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Extracellular biosynthesis of anti-Candida silver nanoparticles
using Monascus purpureus
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An eco-friendly process for the silver nanoparticles (Ag-NPs) biosynthesis was investigated using
the fungus Monascus purpureus as a safe and commercially used microorganism. M. purpureus
growth filtrate was used for the reduction of the aqueous silver nitrate into Ag-NPs with almost
100% size range of 1–7nm, which was considered as one of the smallest microbial biosynthesized
Ag-NPs. The biosynthesized Ag-NPs were structurally characterized using UV, FTIR, DLS, TEM,
and XRD. The biosynthesized Ag-NPs were stable after 3 months with no alteration in shape or
size.M. purpureus showed no nitrate reductase activity, whereas its pigments reducing power was
decreased after nanoparticles formation indicating its role in the Ag-NPs biosynthesis. The
synthesized Ag-NPs exhibited strong antimicrobial activity against different bacteria and yeasts
species. The anti-Candida activity ofM. purpureus culture filtrate was enhanced in the presence of
Ag-NPs; themaximum increase inmicrobial inhibitionwas observed against Candida albicanswith
1.73 increased folds of inhibition zones, followed by their activity against C. tropicalis and
C. glabrata with 0.919- and 0.694-folds of increase, respectively. The obtained results suggest that
the biosynthesized Ag-NPs offers a promising cost-effective, eco-friendly, and an alternative way
to the conventional method of synthesis that could have wide applications in medicine.
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Introduction

The potential of nanotechnology to revolutionize the
health care, textile, information-communication tech-
nology, and energy sectors has been well-publicized. In
fact, several products enabled by nanotechnology are
already in the market, such as antibacterial dressings,
transparent sunscreen lotions, stain-resistant fabrics,
scratch-free paints for cars, and self-cleaning win-
dows [1]. Currently, there is a constant need to develop
eco-friendly processes for the synthesis of nanoparticles.

The focus for this synthesis has shifted from physical
and chemical processes toward ‘green’ chemistry and
bioprocesses. Silver nanoparticles (Ag-NPs) are an
effective antimicrobial agent against various pathogenic
microorganisms, and various chemical and biochemical
methods are being explored for its production. Several
microbes are known to reduce metal ions to nano-
metals [2]. Also, Ag-NPs have several important applica-
tions in the fields of bio labeling, sensors, antimicrobial
agents, and filters [3]. Myco-nanotechnology is a new
term that is defined as the fabrication of nanoparticles
by fungi and their subsequent application, especially in
medicine [4]. Unfortunately, most fungal species that
were recently studied, such as Fusarium oxysporum,
Aspergillus, and Verticillium sp., are plant or human
pathogens, also these fungi have a negative impact on
indoor air quality and cause sick building syndrome due
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to the release of fungal spores, which would limit or
prohibit their large scale production [5]. Ahluwalia
et al. [6] demonstrated the ‘green synthesis’ of highly
stabilized nano crystalline silver particles by a non-
pathogenic and agriculturally important fungus, Tricho-
derma harzianum. The Monascus species is a Chinese
traditional fermentation fungus used on food for over
thousands of years in China, and its special effect and
application on food has been recorded in ancient Chinese
record. Red mold rice is usually obtained by cultivation
of Monascus spp. on the rice grains to produce valuable
secondary metabolites viz. visual pigments [7] that
ranged from bright yellow to deep red in both solid-
state and submerged cultivation [8]. In addition,
Monacolin K was investigated as an inhibitor for
cholesterol synthesis [9].

The overall objective of the present work was to focus
on the biosynthesis of a very small size extra-cellular
nanoparticle using theMonascus purpureus culturefiltrate
for the first time. The specific objectives were to
structurally characterize the novel biosynthesized nano-
particles using UV, FTIR, DLS, TEM, and XRD as well as
investigate their antimicrobial effect against various
microorganisms.

Materials and methods

Chemicals
Silver nitrate, NEED [N-(1-naphthyl) ethylenediamine
dihydrochloride], and 2,2-diphenyl-1-picrylhydrazyl
(DPPH), were supplied from Sigma–Aldrich (St. Louis,
MO). Starch, agar and glucose, sulphanilamide, and all
other analytical grade chemicals were obtained from
ADWIC (Cairo, Egypt) and yeast extract from SAS
chemical CO, (Mumbai, India). Antibiotics discs such
as amphotericin, ampicillin, and gentamicin were
purchased from BBL Microbiology Systems (Cockeys-
ville, MD).

Nanoparticles preparation
M. purpureus NRRL 1992 was maintained and sub-
cultured onto potato dextrose agar medium (PDA). The
fungus was grown aerobically in a yeast–starch–glucose
liquid culture medium with the following composition
(g/L): yeast extract; 3.75, starch; 40 and glucose; 22.5. The
inoculated flasks were incubated on an orbital shaker at
25 °C with 26.2 g agitation. After 7 days of incubation,
the culture was centrifuged at 10.305 g for 15min and
the cell filtrate was collected for further studies. The cell
filtrate was challenged with AgNO3 (1mM) and agitated
at 25 °C in a dark place. Control without silver nitrate

was run along with the experimental flask under the
same conditions. Reduction of the silver ions was
detected by monitoring the UV–Vis spectrum of the
developed nanoparticles.

Nitrate reductase activity
Nitrate reductase activity of the fungus was assayed
according to Jaidev et al. method [10], where 5ml of the
M. purpureus broth filtrate was mixed with 5ml of the
assay mixture (30mM KNO3 in 5% propanol/0.1M
phosphate buffer of pH 7.5) and incubated in the dark
for 60min. The resulting nitrites were estimated by
adding 2.5ml of 58mM sulphanilamide, 0.05mM NEED
reagent solution and the developed pink color was
measured using UV–Vis; spectrophotometer at wave
length of 540nm. The enzyme activity was finally
expressed in terms of nmoles nitrite/ml/h.

¼ [1-(absorbance sample� absorbance control)]
�100%.

Pigments extraction
M. purpureus broth filtrate was extracted using ethanol–
water mixture (1:1, v:v) for 1 h on a rotary shaker (2.2 g)
at room temperature, then filtered through a reweighed
Whatman GF:C disc [8]. Absorbance was measured
spectrophotometrically using JASCO-model 560 (Tokyo,
Japan) at 400, 470, and 500nm, which corresponds to the
absorbancemaxima of yellow, orange, and red pigments,
respectively [11]. Pigment production was expressed as
optical density units (UA) and calculated by multiplying
the absorbance values by the dilution factor.

Characterization of the Ag-NPs
UV–visible spectroscopy. Detection of the Ag-NPs was

primarily noticed visually by the changing color of the
cell filtrate after treatment with silver nitrate (1mM).
Characterization of the synthesized Ag-NPs was further
carried out using scanning absorbance spectra
(300–800 nm) of the culture filtrate using the
UV–Visible spectrophotometer JASCO-model V-560
(Tokyo, Japan).
Fourier transform infrared spectroscopy (FT-IR). The

Fourier transform infrared spectroscopy (FTIR) spectrum
of the samples were recorded spectrophotometrically
using JASCO FT-IR-360 (Tokyo, Japan) and spectrum was
collected in the range of 500–4000 cm�1 at a resolution
of 4 cm�1.
Transmission electron microscopy (TEM). Shape and

particle size were observed by TEM (JEM-100CX electron
microscope - JEOL LTD, Tokyo, Japan) operating at 80 kV
accelerating voltage. The prepared Ag-NPs suspensions
were diluted 10-times with deionized water and dripped
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onto coated copper grid and allowed to dry at room
temperature.
Energy dispersive X-ray (EDX). Energy dispersive X-ray

spectroscopy was performed using a scanning electron
microscope (JEM-5400, JEOL LTD, Tokyo, Japan) equipped
withanEDXdetector (model:Oxford Inca300-Oxford,UK).
Samples were prepared by drying the Ag-NPs solution on
plastic discs at room temperature, and then the EDX
spectrum was performed at 10KV accelerating voltage.
Dynamic light scattering (DLS). Size distribution and

average size of the synthesized Ag-NPs were determined
by dynamic light scattering (DLS- PSS-NICOMP 380 ZLS-
Santa Barbara, CA). DLS measurements were carried out
for particle size ranged up to 5k.
X-ray diffraction analysis (XRD). Structure of the

prepared samples were determined using X-ray Diffrac-
tometer (Shimadzu XRD-6000 - Kyoto, Japan) equipped
with a copper anode at 40Kv (l¼ 1.5418 Å) and 50mA
with 2u ranging from 20° to 100° at the speed of 2°min�1.
The samples were deposited on the glass substrates and
after the ethanol was volatilized, the samples were
analyzed. Crystallite size, L, was calculated from
Scherrer’s equation D¼K l/b cosu for peak broadening
from size effects only [12], where l is the wavelength of
the X-rays used (1.5418 Å), b is the full width at half-
maximum (FWHM) intensity of the diffraction line, u is
the Bragg angle for the measured hKl peak, and K is a
constant equal to 0.9 for Ag0.

Effect of pH on Ag-NPs synthesis and particle sizes
To obtain the optimum conditions for maximum syn-
thesis of nanoparticles and particle size distribution, the
optimum concentration of AgNO3 (1mM) was added to
the fungal filtrate and the pH of the reaction mixture
was adjusted to 3.5, 6.5 and 9.5, using 1M HNO3 and 1M
NaOH solutions [18].

Antimicrobial activity
BiosynthesizedAg-NPswere tested for their antimicrobial
activity against differentkindsofbacteriaandyeast by the
agar well diffusion method [13]. The tested microbial
strains were Staphylococcus aureus RCMB 000106, Staph-
ylococcus epidermidis RCMB 010024, Streptococcus spyrogenes
RCMB 010015, Escherichia coli RCMB 010052, Pseudomonas
aeruginosa RCMB 010043, Salmonella typhimurium RCMB
010072, Candida albicans RCMB 05036, Candida tropicalis
RCMB 06242, and Candida glabrata RCMB 08375. Stand-
ardized suspension of each of the tested strain (108 cfu
ml�1 for the bacteria and 106 cfuml�1 for the yeast) was
swabbed uniformly onto sterile Muller–Hinton Agar
(Oxoid) plates using sterile cotton swabs. Wells of
10mm diameter werebored into the agar medium using

gel puncture and100ul of each of theM. purpureus culture
filtrate (negative control) and the Ag-NPs solution was
added into each well. Standard amphotericin, ampicillin,
and gentamicin discswere usedas a positive control. After
incubation for 24h at 37 °C for bacteria and 30 °C for the
yeast, the inhibitionzonesweremeasuredand interpreted
according to CLSI [14].

Statistical analysis
The experiments for each sample were performed three
times and the final values were presented� standard
deviation (SD).

Results

The formation of Ag-NPs could be visually observed in
the containing flasks. As soon as the silver nitrate
solution was added to the M. purpureus supernatant, the

Figure 1. Changing in the reaction color before (a) and after (b) Agþ

reduction into Ag-NPs by the action of Monascus purpureus culture
filtrate.
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reaction started with the formation of a visually
observed yellowish brown silver nanoparticle (Fig. 1).

The stability of the synthesized Ag-NPs was assessed by
monitoring the UV–Vis analysis of the reaction mixture
after different incubation times. The maximum absorb-
ance value was observed at around 420nm (Fig. 2) which
corresponds to the surface Plasmon resonance band (SPR)
of theAg-NPsandwas increasedby increasing thereaction
time. The maximum absorbance was obtained after
incubation for72h (2.43) andwasapproximately recorded
as the double value of that obtained after 12h of
incubation (the least absorbance of 1.22), with no shift
in the peak wavelength after the different incubation
times. After 3 months, the absorption maximum

remained close to 420nm with the same absorbance
value (2.4) similar to that obtained after 72h.

The effect of pH values, on the Ag-NPs synthesis, could
be illustrated in Fig. 3. The UV–Vis absorbance spectra of
the different reaction peaks at 427nm (pH 6.5 and pH
3.5) and at 445nm (pH 9.5) are characteristic for the Ag-
NPs Plasmon bands (Fig. 3). Peak area and height of the
UV–visible spectrum, obtained from the reaction and
carried out at pH 6.5, are considerably higher than those
obtained at other pH values.

Different pigment types were detected in the M.
purpureus culture filtrate with maximum absorbance for
the red pigment (2.542) at 500nm and minimum
absorbance for the yellow (0.681) at 400nm (Table 1).
The ability of pigments to reduce the silver nitrate
solution into Ag-NPs was confirmed by the ability of the
extracted pigments to form Ag-NPs (Fig. 4).

Direct transmission electron microscopic observation
(TEM) (Fig. 5) allowed the measuring of both size and
shape of the formed Ag-NPs. The synthesized Ag-NPs by
treating the silver nitrate solution with M. purpureus
culture supernatant are uniformly distributed, spherical
to cuboids in shape, and showed a particle sizes ranged
from 2 to 8nm.

Figure 2. UV–visible spectroscopy of the reactionmixture containing
silver nitrate solution (1mM) and the Monascus purpureus super-
natant after different incubation times.

Figure 3. UV–visible spectra of the Ag-NPs produced at different pH
values of 3.5, 6.5, and 9.5.after 72 h at 25 °C.

Table 1. Absorbance values of the different pigments types
produced by Monascus purpureus.

Pigments types

Yellow (400nm) Orange (470nm) Red (500nm)

0.681� 0.01 0.962� 0.02 2.542� 0.03

Figure 4. UV–visible spectroscopy of the Ag-NPs produced after
mixing of the silver nitrate solution (1mM) with each of theMonascus
purpureus culture filtrate and its extracted pigments.

534 El-Baz et al.

� 2015 WILEY-VCH Verlag GmbH & Co.KGaA,Weinheim www.jbm-journal.com J. Basic Microbiol. 2016, 56, 531–540



For the confirmation of Ag-NPs biosynthesis, EDX
spectroscopic analysis was also performed, and the
presence of elemental silver was confirmed by the sharp
signal band located at 3–4ke.

The results illustrated in Fig. 6 showed the dynamic
light scattering (DLS) and the particle size distribution

according to volume NICOMP distribution. The volume
distribution of the hydrodynamic size of the nano-
particles showed two peaks: thefirst peak approximately
100% of the particle volume; particle size was found to
be between 1nm and 7.4� 1nm. The second peak
represents approximately 0.0% of the total volume of

Figure 5. TEM-EDX of the Monascus purpureus culture filtrate challenged with the silver nitrate solution (A) TEM image of the synthesized
silver nanoparticles (B) EDX spectrum of the synthesized Ag-NPs.
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nanoparticles that had its maximum size at
54.3� 7.4 nm. These results indicated the average small
size of Ag-NPS with its highest monodisparity. The DLS
results are in agreement with the results of UV–visible
and transmission electron microscopy imaging.

The FTIR spectrum of the biosynthesized Ag-NPs by
theM. purpureus culture filtrate (Fig. 7) showed an amine
vibration band at 3370 representing N–H stretching and
amide N–H bending vibration at 1647. The presence of a
single band at 1452 can be assigned to CH2 scissoring
stretching vibration at the plasminogen region. These
observations confirmed the protein existence in the
Ag-NPs samples.

XRD pattern of the Ag-NPs (Figure 8) showed four
Bragg reflections peaks in the whole spectrum of two
Theta values range from 20 to 80 corresponding to (111),
(200), (220), and (311) sets of lattice, which were indexed

based on the FCC (face-centered cubic) structures of
silver (JCPDS file no. 03-0921). The XRD pattern clearly
showed that the Ag-NPs formed by the reduction of Agþ
ions by M. purpureus culture filtrate are crystalline in
nature. Furthermore, the average diameter of the Ag-NPs
was found to be around 11nm by the Scherrer equation
which confirmed the obtained results by each of TEM
and DLS.

The in vitro anti Candida activity ofM. purpureus culture
filtrate was enhanced in the presence of Ag-NPs (Table 2).
The combinedM. purpureus filtrate/Ag-NPs resulted in the
increase of inhibition zones’ diameters with 1.73-, 0.919-,
and 0.694-folds, against C. albicans, C. tropicalis, and
C. glabrata, respectively. The anti-fungal activity of the
Ag-NPs showed 95%, 70%, and 65% equivalence to the
amphotericinantibioticagainstC. tropicalis,C.albicans, and
C. glabrata, respectively.

Figure 6. DLS analysis of the Ag-NPs biosynthesized by the Monascus purpureus culture filtrate treatment.

Figure 7. FT-IR spectra of the Ag-NPs biosynthesized by the Monascus purpureus culture filtrate.
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The obtained results (Table 2) showed an increase in
the antimicrobial activity of the M. purpureus culture
filtrate against Gram-positive bacteria with 0.15-, 0.46-,
and 0.48-fold area increase in the area of inhibition
which was attributed to the nanoparticles effect.
Compared to amphotericin, control treatment showed
0.59, 0.68, and 0.6mm zone of inhibition against
S. aureus, S. epidermidis, and S. Spyogenes. The antibacterial
activity against Gram-negative bacteria was not greatly

enhanced except with E. coli, showing maximum fold
increase in area of inhibition as 0.95.

Discussion

The appearance of yellowish brown or red color in the
reaction vessels suggested the formation of Ag-NPs as
reported by Bhainsa and Souza [3], and the increase in
the color intensity of reaction mixture was referred to
the increase in number of the biosynthesized
nanoparticles [15].

The UV–vis absorbance values, at 420nm, represented
the stability in peak wavelength after different incuba-
tion times, which indicate the well dispersion of the
nanoparticles without much aggregation [16]. The over-
all results of UV–vis absorbance values, during the
incubation period up to 3 months, clearly indicate that
the Ag-NPs are well dispersed with a high stability [17].

The higher peak area and height of UV–visible
spectrum at pH 6.5, compared to those obtained at pH
3.5 and pH 9.5, indicates higher nanoparticle produc-
tivity. Also, UV absorbance at 445nm (pH 9.5) clearly
indicated the increase in the size of the Ag-NPs. This was
in accordance with the results obtained by Sneha
et al. [18], who reported that acidic and alkaline pH
values decreased the Ag-NPs synthesis as silver tends to

Figure 8. XRD pattern of the Ag-NPs biosynthesized by the
Monascus purpureus culture filtrate.

Table 2. Mean zone of inhibition (mm) of different antibiotics, Monascus purpureus culture filtrate (with and without Ag-NPs) against
Candida, gram-positive and gram-negative bacteria.

Zone of inhibition (mm) Zone of inhibition (mm)

Tested
microorganisms

M. purpureus
(A)

M. purpureus þ Ag-NPs
(B)

Fold
increasea Amphotericin

M. purpureusþAg-NPs/
amphotericin

Candida
C. albicans 10.1 � 0.58 16.7 � 0.25 1.73 23.7 � 0.1 0.7
C. tropicalis 13.5 � 0.44 18.7 � 0.37 0.92 19.7 � 0.2 0.94
C. glabrata 12.6 � 0.44 16. � 0.44 0.7 25.8 � 0.2 0.65

Gram-positive bacteria Ampicillin M. purpureusþ
Ag-NPs/ampicillin

Staphylococcus aureus 13.4 � 0.19 16.2 � 0.4 0.46 27.4 � 0.18 0.59
Staphylococcus
epidermidis

14.1 � 0.25 17.2 � 0.19 0.48 25.4 � 0.3 0.68

Streptococcus
spyrogenes

14.8 � 0.58 15.9 � 0.25 0.15 26.4 � 0.34 0.6

Gram-negative bacteria Gentamycin M. purpureusþ
Ag-NPs/gentamycin

Pseudomonas
aeruginosa

7.0 7.0 0.0 17.3 � 0.15

Escerichia coli 7.0 11.2 � 0.58 0.95 28.8 � 0.24 0.39
Salmonella
typhimurium

13.6 � 0.37 15.8 � 0.25 0.16 22.3 � 0.18 0.7

Data are expressed in the form of mean� SD.
aIncrease in fold area was calculated as (B2�A2)/ A2, where A and B are the inhibition zones for M. purpureus culture filtrate and M.
purpureusþAg-NPs, respectively.
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precipitate at alkaline pH, which could be due to the
formation of silver hydroxide. On the other hand,
acidic pH causes a low negative zeta potential value, so
silver tend to aggregate and precipitate [19].

Although, the application of biological systems for the
synthesis of Ag-NPs has been known for several years, the
exact mechanism leading to the formation of Ag-NPs by
the organisms has not yet been conclusively elucidated.
Ahmad et al. [20] reported that certain NADH dependent
reductaseare involved in the reductionof silver ions in the
case of F. oxysporum, while Duran et al. [21] suggested the
reduction of metal ions through nitrate-dependent
reductase and a shuttle quinine extracellular process. In
the present work, the M. purpureus filtrate showed no
nitrate reductase activity, which may be attributed to
shuttle quinine formation mechanism. The main phyto-
chemicals responsible for the synthesis of nanoparticles
are terpenoids, flavones, ketones, aldehydes, amides,
etc [22]. M. purpureus was characterized by its ability to
produce a complex mixture of three categories of
pigments, viz. orange, red, and yellow, each with two
components of polyketide origin [23].

It was previously reported [24] that the extracellular
pigments were combined with the nitrogenous compo-
nents of the medium. Also, the higher polarity of the red
pigments was known to enhance their binding to water
soluble nitrogen containing organic compound, which
has been proposed as the solubilization mechanism [25].
On the other hand, recent research regarding the use of
fungi has generally investigated potential redox systems
using silver nitrate as the source of silver ions [26], and
M. purpureus extract (MPE) having a 0.65� 0.03 reducing
activity (equivalent cysteine, mM) [27]. Based on exper-
imental finding (Table 1), it could be suggested that the
high red pigment content of the M. purpureus culture
filtrate could be responsible for the synthesis and
stabilization of the Ag-NPs.

The analysis results of Ag-NPs using TEM and EDX are
in accordance with other previous observations [28],
which suggested that the strong silver atom signal
indicated its crystalline property.

Generally, when comparing the size of the synthesized
Ag-NPs in current study (1–7nm) to some other
extracellular Ag-NPs such as 2–5nm [29], 5–25nm [3],
and the intracellular one 1–10nm [30]; the biosynthe-
sized nanoparticles could be considered as one of the
smallest microbial biosynthesized metal nanoparticles.

Regarding the FTIR spectrum of the biosynthesized
Ag-NPs, it was reported that nanoparticles can bind to
proteins either through free amine groups or cysteine
residues [31]. C–H stretch of the methylene groups of
the protein was also observed at 2935 [32]. Thus, the

carbonyl group of the amino acid residues and proteins
has a stronger ability to bind with the metal and could
possibly perform dual functions in the formation and
stabilization of the synthesized Ag-NPs [33].

The evaluation of the Ag-NPs as an antibacterial agent
‘nanoantibiotics’ is relatively new and has attracted
significant attention in recent years [34]. Extracts of the
Monascus culture have long been used for food preserva-
tion andmedical treatments [35]. Antimicrobial activities
of the orange pigmentsmonascorubrin and rubropuncta-
tin against B. subtilis, Escherichia coli, some filamentous
fungi, and yeasts, were previously recorded [36, 37].

The obtained results, in current study, are correlated
with those obtained by other researchers [38, 39], who
reported that nano-Ag showed a significant effect
against C. albicans. Also, the ethanolic extract of
M. purpureus BCRC 38038 showed remarkable anti-fungal
activity against C. albicans and Saccharomyces cerevisiae
using direct bioautography in a TLC bioassay [40, 41].
Likewise, the antibacterial property of the Monascus sp.,
and the extracted monascidin-A from them, was
reported against many bacterial species including
Bacillus, Streptococcus, and Pseudomonas; the extracted
orange pigment from M. purpureus had a potent
antibacterial activity, with minimal inhibitory concen-
tration (MIC) range of 10–30mgml�1, but the activity
was less against filamentous fungi and yeasts
(MIC> 100mgml�1 [42].

Conclusion

From the obtained results in current study, it could be
concluded that a simple process for the biosynthesis of a
novel monodispersed stabilized Ag-NPs of 1–7nm was
achieved using the M. purpureus culture filtrate. The
biosynthesized particles were structurally characterized
by UV, XRD, TEM, and confirmed by DLS. Proteins that
serve as biomolecules responsible for the reduction
process were identified by FTIR. The combination effect
of M. purpureus culture filtrate and Ag-NPs against
different Candida spp. was very promising to be used as
an effective agent against human fungal pathogens.
However, further studies on the mode of action of these
nanoparticles biocidal effect are necessary and more
exhaustive experimental trials are needed before using
AG-NPs as potential antimicrobial agents.
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