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ABSTRACT 

 

 
Background and Objectives: Candidiasis and pityriasis versicolor are opportunistic fungal infections that are caused by 

Candida spp. and Malassezia spp. yeasts. Conventional drugs like azole and amino derivatives are known to treat fungal skin 

diseases. However, drawbacks like long-term side effects and drug resistance lead to investigate on antifungal properties of 

phytochemicals as an alternative to available synthetic drugs. 

Materials and Methods: The herbal nano hydrogel was successfully synthesized from Quince Seed extract followed by 

ultrasonic treatment and it has been formulated using a mixture of essential oils. We evaluated the antifungal in vitro assay for 

a mixture of essential oils in combination with herbal nano hydrogel against Candida albicans and Malasezia furfur strains 

by micro dilution method. 

Results: The results indicated that essential oils possess antifungal activity with the MIC value of 12.5 and 6.24 mg/ml 

against C. albicans and M. furfur, respectively. No fungicidal effect was reported for the herbal hydrogel before nanofabri- 

cation while it shown some antifungal activity after ultrasonic treatment for 5 and 10 minutes. As anticipated; the antifungal 

property of essential oil mixture was appreciably improved when it combined with herbal nano hydrogel where the highest 

level of inhibition was observed at concentration of 3.125 mg/ml for both strains. The loss in biological activity observed 

when the ultrasonic treatment on herbal nano hydrogel performed for longer time. 

Conclusion: The proposed plant-based nano formulation shown promising in vitro antifungal activities against C. albicans 

and M. furfur strains and its antifungal properties were comparable with commercially available agents like clotrimazole. The 

new formulation expected to be safe with minimum long-term side effects. Further investigations are underway to confirm 

the safety and the mechanism of the action of this new herbal formulation. 
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INTRODUCTION 

 
Superficial fungal infections are one of the most 

common types of infections that affect skin, hair and 

mucous membranes in various forms. Many oppor- 

tunistic infections like Candidiasis and pityriasis 

versicolor are caused by Candida and Malassezia 
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yeasts (1). 

Malassezia species are considered as medically 

important yeasts because of their involvement in the 

etiology of some important skin disorders including 

pityriasis versicolor, folliculitis, seborrheic dermati- 

tis, dandruff, and psoriasis (2, 3). Candida albicans 

(C. albicans) is an opportunistic fungus that lives in 

the gastrointestinal tract, vaginal mucosa, urinary 

tract, skin and under the nails (4, 5). 

Azoles such as clotrimazole and amino compounds 

like naftinine and terbinafine are promising synthet- 

ics drugs to treat skin and oral fungal diseases. How- 

ever, they have long-term side effects, like burning, 

stinging, redness, swelling, tenderness, and allergic 

reaction (6, 8). Moreover, in some cases, resistance of 

some strains to the available drugs has been reported 

(9). Therefore, there is still a need to develop more 

effective alternative medications in clinical practice. 

Numerous  phytochemical  studies  showed  that 

medicinal  plants  possess  considerable  antifungal 

and antibacterial activities against a wide range of 

microorganisms.  In  addition,  the  essential  oils  of 

these plants, as significant alternative treatment, can 

simultaneously influence various parts of the cell 

membrane of the bacteria and fungi (10). For exam- 

ple, extracts from Plumbago europaea aerial parts 

exhibited  promising  anti-Candida  properties  and 

the main components isolated from Nigella Sativa 

(Black cumin), Citrus × sinensis (Orange) and Cin- 

namon verum (Cinnamon) including thymoquinone, 

limonene and cinnamaldehyde respectively, reported 

to own remarkable antifungal activities (11, 14). 

Topical gel formulation provides a suitable deliv- 

ery system for drugs because they are less greasy and 

can be easily removed from the skin. Gel formulation 

moreover, provides better application property and 

stability in comparison to cream and ointments due 

to its better penetration (15). Nanotechnology on the 

other hand, opens a large scope of novel application 

in the fields of biotechnology and many researchers 

tried to enhance the efficacy of plant compounds us- 

ing biocompatible nanomaterials (16). 

Nanogels are a class of nanomaterials with cross- 

linked polymer networks which facilitate hydrophil- 

ic or hydrophobic drug delivery in a more sustainable 

fashion. In addition, with a significant enhancement 

in cellular penetration of mucosal and transdermal 

drug delivery systems in one hand and their bioavail- 

ability and biocompatibility on the other hand, Nano- 

gels can augment the herbal medicine therapeutic ef- 

fects. Although the efficiency of various Nanogels 

in herbal medicine has been extensively studied but 

to the best of our knowledge, utilizing plant-based 

mucilage nanoparticles for herbal medicine deliv- 

ery has not been reported. Mucilage is biocompati- 

ble and bio acceptable due to its natural origin and 

it is not harmful to the skin (17, 18). Owing to wide 

range of valuable pharmaceuticals, Quince Seed and 

its extracted mucinous material reported to possess 

valuable medicinal properties (19, 20). 

Herein, a novel herbal nano formulation has been 

evaluated for its antifungal activities against Malas- 

sezia furfur and C. albicans species. For this purpose, 

the Quince Seeds mucilage hydrogel extracted and it 

has been fabricated to nano hydrogel. The resulted 

herbal nano hydrogel (HNHG) has been formulated 

by adding black cumin seed, Orange and Cinnamon 

essential oils. This new herbal formulation exhibited 

appreciable antifungal properties and can be used as 

a reference for the next stage in drug design. 
 

 
 
MATERIALS AND METHODS 

 
Microbial strains and culture media. C. albicans 

(ATCC 10231) and M. furfur (ATCC 14521) used to 

test the antifungal properties of the hydrogels were 

obtained from the Iranian Research Organization for 

Science and Technology. Both strains were sub-cul- 

tured on Sabouraud Dextrose Agar (SDA) (Merck, 

Germany) and grown at 37°C for 24 h. The antifungal 

experiments were carried out using RPMI and Potato 

Dextrose Agar (PDA) culture media. 

 
Preparation of quince seeds mucilage hydro- 

gel. The quince seeds were purchased from the local 

herbal medicine market of Shahroud, Iran. They were 

washed and disinfected using ultraviolet germicidal 

irradiation (Honeywell RUVLAMP1, USA). The 

seeds were dried in the oven at 50°C for 8 hours prior 

to grinding and filtering through sieve (1.18 mm). The 

crushed seeds (10 g) were mixed with distilled water 

(200 mL) and warmed in a water bath at 80°C for 40 

minutes to form mucilage hydrogel (5% w/v). The hy- 

drogel was precipitated from 1:1 v/v ratio of ethanol: 

water solution and collected (21). Unused hydrogel 

was stored at 4°C. 

 
Essential oil extraction. The essential oils from 

the seeds of Nigella sativa, the peels of Cinammon 
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verum and Citrus sinensis were extracted using a 

Clevenger apparatus, in accordance to the method 

of Karakaya et al. (23). Briefly, 50 g dried powder of 

each plant materials was placed in a 500 ml Cleveng- 

er apparatus containing 300 ml of distilled water and 

brought to the boiling point. The extraction process 

was completed in 2.5 hours. Equal volume mixture 

of each essential oil was used for antifungal exper- 

iments. 

 
Loading  of  essential  oils  into  hydrogel.  The 

quince  seeds  mucilage  hydrogel  (2.5%  w/v),  with 

2.5% (v/v) essential oil was vortexed for 30s prior 

to ultrasonic treatment (22). Ultrasonic treatment of 

the hydrogel mixture was performed at different time 

points (5, 10 and 15 minutes) at 19 MHz using an ul- 

trasonic probing machine (model UP400A, Iran). In 

order to obtain the optimized conditions for the de- 

sired nanostructure, the treated samples were ana- 

lyzed using scanning electron microscopic technique 

(SEM). The Fourier-transform infrared spectroscopy 

(FTIR) analysis was also used to ensure that the poly- 

meric structure of the mucilage hydrogel has not been 

decomposed after nanofabrication. 

 
Preparation of stock solutions for antifungal as- 

say. To evaluate the antifungal properties of essential 

oils and mucilage hydrogel, stock solutions were pre- 

pared by dissolving each sample in minimum amount 

of DMSO according to the standard procedure (24). 

As summarized in Table 1, clotrimazole, essential 

oils mixture, hydrogel, and hydrogel - essential oils 
 

 
Table 1. Stock solutions for antifungal assay 

combinations were labelled as Standard, A, B and BA 

respectively. In addition, the ultrasonic wave treat- 

ment time was stated in the bracket for each treated 

sample. 

 
Antifungal assay: Minimal inhibitory concen- 

tration (MIC). Two pathogenic fungi namely, C. 

albicans (ATCC 10231) and M. furfur (ATCC 14521) 

were used in this study. They were maintained and 

cultured according to the CLSI recommended meth- 

ods. The micro dilution method was used to deter- 

mine the MIC of tested samples (24). A stock solution 

of 1.0 g/ml for each tested sample was prepared in 

dimethyl sulfoxide. These stock solutions were two 

fold serially diluted with the RPMI 1640 medium 

(Life Technologies, Gibco®) into five different con- 

centrations (50, 25, 12.5, 6.45, 3.125, 1.562 mg/ml). 

Subsequently, these tested samples in different con- 

centrations were evaluated in 96-well plate for anti- 

fungal activity. Briefly, 40 μl of the tested samples 

were placed in each well and 10 μl of fungal suspen- 

sion was added to each well. The positive control 

comprised of 40 μL of RPMI medium and 10 μL 

of fungal suspension, whereas the negative control 

contained 50 μL of RPMI medium. The micro plates 

were incubated at 37°C for 24 h (24). After that, 10 μL 

p-iodonitrotetrazolium violet (Sigma Aldrich, USA) 

(2 mg/mL, in water) was added to each well and the 

micro plates were further incubated at 37°C for 48 

h. MIC was defined as the lowest concentration that 

inhibited the colour change of p-iodonitrotetrazolium 

violet (25). 

 
Entry Stocks Components Concentration 
1 Standard Clotrimazole 50 mg/ml 
2 A Essential oils 5% v/v 
3 B Untreated hydrogel 5% w/v 
4 B (5) Hydrogel (5 minutes ultrasonic treatment) 5% w/v 
5 B (10) Hydrogel (10 minutes ultrasonic treatment) 5% w/v 
6 B (15) Hydrogel (15 minutes ultrasonic treatment) 5% w/v 
7 BA Hydrogel−essential oils (Untreated) 2.5% w/v 

   +2.5% v/v 
8 BA (5) Hydrogel−essential oils (5 minutes ultrasonic treatment) 2.5% w/v 

   +2.5% v/v 
9 BA (10) Hydrogel−essential oils (10 minutes ultrasonic treatment) 2.5% w/v 

   +2.5% v/v 
10 BA (15) Hydrogel−essential oils (15 minutes ultrasonic treatment) 2.5% w/v 

   +2.5% v/v 
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Minimal fungicidal concentration (MFC). From 

each tube, 20 µL of culture was inoculated onto Pota- 

to Dextrose Agar (PDA) plate and incubated at 37°C 

for 48 h. The plates were observed and the MFC was 

determined as the lowest concentration of essential 

oil completely inhibiting the growth of C. alibans 

and M. furfur (26). 
 

 
 

RESULTS 

 
Characterization of HNHG. Morphological char- 

acterization of HNHG has been performed using 

SEM analysis. Fig. 1 demonstrated the SEM images 

of Quince Seeds mucilage extract before and after 

ultrasonic treatment. Existence of cellulose micro- 

fibrils in Quince Seeds mucilage extract has been 

documented in the literature (27). As expected, in all 

studied samples, structure transformation observed 

after ultrasonic treatments (22). SEM images con- 

firmed the presence of nanofibers in samples B, B 

(5) and B (10). The size of nanofibers however, re- 

duced from 361 nm to 31 nm after 5 minutes ultra- 

sonic treatment. While the co-occurrence of nano- 

fibers and nanoparticles observed after 10 minutes 

treatment, the nanofibers converted to nanoparticles 

eventually after 15 min ultrasonic treatment. 

 

FT-IR analysis. FT-IR spectroscopy technique 

utilized to investigate on generic chemical composi- 

tion and ensure that the protein structure of mucilage 

hydrogel has not been disturbed during the nanofab- 

rication process. As reported by Ritzoulis and co- 

workers, Quince Seeds hydrogel extraction showed 

characteristic peaks for its functional groups (20). 

Presenting sharp picks at 3387.65, 1604.50, 1248.45 

and 1052.05 cm-1  correspond to amine, carbonyl and 

alcoholic functional groups respectively. Likewise, 

in case of Fig. 2, graphs a, b and c, similar frequen- 

cies were observed which correspond to the same 
 

 

 
Fig. 1. SEM image of mucilage before ultrasonic treatment is a, for the mucilage after five minutes ultrasonic treatment B (5) 

is b, for the mucilage after ten minutes ultrasonic treatment B (10) is c and for the mucilage after fifteen minutes ultrasonic 

treatment B (15) is d 
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functional groups presented in B (5), B (10) and B 

(15). As observed, the FTIR data for HNHG samples 

Table 2. Antifungal activity of essential oil against C. albi- 

cans and M. furfur 

are in agreement with the mucilage hydrogel. Hence,           

the protein structure of mucilage hydrogel has not Entry Stocks C. albicans M. Furfur 

been disturbed during nanofabrication. MIC MFC MIC MFC 

(mg/ml) (mg/ml) (mg/ml) (mg/ml) 
 

In vitro antifungal activity. The result of micro- 1 Standard 25 50 12.5 25 
dilution tests demonstrated in Table 2. The essential 2 A 12.5 25 6.25 12.5 
oils possessed antifungal activity against C. albicans 3 B - - - - 
and M. furfur strains. MIC value for essential oil 4 B (5) 25 50 25 50 
combination (A) was at 12.5, 6.24 mg/ml against C. 5 B (10) 25 50 25 50 
albicans and M. furfur, respectively. 6 B (15) - - - - 

No fungicides were reported for samples B and B 7 BA 12.5 25 12.5 25 
(15) stocks. While for B (5) and B (10), the same an- 8 BA (5) 6.25 12.5 12.5 25 
tifungal activity has been observed on both strains. 9 BA (10) 3.125 3.125 3.125 6.25 

The antifungal activity of essential oil mixture 10 BA (15) 25 50 25 50 
observed to be enhanced compare to the standard       
clotrimazole. No sign of activity reported for herb- 

al hydrogel before ultrasonic treatment. To our sur- 

Minimum inhibitory concentration, MFC: Minimal fungi- 

cidal concentration, Standard: Clotrimazole 
 

 

 
 

Fig. 2. FT-IR spectra for samples B (5) is a; B (10) is b and B (15) is c 
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prise, the MIC and MFC values for M. furfur strain 

diminished from 6.25 to 12.5 and 12.5 to 25 mg/ml 

respectively when the untreated hydrogel was used 

in combination with essential oils. However, the 

antifungal property of essential oil mixture was ap- 

preciably improved when it combined with HNHG, 

where the highest level of inhibition was observed 

for BA (10); at concentration of 3.125 mg/ml for both 

strains. This dramatic improvement in antifungal ac- 

tivity can prove the effectiveness of our formulated 

potential herbal medicine. Nevertheless, the inhibi- 

tory activity obtained from stock BA (15), where the 

nanofibers transformed to nanoparticles, diminished 

to 25 mg/ml for both strains. 
 

 
 

DISCUSSION 

 
Extracts and essential oils from some aromatic 

plants have antibacterial, antifungal, antioxidant and 

anti-cancer properties and can control the growth of 

pathogens (28). One of the important characteristics 

of the essential oils and plant components is hydro- 

phobicity that facilitates the penetration of these ma- 

terials into bacterial cell membrane lipids, which dis- 

rupts their structures and increases their permeabil- 

ity. This causes the ejection and leakage of ions and 

other cellular contents, resulting in cell death (27). 

A research was conducted in 2017 to evaluate the 

potential antifungal effects of different black cumin 

seed oils. The results indicated a moderate inhibitory 

effect with some components of the black cumin seed 

oils and extracts in vivo and in vitro against some 

pathogenic yeast like C. albicans, dermatophytes, 

non-dermatophyte molds and some aflatoxin produc- 

ing fungi (29). Interestingly, N. sativa seeds exhibit- 

ed high inhibitory effect against candidiasis in mice 

(29). 

Thymoquin that isolated from Nigella Sativa re- 

vealed high antifungal activity against Aspergillus 

niger, Fusarium solani and Scopnlariopsis brevicau- 

lis; and this bioactivity was comparable to the anti- 

fungal drug amphotericin-B (29). The methanol and 

ethanol extracts of the black cumin seed displayed 

potent inhibition on Aspergillus flavus, Aspergillus 

fumigates, Issatchenkia orientalis, Cryptococcus 

laurentii, Cryptococcus albidus, C. parapsilosis, C. 

albicans and C. tropicalis, and these extracts were 

more potent than the standard drug Amphotericin-B 

(30). 

In a study conducted in 2017 by Pootong and co- 

workers, the antifungal activity of cinnamon on the 

C. albicans was evaluated. Results showed that cin- 

namaldehyde possessed antifungal activity against 

C. albicans with a minimum inhibitory concentra- 

tion of 125 µg/ml. At sub-inhibitory concentrations, 

cinnamaldehyde significantly reduced germ tube for- 

mation, proteinase and phospholipase activities in a 

dose dependent manner (p<0.01). It also significantly 

inhibited the adhesion of C. albicans to buccal epi- 

thelial cells (p<0.01) (31). 

Investigation on the effect of pure citrus essential 

oils dilution (lemon and orange) from 0.1 to 6.2 mg/ 

ml was compared with two common chemical drugs 

on tinea versicolor. The inhibition zone for pure or- 

ange essential oil observed at 20 mm while for com- 

mercially available drugs like gentamycin and strep- 

tomycin were 5.5 and 17 mm, respectively. MIC for 

orange essential oil reported at 2.2 mg/mg (32). 

In a study conducted by Devkatte et al. 38 herbal 

essential oils as potential inhibitors of C. albicans 

growth were investigated. Amongst them, cinnamon 

oil exhibited the best antifungal activity against 4 

candida strains (33). 

An experiment on the antifungal properties inter- 

actions between conventional antifungal drugs and 

essential oils (Cinnamomum, Melaleuca, Mentha, 

Origanum, Syzygium) against isolates of Malassezia 

pachydermatis were conducted. The results indicat- 

ed the highest and lowest antifungal effect exhibited 

by Origanum and cinnamon essential oils respective- 

ly (34). 

In a trial, different doses of citrus essential oil (C. 

sinensis) were evaluated in an antimycotic assays and 

the result compared with a chemical drug. The In- 

hibitory concentration at 50% of growth (IC50) and 

the Minimum Inhibitory Concentrations (MIC) for 

orange essential oil against Candida albicans were 

observed at 8.41 mm and 1.68mm accordingly (35). 
 

 
 
CONCLUSION 

 
In the current study, we evaluated the in vitro assay 

for a mixture of essential oils in combination with 

herbal nano hydrogel against Candida albicans and 

Malasezia furfur strains. Although the efficiency of 

various Nanogels in herbal medicine has been exten- 

sively studied but to the best of our knowledge, uti- 

lizing plant-based mucilage nanoparticles for herbal 
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medicine delivery has not been reported. Herein, the 

herbal nano hydrogel was successfully synthesized 

from Quince Seed extract and it has been decorated 

with a mixture of essential oils. Although, prior to 

nanofabrication process, the herbal hydrogel did not 

show any antifungal activities but it revealed some 

antifungal activity after ultrasonic treatment for 5 

and 10 minutes. Moreover, the antifungal property of 

essential oil mixture was appreciably improved when 

it was combined with herbal nano hydrogel. Further 

investigations are required to confirm the safety and 

the mechanism of the action of this herbal formula- 

tion. 
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