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Introduction
 Extensive insight over knowledge of a nanomaterial is a funda-
mental factor in building of later and present day gadgets with required 
functions. Because of this reason, much attention has been commit-
ted for outlining of materials in nano administration with complex 
shapes. Anisotropic nanomaterials are bearing ward showing startling 
highlights contrasted with isotropic particles to an outstanding degree 
with applications in numerous devices. Having diverse surface ter-
ritory and crystallographic facets, anisotropic nanostructures offer 
highly tunable optical, optoelectronic, electrochemical and magnet-
ic properties as for viewpoint proportion and shape. In the bunch of 
anisotropic nano structures, gold nanoparticles assume a pivotal role 
due to its unique shape dependent electron or hole confinement, sur-
face plasmon, tunable electron transfer kinetics, biocompatibility and 
find enormous application in catalysis, molecular recognition, diag-
nostics, imaging and therapeutics.

 The variation in longitudinal wave in nanobelts, nanocombs [1], 
nanotubes or nanowires [2], of gold like other noble metals showcase 
outstanding electro catalytic activities, magical detecting capacity to 
trace biomolecule with enhanced sensitivity [3,4], imaging of Bacillus 
subtilis spores (a simulant of Bacillus anthracis) utilizing Two-Pho-
ton Radiance (TPR) microscopy [5], and recognizing ability of heavy 
metals for example, Cu2+ and Hg2+ ions [2], and so forth. The sensing 
ability of anisotropic nano structured gold is fundamentally limited 
to optical gadgets programmed on fluorescence, SERS and surface 
plasmon resonance [2]. Investigation on anisotropic nano sized gold 
as an electrochemical detecting framework is yet to be investigated. 
Few illustrations such as bimetallic Au-Pt nanowires for continuous 
no enzymatic impedimetric sensing of glucose [2,6], and one dimen-
sional Gold Nanostructure (AuNs) relied upon thiol functionalized 
Graphene Oxide (GO-SH) for identification of free cholesterol up to a 
level of 0.2nM within 5 seconds and so on [7], can be referred to.

 Mutagenic and cancer-causing mycotoxins, for example, aflatox-
ins, sterigmatocysin, ochratoxins or fuminisin contaminate the food 
chain and impose a serious medical problem for both the animal and 
plant species [6]. Among every one of the mycotoxins, nine num-
ber of Ochratoxins have been recognized till date with Ochratoxin A 
(OTA) being one of the most pervasive and perilous mycotoxins and 
has received widespread attention in regards to the food pollution and 
safety [8,9]. It is recognized as a significant nephrotoxic, teratogenic, 
cancer-causing and immunosuppressive operator which significantly 
influences the animal, generally rodent, mice and other mammalian 
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Abstract

 Anisotropic nano structures offer exceptional optoelectronic prop-
erties when contrasted with isotropic elements and discover appli-
cation in therapeutics and molecular imaging separated from opto 
electronic gadgets. Attributable to remarkable optical properties, it is 
not exploited in electrochemistry up to the fullest extent. The present 
paper portrays the manufacture of an electrochemical transducer 
where Gold Nano Pellet (AuNPl) is permitted to develop directly on 
Indium Tin Oxide (ITO) covered glass electrode utilizing seed-me-
diated and template free approach which in turn is connected to 
create Ochratoxin A (OTA) immunosensor (BSA/aOTA/Cys/AuNPl/
ITO). The structural and morphology of the proposed electrode are 
researched utilizing UV-Visible spectroscopy, Cyclic Voltammetry, 
EDAX, FESEM and AFM. The manufacturing procedure and sens-
ing characteristics of OTA immunosensor are examined utilizing Cy-
clic Voltammetry (CV). Under optimum experimental conditions, the 
straight range created by the immunoelectrode is observed to be 
as 1-20pg mL-1. The LOD and sensitivity of the immunoelectrode 
are recorded as 0.6pg mL-1 and 2.89 × 105Apg-1 mLcm-2, individu-

ally. Ultralow sensing and high sensitivity can be ascribed to high 
conductivity of AuNPl/ITO electrode and low loading of monoclonal 
anti Ochratoxin A (aOTA). Least interference is seen in spiked coffee 
tests due to monoclonal aOTA. The created transducing platform de-
mands a potential application in electrochemical ultra low detection 
of toxins.

Keywords: Gold nano pellet; Immunosensor; Ochratoxin A; Pico 
gm; Ultra low detection
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species. Studies have demonstrated that OTA at cell level outcomes 
in expanded oxidative stress and abnormal state of the poison in peo-
ple causing “Balkan endemic nephropathy”. Numerous nations over 
the globe have set regulatory levels for the usage of OTA depending 
on the food commodities consumed [8,10]. Among all the countries, 
Europe is known to be a prolific consumer of the OTA-contaminated 
foods and the European Union has fixed the amount of OTA to be 
permitted in the food items which is 5ppb for crude grains, 2ppb for 
wines and 0.5ppb for child nourishments (Commission Regulation 
No. 123/2005) [8]. Usually, OTA is found in minute amount starting 
from nanograms to micrograms per gram of the food product. Subse-
quently, modern instrumental investigation, for example, High-Per-
formance Liquid Chromatography (HPLC) or Gas Chromatography 
(GC) coupled to ultraviolet-visible, fluorescence or mass spectrome-
try [11], and molecular recognition element such as Enzyme-Linked 
Immunosorbent Assay (ELISA) are investigated to detect OTA pre-
cisely and particularly in the food products [12]. Attributable to high 
cost, need of sophisticated research laboratory and trained manpower, 
complex sample preparation steps, and lacking of exactness in the ul-
tra low detection range, these instruments are not really used to detect 
OTA in the natural way of life unless it is compulsory which brings 
about constant intake of OTA contaminated food causing serious and 
interminable effects in animal and human health. This could raise the 
need of developing reliable, smart, portable, rapid and cost effective 
sensing tool for checking of OTA in food items.

 In the past years, biosensors have emerged as an exceptionally 
assertive alternative to the conventional analysis protocols because 
of its high sensitivity, selectivity, technical simplicity, and portability 
[13,14]. Studies reveal that electrochemical (amperometric and im-
pedimetric) biosensors are the most popular one due to low cost, ease 
of operation, direct measurement, high sensitivity, fast response time 
and ease of scale up as compared to piezoelectric or optical biosensors 
[15]. The last decade has seen the development of many immunosen-
sors for the detection of OTA based on the strong interaction between 
the antibody-antigen [16]. Vidal et al., have demonstrated a labeled 
electrochemical immunosensor for OTA detection within wide range 
of (10-4 to 1000ng mL-1) on Screen Printed Electrode (SPE). They 
have employed an OTA-peroxidase enzyme conjugate and magnetic 
bead for signal amplification. Radi et al., have reported a label-free 
electrochemical impedimetric immunosensor for detection of OTA 
with a detection limit of 0.5ng mL-1 [17]. The Electrostatic Imped-
ance Spectroscopy (EIS) has resulted in a linear relationship between 
the charge transfer resistance and the concentration of OTA within a 
range of 1-20ng mL-1. Electrochemical enzyme linked Immunosor-
bent assays based on screen printed electrodes have been developed 
by Alarcon et al., for the rapid detection of OTA in wheat with a detec-
tion limit of 0.4µg/kg and this method uses the samples directly with 
the assay without any clean-up [18]. Zamfir et al., have developed a 
label-free immunosensor based on Magnetic Nanoparticles (MNPs) 
for high selectivity of OTA [19]. Ngundi et al., have proposed an array 
biosensor based on competitive immunoassay format for the detec-
tion of OTA in cereals and beverages and achieved a detection limit of 
3.8 to 100ng g-1 for cereals and a LOD between 7 to 38ng g-1 for coffee 
and wine [20]. Development of OTA biosensor using OTA specific 
aptamer has been extensively investigated [21,22]. The investigation 
on OTA biosensor highlights couple of vital confinement, for exam-
ple, limit recognition run, low affectability, poor time span of usabil-
ity, detection limit. The inspiration for the present examination is to  

build up a mark free direct immunosensor for ultra Low Recognition 
Limit (LOD) of OTA.

 In the present investigation, anti OTA immobilized on thiol func-
tionalized gold nano pellet, as grown directly on Indium Tin Oxide 
coated glass sheet (ITO) is employed to detect OTA up to a level of 
0.6pg mL-1. The nano Gold Pellets (AuNPl) are grown on ITO sur-
face using Au seeds, ascorbic acid and CTAB [23-26]. The fabricat-
ed AuNPl/ITO electrode is functionalized with cystamine to impart 
amine moieties on the surface. Further this functionalized electrode 
is allowed to bioconjugated with activated monoclonal antibodies of 
OTA (aOTA). The fabricated immunoelectrode is designated as BSA/
aOTA/Cys/AuNPl/ITO is used to recognize OTA in spiked coffee 
samples.

Materials and Methods
Chemicals and reagents

 Aurochloric acid (HAuCl4), trisodium citrate, Sodium borohydride 
(NaBH4), (3-Aminopropyl) tri-methoxysilane (APTMS), ascorbic 
acid, Cetyltrimethyl ammonium bromide (CTAB), (3-Dimethylami-
nopropyl) N-ethylcarbodiimide hydrochloride (EDC), N-Hydroxy-
succinimide (NHS), cystamine (Cys), Ochratoxin A (OTA), monoclo-
nal anti-Ochratoxin A (aOTA) were purchased from Sigma-Aldrich. 
Hydrochloric acid (HCl) and Methanol were purchased from Merck 
and Co, USA. Deionized water (18MΩcm) was used for the prepara-
tion of solutions.

Instrumentation

 Cyclic voltammetry studies were carried out via Autolab Poten-
tiostat/Galvanostat Model AUT83945 (PGSTAT302N) using the 
conventional three-electrode system. BSA/aOTA/Cys/AuNPl/ITO, as 
the working electrode, platinum wire (Pt) as the auxiliary electrode, 
and saturated Ag/AgCl as the reference electrode was used in PBS 
(50mM, pH 7.0, 0.9% NaCl) containing 5mM [Fe(CN)6]

3−/4− as a re-
dox mediator. The surface morphology was studied by field emission 
scanning electron microscope (FE-SEM: MIRA II LMH) and atom-
ic force microscope (NDMT) and elemental analysis were done us-
ing energy dispersive X-ray diffraction (INCA Penta FET3). UV-vis 
spectra were measured using Hitachi U3300 spectrophotometer.

Solution preparation

 The deionized water (18MΩcm) was used for the preparation of 
buffer solutions. Anti-OTA antibody (40μg mL-1) solution was pre-
pared in 50mM phosphate buffer [(PB), 50mM, pH 7.4] with 10% 
methanol. A solution of Bovine Serum Albumin (BSA) (1mg mL-1) 
was prepared in PB (50mM, pH 7.0) and used as the blocking agent 
for nonspecific binding sites.

Preparation of ITO substrates 

 ITO glass slides of 0.25cm × 0.25cm were cleaned prior to use. 
The cleaned and dried substrates were soaked in 10% HCl for 10min. 
The substrate was annealed at 450°C for 7h and then cooled to room 
temperature. The substrates were then soaked in 30mM of APTMS 
solution in methanol for 1h for functionalization. Afterward, they 
were washed with methanol and water. The substrates were kept at 
100°C for 2h. Thus, APTMS treated ITO substrate was prepared.
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Fabrication of AuNPl/ITO electrode

 Seed mediated growth approach was used to grow Gold Nanopel-
lets (AuNPl) onto the ITO substrate. Gold nano seeds were prepared 
by adding 0.1M ice cold NaBH4 to 10mM Sodium Citrate and HAu-
Cl4 solution. APTMS functionalized ITO substrate was dipped in the 
prepared seed solution for 30 minutes and then immersed in a growth 
solution containing 0.2M CTAB solution, 0.1M AA and 0.01M HAu-
Cl4 for 6h to prepare AuNPl/ITO electrodes. Thus as prepared elec-
trodes were washed three times to get rid of excess CTAB and unre-
acted reactants. 

Fabrication of the OTA immunoelectrode (BSA/aOTA/
Cys/AuNPl/ITO)

 AuNPl/ITO electrodes were further modified to develop immuno-
electrodes. AuNPl/ITO was functionalized with 0.04M Cys to impart 
amine moieties on to the electrode. The optimized concentration of 
40ng mL-1 aOTA was used for fabrication of the immunoelectrode. 
aOTA antibodies were activated using 0.2M EDC and 0.05M NHS 
for 2h. 10µL of the activated aOTA antibodies are smeared over the 
electrode and incubated at 4°C for 16h. To block the nonspecific sites 
of the immunoelectrode 1mg mL-1 BSA was used. Thus, BSA/aOTA/
Cys/AuNPl/ITO immunoelectrode was fabricated and kept in 4°C un-
til further use.

Detection of OTA

 The stock solution of OTA was diluted to make the different con-
centration of OTA. The excess unbound OTA was removed by wash-
ing with PB (pH 7.4). The fabricated immunoelectrode (BSA/aOTA/
Cys/AuNPl/ITO) was allowed to interact with different concentra-
tions of OTA and Electrochemical Cyclic Voltammetry (CV) was 
used for the analysis. Cyclic voltammetry studies were carried out via 
Autolab Potentiostat/Galvanostat Model AUT83945 (PGSTAT302N) 
using the conventional three-electrode system. BSA/aOTA/Cys/AuN-
Pl/ITO was used as the working electrode, Platinum wire (Pt) as the 
auxiliary electrode, and saturated Ag/AgCl as the reference electrode 
in PBS (50mM, pH 7.0, 0.9% NaCl) containing 5mM[Fe(CN)6]

3−/4− as 
a redox mediator. 

Detection of OTA in spiked coffee extract: OTA was also detect-
ed in contaminated coffee samples by manually spiking them with 
different concentrations of OTA. 2g of ground coffee powder was 
accurately weighed and the sample was extracted with 10mL of 
methanol-water (7:3, v/v). The sample was shaked and sonicated in 
an ultrasound bath for further 35 minutes at room temperature and 
centrifuged at 6000rpm for 20 minutes. The supernatant was collected 
and spiked with known concentration (5, 16, 20pg mL-1) of OTA. The 
spiked samples were tested with the developed immunoelectrode. The 
testing was repeated thrice. The test results were compared with the 
actual concentration and relative error was calculated.

Stability studies

 The stability studies of the BSA/aOTA/Cys/AuNPl/ITO immuno-
electrode were examined at regular interval of 5 days. 30 sets of BSA/
aOTA/Cys/AuNP/ITO immunoelectrodes were fabricated and stored 
at 4°C. The response studies of the electrodes were investigated after 
every 5 days through CV in PBS (50mM, pH 7.4, 0.9% NaCl).

Results and Discussion
Morphological analysis

Field Emission Scanning Electron Microscopy (FESEM) and 
Atomic Force Microscopy (AFM) studies of AuNPl/ITO elec-
trodes: Figure 1 shows the surface topography of Au seed and AuN-
Pl/ITO as captured by FESEM image analysis of FESEM. Figure 
1a illustrates an uneven, scatter distributed and densely populated 
Au seeds on ITO. However, figure 1b shows the FESEM image of 
AuNPl in various shapes and sizes collectively nomenclature as gold 
nanopellets. Unevenly scattered AuNPl, as seen on ITO surface varies 
in sizes and shapes with a dominance of cubical shaped pellets with 
an average edge length of 125nm. AuNPl are successfully grown as 
randomly arranged asymmetric cluster on the modified ITO surfaces 
as depicted by FESEM images. Few percentage of Au nanocuboidal 
pellets are observed with truncated corners and edges, the remaining 
being tetragonal, pentagonal and hexagonal shape. The shape direct-
ing behavior of CTAB is attributed to the (111) facets of Au being 
strongly adsorbed by the capping agent to promote growth in other 
crystallographic directions [24]. FESEM image reveals (Figure 1b) 
that some of the nanocrystals are fused into one another to form dense 
and extensive network of nanostructures. Chemical deposition studies 
[2], state when atoms are added to a surface they diffuse until they 
locate a step site where they can be incorporated. The decrease in 
bulk energy (favors growth) and the increase in surface energy (favors 
dissolution) control the comprehensive growth of nanocrystals. Thus, 
the evolution of seeds to nanocrystals is based on the dynamic inter-
play between the above two. The variation in shape and dimension 
are the inherent limitation of soft template approach. Inspite of our 
best effort to prepare uniform pellet by manipulating the concentra-
tion of CTAB and other reactants, growth temperature and deposition 
time, variation in shape and sizes cannot be avoided. Increasing the 
growth time to 18h-22h allows the pellets to grow into nanorods but it 
increases the development time for the electrode and makes it a labo-
rious process. This is a drawback of using soft templates for growing 
anisotropic nanostructures.

Figure 1: FESEM images of surface morphology of (a) Au seeds. (b) AuNPl in high 
magnification at 500nm. Inset of (b) shows FESEM image of AuNPl at low magnifi-
cation of 1µm. AFM images of surface topography. (c) Au seeds for 5µm × 5µm area. 
(d) AuNP1 for 10µm × 10µm area of developed electrode. Line profile of AFM height 
image. (e) Au seeds/ITO and (f) AuNP1/ITO.
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 AFM acts as a standard and reliable tool for knowing the topo-
graphical information for the prepared electrode surface particularly 
at nanometer scale. Figure 1c and 1d illustrate two AFM images of Au 
seeds and AuNPl/ITO, respectively. The root mean square values of 
surface roughness obtained for Au seeds and AuNPl are 2.30nm and 
8.63nm, respectively. Figure 1c illustrates the scattered and uneven 
topographical features of Au seeds confirming the deposition of Au 
seeds onto ITO. These deposited seeds act as platform for the growth 
of AuNPl on ITO surface as seen in figure 1d. The AFM image of 
AuNPl/ITO (Figure 1d) shows an asymmetrical and non-homoge-
neous topographical feature with an average roughness of 6.51nm. 
Comparatively, the Au seeds have an average roughness of 1.66nm. 
The upsurge in the surface roughness of AuNPl/ITO as compared to 
Au seed on ITO accounts the deposition of AuNPl on ITO. The irreg-
ularity in the shapes and sizes of AuNPl results a scattered and incon-
sistent topographical features of AuNPl/ITO as evident from figure 
1d. The values of approximate thickness of the Au seed layer assem-
bly and the AuNPl/ITO electrode are 26nm and 90nm respectively as 
indicated by the height profile of AFM image. The increase in surface 
thickness of AuNPl layer as compared to seed layer also illustrates the 
dense population, variation in shapes and sizes of AuNPl (Figure 1e 
and 1f). The analysis of line profile of Au seed/ITO and AuNPl/ITO 
clearly shows that AuNPl has higher thickness than Au seed, min-
imum height as observed on AuNPl/ITO is 6.0nm while minimum 
height observed for Au seed on ITO is 2.6nm.

UV-Visible spectroscopy and Energy Dispersive Spectroscopy 
(EDX) studies: Figure 2i demonstrates the UV-Vis spectra for the 
Au seed/ITO and AuNPl/ITO. The UV-Vis spectra results indicates 
an absorption band at 525nm (Figure 2ii) for Au seeds which is typ-
ical of the plasmon band of AuNPl. Although, the AuNPl exhibits an 
absorption band at 528nm (Figure 2iii) and only a slight increase in 
wavelength is seen. This result indicates that the size of the AuN-
Pl formed is altered by the irregular geometry and the concentration 
of CTAB which acts as a shape directing agent for the nanopellets. 
However, a drastic increase in absorbance can be seen for the AuNPl 
nanopellets formed as compared to the Au seeds with not much dif-
ference in wavelength.

 EDAX was performed to determine the elemental composition of 
the gold nanopellets which reveals the presence of elemental gold in 
the Au seeds/ITO and AuNPl/ITO electrode (Figure 2ii and 2iii). A 
drastic increase is observed in the weight % of pure Au0 from 6.55% 
(Au seed/ITO) to 15.95% of (AuNPl/ITO), respectively assuring an 
enhanced density of pure gold on AuNPl/ITO. 

Cyclic voltammetry: 

CV of fabrication step of AuNPl/ITO electrodes: Each modifica-
tion step was analyzed by CV using [Fe (CN)6]

3-/[Fe(CN)6]
4- as the 

redox probe. The prepared electrode was used as the working elec-
trode, platinum wire acts as the counter electrode and saturated Ag/
AgCl as the reference electrode in PBS (50mM, 0.9% NaCl, pH 7). 
The CV was carried out at a scan rate of 100m V/S from -0.4V to 
0.8V. Distinct oxidative and reductive peaks were obtained despite 
of the amendments done on the electrode. Oxidation and reduction 
peaks obtained for gold nanopellets (Figure 3c) are at a more positive 
potential (0.48V and -0.18V respectively) as compared to the Au seed 
nanoparticles (Figure 3b) whose oxidation and reduction peaks are at 
lower positive potential (0.45V and -0.13V respectively). A peak cur-
rent intensity of 1.357 × 10-4A is observed for the bare ITO electrode 
(Figure 3a) being an electrically conductive material. An increase in 
the peak current is seen on deposition of Au seeds onto ITO due to the 
highly conducting properties of the gold. The peak current intensity 
of 4.417 × 10-4A is observed for Au seeds (Figure 3b) whereas a peak 
current intensity of 5.215 × 10-4A is recorded for AuNPl/ITO elec-
trodes (Figure 3c). Apparently, the rise in peak current from Au seed 
coated ITO electrode to AuNPl/ITO electrode is not very high due 
to the presence of organic shape directing agent, CTAB. Anyways, 
sharp corners on the AuNPl are the location of electron confinement. 
Moreover, the peak separation of the Au seeds/ITO and AuNPl/ITO 
observed at 592mV and 668mV displays the feature of a reversible 
reaction on the electrodes.

CV of immunoelectrode (BSA/aOTA/Cys/AuNPl/ITO): Cyclic 
voltammetry was performed at each immobilization step using the 
same redox probe and maintaining the same voltammetric conditions. 
Due to the insulating nature of the cystamine, the voltammogram 
of the cystamine functionalized electrode (Cys/AuNPl/ITO) shows 
smaller oxidation-reduction currents and a marginal shift in potential 
as compared to nanopellets with an observed peak current of 4.402 
× 10-4A (Figure 3ii-a). EDC-NHS is used to activate the antibody. 
EDC-NHS activation allows for linker less immobilization of anti-
bodies over amine functionalized OTA electrode. The immobilization 
of activated aOTA onto the Cys/AuNPl/ITO electrode results in an 
increase in the peak current intensity to 5.410 × 10-4A (Figure 3ii-d) 
because of the polar groups such as carboxyl and amine functional-
ities present on the activated antibody. Bovine Serum Albumin (BSA) 
is used to block the unwanted reaction sites at the electrode surface  

Figure 2: (i) UV-Vis Spectra of a) Au seed and b) Gold nanopellets within 400nm to 
650nm and EDX analysis of. (ii) Au seeds/ITO and (iii) AuNPl/ITO.

Figure 3: (i) CV of a) Bare ITO electrode b) Au seed/ITO and c) AuNPl/ITO at a 
scan rate of 100mV/S within a potential -0.4V to 0.8V in PBS buffer containing 
Fe(CN)63−/4−. (ii) CV of immunoelectrode at each modification step showing a) AuNPl/
ITO b) Cys/AuNPl/ITO c) aOTA/Cys/AuNPl/ITO and d) BSA/aOTA/Cys/AuNPl/ITO 
(e) OTA/ BSA/aOTA/Cys/AuNPl/ITO at a scan rate of 100m V/S within a potential 
-0.4V to 0.8V in PBS buffer containing Fe(CN)63−/4−.

(i) (ii)
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hence inhibiting any non-specific reaction that could take place. The 
cyclic voltammogram of the BSA functionalized immunoelectrode 
(BSA/aOTA/Cys/AuNP/ITO) shows a peak current intensity of 4.753 
× 10-4A (Figure 3ii-b) which is less than the voltammogram shown by 
the immunoelectrode. This may be attributed to the presence of insu-
lating protein macromolecules which in turn obstruct the acquiesce of 
ferrocene ions resulting in current plummet and a peak potential shift 
to a higher value [27]. On the contrary, the interaction with OTA and 
BSA/aOTA/Cys/AuNP/ITO immunoelectrode further enhances the 
current (Figure 3ii-e) which is attributed by the electrostatic interac-
tion between paratope of a OTA and epitope of OTA. Figure 4 shows 
the schematic illustration of the fabrication steps of BSA/aOTA/Cys/
AuNP/ITO immunoelectrode.

Operational parameters of BSA/aOTA/Cys/AuNPl/ITO 
immunosensor

 Operational parameters of fabricated immunoelectrode were ex-
amined by variation of antibody concentration (aOTA), cystamine 
concentration, the incubation time for antibody (aOTA) and antigen 
(OTA) interaction and operational pH. The optimum concentration 
of aOTA is found to be as 40ng mL-1 showing the maximum interac-
tion between of BSA/aOTA/Cys/AuNPl/ITO electrodes and OTA for 
an incubation time of 35min. All the response studies are carried out 
at optimized pH 7.4 for which maximum interaction between BSA/
aOTA/Cys/AuNPl/ITO electrodes and OTA is observed as determined 
by the peak current intensity as seen in figure 5c. 

Response studies of the immunosensor

 The response study of BSA/aOTA/Cys/AuNPl/ITO immunoelec-
trode was analyzed with CV measurements in PBS (pH 7.4) contain-
ing [Fe(CN)6]

3-/4- within a potential window of -0.4V to 0.8V at a scan 
rate of 100mV/S as a function of OTA concentration (1-20pg mL-1). 
The immuno interaction between OTA and aOTA increases the po-
larity of the medium and helps to transport [Fe(CN)6]

3-/4-. It is ob-
served that the magnitude of current increases with the increase in 
concentration of OTA over the BSA/aOTA/Cys/AuNPl/ITO immu-
noelectrode. It can be noted that the anisotropic AuNPl affects the 
interaction of OTA with the immunoelectrode. Figure 5a shows the 
calibration curve of the OTA concentration with anodic peak current. 
The sensitivity of immunosensor is 2.89 × 10-5Apg-1 mLcm-2 and LOD 
of 0.6pg mL-1 as obtained from the calibration curve (Figure 5a). The 
calibration curve (Figure 5a) shows a linear range of 1 to 20ng mL-1 

with a regression-coefficient of (R2=0.98). The association constant 
(Ka) obtained as 1.3mM is calculated using a Line Weaver-Burke 

Plot. The value of Ka indicates decent affinity of OTA towards the 
BSA/aOTA/Cys/AuNPl/ITO immunosensor due to favorable orienta-
tion of aOTA on the modified surface of ITO. The uniqueness of the 
presently developed OTA immunoelectrode is detection range falling 
in the pico gm range. However, four major points can be surmised, 
e.g., (i) unique shape and size of AuNPl crystal randomly sprayed 
over APTMS treated ITO surface, able to provide high surface area 
and electron confinement. The presence of sharp edges and corners 
enhances the number of active surface sites in anisotropic AuNPs 
compared to spherical AuNPs. The shape of a NPl is composed of 
a particular crystallographic plane, which ultimately determines the 
number of active surface sites present in that NPl. For example, with 
5nm tetrahedral PtNPs, which have only {1,1,1} facets, 35% of the 
surface atoms are located at corners or edges, whereas this proportion 
is only 6% for cubes, with {1,0,0} facets. (ii) immobilization of very 
low concentration of aOTA (40ng mL-1), (iii) amine functional group 
of Cys covalently binds with Fc part of aOTA to project Fab part of 
aOTA towards antigen to have optimum interaction, (iv) aOTA is at-
tached through a small linker Cys molecule, imparts a direct linking 
of aOTA on electrode. The regression equation obtained on plotting 
anodic peak current vs. concentration (pg mL-1) is represented by

I=1.48 × 10-4 × 7.50 × 10-6C, where I=current, C=concentration (1)

 The repeatability of the BSA/aOTA/Cys/AuNPl/ITO immunosen-
sor is confirmed by measuring the same sample by five times and 
then the Relative Standard Deviation (RSD) is calculated. A 4.2% of 
RSD for the repeated measurement of the same sample demonstrates 
a good repeatability of the electrochemical immunosensor. 

 Minimal interference is observed due to the presence of monoclo-
nal antibody while testing in OTA spiked coffee extract. Table 1 dis-
tinguishes the results with Relative Error (% RE). The relative error 
was found to be in the range of 14.5%. The error % is attributed to 
extremely low concentration of OTA (in the pico gram range). Table 
2 shows the characteristics of our developed immunosensor and some 
latest sensors developed for the detection of OTA. A comparative 
study with the reported literature clearly indicates that the presently 
developed electrode exhibits an abnormally low detection limit and 
entire detection range lies within the pico gram range.

Shelf life of BSA/aOTA/Cys/AuNPl/ITO immunoelectrode

 The developed BSA/aOTA/Cys/AuNPl/ITO immunoelectrodes 
shows a good stability up to 20 days. Signal variation of 9.377% is ob-
tained after 10 days assessment period (Figure 5b). Signal variation of 
31% is obtained after 20 days assessment period. Thus, the developed 
electrode is stable up to 20 days. Low stability is due to the unstable 
nature of aOTA. Figure 5b shows the shelf life study of the immuno-
electrode. Unique optimal conditions (pH, temperature, preservatives 
like sucrose and glycerol) for storage are important for antibodies 
in order prevent aggregation. In the developed immunosensor such 
conditions other that temperature cannot be maintained as it can hin-
der other characteristics of the immunosensor.

Figure 4: Schematic illustration of the stepwise of fabrication of BSA/aOTA/Cys/
AuNPl/ITO immunoelectrode. (a) Bare ITO (b) AuNP1/ITO (c) aOTA/Cys/AuNP1/
ITO (d) BSA/aOTA/Cys/AuNP1/ITO (e) OTA/BSA/aOTA/Cys/AuNP1/ITO.

Sample No. Actual Spiked 
Concentration (pg/mL)

Experimental 
Concentration (pg/mL)

% Relative 
Error (% RE)

1 20 17.1 14.5

2 16 15.3 4.8

3 5 5.6 12

Table 1: Detection of OTA in spiked coffee extract.
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Conclusion
 In this work, a label free immunosensor is developed based on 
AuNPl for the ultra-low detection of OTA. The immunosensor exhib-
its a detection range of 1-20pg mL-1, LOD of 0.6pg mL-1, sensitivity 
of 2.89 × 10-5Apg-1  mLcm-2 and good association constant of 1.3mM 
is obtained. 

 The developed immunosensor is found to be highly propitious for 
ultra-low detection of OTA. AuNPl on ITO posses irregular geometry, 
indefinite shapes and sizes. The developed electrode is tunable and 
can be further modified to obtain a single morphology. Increasing the 
growth time to 18h-22h results in formation of gold nanorods. Prepa-
ration of nano rod also comprises various other shapes of nanopellet. 
The ultra low detection of OTA could be attributed by the anisotropic 
AuNPl, loading of very low concentration of a OTA and binding via 
Fc group with electrode surface to expose Fab part to expose towards 
OTA. The proposed electrode definitely promise high potential for 
application in ultra low detection of analyzes. 
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Table 2: A comparative report from the literature on the various electrochemical sensors of OTA.
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Figure 5: (a) Calibration curve obtained between the magnitudes of current (mA) 
versus concentration of aOTA (pg mL-1). (b) Shelf life study of the immunoelectrode 
for a period of 20 days. (c) Effect of pH on Ipa of BSA/aOTA/Cys/AuNP1/ITO 
electrode. 
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