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Abstract: We demonstrate new method for the synthesis of gold and silver nanoparticles from pineapple extract. Fur-
thermore, we have studied interactions between nanoparticles (gold and silver) with aminoglycosides  such as Kanamycin 
A, Neomycin. Both nanoparticles were prepared by reducing AuCl4 and AgNO3 using pineapple extract, kanamycin A and 
neomycin as both reducing and stabilizing agents respectively. Our new approach shows a clean method of synthesizing 
gold and silver nanoparticles that exhibit promising morphologies and stability under physiological conditions for several 
months in powder or aqueous form. Transmission electron microscopy (TEM) was employed to visualize the diameters of 
nanoparticles.  
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INTRODUCTION 

Metallic nanostructures of gold and silver have been 
studied extensively and are emerging areas in nanoscience 
and biology because of their unique optical, electronic and 
magnetic properties [1-3]. Metal nanoparticles (NPs) pro-
duced from gold (Au) and silver (Ag) with their binding 
abilities with biological molecules makes them attractive 
tool for studying molecular interactions [4]. The most char-
acteristic property as nanoscale building blocks e.g. nanopar-
ticles, nanorods, nanotubes, nanowires lies in their power to 
induce the formation of aggregated material through “bottom 
up approach” [5-6]. The aggregation of such nanostructure 
using surfactants, DNA (deoxyribos nucleic acid) molecules 
as well as using biotin-streptavidin wells established [7-9]. 
Various methods have been reported in last two decades for 
the synthesis of Au and Ag nanoparticles, which involved 
applying reducing agent such as ascorbic acid, NaBH4, mi-
crowaves, transmetalation reaction, poly(vinyl pyrrolidone), 

sodium citrate, seed mediated synthesis, polymeric strands of 
oleylamine-AuCl complex and ionic polymers [10-18]. 
Moreover, recent developments in the synthesis and applica-
tion of AuNPs have allowed several groups to probe the 
function of this interesting class of material in a molecular 
and supramolecular sense [19-25]. Supramolecular self-
assembled material of Au and Ag nanoparticles was also 
studied extensively [26]. Literature survey reveals that the 
assembly of nanoparticles is based on two important factors, 
first is the shape and size distributions of the particles 
nanoparticles and second is interactions with organic mole-
cules, which can be well characterize by strong plasmon  
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resonance [27]. On the other hand, biological syntheses of 
metallic nanoparticles are quite attractive because of their 
simplicity, convenient, uncatalysed and environmentally 
green method. Recent newly synthetic routes [28-32] clearly 
indicate that nanoparticle properties such as shape, particle 
size and stability are comprehensive to work on this method-
ology. In this regard, the functionalization of the synthesized 
Au and Ag nanoparticles using biomolecules including DNA 
and proteins has been extensively studied. However, self-
assembly of metal nanoparticles with aminoglycosides such 
as kanamycin A, neomycin has not been explored yet. Ami-
noglycoside antibiotics constitute a large family of clinically 
important drugs used in the treatment of gramnegative infec-
tions [33]. Aminoglycosides are hydrophilic molecules, con-
sisting of a characteristic, central aminocyclitol linked to one 
or more amino sugars by pseudoglycosidic bond. Neverthe-
less, the antibacterial effects of Ag salts have been well 
known, most importantly Ag control bacterial growth in va-
riety of applications. Thus, the incorporation of aminoglyco-
sides onto nanomaterial has become interesting field in 
nanoscience. Furthermore, modified nanomaterials may util-
ize for better efficiency to facilitate their applications in bio-
science and medicine. Herein, we report simple strategy for 
synthesis of Au and Ag nanoparticles utilizing pineapple 
extract, organic molecules from pineapple extract act as re-
ducing agent in control synthesis of both the nanoparticles. 
Pineapple contains various components such as thiamine, 
riboflavin, vitamin B, vitamin C and Ca, Fe, Mg, P, K, Zn, 
which is beneficial for variety of diseases and most of them 
found application in nanoscience. In addition, the chemical 
composition of the pineapple extract may be dependent on 
the country and area. This may cause the problem for the 
reproducibility of the experiments this may be improved by 
the real-life experimental case studies [34-36]. In addition, 
we have also investigated the role of kanamycin A and neo-
mycin for stabilization of Au and Ag nanoparticles in aque-
ous media (Scheme 1). UV-Vis (Ultraviolet-visible) absorp-
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tion, FT-IR (Fourier transform infrared), transmission elec-
tron microscopy (TEM) analysis were performed to study 
size, shapes of the nanoparticles and their interactions with 
aminoglycosides.  

EXPERIMENTAL  

Materials: Gold chloride trihydrate (HAuCl4), silver ni-
trate (AgNO3), kanamycin A, neomycin were purchased 
from Sigma-Aldrich and used without further purification. 
Milli ‘Q’ water was used throughout the experiment.  

Synthesis: The pineapple extract used in all experiments 
were prepared by 20 gm of finely cut pieces in flask with 
100 ml of Milli-Q water and then boiled the mixture for 10 
minutes, finally decanting it. In a typical experiment, 2ml of 
10-3 M aqueous HAuCl4 solution was added to 5ml of above 
pineapple extract. The reaction mixture was allowed to settle 
at room temperature. Formation of the particles could be 
observed from the change of color of reaction mixture. The 
colorless solution turns violet at the end of the reaction, 
which is the primary indication of particle formation.  

For the stablisation of the nanoparticles with aminogly-
cosides (Kanamycin A and Neomycin): Mixture of pineapple 
(5 ml) and HAuCl4 (2 ml of 10-3 M aqueous) was treated 
with aminoglycosides such as kanamycin A or neomycin (5 
ml of 10-3 M). The color change observed was from yel-
lowish to red within a 10 minutes. Following similar proto-
col synthesis of silver nanoparticles was carried out using 
AgNO3 (2 mL of 10-3 M solution). Purification of particles 
was performed by centrifugal filtration at 10,000 rpm for 5 
minutes by redissolving residue in milli-Q water and solution 
was loaded into a centrifugal filter device and was subjected 
to centrifugation. The process repeated three times until the 
starting material could no longer be detected by thin layer 

chromatography (TLC). The products obtained were free of 
salts and starting material.  

UV-vis Absorption and Infra-red Spectroscopy: All 
stock solutions of gold and silver nanoparticles diluted with 
sufficient amount of milli ‘Q’ water and sonicated well be-
fore measurement. For spectral measurements, each sample 
of above solution (2 mL) was delivered in a cuvette by mi-
cropipette. UV-visible absorption spectra were recorded 200 
to 900 nm range on a UV-1601 Shimadzu spectrophotome-
ter. Absorption peaks of functional groups were observed by 
Fourier-transform Infrared (FT-IR) on Shimadzu Spectrome-
ter DRS-84000 using KBr pellet. 

Transmission electron microscopy: Transmission elec-
tron micrograph observations of AuNPs and AgNPs samples 
were made on a Philips model-CM-200, operating voltage 
200kv, on resolution 2.4 Å. Typically 3-4 L droplets of Au 
and Ag nanoparticles suspension were deposited on carbon-
coated 300 mesh copper grids and excess liquid was wicked 
off with filter paper. TEM analysis was performed to charac-
terize the morphologies of Au, Ag aminoglycosides-
modified nanoparticles. All samples dispersed in milli ‘Q’ 
water.  

RESULTS AND DISCUSSION 

 The pineapple extract (pH=3) collect by refluxing 
small pieces of ripped pineapple in milli ‘Q’ water. The Col-
loidal Au and Ag nanoparticles precipitated by addition of 
pineapple extract to 10-3 M aqueous HAuCl4 and aqueous 
AgNO3 at room temperature respectively. After centrifuga-
tion, the particles were redispersed in water and produced 
perfectly stable colloidal solutions in water. Au and Ag 
nanoparticles were prepared using pineapple extract with 
various functional groups (amino, thiol, carboxyl, and hy-

 

Scheme 1. Schematically representation of the synthesis of Au and Ag nanoparticles and stabilization of nanoparticles with aminoglycosides 
(kanamycin A and neomycin).  
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droxyl). It is believed that the functional groups present at 
the pine apple extract acts as a reducing agent for AuCl4 and 
AgNO3 in the synthesis of nanoparticles. In particular, upon 
reduction of  AuCl4 and AgNO3 the color of solution 
changed from colorless to violet in case of AuNPs and while 
red in the case of AgNPs respectively. Primarily the biocon-
jugates prepared in this synthesis were analyzed by UV/Vis 
spectroscopy. The UV-vis absorption spectrum of sample 
after 4 h in water produced the plasmon absorption band at 
547 nm and 452 nm (Fig. 1) for AuNPs and AgNPs respec-
tively, which indicates formation of Au and Ag nanoparticles 
with well morphology, even keeping reaction mixture for 
longer time does not shows any changes in absorption indi-
cating completion of the reaction with control growth of 
NPs. The UV/Vis spectra of both the nanoparticle solutions 
remained unchanged even after months, indicating particles 
stable in water and show no sign of aggregation. In general 
AgNPs usually have an absorption maximum at 410 nm but 
particles produced via pineapple extract reduction the plas-
mon band shifted to the longitudinal plasmon band (452 nm). 
This broadening and increase in plasmon resonance at higher 
wavelength indicates agglomerated nanoparticles.  

To visualize exact size and shapes of nanoparticles, TEM 
analysis is investigated as shown in Fig. (2). TEM analysis 
clearly shows that most of the Au and Ag nanoparticles were 
spherical in shape. A few agglomerated nanoparticles were 
also observed in some places, which may probable due to 
self-assembly of smaller particles upon prolongation of time. 
TEM images of Au and Ag, it is evident that there is varia-
tion in particle sizes and the average size estimated was 50 
nm, 30 nm for Au and Ag and the particles size ranged from 
40 nm for Au and 24 nm to 40 nm for Ag nanoparticles re-
spectively. Very interestingly, all the prepared Au and Ag 
NPs via pineapple extract are varying in size and shape but 
formed shapes are stable and clearly distinguish by micro-
scopic analysis.  

The stability of nanoparticles is a major issue in nano-
science. In this study, we have investigated stabilization of 
AuNPs and AgNPs using aminoglycosides (kanamycin A, 
neomycin). The UV-Vis spectra of solutions of Au-Pi and 
Ag-Pi were examined after addition of kanamycin (10 mM) 
and neomycin (10 mM) as shown in Fig. (1). After addition 
of kanamycin and neomycin, the surface plasmon resonance 
band is shifted toward lower intensity compared with Au 

pineapple nanoparticles (Au-Pi) at 547 nm. Decrease in the 
plasmon resonance indicates change in size and shape of 
nanoparticles (Fig. 1). Kanamycin A and neomycin acted as 
stabilizing and have ability to bind the bioconjugates via 
hydrogen bonding, electrostatic interaction. Excess amino-
glycosides can be easily removed from sample by repeated 
washing and centrifugation with water. Moreover, kanamy-
cin (AuPiK) and neomycin (AuPiNeo) modified nanoparti-
cles were analyzed by TEM (Fig. 2). The aminoglycoside 
modified Au nanoparticles were polydispersed (nanorod, 

 

Fig. (1). Normalized spectra of Au0 and Ag0 NPs prepared using pineapple extract (black) with increasingly red shifted longitudinal plasmon bands, synthe-
sized using kanamycin (red) A and neomycin (neomycin) respectively. 

 

Fig. (2). TEM images and related selected-area diffraction pattern 
of polydisperse Au0 (a, b, c) and Ag0 (d, e, f) synthesized using 
pineapple extract and modified particles with kanamycin A and 
neomycin respectively. 
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nanotriangles, pentagonal, spherical and nanoprism) with 
size ranging from 5 nm to 80 nm. In the case of aminoglyco-
side modified silver nanoparticles, the plasmon absorption 
band was shifted at 469 nm, 470 nm for AgPiK and Ag-
PiNeo respectively. The surface plasmon resonance band is 
shifted toward a longer wavelength, compared with Ag 
nanoparticles (452 nm). The range of diameters of the parti-
cles is varying between 5 nm to 30 nm (Fig. 2e and 2f).  

Furthermore, infrared spectroscopy (FTIR) support for-
mation of the Au and Ag nanoparticles (Fig. 3a,b), the ab-
sorption bands at 2962, 2854 (C-H stretching), 1770 (C=O 
stretching), 1480 (C-H bending) and 1259, 1091, 1022 (C-O 
stretching) cm 1 are observed for gold nanoparticles. Broad 
absorption bands at 3389 (N-H stretching), 2953 (C-H 
stretching), 1611 (C=C stretching), 1512 (C-H bending), 
1280 (C-O stretching), 1081, 1030 (C=C stretch, primary 
alcohol, C O stretch), 801 (C O stretch, carbonate ion) 
cm 1. Additional moderate to intense bands in ranges 1600-
1300, 1200-1000 and 800-600 cm 1 observe, due to presence 
of hydroxy compound that the hydrogen-bonded -OH ab-
sorption. The general observation showed the presence of the 
carbohydrates, sugars, proteins and amino acid constituent of 
the pineapple extract. FTIR studies obviously evident of that 
formed AuNPs and AgNPs by organic components from 
pineapple extract.  

The natural source of pineapple extract incorporated with 
a nanoparticle carrier demonstrated a useful strategy in de-
veloping biological applications. The use of natural biocata-
lytic protocol for the synthesis and fabrication of nanoparti-
cles is the promising field for researchers. Scientist, tech-

nologists, and environmentalist all have interest in develop-
ing simple, efficient approaches to increase benefits in terms 
of sensitivity, selectivity, stability and reproducibility of 
nanoparticles.    

CONCLUSION 

We have demonstrated biosynthesis of series of Au and 
Ag nanoparticles from pineapple extract and its modification 
with aminoglycosides (kanamycin A, neomycin) as a stabi-
lizing agent. Results demonstrate that the aminoglycosides 
play a crucial role in tuning the properties of silver and gold 
nanoparticles. The modified Au and Ag nanoparticles are 
polydispersed and are much more stable in solution as well 
as in powder form for longer time.  Present biosynthetic pro-
tocol is very benifitial for synthesis and shape control of Au 
and Ag nanoparticles with unique structural and spectral 
properties at room temperature in aqueous medium compare 
to other methods developed so far. However, there are also 
few limitations with size controlled synthesis, as in some 
instance AuNPs and AgNPs occurred over a large size range 
and showed greater agglomeration. This work has specific 
effects in colloidal science and biological systems. We are 
currently working on alternative methods for the develop-
ment of controlled size and dimensions of the particles and 
their biological application and will published in due course. 
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