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Abstract
In present work, fourteen fungi were isolated from garden soil on PDA at
28°C±2 in 3-4 days of incubation. From fungal isolates, five fungi viz.
Aspergillus spp. (3), Fusarium spp., and Penicillium Spp. showed
mycosynthesis of silver nanoparticles. Mycosynthesis of silver
nanoparticles was synthesized using fungal mycelium extract at 75°C in
2h., AgNPs was confirmed by UV-visible spectra, highest absorbance peak
was found at 400nm, in FTIR analysis of silver nanoparticles strong peak
was observed at 3332.26cm-1, 1636.55 cm-1, 2105.78 cm1.Mycosynthesized silver nanoparticles was found to be 236d.nm and of
width 34.87d.nm.by zeta potential. A mycosynthesized silver
nanoparticles has exhibited a significant antibacterial activity against
pyogenic (Micrococcus luteus, Enterobacter spp., Staphylococcus aureus,
and Kocuria roses) and dandruff (Cornybacterium spp. and Serratia spp.)
clinical isolates with distinct zone of inhibition ranges from 11mm to 24
mm and also exhibit good antifungal activity against Aspergillus flavus
(dandruff isolate).MIC of the mycosynthesized silver nanoparticles
against clinical isolates ranging from 2-18 μg/ml. Investigational outcome
propose that the mycosynthesized silver nanoparticles and aloenano gel
showed efficient antibacterial activity against pyogenic and dandruff
clinical bacterial isolates.
Key words: Silver Nanoparticles, FTIR, Pyogenic bacteria, Zeta potential,
MIC.
INTRODUCTION
Nanotechnology is a rapidly growing field with its wide range of applications in the
various fields like medicine, pharmacy, engineering and biotechnology for
manufacturing of new materials at the nanomaterial scale level [1]. At present, different
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types of metal nanomaterials are being produced using copper, zinc, titanium,
magnesium, gold, alginate and silver. These nanomaterials are used in various fields
such as optical devices. Catalytic, Bactericidal, Electronic, Sensor technology, Biological
labeling in treatment of some cancers. Classically the nanoparticles are produced by
physical, chemical and biological method Physical and chemical methods are costly,
toxic and non-eco-friendly, Scientist is looking forwards to synthesized nanoparticles
ecofriendly. Biosynthesis of nanoparticles using bacteria, fungus and plants have
emerged as a simple and viable alternative to more complex physical and chemical
synthetic procedures to obtain nanomaterials [2,3].
The nanoparticles synthesized using fungi present good polydispercity, dimensions and
stability. Fungi can accumulate metals by physicochemical and biological mechanisms
including extracellular binding by metabolites and polymers, binding to specific
polypeptides, and metabolism-dependent accumulation. Certain fungal species such as
Fusarium oxysporum can readily synthesize metal nanoparticles extracellularly using
high-levels of secreted proteins and/or enzymes that not only stabilize the particles but
allows for an improved yield over an intracellular one [4].
Pyogenic infections destroy neutrophil through release of leukocidins forming
abscess formation which is marked as typical characterization of S. aureus infections.
Complications arising from cutaneous and soft tissue infections with S. aureus are a
major clinical problem owing to the high incidence of these infections and the
widespread emergence of antibiotic-resistant bacterial strains. Therefore leukocidins
producing bacteria are usually referred to as pyogenic bacteria. Varieties of
microorganisms that cause inflammation and suppuration are Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus pyogenes, Escherichia coli, Streptococcus
pneumoniae, Klebsiella pneumoniae, Salmonella typhi, Pseudomonas aeruginosa,
Neisseria gonorrhea, Mycobacterium tuberculosis etc. [5]. Dandruff is a common
embarrassing scalp disorder affecting the large chunk of population. It is a condition
that produces the irritating white and itchy scale. Fungal organisms have been widely
associated with dandruff, majorly the lipase producing fungi Malassezia furfur and
Aspergillus spp.[6, 7, 8]. Aloevera leaves and leaf gel have been used commercially since
ancient times. It is also known that the anthraquinones in the leaves can act as laxatives,
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as antifungal and antibacterial drugs. Today it is accepted that the medicinal, cosmetics
and nutritional properties of aloevera are due to the molecules the plant synthesizes [9].
The purpose of this study was mycosynthesis of silver nanoparticles and aloenano gel
from proficient fungal isolates and analysis of antimicrobial activity of it against clinical
isolates (pyogenic and dandruff) isolated from the clinical pus and dandruff samples.
MATERIALS AND METHODS
Isolation and identification of fungi from soil samples
Isolation of fungi from soil was performed by serial dilution and spread plate method.
The plates were incubated at 28± 2ºC for 3-4 days. After incubation, different color,
morphology and pigment producing fungi were purified on the PDA plates. Pure isolates
were maintained at 4ºC in refrigerator for further studies. Fungal isolates were
identified by morphology, pigment production and lacto phenol cotton blue mounting.
The cell morphology was recorded with respect to spore chain morphology, hyphae and
mycelium structure [3].
Mycosynthesis of silver nanoparticles using fungal mycelium
For the mycosynthesis of silver nanoparticles the fungal biomass was harvested after
growth for 3-4 days in culture medium by filtration. The biomass was then rinsed
thoroughly with sterile distilled water and then it was centrifuge at 6000rpm for 10min
at 4ºC to remove any medium components. 1ml of the harvested biomass of different
fungal isolates was added in 10ml of 1 mM silver nitrate solution and incubated it in
water bath at 75ºC for different time interval viz. 1, 1h 30 min 2 h. Mycosynthesis of
nanoparticles was detected as the color change from colorless to reddish brown in the
reaction mixture [10].For further study most efficient fungal spp. and 2h incubation
were selected for mycosynthesis of silver nanoparticles.
Characterization of Silver nanoparticles (UV-Spectroscopy, FTIR and Zeta
potential)
The

mycosynthesized

silver

nanoparticles

were

confirmed

by

UV-Visible

spectrophotometer (Double beam ELICO BL198).To determine the surface functional
groups of

fungal mycelium and their possible involvement in the mycosynthesis of

silver nanoparticles, FTIR analysis was carried out of the control and biogenic AgNPs. A
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particle size analyzer (zeta potential) was used to find out the size distribution of
AgNPs. The analysis was carried out in computer controlled particle size analyzer [11].
Assortment and identification of clinical isolates (pyogenic and dandruff)
Patient pus samples (Ghati Hospital, Aurangabad (MS.)) were inoculated in nutrient
broth at 37ºC for 24 h. After incubation samples were streak on nutrient agar plates and
then incubate at 37ºC for 24 h. Colonies with different morphology, color and size were
picked and purified using streak plate method [5]. Dandruff flecks of different individual
were collected in a clean sterile petriplates by scrubbing the scalp with sterile dry
forceps and was inoculated in nutrient broth and Potato dextrose broth; incubate at
37ºC for 24 hr., 28± 2ºC for 3-4 days, for bacteria and fungi (clinical) respectively. After
incubation, different color, morphology and pigment producing fungi were purified on
the PDA and bacteria on Nutrient agar plates in order to obtain pure culture. Pure
isolates were maintained at 4◦C in refrigerator for further studies [8]. Bacterial isolates
were identified by morphological and various biochemical tests as described in [12] and
some of them identified by VITEK software (MIT, Hospital, and Aurangabad). Fungal
isolates were identified by lacto phenol cotton blue mounting, pigment production and
morphology [11].
Evaluation of antibacterial activity of silver nanoparticles against clinical isolates
(pyogenic and dandruff bacteria)
Agar well diffusion method was used for evaluation of antibacterial activity of
mycosynthesized silver nanoparticles [13]. 100µl of clinical isolates (0.1 O.D. 600nm)
[14] was added in soft agar then plated on basal agar plate. After 30min. of cooling
incubation, in one well 20µl of silver nitrate was added as a control, in other wells of
that plate 20µl of mycosynthesized silver nanoparticles were added and further were
incubated at 37ºC for 24 h. Antibacterial activity was measured by measuring zone
inhibition [11, 15]. All experiment were carried out in triplicates.
Dandruff fungal mycelium inhibition by mycosynthesized silver nanoparticles
For fungal mycelium inhibition assay, 2 ml of mycosynthesized silver nanoparticles was
poured into potato dextrose agar growth media prior to plating in a Petri dish and other
plate without silver nanoparticles as a control. Agar plugs of size 6mm containing
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dandruff fungi (Aspergillus flavus) were inoculated simultaneously at the center of each
Petri dish containing silver nanoparticles and without silver nanoparticles followed by
incubation at 28±2°C for 7 days. After incubation of fungi on culture media containing
silver nanoparticles, radial growth of fungal mycelium was recorded. Radial inhibition
was calculated when growth of mycelia in the control plate reached the edge of the Petri
dish. The following formula was used for calculation of the inhibition rate (%).
Inhibition rate (%) =R-r/R, Where, R is radial growth of fungal mycelia on the control
plate and r is the radial growth of fungal mycelia on the plate treated with
mycosynthesized silver nanoparticles, as per protocol described by [16].
Minimum Inhibitory Concentration (MIC)
The MIC was defined as the lowest concentration of an antimicrobial agent that will
inhibit the

visible growth of the tested isolate. MIC required inhibiting the growth of

50% of organisms. The antimicrobial susceptibility test of clinical isolates was
determined by estimating MIC of the silver nanoparticles using micro broth dilution
method according to the clinical laboratory and standards institute [17].
Aloenano gel composite and its efficiency against clinical isolates
The Aloevera leaf was harvested from a local farm (Aurangabad), Aloevera leaves were
washed thoroughly with sterile distilled water to remove dirt, and thick epidermidis
was then dissected longitudinally into pieces. The colorless parenchymatous tissue was
collected in a sterile container mashed to make uniform mixture (aloe gel). To10 grams
of aloe gel, 1 ml of mycosynthesized silver nanoparticles was mixed thoroughly and kept
at 4ºC, assess the efficiency of same against the dandruff & pyogenic clinical isolates [9].
Result and Discussion
Isolation and identification of fungi from soil samples
Fourteen fungi were isolated on potato dextrose agar after 3-5 days of incubation from
the soil samples collected from various different garden soils of Aurangabad,
(Maharashtra). Out of fourteen fungal isolates, five fungal mycelium extract were
showed the mycosynthesis of silver nanoparticles and isolates were identified on the
basis of colony characteristics, pigment production and lacto phenol cotton

blue
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staining as Aspergillus spp.(3), Fusarium spp., and Penicillium Spp. The most proficient
fungi among five was found to be Penicillium Spp. which was used for further study.
Mycosynthesis of silver nanoparticles using fungal mycelium extract
On adding, 1ml of Penicillium species mycelium aqueous extract to the 1mM of silver
nitrate solution, color of reaction mixture was found to be changed colorless to reddish
brown after an incubation of 2 h. at 75ºC indicates the mycosynthesis of silver
nanoparticles (Fig.1) while synthesis of silver nanoparticles using both cell free and
mycelial extract of Aspergillus flavus at 100ºC in 5 mins and gold nanoparticles synthesis
using Penicillium Spp at 28ºC after 3days of incubation were mentioned in references
[18-19].

Fig. 1:- Mycosynthesis of silver nanoparticles
Characterization of silver nanoparticles
Mycosynthesis of silver nanoparticles was confirmed by UV-Vis spectra, shows highest
absorption peak was at 400nm (Fig. 2). Mycosynthesized silver nanoparticles shows
highest absorption peak at 440nm [19] and Solanum trilobatum synthesized silver
nanoparticles showed a strong characteristic absorbance peak at around 430 nm,
broadening of peak indicated that the particles are polydispersed findings of Gaurav
et. al. [14].
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Fig. 2 UV-Vis graph of synthesized Silver Nanoparticles
In FTIR analysis of silver nanoparticles (Fig. 3) strong peak was observed at 3332.26
cm-1 showed -OH stretching indicates presence of phenolic group and primary and
secondary amines and peak at 1636.55 cm-1, 2105.78 cm-1showed N-H, C-C stretching
indicates presence of Alkenes, carboxyl group, primary amines and alkynes respectively,
this functional groups involved in stabilization reduction and capping of silver
nanoparticles. FT-IR representative spectra in the region of 500 to 4000cm-1 revealed
the presence of different functional groups such as 3418.59 secondary amide (N-H
stretch), 1636.57 – tertiary amide (C-O stretching), 1384.27 alkane (C-H stretching),
1075.84 primary alcohol (C-O stretching), 524.80 halogen compounds (C-Br stretching)
[20]. FTIR measurements carried out on a drop-coated film of the silver nanoparticles
fungus reaction solution showed the presence of bands at 1650 and 1540 cm-1 are
identified as the amide I and II bands and arise due to carbonyl stretch and N-H stretch
vibrations in the amide linkages of the proteins. The positions of these bands are close
to that reported for native proteins outcomes of Absar et al [21]. FTIR spectroscopic
studies on silver nanoparticles obtained from the fungus, Cladosporium cladosporioides
referred that the carbonyl groups from the amino acid residues and peptides of proteins
have strong ability to bind silver. The proteins could possibly form a coat covering the
metal nanoparticles to prevent their agglomeration and aid in its stabilization in the
medium [22]. Hence, the biological molecules could possibly function in the formation
and stabilization of the silver nanoparticles in aqueous medium. Proteins can bind to
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silver nanoparticles either through free amine groups in the proteins and possibly play

50

60

70

80

90

100

a role in stabilization of the silver nanoparticles by surface-bound proteins [23].
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Size of

mycosynthesized silver nanoparticles in present work was found to be 236

d.nm. and of width 34.87 d. nm. determined by zeta potential (Zeta seizers Nanosensor,
Malvern instrument Nano ZS, Shirpur) (Fig.4). Silver nanoparticles synthesized by using
Aloe barbadensis of size 194.2 d. nm which also determined by zeta potential findings of
Chikdu et al [11].
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Fig. 4 Zeta potential of Silver Nanoparticles
Assortment and identification of clinical isolates (pyogenic and dandruff)
From the collected pus and dandruff sample six bacteria were isolated (Fig. 5) and
identified by morphological and various biochemical tests [12] (Table.1) as Micrococcus
luteus, Enterobacter spp., Cornybacterium spp., and Serratia spp. and two pyogenic
bacteria of them were identified by VITEK software (MIT, Hospital, Aurangabad) as
Staphylococcus aureus, Kocuria roses. Aspergillus flavus (Fig. 6) white margin and
yellowish green colony producing fungi was isolated and identified from the dandruff
sample coincides with the findings of Ghosh et al [8]. Less than 2% of the total number
of bacterial sequences, belonging to the genera Streptococcus, Acinetobacter,
Corynebacterium, Pseudomonas and Moraxella in dandruff scalp and Malassezia restricta
was the major fungal species present on the scalps with or without dandruff. M. globosa
and M. sympodialis accounted for less than 1% of all sequences retrieved. M. slooffiae
outcomes of Cecile et a [24]. The remaining sequences identified belonged to the genera
Exophiala, Penicillium, Rhodotolura and other Malassezia spp. The bacterial strains
identified, S. aureus was the commonest among all, followed by S. epidermidis, C.
pyogenes, E. coli, P. aeruginosa and N. meningitides [5].
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Fig.5 Clinical isolates
Table 1. Biochemical characteristic of clinical isolates

Sr.No.

Name of Biochemical Test

Name of Bacteria
P1

P2

D1

D4

1.

Grams Character

Gram +ve

Gram -ve

Gram +ve

Gram -ve

2.

Motility

Non-motile

motile

Non-motile

motile

3.

Amylase Production

-ve

-ve

-ve

+ve

4.

Casein Hydrolysis

+ve

-ve

-ve

+ve

5.

Nitrate Reduction

-ve

-ve

+ve

+ve

6.

TSI test

-ve

+ve (Acid,

+ve( Acid)

-ve

gas)
7.

Gelatin Hydrolysis

-ve

-ve

-ve

+ve

8.

Indole test

-ve

-ve

-ve

-ve

9.

Methyl Red test

+ve

-ve

-ve

-ve

10.

Voges-Proskauer test

+ve

+ve

+ve

+ve

11.

Citrate test

+ve

+ve

-ve

-ve

12.

Urea

+ve

-ve

-ve

-ve

13.

Catalase

+ve

+ve

+ve

+ve

14.

Oxidase

-ve

-ve

-ve

-ve

15.

Sugar Fermentation
Dextrose

+ve

+ve

+ve

+ve

Sucrose

+ve

+ve

+ve

-ve

Maltose

+ve

+ve

+ve

+ve

Lactose

+ve

+ve

-ve

-ve
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Fig. 6 - Microscopic observation of Aspergillus flavus

Evaluation of antibacterial activity of silver nanoparticles against clinical isolates
(pyogenic and dandruff bacteria)
Mycosynthesized silver nanoparticles have exhibited a significant antibacterial activity
against clinical isolates with distinct zone of inhibition ranges from 11mm to 24 mm
using 20µl of silver nanoparticles as given in Table 2 (Fig.7).Highest zone of inhibition
24mm was shown against Kocuria roses and lowest to Staphylococcus aureus and
Enterobacter spp., which we compared with standard antibiotics (penicillin,
streptomycin, tetracycline). Antibiotics showed the zone of inhibition against all the
clinical isolates but the streptomycin, penicillin were found to be resistant against
Staphylococcus aureus but mycosynthesized AgNPs expressed the efficient antibacterial
activity against the antibiotic resistance Staphylococcus aureus. Good inhibitory activity
of biosynthesized silver nanoparticles ranges from 10mm to 15mm against Escherichia
coli, Micrococcus sp., Staphylococcus aureus, Corynebacteria diphtheria and Candida
albicans reported by Chikdu et al [11] and the antibacterial activity 18mm to 22mm
against all test pathogens namely Staphylococcus aureus, Bacillus cereus, Micrococcus
luteus, Klebsiella pneumoniae, Vibrio cholerae and Salmonella typhi by silver
nanoparticles synthesized using Solanum trilobatum using 25µg/ml to 100 µg/ml
concentration of silver nanoparticles are verdicts of Gaurav et al [14]. Mycosynthesized
silver nanoparticles was found to be most proficient then the reported cited.
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Fig.7 Zone of inhibition against clinical isolates
Table 2- Antibacterial activity of silver nanoparticles against clinical isolates

Sr. No.

Name of Bacteria

Zone of
inhibition (mm)

1

P1( Micrococcus luteus)

20

2

P2 (Enterobacter spp.)

11

3

P3( Staphylococcus aureus)

11

4

P4( Kocuria roses)

24

5

D1 (Corynebacteria spp.)

16

6

D4 (Serratia spp.)

17

Dandruff fungal mycelium inhibition by mycosynthesized silver nanoparticles
Radial inhibition (%) was calculated, 80% inhibition of fungal growth was recorded at a
concentration of 2000µl per PDA plates after an incubation period of 72-96h
(Fig.8).Antifungal Effects of chemical synthesized AgNPs against various plant
pathogenic fungi reported 90% and 100% inhibition of fungi [16], silver nanoparticles
synthesized using Solanum trilobatum has the antifungal activity against test pathogens
namely Candida albicans and Candida parapsilosis. Among two different dandruff fungal
species, nanoparticles showed maximum inhibitory activity 24 and 22 mm zone of
inhibition were obtained by P. ovale and P. folliculitis findings of Gaurav et al [14].
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Fig. 8 Fungi with AgNPs (Test)

Fig. 8 Fungi without AgNPs (control)

MIC of silver nanoparticles
MIC of mycosynthesized silver nanoparticles against clinical isolates evaluated by broth
dilution method and was found to be 2µg/ml, 10 µg/ml and 18 µg /ml (Table 3) against
Corynebacteria spp., Micrococcus luteus and Staphylococcus aureus respectively while
the MIC values of curcumin against 4 ATCC strains and 10 clinical isolates of Candida
species from 250 to 2000 μg/mL. The MIC 90 values for sensitive and resistant strains
were 250–650 and 250–500 μg/mL outcomes of Paul et al [25]. In present study,
mycosynthesized AgNPs was found to be most efficient than the cited literature.
Table 3- MIC of silver nanoparticles
Sr. No

Name of Bacteria

1.

P1( Micrococcus
luteus)
P2 (Enterobacter
spp.)
P3(
Staphylococcus
aureus)
P4( Kocuria
roses)
D1
(Corynebacteria
spp.)
D4 (Serratia
spp.)

2.
3.
4.
5.
6.

www.mutagens.co.in

MIC Reading
ug/ml
4
8
18
10
2
8
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Aloenano gel composite and its efficiency against clinical isolates:
Efficiency of Aloenano gel against the clinical isolates was evaluated by agar well
diffusion method
Agar well diffusion
Aloenano gel has exhibited a significant antimicrobial activity against clinical isolates
with distinct zone of inhibition (Fig. 9). and table 4. Highest zone of inhibition 24mm
shown against Staphylococcus aureus, Kocuria roses and lowest 11mm shown against
Micrococcus luteus and Enterobacter spp. Aloevera gel was not expressed inhibitory
activity against any clinical isolates. The AgNPs zone was large as compared to aloenano
gel against the Staphylococcus aureus and while against the Micrococcus luteus the
AgNPs and aloenano gel zone was found to be same. After 48 h of applying aloenano gel
on dandruff skin there was no etching, redness and white dandruff was also found to be
reduced (Fig.10). In future, herbal aloenano gel can be used as a remedy against
dandruff and pyogenic infection.

Fig. 9a:-Staphylococcus aureus

Fig. 9b:-Micrococcus luteus.

Fig. 9: - Zone of inhibition against clinical isolates.
Table 4 - Antimicrobial activity of Aloenano gel against clinical isolates
Sample

Aloevera gel
Aloenano
gel
Silver
Nanoparticl
es

P1
Micrococc
us luteus
-12
12

www.mutagens.co.in

Zone of inhibition (mm)
P2
P3
P4
D1
Enterobact Staphylococc Kocuri Corynebacter
er spp.
us aureus
a roses
ia spp.
----11
22
22
14
11

24

22

14

D4
Serrati
a spp.
-17
17
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Before applying Aloenano gel

after applying Aloenano gel

Fig. 10-Skin test of Aloenano gel
CONCLUSION
Silver nanoparticles were mycosynthesized using Penicillium Spp. mycelium.
Confirmation of mycosynthesized nanoparticles was by UV- Vis spectra, highest
absorption peak at 400nm.By FTIR, phenolic group, primary amines and alkynes was
involved in stabilization and reduction and capping of mycosynthesized silver
nanoparticles. Mycosynthesized AgNPs was of 236d.nm of size determined by ZETA
potential. MIC of silver nanoparticles was found to be 2 µg/ml to 8 µg/ml and 10 µg/ml
and 18 µg/ml against dandruff and pyogenic isolates respectively. Bioactivity of
mycosynthesized AgNPs was found to be most proficient against all pyogenic and
dandruff clinical isolates, can be used in future for the medication. Good herbal
aloenano gel was successfully prepared and effectively used to treat the dandruff skin.
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