wavenumber (cm-1) Functional group assigned Phytochemical present

1 3820 O-H stretch, Hydroxyl group, H-bonded Poly Hydroxyl compound

2 2353 O-H stretch, Acidic group Carboxylic acids

3 2117 Multiple bonding Nitrile compounds

4 1660 C=O stretching vibration, Ketone group Ketone compounds

5 1092 CN stretch Aromatic Primary amine

6 849 P-O-C stretch, Aromatic phosphates

The size determination indicated average size of SNPs 

was found to be 188.4 nm with standard deviation of 

56.06 nm (Figure 2(e)). The particle concentration was 

5.94x107 particles /ml.  NTA analysis revealed that indi-

vidual nanoparticles and their Brownian motion which 

can be visually observed and particles by particles size 

distribution was recorded by Nanoparticle Tracking 

Analyser LM-20. Zeta potential of SNPs was found to 

be -4.94 mV as shown in Figure 2(f). 

3.2. In vitro assessment of antifungal activity of air 

freshener against isolated Alternaria and Candida 

spp.  

The eucalyptus oil emulsifi ed air freshener was pre-

pared as per above mentioned method and then was 

evaluated for the antifungal activity against microsco-

pically identifi ed Alternaria and Candida spp. In vitro 

antimicrobial susceptibility of the prepared air freshner 

and its individual components was evaluated on the ba-

sis of NCCLS standards and Kirby-Bauer disc diff usion 

method. The ZOI shown by various components and air 

freshener are given in Figure. 3.

�
Figure 3. In vitro assessment of antifungal activity of air freshener against isolated 

fungi

4. Discussion

The present study is based on green chemistry principle, 

which addresses to reduce environmental and health 

impact of indoor fungi and reduction of chemical usage, 

to use safe, environmental-friendly methods. The mi-

croscopic examination of pure culture showed the pre-

sence of sac like dark-brown conidiophore and conidia 

in chains, belonging to Alternaria sp. (23). Other fungi 

isolated were Aspergillus spp., Fusarium spp.  and Can-

dida spp.  Alternaria spp. are the most common airbor-

ne pathogenic fungi present in indoor environment and 

cause diseases in plants as well as animals in its pa-

Rev. Asoc. Col. Cienc.(Col.), 2021; 33: 75-82.
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Fourier transform infrared spectrum of SNPs indicated the presence of peaks present which can be assigned to 

specifi c functional groups indicating presence of various functional groups and linkages in the capping layer of 

SNPs as indicated in the Table 1. 
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thogenesis phase by producing various toxic substances 

in upper respiratory tract (24) and may cause asthma 

in immunocompromised individuals. On the basis of 

morphology of spore and conidia of the isolated fungi, 

they were identifi ed as Alternaria spp. for isolate 1, and 

Candida spp. for isolate 2. The previous reports suggest 

that the similar types of fungi were identifi ed from the 

indoor environment of offi  ces, schools and house hold 

indoors (1, 5, 7).

The synthesis of sulphur NPs was confi rmed by light-

yellow precipitate (19, 25). Sulphur nanoparticles have 

been reported to show prominent absorbance spectra in 

the range of 245–300 nm with maximum absorbance 

at 280 nm wavelength (26). The values obtained in the 

present study signifi cantly resemble with the previous 

reports. The diff raction pattern of sulphur nanopar-

ticles corroborates with the result obtained by Sulei-

man et al., (27, 28). FCC crystal lattice was predicted 

from standard JCPDS fi le (fi le no. 34-094) for SNPs 

(25). The FTIR spectrum showed characteristic peaks 

at 3820, 2353, 2117, 1660, 1092 and 849 cm-1 which 

were assigned to respective functional groups and the 

corresponding compound as shown in the table no. 1. 

The peaks and the functional groups are presented in 

the FTIR spectrum resembles with the previous reports 

(19). FTIR analysis reveals the presences of aqueous 

based metabolites from A. indica extract were involved 

in the stabilization of SNPs. 

The Figure 2(f), indicated the stability of the synthe-

sized nanoparticles. Since necked particles with zeta 

potential more positive than +30 mV or more negative 

than -30 mV are considered as stable (25, 28). The syn-

thesized particles were found to be stable that may be 

due to the capping of nanoparticles by biomolecules. 

The A. indica-mediated SNPs, essential oil component 

(Eucalyptus oil), and standard positive control i.e. anti-

biotic ketoconazole an Alternaria spp. showed antifun-

gal activity in the order as Ab+SNP based air freshener 

> SNP based air freshener > Ab (ketoconazole) > SNP 

> Eucalyptus oil. Similarly, the Candida spp. showed 

no signifi cant diff erence in the antifungal activity of 

SNPs and eucalyptus oil individually. But in combina-

tion with antibiotic ketoconazole, the antimicrobial ac-

tivity of SNPs was increased up to certain extent. The 

test components showed the antifungal activity against 

Candida isolate, in the order shown as, Ab+SNP based 

air freshener > Ab (ketoconazole) > SNP based air fres-

hener > Eucalyptus oil > SNP. This indicated that there 

is enhancement of antifungal activity of the formulation 

in presence of ketoconazole thus indicating the enhan-

ced synergistic activity of nano-based air freshener. The 

results indicate that A. indica-mediated SNPs can be 

applied for the formulation of an ecofriendly air fres-

hener preceded by thorough evaluation of their activity 

and compatibility with the human subjects and environ-

mental counterparts.

Bioinspired SNPs were reported to have antibacterial 

activity (25). Kim and colleagues have reported the 

chitosan capped antifungal SNPs against A. fl avus and 

C. albicans (29). The present study indicated that, A. 

indica-mediated SNPs shows signifi cant antifungal ac-

tivity against the Alternaria and Candida isolates. Se-

veral metal nanoparticles like AgNPs and Copper NPs 

have already demonstrated activity against pathogens 

and indoor fungi (30, 31). Our results indicate that, the 

biological SNPs and essential oil infused air fresheners 

have potential to inhibit and minimize indoor load of 

fungi like Alternaria and Candida spp., by controlling 

their vegetative growth. Thus, the SNPs based air fres-

hener can be used against the indoor pathogenic fungi 

and appearance of various diseases inside any building 

or a classroom can be managed. This indicates that the 

nano-based air fresheners can be helpful in maintaining 

sound health of individuals, simultaneously causing mi-

nimal damage to the environment.

5. Conclusion

It can be concluded from the given study that the sta-

ble SNPs can be synthesized using aqueous leaf ex-

tract of A. indica having signifi cant antifungal activity. 

Also these biosynthesized SNPs can be incorporated 

and applied for the preparation and formulation of an 

ecofriendly air freshener as a substitute to chemical air 

fresheners used for domestic purpose. It is still required 

to thoroughly study and evaluate the formulated pro-

duct for its pros and cons with respect to the human and 

environmental health. 
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