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Abstract Silver nanoparticles are receiving increasing
attention in the field of agriculture. This study aims at
evaluating the antifungal properties of green synthesised
silver nanoparticles (AgNPs) from Aloe vera leaf extract
against two pathogenic fungus Rhizopus sp. and Aspergil-
lus sp. Results revealed that synthesised nanoparticles
showed strong absorption maximum at 400 nm corre-
sponding to the surface plasmon resonance. The prepared
nanoparticles were characterized by SEM, FT-IR and UV-
Vis spectroscopy. From the scanning photograph it is clear
that particles are heterogeneous in shape such as rectan-
gular, triangular and spherical with uniform distribution.
FT-IR study showed sharp absorption peaks at 1,631 and
3,433 cm™' for amide and alcoholic hydroxide groups,
respectively. On the other hand, synthesised silver nano-
particles showed highest antifungal activity against
Aspergillus sp. than Rhizopus sp. by application of 100 pL.
of 1 M silver nanoparticles with maximum inhibition of the
growth of fungal hyphae. However, microscopic observa-
tion revealed that synthesised nanoparticles caused detri-
mental effects on conidial germination along with other
deformations such as structure of cell membrane and
inhibited normal budding process of both the tested spe-
cies. Therefore, it has been concluded that Aloe vera leaf
extract origin silver nanoparticles have tremendous poten-
tiality towards controlling pathogenic fungus. However,
further research is needed to check the efficacy of size-
dependent AgNPs on different species of fungus.

S. Medda - A. Hajra - U. Dey - P. Bose - N. K. Mondal (I)
Environmental Chemistry Laboratory, Department of
Environmental Science, The University of Burdwan,
Burdwan 713104, India

e-mail: nkmenvbu@ gmail.com

Keywords AgNPs - Green synthesis - Aloe vera leaf -
Antifungal effect - Rhizopus sp. and Aspergillus sp.

Introduction

The term nanoparticle is used to describe a particle with
size in the range of 1-100 nm (Yehia and Al-Sheikh
2014). They tend to react differently than larger particles
of the same composition because of their large surface
area, thus allowing them to be used in novel applications
(Abou et al. 2010). Moreover, they serve as the funda-
mental building block of nanotechnology (Vahabi et al.
2011). Nowadays there is a wide application of nano-
particles in diverse fields including catalysis, energy,
chemistry and medicine (Yehia and Al-Sheikh 2014).
Nanotechnology approaches to control disease in human
and plants have recently been increasing greatly and the
unique physicochemical properties of nano-sized metal
particles make them successful in biology and medicine
(Jo et al. 2012). The current understanding of potential
risks associated with the release of these materials in the
environment for human and animal health is still insuf-
ficient (Wang et al. 2012). However, very recently
Verano-Braga et al. (2014) reported that the toxicity of
AgNPs depends upon both dosage and particle size.
Metal nanoparticles show large surface to volume ratio
and exhibit antimicrobial properties due to their ability to
interact with cellular membranes through disruption of
cell wall structure (Ahmad et al. 2013; Trop et al. 2006).
Especially silver has long been known for its strong
toxicity against a wide range of micro organisms
including bacteria and fungi (Narayanan and Park 2014).
There are numerous methods for synthesis of silver
nanoparticles, but, mostly used chemical methods,
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including toxic chemicals and mostly non-polar solvent.
Therefore, there is tremendous need for the development
of clean and biocompatible as well as cost effective and
sustainable method for synthesizing silver nanoparticles.
According to Bansal et al. (2011) biological synthesis of
silver nanoparticles is the novel approach. Many previ-
ous researchers highlighted the green synthesis of silver
nanoparticles (Vahabi et al. 2011; Mondal et al. 2014;
Sukirtha et al. 2012; Huang et al. 2007). Green synthesis
of silver nanoparticle has some advantages towards the
reduction of metal ions and their stability (Narayanan
and Sakthivel 2010). Due to the presence of a myriad of
biomolecules in plant metabolites possessing bioreduc-
tion and biostabilization ability, the exploration of such
molecules could facilitate control over size and mor-
phology of metal nanoparticles (Narayanan and Park
2014).

In this article, we report the ‘rapid and green’ method
for the synthesis of silver metal nanoparticles (SNPs) using
important medicinal plant Aloe vera and possible mecha-
nism on the basis of the role played by the phytochemical
constituents present in the plant extract. Aloe vera contains
several groups of chemical constituents such as steroidal
lactones, alkaloids, flavonoids and tannin. The plant sys-
tem, therefore, was selected for fabrication of silver
nanoparticles and its antifungal activity against Rhizopus
sp. and Aspergillus sp.

Materials and methods
Preparation of plant extract

Fresh leaves of Aloe vera were collected from the garden of
the Department of Environmental Science, the University
of Burdwan, Burdwan. The leaves were washed with dis-
tilled water, and after grinding, 10 g leaves was mixed with
100 ml distilled water and heated for 12 min. Then the
extract was filtered through Whatman filter paper, collected
and stored in refrigerator.

Preparation of metal solution

Initially 1.575 g silver nitrate was dissolved in 1,000 ml
distilled water.

Synthesis of nanoparticles

10 % Aloe vera plant extract was mixed with silver
nitrate solution in 1:9 proportion and kept at room
temperature for 48 h for the development of reddish
brown colour.
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Characterisation of silver nanoparticles
Colour change of nanoparticles

The reduction of pure Ag" ions was monitored by mea-
suring the UV-visible spectrum of the reaction medium at
5 h after diluting a small aliquot of the sample into distilled
water. UV-visible spectral analysis was done by using
UV-vis spectrophotometer (Perkin Elmer, Lamda 35).

Surface morphology of nanoparticles
SEM study

The solution of Aloe vera leaf extract in each beaker was
dried and sent for scanning electron micrograph (SEM).
The SEM characterization was carried out using a scanning
electron microscope (Hitachi, S-530). Infrared photograph
was recorded by Fourier transform infrared spectroscopy
(FT-IR) (Bruker, Tensor 27) absorbance was measured by
UV-vis spectrophotometer (Perkin Elmer, Lamda 35) and
fluorescent spectrophotometer (SD 1000) (Mondal et al.
2014).

FT-IR study

FT-IR analysis was carried out on Tensor-27 (Bruker) in
the diffuse reflectance mode operated at a resolution of
4 ¢cm™! in the range of 400 to 4,000 cm ™! to evaluate the
functional groups that might be involved in nanoparticle
formation.

Source of organism and composition of growth media
Broth preparation

1.3 g of nutrient broth was mixed with 100 ml distilled
water and two drops of antibiotic was added. The conical
flask was cotton plugged and autoclaved at 15 1b/inch?
pressure and 121 °C for 15 min.

Inoculation

After cooling the broth medium, fungi were (Aspergillus
sp., Rhizopus sp.) inoculated with a needle from a pure
culture medium to the broth medium and were kept in
30 £ 1 °C temperature in incubator for 72 h.

Medium preparation and antifungal activity test
10 g dextrose monohydrate and 14 g nutrient agar were

mixed with 500 ml of potato extract (10-12 %) and boiled;
3—4 drops antibiotic was added to prevent bacterial growth
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and pH of the solution was maintained between 5 and 5.6.
Then the agar media was poured into sterilized petri dishes
and after solidification, 50 pl fungal broth culture was
spread on each plate with the help of a spreader. Then a
hole was made with a hole borer in each plate. 100 pl
AgNPs solution only, only leaf extract and leaf
extract + salt solution were poured in each hole of plate
and kept for 48 h at 30 &+ 1 °C temperature for further
observation.

Microscopic observation

The antifungal activity of silver nanoparticles was
observed under a light microscope (Nickon Eclipse 80i,
Tokyo, Japan).

Statistical analysis

Results are presented with the help of figures and tables.
The basic statistics were conducted with the help of
SPSS 20.

Results and discussion
UV-Visible spectra analysis and colour change

The colour of synthesised AgNPs clearly changes to red-
dish brown within 72 h of incubation at room temperature
(Fig. 1) and corresponding UV-Visible absorption spec-
trum of AgNPs was recorded in Fig. 2. The spectra of
AgNPs showed maximum absorption at 400 nm to the
surface plasmon resonance of the formed silver nanopar-
ticles. The colour change was due to the excitation of SPR
in the production of silver nanoparticles (Narayanan and
Sakthivel 2008; Xiaoming et al. 2009). Previous reports
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Fig. 1 Change of colour after 72 h a only AgNO; solution, b 5 %
Aloe vera extract and ¢ 3 mM AgNO;z + 5 % Aloe vera extract
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Fig. 2 UV-Visible spectra of silver nanoparticles

from Huang et al. (2007) on C. camphora show that silver
nanoparticles may grow in a process involving rapid bio-
reduction and that they strongly influence the SPR in the
water extract. This is accordance with the results obtained
from bioreduction of silver nanoparticles using Spirulina
Platensis, which showed that a SPR silver band occurred at
400480 nm (Narayanan and Sakthivel 2008; Kasthuri
et al. 2009).

Active component in Aloe vera plant

About 75 active components present in Aloe vera plant
including vitamins, enzymes, lignin, saponins, salicylic
acid, amino acids, sugars and minerals (Table 1) (Surjushe
et al. 2008).

SEM analysis of silver nanoparticles

Scanning electron microscopy (SEM) analysis provided the
morphology and size details of the nanoparticles. Figure 3

Table 1 Chemical characterization of plant extract of Aloe vera

Parameters (g. 100 g7' f.w)
Moisture 98.93 £ 0.06
Protein 0.12 £+ 0.01
Fat 0.01 £ 0.02
Crude fibre 0.12 + 1.20
Ash 0.16 £+ 0.02
Available carbohydrates 0.66 £ 0.01
Energy (kcal.g™' same) 5.84 £ 0.03
pH 4.74 £+ 0.01
Acidity (% of malic acid) 0.06 £ 0.02
Glucose 25.20 £+ 0.06
Fructose 9.30 + 0.01
Mean + SD

bisase cllod aao .
KACSTa 8l rog Lo @ Springer



878

Appl Nanosci (2015) 5:875-880

50.00 pm

Jal "

Fig. 3 SEM of synthesised silver nanoparticles

shows high density AgNPs synthesised by the plant extract
of Aloe vera more confirmed the presence of AgNPs. The
interactions such as hydrogen bond and electrostatic
interactions between the bio-organic capping molecules
bond are the reason for synthesis of silver nanoparticles
using plant extract (Mano et al. 2011). Figure 3 showed
that silver nanoparticles are cubical, rectangular, triangular
and spherical in shape with uniform distribution. However,
on most occasions, agglomeration of the particles was
observed probably due to the presence of a weak capping
agent which moderately stabilized the nanoparticles (Ne-
thra et al. 2012). The measured sizes of the agglomerated
nanoparticles were in the range 287.5-293.2 nm; however,
the average size of an individual particle is estimated to be
70 nm.

Fluorescent microscope

Fluorescent microscope clearly indicates the spherical
shape of silver nanoparticles with variable sizes (Fig. 4).

Fig. 4 Fluorescent micrograph of synthesised silver nanoparticles
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FT-IR analysis

The result of FT-IR analysis for AgNPs is depicted in
Fig. 5. Spectra of AgNPs showed transmission peaks at
3,355, 1,636 and 1,507 cm™'. The peak at 1,636 cm™'
indicates primary amines, the peak at 3,355 cm™' corre-
sponds to O-H, as also H-bonded phenols and alcohols in
AgNPs while the peak at 1,507 cm™' in AgNPs corre-
sponds to involvement of nitriles (-C=N) groups. Figure 5
shows the FT-IR spectra of biosynthesised silver nano-
particles and carried out to identify the possible interaction
between protein and silver nanoparticles. Results of FT-IR
study showed sharp absorption peaks located at about
1,631 and 3,433 cm™ . Absorption band at 1,631 cm™!
suggested the presence of amide group, raised by the car-
bonyl stretch of proteins. These results indicated that the
carbonyl group of proteins adsorbed strongly to metals,
indicating that proteins could have also formed a layer
along with the bio-organics, securing interacting with
biosynthesised nanoparticles and also their secondary
structure were not affected during reaction with Ag™ ions
or after binding with Ag nanoparticles (Garg 2012). These
IR spectroscopic studies confirmed that carbonyl group of
amino acid residues have strong binding ability with metal
suggesting the formation of layer covering metal nano-
particles and acting as capping agent to prevent agglom-
eration and providing stability to the medium (Baun et al.
2008).These results confirm the presence of possible pro-
teins acting as reducing and stabilizing agents.

The synthesised AgNPs prepared from Aloe vera leaf
extract showed antifungal activity against Rhizopus sp. and
Aspergillus sp. The antifungal activity can be identified by
inhibition zone formation (Figs. 6, 7). However, the anti-
fungal activity of AgNPs depends on the types of fungus
along with size of AgNPs and also closely associated with
the formation of pits in the cell wall of microorganism
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Fig. 5 FT-IR spectrum of Aloe vera mediated silver nanoparticles
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Fig. 6 Zone of inhabitation with a AgNPs in Aspergillus sp. b Aloe
vera extract in Aspergillus sp. ¢ AgNOj; salt solution in Aspergillus sp

Fig. 7 Zone of inhabitation with a AgNPs in Rhizopus sp. b Aloe
vera extract in Rhizopus sp. ¢ AgNOj salt solution in Rhizopus sp

(Shafaghat 2015). According to Kim et al. (2009a), AgNPs
affect fungus cells by attacking their membranes, thus
disrupting the membrane potential. The biologically syn-
thesised silver nanoparticles prepared by direct reduction
method showed antifungal activity against only Rhizopus
sp. and Aspergillus sp. using disc diffusion method. Con-
trol was also maintained in which no zone of inhibition was
observed. The highest antimicrobial activity was observed
against Aspergillus sp. than Rhizopus sp. The experimental
samples with greater inhibition zones are represented in
Fig. 7 (Abdeen et al. 2014). On the other hand, micro-
scopic observation (picture not supplied) revealed that the
synthesised nanoparticles caused detrimental effects not
only on fungal hyphae but also on conidial germination
(Lamsal et al. 2011). However, there were other defor-
mations such as structure of the cell membrane and
inhibiting normal budding process of both Rhizopus sp. and
Aspergillus sp., probably due to the destruction of the

membrane integrity (Narayanan and Park 2014; Kim et al.
2009b). Almost similar observation was reported by Ouda
(2014) who used copper and silver nanoparticles against
two plant pathogens, Alternaria alternate and Botrytis
cinerea.

Green synthesis of AgNPs using Aloe vera plant extracts
was reported to be superior to chemical synthesis in that,
the former compounds offer better advantages as they are
widely distributed, safe to handle, and easily available with
a range of metabolites (Mulvaney et al. 1996). In the
present study, silver nanoparticles were synthesised using
phyto-compound aloin and the formed silver nanoparticles
were characterized using UV-visible spectroscopy, SEM,
fluorescent microscope technique and FT-IR analysis.

The production of silver nanoparticles is demonstrated
by the sharp peak around 400 nm for aloin-mediated silver
nanoparticles in UV-vis spectrum, which indicates the
availability of reducing biomolecules in aloin. Analysis of
SEM image shows the formation of silver nanoparticles
and indicates the agglomerated appearance with cubical,
rectangular, triangular shape and size varying from 287.5
to 293.2 nm. The average size of an individual particle is
estimated to be approximately 70 nm. The results of DLS
technique used for the measurement of size of ANS in
solution form showed a size of 67.8 nm which is in good
agreement with the SEM analysis (70 nm). The results of
the FT-IR studies indicated the involvement of hydroxyl,
carboxyl and primary amine functional groups of aloin in
the synthesis of silver nanoparticles. AgNPs showed better
antifungal properties against Aspergillus sp. and Rhizopus
sp. as evidenced by minimum inhibitory concentration
(MIC) value 21.8 ng/mL when compared to the phyto-
compound of Aloe vera plant extracts alone which does not
show any inhibition zone. The results showed that the
AgNPs were fungicidal against both the tested fungus at
very low concentrations and the fungicidal activity was
dependent on the tested fungus species. These results were
confirmed by plating the content of each well on dextrose
agar medium, and there was no growth for any of the
strains resultant from the MIC point. These enhanced
effects of AgNPs might be due to the antifungal properties
of silver nanoparticles (Tripathu et al. 2010). Cytotoxicity
studies revealed that AgNPs have no adverse toxicity and it
was found to be safe. Hence, keeping in view of the eco-
nomics of production, safety and efficacy of the compound,
AgNPs could provide a promising alternative to the use of
traditional antifungal agent.

Conclusion

In the present study, we focused on green synthesis of
silver nanoparticles using aqueous leaf extract of Aloe vera.
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The physical property of synthesised nanoparticle was
characterized using relevant techniques. Further we dem-
onstrated the possible application of AgNPs in medical
field as it shows antifungal activity against plant patho-
genic fungus. The data represented in our study contributed
to a novel and unique virgin area of nano-materials as an
alternative fungicide for future. With little uncovered
mechanism in the current study, there is a wide scope for
detailed investigation in the future for the application of
AgNPs in the field of Agriculture for controlling the
pathogen.
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