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ABSTRACT 

Skin infections due to microbes are reported with high spread and report-

edly affected one –third of the world population. Connective tissue cells 

produce collagen and connective tissue fibers to heal wounds of skin and 

white blood cells produce antibodies to fight against harmful microbes. This 

study presents the process of synthesis of nanofiberous dressing loaded 

with Aloe vera and tea tree oil. Aloe Vera and Tea tree oil contain gluco-

mannan and terpinin-4-ol, which help in the production of collagen and kill 

microbes. The surface morphology of prepared dressing was studied using 

Scanning Electron Microscope micrographs. The average diameter of nano-

fibers was measured to be 137.32nm. Fourier transform infrared spectros-

copy of nanofiberous dressing confirmed the loading of aloe vera and tea 

tree oil. Drug release profile was analyzed by UV-vis spectroscopy. It was 

observed that 100% drug released within 12 minutes. The antimicrobial 

properties of prepared fibers against Aspergillus Niger (fungi) and Esche-

richia coli (bacteria) were systematically evaluated. The results showed that 

aloe vera- tea tree oil composite fibrous dressing was found to be effective 

for antimicrobial activity.  
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INTRODUCTION 

Infectious diseases caused by microorganisms are leading cause of morbidity all around the world. 

These organisms can grow almost anywhere and multiply rapidly when exposed to moisture and con-

ducive temperature(1). Diseases caused by fungi are severe threat to the human body (2,3) specially in 

immune-compromised patients. Bacterial cohabitation is a crucial problem during fungal infection, 

which increases inflammation and hampers therapy(4).As a result, it usually requires antibiotic and 

antifungal treatment(5) and increases the side effects due to dual therapies. Aloe vera and tea tree oil 

are traditionally known to help in healing process with the aid of their antimicrobial properties. 

Aloe vera is well-known for health benefits(6). It has been utilized for quite a long time for its thera-

peutic, curative, and skin nourishment properties. Moreover it is biocompatible, biodegradable, and 

non-toxic (7, 8, 9, 10). The hydro alcoholic part of aloe-vera has antifungal action against numerous 

kinds of fungi [7]. Aloe-vera has antiseptic property; it has six different antiseptic elements including 

lupeol, salicylic acid, urea nitrogen, cinnamon acid, phenols, and sulfur. They all have antimicrobial 

properties against fungi, bacteria and viruses (10, 11). Due to active biological ingredients in aloe-vera 

integrating it into nanofiber would further improve its effectiveness(12).  

Many plants from the aromatic plants family have been investigated for essential oil contents (13). Es-

sential oils are popular these days because of their antibacterial, antifungal, antiviral, emollient, regen-

erative, and fragrant characteristics(14, 15). Tea tree oil (Melaleuca alternifolia) is mainly used in med-

icine for its antibacterial, antifungal , anti-allergic, analgesic, and antioxidant activities(16). Terpnen-4-
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ol, the primary active component in tea tree oil exhibits antimicrobial properties (13). Luckily, electro-

spinning is a modern technique that can uphold the bioactivity of these chemical components by con-

verting them into nanofibers (13, 15, 17).  

It is a technique for producing high-quality polymer-based nanofibers, in the textile industry, wound 

dressings, tissue engineering, drug delivery systems and medical coating methods by using a high 

voltage supply(5, 14). Electrospun nanofibers not only encapsulate bioactive substances but also up-

hold and increase their therapeutic potential by offering a substantial surface area to volume ratio (15). 

Since 1970s, beta-cyclodextrin (β-CD) water-soluble oligosaccharides have been used in formulations 

to increase the stability (13, 18, 19) and delivery of active chemicals in a variety of applications, includ-

ing food preservation and drug delivery. β-CD is a conical shaped substance with an outer surface 

hydrophilic and a lipophilic cavity in the middle (18). This form allows hydrophobic molecules to be 

encapsulated and increase their water solubility (20). β-CD is proved to be effective for protecting es-

sential oil molecules and functional properties by encapsulating hydrophobic essential oils inside the 

lipophilic cavity(13). 

The study aimed to prepare antifungal and antibacterial nanofiber film, which can be used for medical 

applications. For this purpose, aloe vera and tea tree oil loaded Polyvanyl Alcohol (PVA) nanofibers 

were prepared by electrospinning process; due to the hydrophobic nature of tea tree oil, β-CD used to 

encapsulate tea tree oil into its lipophilic cavity. Functional group testing of aloe vera- tea tree oil nan-

ofibers was analyzed through Fourier Transform Infrared (FTIR), and surface morphology was ana-

lyzed by Scanning Electron Microscope (SEM). The drug release profile was observed by UV-vis spec-

trometry. Antifungal activity against Aspergillus Niger and antibacterial activity against Escherichia 

coli were analyzed using the shake flask method. 

 

MATERIALS AND METHODS 

Materials 

Polyvinyl alcohol(CAS-NO:9002-89-5), beta-cyclodextrin(CAS-No:7585-39-9)were purchased from Al-

Beruni scientific store Hyderabad. Aloe vera gel was obtained from aloe vera leaf, tea tree essential oil 

was purchased online. 

Method 

Preparation of polyvinyl alcohol nanofibers 

Polyvinyl alcohol nanofibers were prepared through electrospinning. To prepare pure PVA nanofibers 

sheet 0.3gm of PVA (10% of total weight) was dissolved into the 2.7ml of distilled water. The solution 

was stirred on a magnetic stirrer for 3hours. Once the solution became homogenous, the polymer solu-

tion was filled into the syringe. A high voltage (14 kV) was applied to the solution containing syringe, 

due to electric field charged fibers spurt out of syringe. The fibers were collected on aluminum foil at a 

stationary collector 7inches apart from a polymer solution syringe. 

Preparation of aloe vera loaded polyvinyl alcohol nanofibers 

To prepare the aloe vera loaded PVA nano fibers sheet same procedure was followed by setting concen-

tration of solution as 8% PVA, 7% AV and 85% solvent distilled water. After preparing a homogenous 

solution, the fibers were prepared through electrospinning. 

Preparation of tea tree oil loaded polyvinyl alcohol nanofibers 

To prepare tea tree oil loaded PVA nanofibers, the wall material β-CD used to load essential oil due to 

its hydrophobic nature. The solution was prepared by taking amounts as 8% PVA, 3% tea tree oil, 3%-
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ß-CD and 86% distilled water. Once the solution became homogenous then the fibers were prepared by 

electrospinning. 

Preparation of aloe vera- tea tree oil loaded polyvinyl alcohol nanofibers 

To prepare nanofibers, PVA (8%of total weight) was dissolved into distilled water (76% of total weight), 

aloe-vera gel(10% of total weight) was added and stirred on a magnetic stirrer for 30mins, then 3% of β-

CD and 3% of tea tree essential oil were added into the solution. The solution were stirred 30 min further 

to form homogenous solution, following the protocol of electrospinning nanofibers were prepared at 

18kV and collected on grounded aluminum foil plate. Once the process was completed, the nanofiber 

sheet formed and was kept for drying at room temperature in the drying room. The dried fibers sheets 

were kept in a zipper bag till further analysis. Figure 1 presents preparation process.  

               

 
 

Figure 1. Schematic presentation of aloe vera- tea tree oil loaded polyvinyl alcohol nanofiber prepa-

ration   

Antibacterial and Antifungal testing 

Antimicrobial activity aloe vera nanofibers were investigated against Escherichia coli (Mac Conkey’s 

ager) bacteria and antifungal activity against Asparagus Niger (potato dextrose agar). Common shake 

flask protocol was used to examine antimicrobial action(1, 21) of aloe vera nanofibers. Asparagus Niger 

(potato dextrose agar) and Escherichia coli (Mac-Conkey ager) were cultured in nutrient broth for 19 

hours at 37 °C (98.6° F), and the broth dilution method was used to examine the prepared solution. 

Bacterial cells reached to 1 × 109cfu/ml. It was adjusted at 3 × 105 CFU/ml to 4 ×10 3 CFU/ml by serial 

dilution with 0.03 mol/L Phosphate Buffer Saline (PBS). After getting the desired growth of bacterial 

and fungal cells, 50mg of aloe vera-tea tree oil fibers (sample) were added to the conical flask holding 

65mL of 0.3mM PBS solution and 5mL of the prepared solution containing bacterial/fungal growth. The 

solution was then shaken for 18 hours at 37° C on shaking machine. Then the procedure was repeated 

three times for serial dilution by mixing 1mL of solution from the flask and 9mL of 0.3mM PBS. Finally, 

1ml of the solution of bacterial growth with different concentrations was taken and placed onto an agar 

plate. After 24 h of incubation at 37.8 °C, microbial colonies formed were visually counted on the agar 
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plates (Figure 2). Furthermore, based on acquired results, the antibacterial and antifungal activities were 

determined and bacterial /fungal reduction was calculated using the equation below: 

𝑅 =
(𝐵 − 𝐴)

𝐵
× 100 

Here R is the reduction percentage, B and A is the number of microbe’s colonies before and after being 

treated with aloe vera- tea tree oil nanofibers. 

 

 
 

Figure 2 Fresh Culture of Escherichia coli and Fresh Culture of Aspergillus Niger 

 

Characterization 

Surface morphology of all nanofibers was analyzed by using SEM. Average diameter of nanofibers was 

measured by taking 80 different measurements using image J software and represented graphically. 

Functional groups of materials were analyzed through FTIR (FT-IR spectrometer, PerkinElmer). Drug 

release behavior was analyzed through UV-vis spectroscopy, and samples were analyzed through 

(UV/VIS Lambda 365, PerkinElmer). 

 

RESULTS 

Chemical Analysis 

FTIR spectrum of neat polyvinyl alcohol nanofibers shown in Figure 3 has the characteristic bands at 

3419cm-1, 2932cm-1, 1706cm-1, 1419cm-1, 1257cm-1, 883cm-1 is related to the OH stretch, CH stretch, 

C=O stretch, OH bending ,CO stretch CH bending. FTIR spectrum of aloe vera loaded polyvinyl alcohol 

nanofibers shown in Figure 4 has the characteristic bands at 3417cm-1, 2929cm-1, 1769cm-1 ,1644cm-1, 

1425cm-1, 1250cm-1 ,1064cm-1, 87cm-1 is related to the OH, CH, C=O, C=N, CO, SO, stretching and OH, 

CH bending. The band of aloe vera appeared at 1644 and1064 in the loaded sheet, which expresses the 

successful loading of aloe vera. FTIR spectrum of tea tree oil/ β-CD loaded polyvinyl alcohol nanofibers 

shown in Figure 5 has characteristic peaks at3433cm-1, 2922cm-1, 1737cm-1,1631cm-1, 1428cm-1, 

1397cm-1, 1257cm-1, 1100cm-1, 1031cm-1, 875.2 are related to OH, CH, C=O, C=C stretching, O-H bend-

ing, C=C, C-O, C-O, CO-O-CO stretching, CH bending and has vibrations between 620-1000 cm-1due to 

C-O-C aromatic rings of tea tree oil. Peaks at1100 cm-1 and 1397 cm-1 are due to functional group of  

tea tree oil and peaks. FTIR  spectrum of aloe vera- tea tree oil  β-CD loaded polyvinyl nanofibers  

shown in figure 6 has characteristic band as OH stretch-3426cm-1, CH stretch – 2928cm-1,C=O stretch- 

1742cm-1,C=N stretch- 1646cm-1,O-H bending- 1436cm-1,C=C stretch- 1388cm-1,C-O stretch-  1272cm-
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1,C-O stretch- 1101cm-1,S=O stretch-  1060cm-1,CO-O-CO stretch- 970cm-1,CH bending-879and has vi-

brations between 620-1000cm-1 due to C-O-C aromatic rings of tea tree oil. This shows the proper en-

capsulation of aloe vera and tea tree oil using β-CD as wall material for tea tree oil in PVA.  

  
Figure 3. Fourier transform infrared spectros-

copy spectrum of Polyvinyl Alcohol (PVA) 

Figure 4. Fourier transform infrared spectros-

copy spectrum of Polyvinyl Alcohol (PVA)-aloe 

vera (AV) 

  
Figure 5. Fourier transform infrared spectros-

copy spectrum of Polyvinyl Alcohol (PVA)-β-

CD-Tea tree oil(TTO) 

Figure 6. Fourier transform infrared spectros-

copy spectrum of Polyvinyl Alcohol(PVA)-Tea 

Tree Oil(TTO)-Aloe Vera (AV) 

 

Surface morphology of nanofibers 

Surface morphology of all these fibers was studied from SEM images. It was observed that fibers were 

smooth and the average diameter of nanofiber was 200.67nm, 113.53 nm, 272nm, and 137.32nm for aloe 

vera- polyvinyl alcohol, tea tree oil- polyvinyl alcohol and aloe vera- tea tree- polyvinyl alcohol fibers 

respectively shown in Figure 7. The average diameter of fibers was calculated by taking 80 distinct 

measurements from SEM images by image j software. 
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Release behavior of nanofiber 

Drug release profile of aloe vera- tea tree oil nanofibers was observed by UV–vis spectrophotometer. 

PBS was prepared by dissolving NaCl, KCl, NA2HPO4, KH2PO4 (8gm, 0.2gm, 1.44gm, 0.24gm respec-

tively) in 1-liter of distilled water. Aloe vera- tea tree oil loaded polyvinyl alcohol nanofibers were 

peeled off from aluminum foil weighted carefully and immersed into PBS solution and stirred slowly. 

The solution was analyzed under UV-vis spectrometer under multiple time spans. Figure 8 shows the 

UV-vis spectrum of drug released in PBS solution, it was observed that the drug was completely re-

leased within 10 minutes. 

Antimicrobial activity 

The antimicrobial properties of aloe vera- tea tree oil nanofibers against Escherichia coli (bacteria) and 

Aspergillus Niger (fungi) were systematically evaluated. Neat polyvinyl alcohol electrospun nanofibers 

were examined as a control experiment. The bacterial and fungal colonies were incubated in growing 

medium with aloe vera- tea tree oil nanofibers and antibacterial property were examined by standard 

shake flask protocol. Aloe vera- tea tree oil nanofibers have played a vital role for antimicrobial activity. 

Total density of microbial colonies for neat polyvinyl alcohol was high (Figure 9, Figure 10 (A, B)), and 

has nearly zero reduction in colonies. The highest reduction was observed in bacterial and fungal colo-

nies treated with aloe vera- tea tree nanofibers. The results shows that aloe vera- tea tree oil has 99.9% 

reduction rate and calculated in Figure 9.These results suggest that neat polyvinyl alcohol did not show 

any bacterial reduction and addition of aloe vera- tea tree oil fibers were the reason behind the reduction 

of fungal and bacterial colonies.  
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Figure 7. Scanning Electron Microscopics images and graphical representation of (a) Polyvinyl alco-

hol nanpfiber, (b) Polyvinyl alcohol- Aloe vera nanofiber (c)Polyvinyll alcohol-β-CD-Tea Tree Oil, 

(d)Polyvinyl Alcohol –β-CD- Tea Tree Oil nanofibers. 

 

  
Figure 8. Drug release behavior of nanofibers Figure 9. Aspergillus Niger colonies (A) treated 

with neat polyvinyl alcohol nanofibers (B) treated 

with aloe vera- tea tree nanofiber 
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Figure 10. Escherichia coli colonies (A) treated 

with neat Polyvinyl alcohol nanofibers (B) 

treated with aloe vera- tea tree oil nanofibers 

Figure 11. Bacterial and Fungal growth reduction 

rate 

 

Table 1. Bacterial and Fungal reduction rate with different nanofibers 

DISCUSSION 

Fungal skin infections pose a severe threat to human health. Fewer standard therapies, a dearth of 

antimycotics for addressing fungal contamination, and the impediment of bacterial cohabitation in the 

treatment all decreases wound healing effectiveness resulting in raising cost of treatment and morbidity. 

In addition to these conventional treatments, which mostly consist of gauze dressings, limited ability to 

load medicament of choice while nanofibers are ideal for use in wound dressings because they are light 

weight, have tiny diameter, controlled porosity structures, and cover a larger surface area with a small 

amount of medicine or substance as compared to conventional fibrous dressings as drug carriers. In our 

study, we prepared antimicrobial nanofibrous scaffolds to treat superficial skin infections caused by 

pathogenic fungi and bacteria by utilizing the antifungal and antibacterial potency of tea tree oil and 

aloe vera brought on by phytochemicals. Since Aspergillus Niger and Escherichia coli cause widespread 

skin infections, the effectiveness of the prepared nanofiberous scaffold offers new possibilities for 

antifungal and antibacterial wound dressing that will help treat and eradicate these infections. Ogidi, 

2021 in this study found phytochemicals and bioactive components in turmeric essential oil and aloe 

vera gel. It also evaluated the antifungal efficacy and synergistic effects of antifungal creams, turmeric 

essential oil and aloe vera gel using the agar diffusion disc method. The study came to the conclusion 

that unique product made with bioactive ingredients from plants and commercially available antifungal 

Sample Antibacterial percentage Antifungal percentage 

Nanofibers Polyvinyl Al-

cohol 

Aloe Vera-Tea Tree Oil Polyvinyl Al-

cohol 

Aloe vera- Tea Tree Oil 

1(*10 3  ) 0 82 0 86 

2( *10 4 ) 0 91 0 93 

3(*10 5 ) 5 99.9 5 99.9 
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creams will be a possible alternative therapy for treating dermatological infections (22). Several similar 

studies were conducted in the study in 2017 by Orchard, van Vuuren and reported that for 

dermatological infections the development of antimicrobial medicines the accessibility of essential oils 

or plant extracts are an optional therapy. Essential oils aromatic compounds and plant extracts in the 

formulation of topical antifungal creams to obtain best antifungal efficacy (23). According to Yue et al, 

tea tree oil compounds were created using the co-precipitation method, and their antifungal 

effectiveness against botrytis was tuned. It was also found that various types of wall materials affect tea 

tree oils volatility and oxidation, and that tea tree oil complexes also have antifungal properties. When 

compared to Fluconazole, itraconazole, and voriconazole, essential oils of oregano, pine, thymus 

vulgaris (thyme red), melaleuca alternifolia, and their components showed antifungal effectiveness 

against Cryptococcus neoformans strains. Potential synergistic interactions between two or more 

antibiotics can decrease the emergence of resistant mutations, boost their potency against pathogens, 

and function as an effective substitute for traditional therapy for a number of fungal infections. Nazzaro, 

Fratianni, Coppola, and Feo claimed that elements in essential oils act as antifungal agents (fungistatic 

and fungicidal) against fungi and disrupt the structure and function of fungal cell membranes by 

inhibiting extracellular/intracellular enzymes and reducing nuclear material or protein production (24). 

Khan, et al reported that due to their high surface-to-volume ratio, durable elasticity, and particular 

strength, nanofibers are essential in the creation of textiles and biomedical products. Due to its smaller 

diameter, less weight, and higher surface to volume ratio, nanofiber is significantly more important than 

conventional dressing (25). According to the above mentioned studies aloe vera and tea tree oil have 

antifungal and anti bacterial properties. In our study tea tree oil and aloe vera are used as therapeutic 

agents to fabricate effective dressing for skin infections caused by microorganisms. Antifungal activity 

against Aspergillus Niger and antibacterial activity against Escherichia coli of prepared nanofiberous 

scaffold were analyzed. Nanofiberous scaffold containing tea tree oil and aloe-vera have shown 99.9% 

efficiency against bacterial and fungal culture, which is remarkable and will serve great in 

microorganism’s growth reduction. Further large scale clinical trials will be required to prove its 

effecacy in human subjects. 

CONCLUSION 

In this study, synthesis route of aloe vera- tea tree oil fibers via electrospinning has been introduced in 

order to report antibacterial and antifungal properties. The average diameter of nanofibers measured 

was 137.32nm. Fourier transform infrared spectroscopy of nanofiberous dressing confirmed the loading 

of aloe vera and tea tree oil.The current study confirmed the antimicrobial effect of aloe vera- tea tree 

oil nanofibers and it can be used as promising antibacterial and antifungal material for medical appli-

cation. Large scale clinical trials are recommended to produce high level evidence for use of nanofibers 

in clinical practice.  

 

ETHICAL CONSIDERATION: The study was approved by local ethical committee, there was no ethical 

concern identified in this study.  

FUNDING SOURCE: This study required no additional funding 

CONFLICT OF INTEREST: Authors declare no conflict of Interest 

 

REFERENCES 



 

LMRJ Volume 4 Issue 04                                                                        161 | P a g e  

 

1. B. S. Beşen, “Production of Disposable Antibacterial Textiles Via Application of Tea Tree Oil En-

capsulated into Different Wall Materials,” Fibers Polym., vol. 20, no. 12, pp. 2587–2593, 2019, doi: 

10.1007/s12221-019-9350-9. 

2. M. Bondaryk, W. Kurza̧tkowski, and M. Staniszewska, “Antifungal agents commonly used in the 

superficial and mucosal candidiasis treatment: Mode of action and resistance development,” Postep. 

Dermatologii i Alergol., vol. 30, no. 5, pp. 293–301, 2013, doi: 10.5114/pdia.2013.38358. 

3. A. Garg, G. S. Sharma, A. K. Goyal, G. Ghosh, S. C. Si, and G. Rath, “Recent advances in topical 

carriers of anti-fungal agents,” Heliyon, vol. 6, no. 8, p. e04663, 2020, doi: 10.1016/j.heliyon.2020.e04663. 

4. K. Niemirowicz et al., “Formulation and candidacidal activity of magnetic nanoparticles coated 

with cathelicidin LL-37 and ceragenin CSA-13,” Sci. Rep., vol. 7, no. 1, pp. 1–12, 2017, doi: 

10.1038/s41598-017-04653-1. 

5. I. Solaberrieta, A. Jiménez, I. Cacciotti, and M. C. Garrigós, “Encapsulation of bioactive compounds 

from aloe vera agrowastes in electrospun poly (ethylene oxide) nanofibers,” Polymers (Basel)., vol. 12, 

no. 6, 2020, doi: 10.3390/polym12061323. 

6. S. Jegina, S. Kukle, and J. Gravitis, “Evaluation of aloe vera extract loaded polyvinyl alcohol nano-

fiber webs obtained via needleless electrospinning,” IOP Conf. Ser. Mater. Sci. Eng., vol. 459, no. 1, 2018, 

doi: 10.1088/1757-899X/459/1/012016. 

7. I. Kahramanoğlu, C. Chen, J. Chen, and C. Wan, “Chemical constituents, antimicrobial activity and 

food preservative characteristics of aloe vera gel,” Agronomy, vol. 9, no. 12, 2019, doi: 10.3390/agron-

omy9120831. 

8. D. Sezgin, “İyonik Jelleşme Yöntemi ile Aloe Vera Yüklü Kitosan Nanopartikül Sentezi Synthesis 

of Aloe Vera Loaded Chitosan Nanoparticle with Ionic Gelling Method,” pp. 2019–2022, 2019. 

9. D. Hikmawati, A. R. Rohmadanik, A. P. Putra, Siswanto, and Aminatun, “The Effect of Aloe vera 

Extract Variation in Electrospun Polyvinyl Alcohol (PVA)-Aloe vera-Based Nanofiber Membrane,” J. 

Phys. Conf. Ser., vol. 1120, no. 1, pp. 0–8, 2018, doi: 10.1088/1742-6596/1120/1/012096. 

10. M. Y. Wani, N. Hasan, and M. A. Malik, “Chitosan and aloe vera: Two gifts of nature,” J. Dispers. 

Sci. Technol., vol. 31, no. 6, pp. 799–811, 2010, doi: 10.1080/01932690903333606. 

11. Y. Jia and J. Jia, “Ultraviolet light absorption of an ophthalmic formulation with Aloe extracts,” 

Nat. Prod. Commun., vol. 4, no. 9, pp. 1231–1233, 2009, doi: 10.1177/1934578x0900400915. 

12. B. Fardsadegh and H. Jafarizadeh-Malmiri, “Aloe vera leaf extract mediated green synthesis of 

selenium nanoparticles and assessment of their in vitro antimicrobial activity against spoilage fungi and 

pathogenic bacteria strains,” Green Process. Synth., vol. 8, no. 1, pp. 399–407, 2019, doi: 10.1515/gps-

2019-0007. 

13. J. Hogenbom, A. Jones, H. V. Wang, L. J. Pickett, and N. Faraone, “Synthesis and characterization 

of β-cyclodextrin-essential oil inclusion complexes for tick repellent development,” Polymers (Basel)., 

vol. 13, no. 11, 2021, doi: 10.3390/polym13111892. 

14. E. Mele, “Electrospinning of essential oils,” Polymers (Basel)., vol. 12, no. 4, 2020, doi: 

10.3390/POLYM12040908. 

15. A. R. Khan et al., “Physico-chemical and biological evaluation of PLCL/SF nanofibers loaded with 

oregano essential oil,” Pharmaceutics, vol. 11, no. 8, 2019, doi: 10.3390/pharmaceutics11080386. 

16. R. W. Nugraheni, U. Chasanah, M. D. Maulana, M. R. Ayyunaini, U. I. Dwiputri, and R. A. Fir-

nanda, “Factors Affecting Antibacterial and Antifungal Properties of Microemulsion Gel containing Tea 

Tree Oil,” Proc. 4th Int. Conf. Sustain. Innov. 2020–Health Sci. Nurs. (ICoSIHSN 2020), vol. 33, no. Jan-

uary, 2021, doi: 10.2991/ahsr.k.210115.101. 



 

LMRJ Volume 4 Issue 04                                                                        162 | P a g e  

 

17. A. Kharazmi, N. Faraji, R. M. Hussin, E. Saion, W. M. M. Yunus, and K. Behzad, “Structural, optical, 

opto-thermal and thermal properties of ZnS-PVA nanofluids synthesized through a radiolytic ap-

proach,” Beilstein J. Nanotechnol., vol. 6, no. 1, pp. 529–536, 2015, doi: 10.3762/bjnano.6.55. 

18. H. Rachmawati, C. A. Edityaningrum, and R. Mauludin, “Molecular inclusion complex of curcu-

min-β-cyclodextrin nanoparticle to enhance Curcumin skin permeability from hydrophilic matrix gel,” 

AAPS PharmSciTech, vol. 14, no. 4, pp. 1303–1312, 2013, doi: 10.1208/s12249-013-0023-5. 

19. D. Ghemati and D. Aliouche, “Dye Adsorption Behavior of Polyvinyl Alcohol/Glutaraldehyde/β-

Cyclodextrin Polymer Membranes,” J. Appl. Spectrosc., vol. 81, no. 2, pp. 257–263, 2014, doi: 

10.1007/s10812-014-9919-4. 

20. F. Macaev, V. Boldescu, A. Geronikaki, and N. Sucman, “Recent Advances in the Use of Cyclodex-

trins in Antifungal Formulations,” Curr. Top. Med. Chem., vol. 13, no. 21, pp. 2677–2683, 2013, doi: 

10.2174/15680266113136660194. 

21. J. L. Rodriguez-Tudela, “EUCAST definitive document EDef 7.1: Method for the determination of 

broth dilution MICs of antifungal agents for fermentative yeasts,” Clin. Microbiol. Infect., vol. 14, no. 4, 

pp. 398–405, 2008, doi: 10.1111/j.1469-0691.2007.01935.x. 

22. Ogidi, C.O., Ojo, A.E., Ajayi-Moses, O.B., Aladejana, O.M., Thonda, O.A. and Akinyele,   B.J., 

2021. Synergistic antifungal evaluation of over-the-counter antifungal creams with turmeric essential 

oil or Aloe vera gel against pathogenic fungi. BMC Complementary Medicine and Therapies, 21(1), 

pp.1-12. 

23. Orchard, A. and van Vuuren, S., 2017. Commercial Essential Oils as Potential Antimicrobials to 

Treat Skin Diseases. Evidence-Based Complementary and Alternative Medicine, 2017, pp.1-92. 

24. Nazzaro, F., Fratianni, F., Coppola, R. and Feo, V., 2017. Essential Oils and Antifungal Activity. 

Pharmaceuticals, 10(4), p.86. 

25. Khan, S., Khan, S., Khan, L., Farooq, A., Akhtar, K. and Asiri, A., 2018. Fourier Transform Infrared 

Spectroscopy: Fundamentals and Application in Functional Groups and Nanomaterials Characteriza-

tion. Handbook of Materials Characterization, pp.317-344. 

 

 

 


