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Abstract
Cefepime and Meropenem are the new class of antibiotics, which are particularly used as last potent defender or the antibiot-
ics of the last resort against multi-resistant bacterial species. In this paper, an impedance-based electrochemical biosensor 
was fabricated for identifying antibiotics of last resort in the forensic samples including gastric lavage and other body fluids. 
The sensor was developed using platinum nanoparticles (PtNPs) and electrodeposited zinc oxide- zinc hexacyanoferrate 
hybrid film (ZnO/ZnHCF) on the surface of a fluorine-doped glass electrode (FTO). Further, penicillinase was immobilized 
onto the modified electrode using penicillinase enzyme. The developed biosensor exhibits a good analytical response for the 
detection of antibiotics evaluated using electrochemistry studies. The linear response of the fabricated electrode was observed 
from 0.1 to 750 µM and the electrode limit of detection (LOD) was observed as 0.1 µM. The sensor confirms good accuracy, 
is highly selective, and sensitive for the target. While storing the modified electrode at 4 °C, the stability of biosensor was 
evaluated for 45 days, and activity loss of 30–40% was observed. The highly sensitive interface of Penicillinase@CHIT/
PtNP-ZnO/ZnHCF/FTO electrode shows a promising future in forensic studies.
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Introduction

Antibiotic resistance is a slow and lethargic crisis. Accord-
ing to World Health Organization (WHO), antibiotic resist-
ance causes more than 700,000 deaths per year globally 
[1–3]. Over the past few years, bacteria have evolved resist-
ance against the drugs which have been used to act against 
deadly infections [4]. There are several factors that are asso-
ciated with antibiotic resistance in respect to transmission, 
dissemination, and the emergence of bacterial species (i) 
environmental conditions of resistant causing bacteria, (ii) 
evolution of resistance in bacterial competence, (iii) spe-
cific characteristics of antibacterial drugs contributing in 
global dissemination, (iv) bacterial properties responsible 
for the rate of resistance, (v) role of host-associated factors 

(hygiene, vaccination, population density, healthcare, and 
travel) which are needed to be resolved in the future [5,6].

Cefepime and meropenem are contemplated as a funda-
mental critical part of our anti-microbial armamentarium. 
From a large number of β-lactams, the prominent strength 
against Gram-positive, and Gram-negative microorgan-
isms was observed in carbapenems [4]. Accordingly, once a 
patient is associated with harbouring resistant microorgan-
isms or is fatally sick, they are regularly utilized as “last-line 
agents” or “antibiotics of last resort” [7,8]. Cefepime and 
Meropenem are the new class of antibiotics that are flexible 
and particularly used as last strong safeguard against multi-
resistant bacterial sepsis [9]. For the peptidase domain of 
penicillin-binding proteins (PBPs), the Carbapenems act as 
mechanism-based inhibitors (MBIs) and can inhibit peptide 
cross-linking and peptidase response to proteins. Besides, in 
certain conditions Carbapenems acts as slow substrates or 
inhibitors of β-lactamases and targeting PBPs as they have 
a capacity of binding with multiple PBPs. In Gram-negative 
bacteria, the repression of PBPs during autolysis process 
results in the weakening of glycan backbone and thereby 
damage the cell due to osmotic pressure [4].
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Presently, several methods for testing antibiotics are 
being practiced in laboratories. They are dilution method, 
disk diffusion method, mechanism-specific tests, geno-
typic methods, and screening method [10]. A study for 
curcumin identification was conducted based on the agar 
dilution method. Curcumin stock solution was prepared 
in a dimethyl sulfoxide (128 mg/L) that was incorporated 
for the development of Mueller–Hinton agar (MHA) plates 
while increasing curcumin concentrations [11]. The devel-
opment of a TDtest with modification in disk diffusion 
method for detecting bacterial growth in inhibition zone 
while diffusing the antibiotics was reported. The test is 
used to detect antibiotics that can eliminate the effect of 
tolerant bacteria [12]. Furthermore, Fourier-Transform 
Infrared (FTIR) spectroscopy-based metabolic finger-
print mechanism-specific testing was developed for high-
throughput whole-cell screening. In this reported study, 
the Escherichia coli metabolism was incorporated for 
metabolic fingerprint detection evaluated by 15 antibiotics 
[13]. Moreover, the detection of antimicrobial resistance 
of Helicobacter pylori using genotypic and phenotypic 
detection methods were performed. The study reported 
resistance for clarithromycin, levofloxacin, and metroni-
dazole [14].

However, these methods suffer drawback as they are very 
tedious and consumes a lot of time. Recent studies describe 
the development of various platforms for antibiotic detection 
[15] such as ultrasensitive development of an aptasensor for 
identification of kanamycin (Kana) antibiotic. The electrode 
was first modified with hairpin probe 2 (HP2) which was 
covalently conjugated onto the surface of electrode and then 
the targeted kana was slowly dropwise added on the modi-
fied surface. The further modification of strand-displacement 
reaction and single-stranded DNA (S1) trigger hybridiza-
tion chain reaction carried out on the electrode. The sensor 
facilitates the detection of Kana in milk and provides higher 
sensitivity and selectivity [16]. Another study shows Kana 
detection with glutathione-loaded liposome-encoded mag-
netic beads where the process is initiated by palindromic 
fragment-mediated single-chain amplification (PFMSCA). 
The system is focused on the development of one oligonu-
cleotide (hairpin HP1) consisting of template, primer, and 
recognition element for processing magnetic separation, tar-
get recognition, and amplification [17]. Besides, a Z-scheme 
photoelectrochemical (PEC) biosensing platform has been 
developed based on a palindromic molecular beacon (PMB) 
for the detection of Kana. The platform was modified with 
gold nanoparticles and bismuth oxychloride (BiOCl-Au) for 
obtaining enhanced photocurrent [18]. A dual-detection plat-
form was developed for Kana determination with a spectro-
fluorometer which can be seen via naked-eye. The system is 
based upon two sequential processes: target-aptamer binding 
and hybridization chain reaction. The platform exhibits a 

dynamic linear range from 0.002 to 5 nM and the detection 
limit of the platform was very low (1.2 pM) [19].

The electrode materials integrated for developing a bio-
sensor need to show excellent properties such as active sites, 
excellent carriers to avoid hindrance of the electron transfer, 
large surface area for binding with the biological molecules, 
forensic samples, and electrode materials. Recent studies 
show that the bimetallic nanoparticles contribute excel-
lent optical, electronic, and catalytic properties towards the 
development of a biosensing platform. These materials con-
stitute two distinct metal elements and in a result provide 
synergistic effect [20–22]. A study describes the develop-
ment of a platform incorporated with bimetallic iron/nickel 
(Fe/Ni) at a nanoscale for eliminating β-lactam antibiotics. 
The active sites of Fe oxide assist adsorption and electron 
degradation at the surface of Zero-valent Fe NPs (nZVI). 
The sensing platform describes the removal of antibiotics 
with simultaneous adsorption and desorption processes 
[23]. In another study, removal of tetracyclines (TCs) was 
performed using an nZVI modified platform coated with 
graphene oxide (GO) and copper (Cu) bimetallic nanopar-
ticles. The obtained results show the efficacy of TCs which 
were enhanced in the case of Cu nano-adsorbents [24]. 
Cefotaxime was removed from an aqueous solution using 
a bimetallic nanoparticle-based adsorbent cobalt/iron (Co/
Fe) loaded with alkali modified biochar (Co/Fe/MB). Due 
to the combined effect of Co/Fe/MB the higher efficiency 
(99.23%) for cefotaxime removal was obtained [25]. Another 
study describes the removal of amoxicillin within 30 min 
evaluated using carbon nanofibers (CNFs) modified with 
cobalt/silver (Co/Ag) bimetallic nanoparticles (Co@CNFs-
Ag). The processed system facilitates an effective oxidation 
and heterogeneous activation of peroxymonosulfate [26]. 
Therefore, owing to the excellent electrochemical proper-
ties, the bimetallic nanoparticles for electrode modification 
were incorporated in this study.

Platinum nanoparticles (PtNPs) are newly emerging 
electrode materials in biosensing applications. PtNPs have 
exceptional characteristics such as large surface areas with 
enhanced charge transfer and show magnificent ampero-
metric and impedimetric properties of sensors over a broad 
range of concentrations [27–34]. On the other hand, zinc 
oxide nanoparticles (ZnONPs) are biocompatible, chemi-
cally stable, show good electronic behaviour, possess better 
metallic, and structural properties [35]. Zinc oxide nanopar-
ticles provide direct charge transfer over enzyme immobi-
lization and facilitate retention of the biological activity on 
the electrode surface [36,37]. Once the electrode is modi-
fied with Pt and ZnO nanoparticles, it provides a synergistic 
effect on the surface of the fabricated electrode.

In this study, an impedimetric sensor was constructed 
for the detection of antibiotics of the last resort, cefepime 
in the forensic samples. The biosensor is developed using 
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bimetallic nanoparticles (PtNPs and ZnONPs) electrochemi-
cally adsorbed by deposited zinc hexacyanoferrate (ZnHCF) 
nanohybrid film on the surface of a fluorine-doped glass 
electrode. Further, penicillinase was immobilized onto the 
moderated electrode using the penicillinase enzyme. The 
principle of the developed biosensor is based upon the 
transfer of electrons between the fabricated electrode and 
biomolecule.

Materials and designing processes

Chemicals and reagents

Cefepime (200 mg) was procured through Indian Pharmaco-
poeia Commission. Penicillinase enzyme and Bovine serum 
albumin (BSA), Fluorine-doped tin oxide (FTO) electrode 
were procured from a U.S. based company, Sigma Aldrich. 
Hexachloroplatinic (IV) acid hydrate (H2PtCl6·xH2O), Sil-
ver nitrate (AgNO3), Polyvinyl pyrrolidone (PVP), Ethylene 
glycol (EG), Sulfuric acid (H2SO4), Ferrocyanide, Ferricya-
nide [Fe(CN)6]3−/4−, Chitosan (CHIT) and Glutaraldehyde 
(GA), Potassium chloride (KCl), Zinc nitrate (Zn (NO3)2) 
and Potassium hydroxide (KOH) were acquired from a 
research laboratory in India “Sisco Research Laboratory”, 
India. Gastric lavage was artificially made by mixing a few 
drops of normal saline, ammonia, and citric acid in water. 
Distilled water (DW) was used throughout the experiments.

The moderated electrode was stepwise characterized 
using Scanning electron microscopy (SEM). Further, the 
electrode was characterized with electrochemical measure-
ments after every modification stage including electrochemi-
cal impedance spectroscopy (EIS) and cyclic voltammetry 
(CV) techniques through Biologics Potentiostat (Biologics- 
SP150, EC-lab).

Pre‑treatment of the FTO electrode

Prior to modification, the electrode was first rinsed with 
methanol in an ultrasonic bath to remove the unwanted 
impurities. Afterward, the electrode was dried and 
immersed in a 10–3 mol  dm−3 solution of methanol and 
N-3-(Trimethoxysilyl)propyl-N,N,N-trimethylammonium 
chloride (TMATMS) or N-3-(Trimethoxysilyl)propyl-N-oc-
tadecyl-N,Ndimethylammonium chloride (ODMATMS) for 
24 h. The electrode was washed, dried, and was submerged 
in an aqueous solution of porphine or ferrozine for 15 min. 
After washing and drying, the functionalized FTO elec-
trode was treated for 15 min with metal cations solution, 
iron (Fe2+), and copper (Cu2+) perchlorates, respectively. 

For further electrochemical studies, the electrode was finally 
cleansed with DW and dried at room temperature [38].

Synthesis of platinum nanoparticles

The PtNPs were synthesized by precipitation method. A 
solution was prepared with 2 × 10–3 M AgNO3 (0.5 mL) 
in EG while abruptly adding 0.375 M PVP (3 mL), and 
0.00625 M hexachloroplatinic acid (1.5 mL) was then added 
dropwise in the solution for 15 min. The compound formed 
was refluxed for 5 min following centrifugation. The sus-
pension was separated using acetone to get precipitate and 
supernatant. Further, the obtained precipitate was washed 
two times with ethanol and further dispersed in it [39].

Synthesis of zinc nanoparticles

The ZnONPs were synthesized by direct precipitation 
method, using precursors Zn (NO3)2 and KOH. A solution 
was prepared with 0.2 M zinc nitrate in DW, the prepared 
KOH solution of 0.4 M was added into the zinc nitrate 
solution with continuous stirring at room temperature. The 
white suspension was obtained after the chemical reaction 
was separated using centrifugation (5000 rpm for 20 min) 
and the washing of the product was carried out with DW 
for three times. The final rinse was done with ethanol. The 
obtained product was calcinated at 500 °C for 3 h [40].

Stepwise assembly of the FTO electrode

Electrode modification with ZnO/ZnHCF hybrid film

The pre-treated electrode was modified with ZnO/ZnHCF 
hybrid film on the surface of FTO through  an electro-
chemical reaction. The films were deposited on the sur-
face of the FTO electrode by cyclic voltammetry (CV) 
within a potential ranging from + 0.4 V to + 1.6 V at a 
constant scan rate for 30 cycles in a solution of Zn(NO3)2, 
[Fe(CN)6]3−/4− (5 mM)/KCl (0.1 M) and H2SO4 (0.1 M 
maintaining pH 2.0). Further, the electrode was washed 
with DW.

Electrodeposition of PtNPs on modified ZnO/ZnHCF/FTO 
electrode

The electrochemical deposition of PtNPs was conducted in 
an electrochemical cell system constituting three electrodes 
as working, auxiliary (Pt), and reference (Ag). The deposi-
tion of PtNPs was performed by CV applying an amplitude 
from 0.4 to 1.6 V for ten cycles in a [Fe(CN)6]3−/4−/KCl 
mediator solution.
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Modification of electrode with chitosan

The CHIT solution (1% w/v) was prepared in 5 mL (v/v) DW 
and kept for ultrasonication for 1 h followed by vortexing. 
The prepared suspension was then drop casted (5 mL) onto 
the modified PtNPs-ZnO/ZnHCF/FTO electrode. Further, 
the electrode was dried at room temperature for 12 h.

Immobilization of the penicillinase enzyme

Penicillinase enzyme was immobilized on the modified 
CHIT/PtNPs-ZnO/ZnHCF/FTO electrode through GA cou-
pling, 5 mL of GA (2.5%) was first allowed to deposit over 
chitosan. Then a mixture of BSA (0.5 mg/mL) and penicilli-
nase (30 U/mL) were prepared in phosphate buffer (pH 7.0). 
From the prepared mixture, 5 μL was placed onto CHIT/
PtNPs-ZnO/ZnHCF/FTO modified electrode. The modified 
electrode was kept overnight at 4 °C for drying to achieve 
the cross-linking reaction. Afterward, the electrode was used 
for analysis [41].

Sample preparation for cefepime

For validating the fabricated electrode, the real sample 
obtained from the laboratory was prepared according to the 
described method. Each 500 mg of forensic sample (gastric 
lavage and whole blood) was dissolved in a small amount 
of acetone, centrifuged for 10 min, and then was filtered. 
The clear filtrate was further used for experiments. A stock 
solution was prepared for each drug by following a standard 
procedure through diluting it with DW to 1000 ppm and 
obtained real samples were stored under − 80 °C to prevent 
it from degradation and impurities. The samples were col-
lected by diluting stock solutions (from 1000 ppm to 1 ppb) 
with diluted gastric juice for sensing measurements [42].

Electrochemical performance with the substrate 
on Penicillinase@CHIT/PtNPs‑ZnO/ZnHCF/FTO 
electrode

The electrochemical measurements for the developed bio-
sensor were conducted on BioLogic potentiostat SP150. 
The electrochemical system represents three electrodes 
configuration Ag/AgCl (reference), Platinum (auxil-
iary), and Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO 
electrode (working).

The CV measurements were performed in a potential 
ranging from − 0.8 to 1.0 V at a constant scan rate for step-
wise surface modification of the electrode. The activity of 
the biosensor was measured with CV under various concen-
trations of cefepime ranging from 0.1 to 750 µM.

Stability and reproducibility of Penicillinase@CHIT/
PtNPs‑ZnO/ZnHCF/FTO electrode

The reusability of modified Penicillinase@CHIT/PtNPs-
ZnO/ZnHCF/FTO electrode was evaluated after washing 
with a solution of 7.0 pH sodium phosphate buffer (0.1 M). 
The modified electrode was stored at 4 °C and storage sta-
bility was checked after 2 months. The activity of Penicil-
linase@CHIT/PtNPs-ZnO/ZnHCF/FTO electrode was per-
formed every week.

Electrode performance and sensing scheme

The electrode was modified with nanomaterials (PtNPs-
ZnO/ZnHCF/FTO) to obtain enhancement in electrochemi-
cal signals caused due to electron transfer during redox 
reaction and high biocompatibility. Further, the electrode 
was immobilized with penicillinase enzyme and a low poten-
tial is applied on the electrode which facilitates an enzy-
matic reaction occurred due to the reduction of cefepime 
on electrode surface. The electrochemical oxidation and 
reduction peaks were observed on the electrode in a mix-
ture of [Fe(CN)6]3−/4− (5 mM) and KCl (0.1 M) solution. 
The produced current was measured with electrochemical 
techniques (Scheme 1).

Results and discussion

Stepwise surface characterization of developed 
nano‑interface

The surface morphology of the sensor was observed at every 
stage with the Scanning electron microscopy (SEM), per-
formed at AIARS, Amity University Uttar Pradesh (AUUP), 
Noida, India. Figure 1A shows the uniform and smooth sur-
face of the bare FTO electrode. Figure 1B illustrates the 
surface imagining of a ZnONPs on ZnHCF/FTO electrode. 
The image clearly depicts the uniformly distributed rod 
shaped structures on the surface indicating the presence 
of ZnONPs. Figure 1C represents the morphology of an 
electrode modified with PtNPs. The homogenous spheri-
cal structure resembles the presence of PtNPs on the ZnO/
ZnHCF/FTO electrode surface. Moreover, the presence of 
globular morphology in Fig. 1D displays the immobilization 
of penicillinase enzyme on the modified CHIT/PtNPs-ZnO/
ZnHCF/FTO electrode surface.
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Electrochemical measurements of the modified 
Penicillinase@CHIT/PtNPs‑ZnO/ZnHCF/FTO 
electrode

The modified electrode was stepwise characterized by CV. 
Figure 2 illustrates the oxidation and reduction for the FTO 
electrode (bare), deposition of ZnONPs and PtNPs, and fur-
ther modification with penicillinase enzyme in the presence 
of [Fe(CN)6]3−/4−/KCl mediator solution at a constant scan 
rate of 20 mV/s. The CV measurement of  the bare FTO 
electrode shows no defined oxidation and reduction peak 
(curve i). In the next step, the FTO electrode was modi-
fied with ZnONPs (curve ii) hence the oxidation peak was 
observed at 0.58 mA. Further, the electrode was modified 
with PtNPs (curve iii) and a higher oxidation peak was 
observed at 1.15 mA. PtNPs acts as a catalyst and enhances 
the electrode conductivity promoting a fast electron transfer. 
Additionally, the synergistic effect of the nanoparticles pro-
vides a large surface area. Finally, the nanoparticle-coated 
electrode was modified with penicillinase enzyme (curve iv), 
the oxidation peak was obtained at 0.46 mA. Non-insulat-
ing characteristics of the enzymes resulting in a decrease of 

the current value while adding enzyme on the PtNPs-ZnO/
ZnHCF/FTO modified electrode.

Electrochemical impedance spectroscopy 
for Penicillinase@CHIT/PtNPs‑ZnO/ZnHCF/FTO 
electrode

EIS measurements were performed for studying the internal 
resistance of the system [43]. The EIS measurements were 
conducted using three electrodes system. In EIS, the electron 
transfer resistance (Rct) value is determined by the semi-
circle diameter whereas the linear part represents the diffu-
sion in the system. Figure 3 represents the Nyquist plot for 
the stepwise modification of the fabricated Penicillinase@
CHIT/PtNPs-ZnO/ZnHCF/FTO electrode. The Nyquist plot 
describes that the highest Rct value was observed with bare 
FTO electrode whereas it gradually decreases while modify-
ing with ZnONPs and further decreases with PtNPs/ZnONPs 
modification. It was observed that after loading the enzyme 
onto the modified PtNPs-ZnO/ZnHCF/FTO electrode the 
Rct value is increased. The lower Rct value was obtained 
for the fabricated electrode as compared to the bare FTO 

Scheme 1   Schematic steps to fabricate an enzyme immobilized PtNPs-ZnO/ZnHCF modified fluorine-doped glass electrode
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Fig. 1   Surface morphological studies by SEM image of the (A) bare FTO electrode, (B) ZnO/ZnHCF/FTO electrode, (C) PtNPs-ZnO/ZnHCF/
FTO electrode, (D) Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO electrode
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Fig. 2   Biosensing response studies (CV) of (i) bare FTO electrode, 
(ii) ZnO/ZnHCF/FTO electrode, (iii) PtNPs-ZnO/ZnHCF/FTO elec-
trode and (iv) Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO elec-
trode in [Fe(CN)6]3−/4− (5 mM) and KCl (0.1 M) electrolyte solution

Fig. 3   The electrochemical impedance spectroscopy of (i) bare FTO 
electrode, (ii) ZnO/ZnHCF/FTO electrode, (iii) PtNPs-ZnO/ZnHCF/
FTO electrode and (iv) Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/
FTO electrode in electrolyte solution [Fe(CN)6]3−/4− (5 mM) and KCl 
(0.1 M). Frequency range of 0.01–10 kHz
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electrode because the enzyme restricts the transfer of elec-
trons in the system. These results corroborate the CV and 
EIS results.

Electro‑catalytic characteristics of the fabricated 
sensor with various concentrations

Cefepime detection was performed on a developed biosensor 
with variable concentrations. The fabricated electrode was 
dipped in a different concentration solution (0.1 to 750 µM). 
CV response was obtained for these concentrations as illus-
trated in Fig. 4A. A gradual enhancement in the peak cur-
rent was obtained with increasing concentration indicating 
adsorption of antibiotics on the electrode surface causing 

an enhanced electron charge transfer at higher concentra-
tions. A calibration curve was plotted between concentration 
vs higher oxidation peak current for each concentration as 
illustrated in Fig. 4B. The calibration curve describes the 
linear range of the developed biosensor from 0.1 to 750 µM 
with regression equation of y = 0.0007x + 1.2041 and regres-
sion coefficient (R2) 0.7688 where concentration is in µM 
and peaks current in mA. The sensitivity of the fabricated 
biosensor was calculated as 0.862 mA/µM and the detection 
limit of the biosensor was observed as 0.1 µM.

Optimization of the modified Penicillinase@CHIT/
PtNPs‑ZnO/ZnHCF/FTO electrode

To determine the optimum pH for the fabricated biosensor, 
CV was performed in a [Fe(CN)6]3−/4−/KCl electrolyte solu-
tion at potential ranging from − 1.0 to 1.0 V under various 
pH values from 6 to 7.6 (6, 6.4, 6.8, 7.2, 7.6). Figure 5A 
graph is plotted for various pH ranges showing an enhance-
ment in the oxidation and reduction peaks with a gradual 
increase in the pH value. Higher oxidation and reduction 
peak were observed with pH 7.6, therefore it was considered 
as optimum pH for the fabricated biosensor.

Similarly, to study the optimum temperature for the devel-
oped biosensor, measurements through CV were performed 
in an electrolyte solution [Fe(CN)6]3−/4−/KCl containing 
750 µM cefepime, with incubation temperature ranging from 
20 to 40 °C at an interval of 5 °C. Figure 5B represents 
the gradual increase in the oxidation and reduction peak 
while increasing temperature. A higher oxidation peak was 
observed at 40 °C, therefore, 40 °C temperature was selected 
for further studies.

Interference studies for the fabricated biosensor

The fabricated Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/
FTO biosensor was evaluated in several interferents such as 
Amphetamine, Ketamine, Ephedrine, Thebaine, Metham-
phetamine, and Codeine as shown in Fig. 6A. The biosensor 
shows 5% activity loss in the case of Amphetamine, 20% 
activity loss for Ketamine, 25% for Ephedrine, 16% in the 
case of Thebaine, 26% and 10% for Methamphetamine, and 
Codeine, respectively.

Stability, accuracy, and reproducibility 
of the developed biosensor

The shelf-life of Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/
FTO fabricated biosensor was examined by performing CV 
measurements with 750 µM cefepime antibiotic concentra-
tion in a [Fe(CN)6]3−/4−/KCl electrolyte solution every week. 

Fig. 4   A Response study of Penicillinase@CHIT/PtNPs-ZnO/
ZnHCF/FTO electrode in [Fe(CN)6]3−/4− (5  mM) and KCl (0.1  M) 
electrolyte solution with different concentration of Cefepime antibi-
otic. B Calibration Plot on the basis of response studies of Penicil-
linase@CHIT/PtNPs-ZnO/ZnHCF/FTO electrode in [Fe(CN)6]3−/4− 
(5  mM) and KCl (0.1  M) solution with different concentration of 
Cefepime antibiotic
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It is observed that the fabricated electrode keeps hold of the 
activity up to 60–70% up to 6–7 weeks and stored at 4 °C. 
The loss in activity of bioelectrode was determined by the 
denaturation of the enzyme. The reproducibility of the sen-
sor was observed with five identically prepared electrodes. 

Figure 6B illustrates the reproducibility of the fabricated 
biosensor based on the electrochemical current measurement 
for the five identical electrodes maintaining the same condi-
tions. Table 1 shows the accuracy of fabricated biosensor 
with seven different concentrations of cefepime in gastric 
lavage samples procured from the laboratory. The accuracy 
of the developed biosensor was observed within the range 
of 90% to 99.6%.

Application of the proposed biosensor in gastric 
lavage

Gastric Lavage was collected from Bio diagnostic Lab, 
Rohini, New Delhi for the evaluation of cefepime antibiotic 
on Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO electrode. 
The modified electrode was examined five times repeatedly 
in the received human serum samples. The sensor shows 
high sensitivity for cefepime detection in the biological 
samples.

Conclusion

A novel biosensing platform for monitoring of antibiotics 
in forensic samples through impedimetric-based sensing on 
FTO electrode was developed. To modify the working elec-
trode, the combination of novel nanocomposite was utilized 
facilitating an increase of surface area and thereby enhanc-
ing the rate of electron charge transfer on the fabricated 
electrode. The PtNPs and ZnONPs were deposited on the 
FTO glass electrode modified with electrodeposited ZnHCF 
nanohybrid film. Further, the penicillinase enzyme was 
immobilized onto the modified electrode. It was observed 
that the analytical response of the developed biosensor was 
magnificent towards the identification of antibiotics of the 
last resort with an electrochemical method in the forensic 
samples and the biosensor operates within a wide detec-
tion range (0.1–750 µM) and at a lower potential (+ 0.4 V). 
The developed biosensor is highly sensitive (0.862 mA/µM) 
and it shows lower limit of detection (0.1 µM). The present 
electrode shows a shelf life of about 45 days. This Peni-
cillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO electrode once 
miniaturized can be utilized in the diagnosis of antibiotics 
of the last resort.
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Fig. 5   (A) Effect of different pH ranging from 6 to 7.6 with an inter-
val of 0.4 on Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO elec-
trode in [Fe(CN)6]3−/4− (5 mM) and KCl (0.1 M) electrolyte solution. 
(B) Effect of different temperature ranging from 20 to 40 °C with an 
interval of 5  °C on Penicillinase@CHIT/PtNPs-ZnO/ZnHCF/FTO 
electrode in [Fe(CN)6]3−/4− (5 mM) and KCl (0.1 M) solution
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Fig. 6   (A) Interference study on 
the developed Penicillinase@
CHIT/PtNPs-ZnO/ZnHCF/FTO 
biosensor with different interfer-
ents. (B) Reproducibility studies 
conducted for the biosensor 
with five identical electrodes

Table 1   Cefepime detection in 
gastric lavage

S. no. Age/gender of the 
dead body

Cefepime concentra-
tion (μM) added

Concentration of gastric lavage 
(μM) through developed biosensor

Accuracy (%)

1 38/F 0.1 0.09 90.00
2 61/M 1 1.05 95.24
3 44/M 10 11 90.91
4 49/F 100 98 98.00
5 53/M 250 252 99.21
6 40/F 500 502 99.60
7 57/M 750 746 99.47
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