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INTRODUCTION

Nanoparticles are the particles of very small size ranging
from 1 nm to 100 nm and have distinct properties which make
them beneficial in almost all the fields like medicine, biological
products, cosmetics, aerospace, military, etc. Size of nano-
particles plays a vital role. This is because of all the electrical,
optical, catalytic, magnetic properties vary according to the
variation in their size [1]. Nanoparticles can be natural like
from volcanic eruptions, ocean spray, etc. They can be incidental
like combustion products, frying, mining, etc. They can be
engineered like quantum dots, fullerenes, etc. [2]. There are
newly discovered silver nanoparticles which can deliver a large
amount of drug in the body and this delivering can be controlled
[3]. These metal nanoparticles are quite useful in treating
tumors and cancers and based on polysilsesquioxane particles
which are silicon resin [3]. The metal nanoparticles are similar
to biomolecules because of same size range from 1 to 100 nm
and thus quite useful in bioimaging and biosensing [4]. Metal
nanoparticles can modify with different types of moieties like
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cationic, anionic, neutral, etc. because of their small size and
high surface area. Thus, have enormous applications in biolo-
gical sciences [1]. Nanoparticles of noble metals are very compa-
tible, have good catalytic activity and conductivity [5].

For the synthesis of silver nanoparticles various physical
and chemical methods have been employed but these methods
involve the use of toxic compounds and generate hazardous
by products [6,7]. The use of biological entities, namely, micro-
organisms and plants, has been explored for the synthesis of
silver nanoparticles and has been found to be a clean, non-
toxic and environmentally acceptable method [8]. Plant mediated
synthesis of silver nanoparticles have various advantages such
as cost effectiveness, non-toxicity and ecofriendly products
[9]. Extracts of many plants have been successfully used for
the synthesis of silver nanoparticles [10-12]. Silver nanopar-
ticles release silver ion after entering aqueous environment
[13,14], which reduces the stability of silver nanoparticles,
but these biogenic nanoparticles are quite stable. Congo red is
an azo dye and very toxic and non-biodegradable. This dye is
a byproduct of dying industries and it misbalances the aquatic



environment by polluting water [15]. Mycobacterium tuber-
culosis (TB) is a serious public health concern as it is a leading
infectious cause of death. However, a number of new chemical
compounds having significant antitubercular activity have been
recently discovered, but no new drug has entered the market
from the last 55 years [16]. The known drawbacks of current
existing drugs with the emergence of MDR strains and the
increasing occurrence of death due to TB have arisen interest
in the discovery and development of new anti-tubercular drugs
with novel mode of action. So, there is an essential need to
discover and develop the new anti-TB drugs [17].

The present study was undertaken to biosynthesize silver
nanoparticles and evaluate the potential of waste plant materials
for dye removal and to evaluate its potency against Mycobac-
terium tuberculosis. The objective of the study is to convert
waste materials into a useful material. Furthermore, in order
to investigate the medicinal importance of nanoparticles, they
were tested against Mycobacterium tuberculosis.

EXPERIMENTAL

The waste materials viz. orange peels and pomegranate
peels were procured for the local fruit market. The chemicals
and solvents silver nitrate, ethanol, methanol, malachite green,
methylene blue, Congo red, crystal violet dye, sodium boro-
hydride, ethanol, hexane were procured Sigma-Aldrich, USA.

Preparation of plant extract: Orange and pomegranate
peels were washed shade dried. The dried material was extracted
with ethanol using Soxhlet apparatus. The extract was than
distilled by rota-evaporation to get the solid mass.

Preparation of silver nanoparticles: The synthesis of
silver nanoparticles was done from the orange and pomegra-
nate extracts. Two stock solutions were made, one of plant
extract and another of silver nitrate. Plant extract (1 g) was
taken in a 100 mL volumetric flask and mixed with 100 mL of
deionized water, then AgNO3 (0.1 mM) was made in 1000
mL of deionized water. Different ratios of plant extract to silver
nitrate solution were used for the optimization of silver nano-
particles preparation of a particular plant and the best ratio
was selected with the help of UV-Vis Spectroscopy.

UV-visible analysis: The progress of reaction was monitored
by UV-Vis spectral analysis done with UV-1800 double beam
(SHIMADZU, Tokyo, Japan) and the spectra were recorded
from 200 to 800 nm. The reduction of pure Ag+ ions was confir-
med by the presence of characteristic peaks of surface plasmon
resonance.

TEM analysis: Transmission electron microscopy (TEM)
technique was used to observe the morphology of silver nano-
particles. Transmission Electron Microscope, Hitachi (H-7500)
120 kV equipped with CCD Camera instrument having the
resolution of 0.36 nm (point to point) with 40-120 kV operating
voltage and with magnification up to 6 lakh times in high resol-
ution mode was used for the present study. TEM grids were
prepared by placing 5 µL of AgNP solutions on carbon-coated
copper grids and thereafter dried under lamp.

XRD analysis: The powdered AgNP were drop-coated onto
a glass substrate and the XRD measurements were carried out
using a Panalytical's X'Pert Pro X-ray diffractometer with the
working conditions: CuKα Ni-filtered radiation; 40 kV, 30 mA;

divergence slit 0.47º. The instrument was made up of vertical
theta-theta goniometer having range of 0-160º 2θ. The radiation
was CuKα and nickel metal was used for beta-filter. Sample
was coated uniformly on glass side (size 3.5 cm × 2.5 cm and
thickness 0.2cm) for taking out the diffractogram.

FTIR analysis: The presence of functional groups in the
phytoconstituents of fruit peels extracts and their involvement
in the synthesis of AgNPs were determined by FT-IR studies.
The FT-IR analysis was carried out by a SHIMADZU FT-IR
8400S (Tokyo, Japan) operating in the range between 4000 to
400 cm-1.

Anti-TB activity using alamar blue dye: The antimyco-
bacterial activity of compounds was studied using micro plate
alamar blue assay (MABA) against M. tuberculosis [18]. The
96 wells plate was taken for the study, 100 µL of Middle brook
7H9 broth and serial dilution of compounds were done. The
range of final drug concentrations were 100 to 0.2 µg/mL. Plates
were sealed and incubated at 37 ºC for five days. After five
days, 25 µL of freshly prepared 1:1 mixture of alamar blue reagent
and 10 % Tween 80 was added to the plate and incubation was
done for another 24 h. A blue colour in the well indicated no
bacterial growth and pink colour was marked as cell growth.
The MIC was defined as lowest concentration of the compound
that prevented the colour change from blue to pink.

Reducing property of silver nanoparticles: Four organic
dyes viz. malachite green, Congo red, methylene blue and
crystal violet dye are degraded using silver nanoparticles. Three
stock solutions are made. The stock solution I contains 10-3 M
aqueous solution of each organic dye separately. The stock
solution II contains aqueous solution of metal nanoparticles.
The stock solution III contains 10-3 M aqueous solution of
sodium borohydride [19]. The first conical flask contains
aqueous solution of dye. The second conical flask contains
dye and silver nanoparticles. The third flask contains dye, silver
nanoparticles and aqueous solution of sodium borohydride.
The fourth flask is a control as it contains dye and sodium
borohydride. These flasks are continuously stirred and UV
spectra is taken after a fixed interval till the discolouration
of dye takes place.

RESULTS AND DISCUSSION

The progress of reaction was visualized by colour change
of solution from yellow to brown and it was further monitored
using UV-visible spectroscopy. There was a characteristic peak
at 420 nm which corresponded to the surface plasmon resonance
for silver nanoparticles [20]. From the UV spectra of orange
peel AgNPs (Fig. 1), it became evident that the absorbance
was maximum at optimum time of 6 h and the rate of reduction
of silver was fastest in 8:2 (AgNO3: extract).

Similarly, the optimization of conditions of silver nanopar-
ticles synthesis from the pomegranate peel extract was done
with the help of UV-visible spectroscopy. It was concluded
from the spectra that best ratio for reduction of silver was 7:3 and
time required for reaction completion was 4 h as shown in Fig. 1.

The characterization of nanoparticles was done on the
basis of IR spectra, overlay of IR spectra of both extracts and
their silver nanoparticles (Fig. 2) showed absorption bands at
3474 and 1734 cm-1, which corresponded to the presence of
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OH and C=O stretching (COOH), respectively. Further, bands
at 1616 and 1435 cm-1 were assigned to C=C stretching in case
of aromatic compounds present in the pomegranate extract.
The presence of such peaks indicated the presence of phyto-
chemicals adhering to the surface of silver nanoparticles, and
these phytoconstituents led to the stabilization of nanoparticles
[21]. Similar observations were obtained for pomegranate
nanoparticles and it was concluded that similar groups were
capping the silver nanoparticles.

The X-ray diffraction patterns of synthesized AgNPs from
pomegranate peels as depicted in Fig. 3 revealed the presence
of diffraction peaks at 32.859º, 34.974º, 49.321º, 53.720º,
56.469º, 61.795º and 78.618º that corresponded to fcc geometry
characteristic of AgNPs [22]. The particle size was calculated
by Scherrer′s method, it was found to be 15.9 nm. The X-ray
diffractogram (Fig. 4) displayed similar diffraction pattern for
orange peels and showed the presence of peaks at 32.1778º,
38.0706º and 54.9319º with average particle size of 19.1 nm.

The surface morphology of orange peel silver nanoparticles
and pomegranate peel nanoparticles was found out by TEM
analysis as shown in Fig. 5. The shape of silver nanoparticles
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Fig. 3. XRD spectrum of pomegranate peels AgNP

was nearly spherical with smooth surfaces. A closer view of
particle showed the capping by phytochemicals on its surface.
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Fig. 1. Variation in absorbance of (A) orange peels silver nanoparticles (B) pomegranate nanoparticles with reaction time
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Fig. 2. Overlay of IR spectra of (I) (A: orange peel extract and B: orange extract silver nanoparticles); (II) (A: pomegranate peel extract and
B: pomegranate extract silver nitrate nanoparticles)
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Fig. 4. XRD spectrum of orange peels AgNP

Dye degrading activity of nanoparticles: The silver
nano-particles from both the fruits waste was used to degrade
four dyes. The reaction of dye with both the silver nanoparticles
was visualized with the help of UV-visible spectrometer and
the change was recorded in form of spectra as shown in Figs.
6 and 7. Pomegranate peels AgNPs was found to degrade crystal
violet, Congo red and malachite green, methylene blue, on
the other hand orange AgNP could degrade three dyes except
Congo red. All the dyes except, Congo red adsorbed on the
surface of nanoparticles and hence removed from the solution.
That was easily concluded from the reduction in the absorbance
values of dye solutions with increase in time of exposure of
dye with silver nanoparticles (Fig. 7). The absorbance at λmax

was decreased with addition of small amounts of nanoparticles
within an hour, no additional peak was observed in any of the
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Fig. 6. Catalytic activity of Ag NP of Punica granatum

spectra, indicating that these dyes are degraded by simply
adsorption of coloring molecules onto the surface of nano-
particles.

The absorption spectra of Congo red was quite different
from that of other dyes. Congo red due to its complex structure
was not adsorbed rather it was reduced by NaBH4 in the presence
of pomegranate silver nanoparticles as catalyst. The silver
nanoparticles  (15 mg) were used to catalyze reduction of the
dye with NaBH4. From Fig. 6, it could be visualized that there
was a shift in λmax from 500 to 250 nm. In the initial dye solution
with less time of contact of nanoparticles with dye, there was
an absorption peak at about 500 nm due to presence of N=N
chromophoric group. With the increase in time of contact of
dye with silver nanoparticle, the chromophoric group was
reduced by NaBH4 in the presence of dye. Hence, the peak at
500 nm disappeared and a new peak at a wavelength of 250
nm (due to aromatic NH2 group) appeared. It could be proposed
that NaBH4 was adsorbed on the silver nanoparticle surface
thereby increasing the surface area for reduction of N=N bond
into NH2 groups and making the dye solution colourless. The
proposed mechanism could be depicted diagrammatically in
Fig. 8.

Orange peels silver nanoparticles were not able to remove
Congo red dye. The reason for such observation might be due
to the presence of phytochemical capping the nanoparticles,
did not support the adsorption of NaBH4. From the above discu-
ssion, it became clear that dyes were degraded by two diverse
mechanisms. The mechanism of adsorption and catalytic acti-
vity for removal of dyes have been proposed by earlier workers
as well [23].

Antitubercular activity of nanoparticles: Silver nano-
particles produced from fruit peels were further investigated
for their biological activity and tested against Mycobacterium
tuberculi. The pomegranate nanoparticles were found to be
quite active with MIC value of 6.25 µg/mL and orange nano-
particles were active with MIC value of 25 µg/mL as depicted
in Table-1. It could be inferred that pomegranate peels silver
nanoparticles are more potent than orange peels silver nano-

Fig. 5. TEM images of (A) pomegranate nanoparticles and (B) orange nanoparticles
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Removal of malachite green with 10 mg AgNP (orange peels) Removal of methylene blue with 20 mg AgNP (orange peels)

Removal of malachite green with 20 mg AgNP (pomegranate peels) Removal of crystal violet with 20 mg AgNP (pomegranate peels)
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Fig. 7. Adsorption activity of nanoparticles for dyes

TABLE-1 
ANTITUBERCULAR ACTIVITY OF FRUIT PEELS AgNP 

Sample 100 µg/mL 50 µg/mL 25 µg/mL 12.5 µg/mL 6.25 µg/mL 3.12 µg/mL 1.6 µg/mL 0.8 µg/mL 

Pomegranate peels AgNP Sensitive Sensitive Sensitive Sensitive Sensitive Resistant Resistant Resistant 
Orange peels AgNP Sensitive Sensitive Sensitive Resistant Resistant Resistant Resistant Resistant 

Strain used: M. tuberculosis (H37 RV strain): ATCC No- 27294; Here are the standard values for the Anti-Tb test which was performed; 
Pyrazinamide = 3.125 µg/mL; Streptomycin = 6.25µg/mL; Ciprofloxacin = 3.125 µg/mL. 
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particles. Further study could be undertaken to ascertain the
mechanism of its activity.

Conclusion

It could be concluded from the present study that the fruit
wastes like peels of orange and pomegranate could be utilized
to biosynthesize silver nanoparticles. The synthetic method
is quite simple as no requirement of any type of stabilizing
agent and thus poses no threat to living beings as well as to
environment. It is also inferred from the study that pomegranate
peels silver nanoparticles exhibited good catalytic activity
for removal of Congo red dye from water and both the silver
nanoparticles are working as good adsorbent for dye removal.
So, silver nanoparticles could be further studied for dye
removal from contaminated water from textile industries.
Furthermore, pomegranate silver nanoparticles as compared
to orange silver nanoparticles are quite potent against Myco-
bacterium tuberculi and can be considered as a good drug
candidate.
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