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urfur activity of natural surfactant
mediated in situ silver nanoparticles for a better
antidandruff shampoo formulation†

K. Jagajjanani Rao and Santanu Paria*

Dandruff is a common scalp problem of human beings and a majority of people suffer from this at some

point in their life. To prevent dandruff, antidandruff shampoos have become popular in recent years.

However, in many cases, a dandruff causing fungus, Malassezia furfur, develops resistance towards

commonly used antidandruff drugs. As a result, it is necessary to develop a new class of novel

antidandruff shampoos for dual purposes. This study mainly focuses on a silver nanoparticle based green

formulation of an antidandruff shampoo. In situ capped silver nanoparticles (Ag NPs) were prepared by

green routes using Acacia and Acacia + Aegle marmelos leaf extracts (LEs) with sizes of �40 and 13 nm,

respectively. The antifungal activity tests using a well diffusion technique show that 13 nm particles have

better inhibiting activity (2.43 times) than 40 nm particles, while the TTC assay method shows that the

minimum or threshold concentration is the same for both particle sizes used, which is 0.054 mM. The

time kill assay shows some synergism in the net antifungal effect by Acacia + LEs and �13 nm Ag NPs in

aqueous media against M. furfur. However, the promising anti-Malassezia activity of the 40 nm Ag NPs in

the Acacia media along with their superior suspension stability against microbial contamination mean

they have potential as an active and simple antidandruff shampoo formulation.
1. Introduction

Malassezia fungi are commonly found on human skin, in
particular, on sebum-rich areas of the upper body such as the
trunk, back, face, and scalp. M. furfur is a lipophilic fungus
belonging to a dimorphic fungi group and is well known for its
scalp diseases like seborrheic eczema and dandruff on the
human skin.1,2 Dandruff is a common scalp disorder, during
which akes of dead skin cells are loosened from the scalp with
itching because of a fungal infection. The treatment of dandruff
(caused by M. furfur) involves the use of a shampoo containing
selenium sulde, imidazole compounds, etc., and the reported
studies show that it is difficult to be completely cured from this
disease.2,3 Additionally, M. furfur also causes tinea versicolor (a
chronic and supercial skin infection), Pityrosporum folliculitis
(an inammatory skin disorder), seborrheic dermatitis, etc.4

Although antibiotics are the primary agents administered or
used to control the infections, they suffer from certain limita-
tions such as side-effects to the patients and development of
drug resistance by this human pathogen.5
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Recent studies point out the ability of nanoparticles (NPs) to
tackle multidrug resistance by disease causing microorganisms,
and NP based formulations have emerged as novel antimicrobial
agents. Despite the fact that different types of NPs such as
copper, zinc, titanium, magnesium, gold, alginate, and silver
have been reported for their promising antimicrobial properties,
nanosilver is widely used as it is most effective against a wide
range of bacteria, viruses, and other eukaryotic microorgan-
isms.6,7 The antifungal activity studies of Ag NPs, especially
against the potent pathogenic and multidrug resistant strains,8,9

have opened up a challenge to develop a novel formulation which
can also be effective against opportunistic human pathogens like
M. furfur. To our knowledge, there are limited studies on the anti-
Malassezia activity of Ag NPs10,11 and only one study exists with Ag
NPs synthesized via a green route againstM. furfur.2 The reported
green route article presented the use of a fungal cell ltrate
mediated synthesis of Ag NPs with the size range of 3–30 nm.
Although the authors claimed that their procedure is amenable
to large scale antifungal formulation production, the pre-
treatment steps of the biomass, recovery of the NPs in more
than one step, lack of user friendliness, etc. can affect the
formulation feasibility on a larger scale.

In general, user friendly formulations of green shampoos
(devoid of harsh chemical agents) have attracted users’ attention
rapidly in recent years. In fact, many users have been attracted to
plant and herbal remedies for dandruff treatment in recent years.
Many of these products are easily available at a low cost and are
This journal is © The Royal Society of Chemistry 2016
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comparatively safe with no side effects, and as a result, they have
been commonly used in good faith.12,13 Under this category,
numerous plant extracts and essential oils have been reported to
have benecial effects on hair and are commonly used in
shampoos for dandruff treatment.12,13 Some plant extracts such
as Aloe vera, Eucalyptus globulus, Phyllanthus emblica, Wrightia
tinctoria. Zingiber officinale, Wrightia tinctoria, Cassia alata, Aza-
dirachta indica, etc. have been reported for their good activity
against the M. furfur fungus.12–14 In shampoo formulations there
is also an increasing trend of natural surfactant (saponin) based
shampoos instead of synthetic surfactant based ones. Saponins
are also known for their antimicrobial, antioxidant and anti-
dandruff activity, and as a result, they are used alone or in
combination with other plant extracts.15 For instance, saponins
from Asparagus racemosus, Sapindus mukorossi, Vernonia cinerea,
Ricinus communis, and Acacia concinna are used as herbal sham-
poos because of their surface active properties and additionally
they may also have some antidandruff activity.16–20 Despite the
mentioned advantages, these agents have certain limitations
such as poor stability and low shelf-life in aqueous forms at
ambient conditions (they are very susceptible to fungal and
bacterial attacks), and they are less surface active (in terms of the
wetting behaviour) than the synthetic surfactants. In our previous
studies we have shown that natural surfactants are less surface
active compared to the commonly used non-ionic surfactants21,22

and also that the presence of nanoparticles can improve the
surface activity of natural surfactants.23 From the application
perspective, the development of an aqueous-based antidandruff
formulation with natural surfactants is a challenging task to date
and can replace the use of chemical antifungal agents.

In this study we premise that the addition of Ag NPs can
provide an effective solution by improving the shelf-life of the
formulation as well as combating the drug resistance of the
Malassezia fungi. For the mentioned purpose as well as from the
economical view point, the NP synthesis route should be facile
with limited purication steps. The green synthesis approach
will ensure consumer compliance and marketability. The
synthesis of Ag NPs (�13 and 40 nm) with a narrow size
distribution was achieved using the Aegle marmelos leaf extract
and/or a plant-based surfactant (Acacia auriculiformis) by
statistical optimization of the key parameters reported in our
previous study.24 This study highlights the determination of the
fungistatic and fungicidal effects of the as-prepared Ag NPs
against the selected pathogenic fungus, M. furfur. The
combined antifungal effect of A. marmelos, A. auriculiformis
(Acacia), and Ag NPs towards M. furfur was evaluated. The
addition of Ag NPs arrests the resistance of fungi and the
incorporation of natural extracts may limit the total dose
required for the antifungal activity. In addition, the stability of
the plant extracts with NPs in open air was also monitored to
determine the susceptibility towards microbial attack.

2. Materials and methods
2.1 Growth conditions and inoculum quantication

M. furfur was obtained from the Microbial Type Culture
Collection and Gene Bank (MTCC), India with the code MTCC
This journal is © The Royal Society of Chemistry 2016
1374. This fungus was grown on either Sabouraud Dextrose Agar
(SDA) or Sabouraud Dextrose Broth (SDB) from HiMedia labo-
ratories. The respective media were supplemented with pure
Tween 80 (1% v/v) as a lipid source for the growth of the
fungus.25 The grown M. furfur was stored in tubes containing
SDA at 4 �C and renewed at monthly intervals. The fungus was
allowed to grow in Petri dishes containing SDA and incubated at
35 �C for 48 h. Individual colonies were suspended in 10 mL of
saline (0.85%) water in glass tubes and the fungal content was
determined using turbidity measurements by comparing to the
McFarland standard of 0.5 which corresponds to approximately
5 � 106 colony forming units (CFU) mL�1.16

2.2 Nanoparticle synthesis

The Ag NPs of �13 nm size were synthesized using the Aegle
marmelos leaf extract (LE) as a green reducing agent (AgNO3/LE
ratio: 1 mM/0.3%, pH ¼ 7.0, Acacia solution of 0.428 mM,
temperature ¼ 55 �C) as per our reported study.24 The Acacia
solution alone also has the ability to form Ag NPs without any
additional reducing agent but the size was larger (�40 nm) in
the absence of the LE.

2.3 Antimicrobial tests

Well diffusion assay. The antimicrobial efficiency of the
obtained Ag NPs was examined against M. furfur using an agar
well diffusion assay method.24 0.5 mL of 2% w/v fungal cell
suspension was spread onto the SDA agar plates and wells (a 5
mm diameter was made on the agar plates using a sterilized
stainless steel cork borer). The wells were loaded with 40 mL
(0.107 mg mL�1 Ag concentration) of the respective Ag NP
suspensions. Only the respective aqueous plant extracts (Acacia
and Acacia + LE) were used for the control wells. The plates were
incubated at 35 �C for 48 h and examined for the appearance of
inhibition zones around the wells. The diameters of the inhi-
bition zones were measured from the images using Digiso
ProMed soware.

TTC assay and in vitro susceptibility test. The fungitoxic
effect in the vicinity of the synthesized Ag NPs (�13 and �40
nm) was evaluated using 2,3,5-triphenyl-tetrazolium chloride
(TTC), purchased from HiMedia laboratories. The TTC reagent
is colourless, but it gives a bright red colour when reduced,
indicating the presence of live fungi.26 This assay was done to
determine the effect of the dose of Ag NPs on antimicrobial
efficacy. A detailed procedure of this assay is given in ESI-I.†

An in vitro susceptibility test or time-kill assay27 was also
performed by growing the fungal cells with constant strength Ag
NPs (0.428 mM) in SDB media for a period of 7 days at 35 �C.
The strength of the fungal cells for this test was 7 � 105 CFU
mL�1. This test provides information regarding the synergism,
antagonism or indifference in the microbicidal activity, when
more than a single agent is present in the test suspension. Here,
as the NPs used were capped (with Acacia or Acacia + LE), their
efficiency was also tested againstM. furfur. Control experiments
with only capping/reducing agents (Acacia, Acacia + LE) in SDB
broth were also done in both the ascribed assays devoid of Ag in
the reaction media.
RSC Adv., 2016, 6, 11064–11069 | 11065



Fig. 2 SEM images of M. furfur devoid of Ag NPs (a and b) and when
exposed to 13 nm (c and d) and 40 nm (e and f) Ag NPs. Figure insets (g
and h) show the EDX analysis of the imaged samples (full images are
presented in S1, ESI†). The scale bars of (a, c, e), (b, f), and (d) are 50, 10,
and 5 mm, respectively.
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2.4 Contact angle measurements

Contact angle measurements give an idea about the
hydrophobic/hydrophilic nature of the composite lms28 and can
also be applied to the microbial lms as well. The wetting
behaviours of microbial lms before and aer treatment with Ag
NPs, Acacia, and Acacia + LE were tested. An optical contact angle
analyzer (OCA-20, Data Physics, Germany) was used to measure
the contact angle of water on the surface of the fungal biolms. A
drop of 1 mL of pure water was placed on the surface of the lm
using a microsyringe and the contact angles on both sides of the
drop were measured. Here, the fungal biolms were prepared
from cell suspensions onto a clean glass slide by drop drying (45
�C for 24 h). For this test, fungal cells grown on SDA with an olive
oil supplement were scraped and the suspension was prepared
according to the McFarland standard as described above.

3. Results and discussion
3.1 Well diffusion assay

The scanning electron microscopy images of the synthesized
particles used in this study are shown in Fig. 1a and b. Fig. 1c
represents the antimicrobial activity of the Ag NPs (13 and 40 nm)
qualitatively against M. furfur. The photograph shows that the
studied controls (positions 1 and 3) did not show any antifungal
activity, however, the diameter of the zone of inhibition (ZOI)
increases with a decrease in particle size. The ZOI values for 13 and
40 nm Ag NPs are 8.43 � 1.3 and 20.54 � 2.3 mm, respectively,
using the same concentration. This test conrms the size depen-
dent toxicity of the Ag NPs towards M. furfur. In addition to the
above, themorphological changes before and aer exposure of the
fungal cells (5� 105 CFU mL�1) to the NPs are shown in Fig. 2 by
SEM analysis. The smooth surface and the bowling pin shape of
the cells (Fig. 2a and b) are signicantly altered aer the treatment
with Ag NPs. The cell deformations with surface roughness are
observed in parts (c) and (e) of Fig. 2. The structural changes are
clearly visible (Fig. 2d) when subjected to 13 nm NPs, and at the
same time, surfacemodications are also seen when exposed to 40
nm Ag NPs (Fig. 2f). The presence of Ag NPs on cell surfaces was
also further conrmed using EDX analysis (Fig. 2g and h).

3.2 TTC assay

The antifungal activity of Ag NPs with different doses againstM.
furfur was also evaluated using the TTC reagent and the
Fig. 1 FE-SEM images of (a) �40 nm and (b) �13 nm AgNPs. Figure insets show the colour of the respective Ag sols. (c) Antifungal activity of
Acacia (1), 40 nm Ag NPs (2), Acacia + LE (3), and 13 nm Ag NPs (4).

11066 | RSC Adv., 2016, 6, 11064–11069 This journal is © The Royal Society of Chemistry 2016
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formation of the red formazan colour is shown in the insets of
Fig. 3. The higher value of absorbance because of the presence
of formazan (at 480 nm) indicates more viable cells in the
growth media. The gure also shows that when the dose is less
than 10 mL or equivalent to 0.054 mM of the respective NPs (13
or 40 nm) the toxicity is not signicant. This result suggests that
the stated concentration is the threshold for the cell toxicity of
the used NPs. Likewise, signicant cytotoxicity was also not
observed for systems with only the reaction media (Acacia,
Acacia + LE), although mild growth reduction was seen with
a high dose (50 mL) of Acacia + LE. The greater reduction in the
intensity values and the colour change in the presence of 13 nm
particles compared with that in the presence of 40 nm particles
(Fig. 3) clearly indicates the size dependent toxicity of NPs.
Fig. 4 Growth of M. furfur in terms of optical density (absorbance at
600 nm wavelength) in various environments (upon seven times
dilution). The control in the figure legend refers to only SDB.
3.3 In vitro susceptibility test

The synergism or antagonistic effect of two or more agents of
a suspension can be determined from a time-kill assay.27 A
constant dose of NPs with their respective controls were inoc-
ulated with the fungal cells for a period of 7 days and the
samples were observed over time for growth by measuring the
optical density (OD) at 600 nm wavelength using a spectropho-
tometer. The changes in the OD values with respect to time,
which indicate the growth of M. furfur in that environment, are
presented in Fig. 4. The results show that the fungal cells in the
reaction media (Acacia and Acacia + LE) devoid of NPs also have
some growth reduction unlike the observations found in the
above section. This behaviour may be because of the higher
concentration of the media used as a control for this test.
Further, it is observed that the growth reduction is more in the
case of the 13 nm particles (from Acacia + LE) compared to that
of the 40 nm particles (from Acacia). The above results indicate
that when the concentration of the reaction media is high
(Acacia and LE) there is a combined antimicrobial action of the
particles as well as the media. Reported studies of some anti-
microbial properties of the used plant extracts (Acacia29 and
Fig. 3 The TTC assay of different samples in the presence of different
sizes and concentrations. The secondary X-axis indicates the strengths
of only the Ag NPs used. The colour changes due to TTC reduction are
given as picture insets. Acacia is abbreviated as Aca.

This journal is © The Royal Society of Chemistry 2016
LE30) further support our observation. Reduction in the number
of viable cells is given in Fig. S2 of the ESI† as CFU mL�1 aer
appropriate serial dilutions.
3.4 The contact angle investigations

Contact angle measurements were done to get some insight
about the wettability of the fungal cell surface in the presence of
the nanoparticle suspension. Since the in situ contact angle
measurements on fungal cell surfaces is difficult, we performed
the contact angle studies aer making a fungal lm on a glass
surface. The results of the initial contact angle of water
measurements for the fungal lms along with the control are
shown in Fig. 5 (the images are shown in Fig. S3, ESI†). The
contact angle measurements of the dried fungal lms exposed
to various conditions (with and without NPs) show the following
hydrophilicity order: Acacia > 13 nm Ag NPs $ Acacia + LE > 40
nm Ag NPs > fungal lm > glass slide.

These results indicate that the hydrophilicity of the fungal
surface increases, while exposed to lone Acacia or Acacia + LE
solutions, which are acting as capping agents as well as
Fig. 5 Contact angle values of water on different films dried on the
glass slide.

RSC Adv., 2016, 6, 11064–11069 | 11067



Fig. 6 Optical density values in terms of the absorbance of the
aqueous samples exposed to ambient non-sterile conditions for
a period of 15 days. The Ag NPs prepared in Acacia + LE and Acacia
media are referred to as 13 and 40 nm, respectively.
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reducing agents during the synthesis of the 40 and 13 nm Ag
NPs. In comparison, the contact angle of water was slightly
more on the 40 nm Ag NP treated fungal lm than on that
treated with 13 nm particles, while their reaction media (Acacia
and Acacia + LE) devoid of fungal lm exhibited no signicant
difference. To address the observed behaviour, lm coatings
with only capped Ag NPs (13 and 40 mm) on a glass surface
devoid of fungal lm were also tested for contact angle
measurements. To our surprise, the contact angle of water was
near zero with immediate spreading for both particle lms,
similar to that of the pure reaction media (Acacia and Acacia +
LE). As NPs are capped in situ during the synthesis process, the
effect of the NP size on the contact angle could not be estab-
lished at this point. Moreover, based on the observations from
SEM analysis, the non-uniformity and roughness of the fungal
lm treated with 13 and 40 nm capped Ag NPs might be
responsible for the decrease of the contact angle value of water
on its surface (when compared to the native fungal lm). The
decrease in contact angle or improved wettability on the cell
surface enables better contact of the nanoparticles with the
surface, which in turn nally enhances the toxicity.
3.5 Stability of the suspensions at ambient conditions

The plant extracts are susceptible to fungal or bacterial attack
under ambient conditions. To see the stability of the used
suspensions, Acacia (1.2 mM) and Acacia + LE (1.2 mM + 0.9%)
in aqueous media were tested for microbial growth under non-
aseptic ambient conditions with the inclusion of 13 and 40 nm
sized Ag NPs of 0.08 mM strength. The strength of the NPs was
selected just above the threshold concentration (from the TTC
assay) where they are effective in retarding the growth of M.
furfur. Here, the NPs containing plant extracts were periodically
opened (1 h day�1) and exposed to the surroundings every day
for 15 days. The growth of the microorganisms was monitored
in terms of the change in turbidity measured spectroscopically
at 600 nm wavelength for various samples as shown in Fig. 6.
The gure shows the initial and nal O.D values of the different
samples tested. The increase in O.D values because of the
change in turbidity of the test suspensions is attributed to the
aggregation of particles and microbial growth or both together.
The appearance and colour change of the NP suspensions and
controls are shown in Fig. S4, ESI.† Among the control experi-
ments devoid of NPs, the Acacia solution showed much less
increase in turbidity than the LE + Acacia solution (Fig. 6)
because of less microbial growth. This indicates the vulnera-
bility of LE towards microbial attack. Moreover, upon compar-
ison of the 13 and 40 nm NP supplemented suspensions, Acacia
with 40 nm Ag NPs shows no or negligible change in turbidity,
suggesting no aggregation or microbial contamination. Even
though 13 nm Ag NPs in the presence of LE + Acacia should
show better resistance to microbial attack, the experimental
results do not support this. This behaviour is attributed to the
aggregation of particles aer day 1 (Fig. S4, ESI†) in the presence
of polyphenolic molecules such as tannins at the native pH of
�5.5 (ref. 31) and also because of the presence of the used LE.32

The presence of microbial growth on the upper portion of the
11068 | RSC Adv., 2016, 6, 11064–11069
solution aer 15 days further conrms the aggregation and
settling of the NPs in LE + Acacia media (Fig. S3, ESI†).

The above observations indicate that the mixture of LE + Acacia
media could not have the advantage of long term stability, despite
the formation of smaller size (13 nm) Ag NPs. However, a higher
dose of NPs may enhance the stability. On the other hand, Acacia
assisted synthesis as well as in situ stabilized Ag NPs (40 nm)
proved to be resistant to microbial contamination and are a good
choice to develop a cost effective and novel anti dandruff surfac-
tant for shampoo formulation. Furthermore, our approach is
simple and cheaper than the only reported study onM. furfur with
a green route (saponin assisted) synthesis of Ag NPs.2

4. Conclusions

An in situ green protocol was used to synthesize 13 and 40 nm Ag
NPs in Acacia + LE and Acacia media, respectively. The obtained
in situ capped NPs exhibited good fungitoxic properties against
M. furfur. The anti microbial efficacy via well diffusion assays
showed the importance of particle size on net toxicity, though the
minimum threshold concentration identied was the same
(0.054 mM) for both particle sizes used. Liquid media studies
showed some synergism between the 13 and 40 nm Ag NPs and
their synthesis media (Acacia + LE, Acacia) towards net fungitox-
icity. The results from the contact angle experiments revealed an
enhancement of fungal lm surface hydrophilicity aer treat-
ment with Ag NPs, which in turn also helped in enhancing
toxicity. The present investigation suggests that although 13 nm
Ag NPs in the presence of Acacia + LE showed improved anti-
fungal properties againstM. furfur, the superior stability of the 40
nm Ag NP supplemented Acacia media at ambient conditions
without microbial contamination has the potential to be used for
ready-made antidandruff shampoo formulation.
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