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Abstract
In the present study, a new biochemical biosensormaterial of conductive Silver (Ag) reinforced
polyaniline (PANI)-Benzimidazole copolymer nanocomposite was fabricated via in situ chemical
oxidative polymerizationmethod for the detection of endotoxin. The fabricated PANI-Benz-Ag
nanocomposite was characterized by FTIR, XRD,UV–visible spectrometer, DSC, TGA, Zeta-
potential, SEM,TEM, andConfocal fluorescence imagingmicroscopy. Themeasured particle size,
zeta-potential, and conductivity of the PANI-Benz-Ag nanocomposite were 4.942 nm,−10.4mV,
and 73.7 μS cm−1 respectively. The crystallite size of Ag nanoparticles was around 67 nm calculated by
XRDanalysis andTGA analysis was carried out to determine weight loss and thermal stabilities of
PANI-Benz andPANI-Benz-Ag nanocomposite. The endotoxin (E. coli) bacteria detection ability of
the synthesized PANI-Benz-Ag nanocomposite-based biochemical biosensor usingDMMBdye
displacement assay through the hitchhikingmethod by confocalfluorescencemicroscopywas found
to be simple and effective. Endotoxin (E. coli) can form a stable interactionwith other bioactive
molecules and thus it binds readily withAg-doped PANI-Benzimidazole nanocomposite. Further, the
DMMBdye displacement assaymethod ismore accurate and sensitive than the other existingmethods
for the detection of endotoxin.

1. Introduction

Endotoxin bacterial contaminated (adulterated and putrefied) foods have a detrimental effect on humanhealth
which is a serious problem throughout theworld [1–4]. Endotoxins are lipopolysaccharides (LPS) found in the
outermembrane of the cell wall of Gram-negative bacteria which can induce inflammation and fever as an
immune response in higher organisms [5–8]. Contamination of foods due to Endotoxins bacteria occurred
either at any point during its processing or production at home or shopswhen not properly handled. Endotoxins
specificallyEscherichia Coli (E. coli) bacteria come in contact with the body through poised foods, it stimulates
antigenic responses to gram-negative infections since the presence of lipidA (active part) of LPSwhich is the
primary toxic component and responsible for the toxic behavior [9–11].

Endotoxin (E. coli)Bacteria infections occurred and harmed people due to the contamination of plant foods
(fresh fruits, lettuce, spinach, tomato, etc) [12]. The prevalence ofE. coliBacteria has been checked in a variety of
extremely small extent processed vegetables and fruits [12]. Fruit Juices such asMango Juice, Avocado Juice, etc
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are highly perishable and can serve as an idealmedium for the growth andmultiplication of various pathogenic
microorganisms like Endotoxin (E. coli) and other bacterial species. The endotoxin-contaminated fruit juices
may cause typhoid fever, food poisoning, gastroenteritis, enteric fever, diarrheal disease, and/or human
foodborne diseases [WHO, 7 February 2018, [13–17]]. According to theworld health organization (WHO)
statement, the E. coli bacteria-type outbreak caused a loss ofUS$1.3 billion toGermany’s farmers and industries
and required payments ofUS$236million in emergency aid to 22 EuropeanUnionmember state in 2011 [18].
This clearly indicates that pathogenic E. coli foodborne due to contamination of fruit Juice and its outbreak is
still a significant human illness throughout theworld [18]. Besides, different outbreaks of infectious diseases due
to contamination of fruit Juices with pathogenicmicroorganisms like Endotoxin (E. coli) bacterial species have
brought in highmorbidity andmortality [19–21]. According to a 2017WHOreport, the annual global burden of
foodborne diseases was about 600million of which 420,000 people die, including 125,000 children under the age
of 5 years [22–25].

According to human health and economic consequences of Endotoxin bacteria, different researchworks
have been conducted on the conventionalmethods for the detection of Endotoxins [5, 26]. The Rabbit pyrogen
test was the 1stmethod andwas replaced by the Limulus Amoebocyte test which is themost popular detection
technique for Endotoxins and electrochemical biosensors using biomolecules aswell as artificialmaterials
[27, 28]. The recent approaches focus on the Rabbit pyrogen test and the Limulus Amoebocyte test for the
detection of Endotoxin in various biological products.Moreover, different scholars reported and reviewed the
current trends in Endotoxin detection and analysis of Endotoxin-Protein interactions [29]. Cao et al investigated
the gold nanoparticle-reinforcedmolybdenumdisulfide-polyacrylic acid nanocomposite [30]. Low endotoxin
recovery and its impact on endotoxin detection and confocal fluorescent imagingmethod for quantification of
protein by collecting data on a confocalmicroscope and quantitating the relative levels of amolecule by
measuringmeanfluorescent intensity across a region of interest (ROI)were reported [30, 31]. However, highly
emphasized, crucial, and very considerable thematic area but to the best of our knowledge, no studies have been
reported on sensors for Endotoxins (e.g.,E. coli bacteria) for the detection of food poisoning especially poisoned
mango juice.

The other existing techniques depend onmetal oxide semiconductor (MOS) based sensors but they have
their own limitations/drawbacks such as high operating temperatures that cause high-power consumption
whichmeans cannot be handheldmaterials as well as need very skilled powerwhile the Limulus Amoebocyte
Lysate (LAL) andRapid Pyrogen Test have been conducted for only animal blood samples and also these are not
rapid, accurate and sensitivemethods for pathogenic bacteria in human blood compared to the recentmethod
[29, 32, 33]. In this work, we have fabricated a novel silver nanoparticle reinforced polyaniline—Benzimidazole
(PANI-Benz-Ag)nanocomposite-based electrochemical biosensor for the detection ofE. coli bacteria in
poisonedMango juice using 1, 9-Dimethyl-methylene blue zinc chloride Assay (DMMB)method by confocal
fluorescencemicroscopy. The polyaniline-Benzimidazole copolymerwas prepared by in situ chemical oxidative
polymerizationmethod. Silver (Ag)nanoparticles were doped by reactingwith AgNO3with the copolymer to
prepare a PANI-Benz-Ag nanocomposite (bioactive) sensor. This biochemical sensor can be utilized at room
temperature for the detection of endotoxin. The principle of detection is based onmeasuring the physical
contacts via a biological binding process dependent on intensity changes on the surface of the electrochemical
biosensor.

2.Experimentalmethods

2.1.Materials
Aniline (99.9%, Sigma-Aldrich), Benzimidazole (>98%, Biocrick), Silver nitrate (99.8%, Sigma-Aldrich),
N-Methyl-2-Pyrrolidone (98.5%), p-Toluene sulfonic acid (98%), Acetone (98%), Diethyl ether (98%),
Azobisisobutyronitrile (AIBN, 99.5%), Ethanol (99%), 1, 9-Dimethyl-methylene blue zinc chloride (99.5%,
Sigma-Aldrich)were purchased fromM/s. Spectrochem, India. Endotoxin bacteria, TG1 (E. coli strain standard
usage for 0.5 Mpurpose cultured at 37 °C from theDepartment ofMicrobiology andCell Biology, Indian
Institute of Science, India.

2.2. Preparation of polyaniline-benzimidazole-ag nanocomposite
Atfirst, polyaniline was synthesized by in situ chemical oxidative polymerization. Aniline (5 g)was addedwith
1 g of p-Toluene sulfonic acid (an acidic dopant to control stereo-regularity as a stabilizer) in a 500 ml flask.
Then, 15 ml ofN-methyl-2pyrrolidone (NMP) solvent was added to themixturewhichwas kept on the ice bath
(below 5 °C) under vigorous stirring conditions for 10 minThe 5 g of Azobis-isobutyronitrile (AIBN, free-
radical initiator)was added to the reactionmixture and stirred for 24 h at 5 °C to complete the oxidative
polymerization reaction. The dark green solutionwas obtained and then 60ml of acetone, 60 ml of diethyl ether,
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and 20 ml of ethanol were added to the solution. The solutionwasfiltered and the precipitate (PANI)was
washedwith de-ionizedwater until the filtrate becomes colorless. The oligomeric impurities have been removed
from the precipitate bywashingwithmethanol and acetone. The PANI precipitate was dried in a vacuumoven at
60 °C for 12 h and ground into a powder [34].

The polyaniline-benzimidazole (PANI-Benz) copolymerwas prepared bymixingAniline (3 g) and
Benzimidazole (2 g) after following the above procedures. A similarmethodwas followed for the synthesis of
PANI-Ag (5%) andPANI-Benz-Ag (5%)nanocomposite by adding 0.25 g of silver nitrate, AgNO3with PANI-
Benzimidazole reactionmixture using in situ chemical polymerizationmethod [35].

2.3. Characterization
Fourier transform infrared (FTIR) spectroscopic results were obtained from an FTIR spectrometer (spectrum
one, Perkin Elmer,Waltham,MA,USA)with anATR transmissionmode in thewavelength range of
400–4000 cm−1. The x-ray diffraction (XRD) studywas carried out withCuKα radiation (λ= 0.1541 nm), an
accelerating potential of 40 kV, and a current of 30mA at a scanning rate of 0.5°min−1 on an x-ray
diffractometer (RigakuMultiFlex ZD3609N). The Surfacemorphology of PANI-Benz-Ag nanocomposite was
investigated by Field Emission Scanning electronmicroscope (FESEM,Carl Zeiss Ultra 55 and JSM-IT300) at an
accelerating voltage of 10 kVwith energy and angle selective backscattered electron (EsB)detector and
Transmission electronmicroscopy (TEM) (Model; JSMTecnai F20). The absorbance of each sample solution
was studied byUV-Vis spectrophotometer (model V-750UV-Visible spectrophotometer) in awavelength range
of 200–800 nm. The thermal decomposition of samples was determined by a Thermogravimetric analyzer, TGA
(Model: STA409PCNetzsch, Germany). The endothermic and exothermic properties were analyzed by
Differential scanning calorimetric, DSC (model: DSC-822e,Mettler, Toledo, Germany)with liquidNitrogen,
−150 °C to 700 °C andheatflow sensitivity of 0.04 mWand 0.1 °Caccuracy. The size distributions and zeta
potentials of the samples were determined byZetasizer, Dynamic light scattering (Zetasizer Ver.7.13.MAL
1031019). The hitchhiking and quenchingmechanisms between the synthesized nanocomposite
electrochemical biosensor and endotoxin bacteria (1, 9-dimethylmethylene zinc chloride blue displacement
assay)were studied byConfocal FluorescenceMicroscopy (Confocal Leica TCS SP8,Hyvolution).

3.Results and discussion

Figure 1(a) shows the FTIR spectrumof PANI, PANI-Benz, and PANI-Benz-Ag nanocomposite. The absorption
peaks at 2917 cm−1 and 1464 cm−1 are attributed toN-H stretching of the quinoid andC=C stretching of the
benzenoid rings present in PANI respectively [36]. Absorption peaks at 3498 cm−1 and 1605 cm−1 correspond
toN-H stretching vibration of the amine and theC-H stretching band of cyclic alkene. The characteristic peaks
at 1592 cm−1 and 873 cm−1 are assigned to asymmetric C-H stretching and planeC-Hbending vibrations of
benzenoid rings respectively [37, 38]. A sharp peak at 955 cm−1 corresponds to theC=Cbending vibration of
benzimidazole [39].

TheXRDpattern of PANI, PANI-Benz, and PANI-Benz-Ag nanocomposite is shown infigure 1(b). The
prominent diffraction peaks at 37.8, 42.5, 63.7, 76.8, and 80.1 can be assigned to the plane of Ag crystals (111),
(200), (220), (311), and (222) respectively. It confirms that the formedAg nanoparticles are face-centered, cubic,
and crystalline in nature (JCPDS 74–2251)[36]. The crystallite size of Ag nanoparticles was calculated using
Bragg reflection by theDebye–Scherrer equation (D= 0.9λ/βcosθ). The average crystallite size of the PANI-
Benz-Ag nanocomposite was 67 nm [36, 40].

Figure 2(a) shows theUV-Visible absorption spectrumof PANI and PANI-Benz-Ag nanocomposite. The
absorption band at 365 nmand 655 nmcorrespond toπ-π* transition of the benzenoid ring andπ-polaron
transition (due to the charge transfer between the benzenoid and quinoid units) respectively [36, 41].

Differential scanning calorimetric analysis of PANI and PANI-Benz-Ag nanocomposite are shown in
figure 2(b). Based on theDSC curves, PANI has only below baseline conditionwhich indicates amorphousness
((E) Integral=−2609.20 mJ, normalized=−99.97 J g−1, onset= 51.99 °C, peak at 102.97 °Cand end
set=148.64 °C). In PANI-Benz-Ag nanocomposite, there are two conditions; endothermic condition ((C)
Integral=−47.74 mJ, normalized=−3.91 J g−1, onset= 102.92 °C, peak at 103.55 °Cand end
set= 105.14 °C)) and exothermic condition. The PANI-Benz-Ag nanocomposite was unstable below baseline
due to absorption of energy (endothermic) and theremight be a rearrangement of particles by releasing heat
(exothermic) and hence becomingmore stable.

Figure 2(c) shows the thermogravimetric analysis curve of PANI-Benz and PANI-Benz-Ag nanocomposites.
It was observed that therewas aweight loss of around 7.3% and 0.82% at 98 °C for PANI-Benz and PANI-Benz-
Ag nanocomposite respectively. Theweight lossmay be due to the evaporation of watermolecules (moisture)
present in the specimen. Themajor weight loss was observed at 247 °Cwhichmay be due to the degradation of
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PANI and evaporation of gasmolecules such asH2, etc It is clearly shown that therewas a higher weight loss
observed in PANI-Benz than PANI-Benz-Ag nanocomposite. The PANI-Benz-Ag nanocomposite has higher
thermal stability below 100 °Cand it can be used at room temperature effectively.

The size distribution reports for PANI, PANI-Benz, PANI-Ag, andPANI-Benz-Ag nanocomposite are
shown infigure 3. The size distribution values are given in table 1. In principle, the size of a single unit of the
nanomaterial is between 1 nm− 100 nm (at least one dimension) [42]. As per the standard BS-ISO 22412:2017,
the size distribution of PANI (figure 3(a)) particles indicates an inconsistency in particle size, shape, andmass
due to broad andwide peaks. Figure 3(b)PANI-Benz shows a narrow and sharp peakwhich indicates improved
consistency in particle size, shape, andmass. The PANI-Ag nanocomposite (figure 3(c)) shows a single narrow
peak but not is sharp compared to PANI and PANI-Benz peaks. This indicates that better consistency in particle
size, shape, andmass for PANI-Ag nanocomposite than PANI aswell as PANI-Benz. Figure 3(d) shows a narrow
and sharp peak and a particle size (d) of 4.942 nm. This indicates that the PANI-Benz-Ag nanocomposite has
excellent consistency in particle size, shape, andmass of the particles.

As illustrated infigures 3(a)–(d) and table 1, the particle size of PANI-Benz-Ag (zave= 1.863 nm)<PANI-Ag
(zave= 139.1 nm)<PANI-Benz (zave= 227.1 nm)<PANI (zave= 314.2 nm). Thus, the smallest particle size of
the PANI-Benz-Ag nanocompositemade it an excellent biochemical sensor for the detection of Endotoxin
(E. coli) bacterial species. This is due to the smallest particle size of the PANI-Benz-Ag nanocomposite which
provides effective porosity, the smallest surface area, excellentmechanical properties, thermal stability,
enhanced electrical conductivity, semi-crystallinity, favorablemorphology, and particle arrangements leading to
excellent detection performance.

Figures 4(a)–(d) show the plots of apparent zeta potential versus total counts of PANI, PANI-Benz, PANI-
Ag, and PANI-Benz-Ag nanocomposite respectively [43]. The zeta potential values are listed in table 2. It is
observed that there is an increase in both zeta potential and conductivity in the order of PANI, PANI-Benz,
PANI-Ag, andPANI-Benz-Ag nanocomposite. This shows that Ag nanoparticles incorporated PANI-Benz
copolymer has excellent conductivity and stability. The negative potential indicates the net charge of the
scatteringmaterials to the negative slipping plane. As indicated infigure 4 and table 2, both the zeta potential and
conductivity are increasing fromPANI (−2.39 mV&5.1 μS cm−1), PANI-Benz (−5.47 mV&5.2 μS cm−1),
PANI-Ag (−7.28 mV,&8.52 μS cm−1) to PANI-Benz-Ag (−10.4 mV,&73.7 μS cm−1) respectively. The

Figure 1. (a) FTIR spectra and (b)XRDpattern of PANI, PANI-Benz, and PANI-Benz-Ag nanocomposite.
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increase in zeta potential indicates the stability of thematerial and the negative symbol shows the net charge of
the scatteringmaterial up to the negative slipping plane.However, the electrical potential at the slipping plane
for PANI-Benz-Ag (−10.4 mV) is higher than PANI (−2.39 mV), PANI-Benz (−5.47 mV), PANI-Ag
(−7.28 mV). In the case of PANI, PANI-Benz, and PANI-Ag, theremight bemore aggregation of particles and
impurities than PANI-Benz-Ag nanocomposite. The zeta potential of PANI-Benz-Ag nanocomposite is higher

Figure 2. (a)UV-Visible absorption spectra, (b)Differential scanning calorimetric curve, and (c)Thermogravimetric analysis of PANI,
PANI-Benz, andPANI-Benz-Ag nanocomposite.

Figure 3. Size distribution reports of (a)PANI, (b)PANI-Benz copolymer, (c)PANI-Ag nanocomposite, and (d)PANI-Benz-Ag
nanocomposite.
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(−10.4 mV) and thismight be due to a better electrostatic repulsion between particles whichmade itmore stable
compared to PANI, PANI-Benz, and PANI-Ag. Thismakes PANI-Benz-Agmore suitable for the detection of
Endotoxin bacteria from adulterated and putrefied fruit juice.

The surfacemorphology of the PANI-Benz copolymer andPANI-Benz-Ag nanocomposite was analyzed by
SEM [44, 45]. Figure 5(a) shows the presence of PANI andBenzimidazole polymers in the copolymer powder
sample. The presence of Ag nanoparticles in the PAN-Benz-Ag nanocomposite is shown infigure 5(b). The SEM
micrograph images show the structuralmorphology of PANI-Benzimidazole copolymer andAg-doped PANI-
Benz nanocomposite (figures 5 and 6). The silver nanoparticles are distributedwith PANI-Benzimidazole
copolymer during an in situ chemical oxidative polymerization reaction [46]. TheAg nanoparticles play a great
role/interest in doping of conducting polymer such as PANI in the fabrication of sensor because its free
conduction of electrons is released and incorporated into the polymer backbone due to the interaction process.
Besides, Silver (Ag) particles have a high surface area andmake its incorporated device have better chemical,
mechanical and physical properties. Also, thismakes Ag an important fluorescence nanomaterial with excellent
potential for biosensor applications [47, 48].

The TEM images of Ag-doped at different loading (5–8 wt%) in PAN-Benz copolymer are shown in
figures 6(a)–(f). TheAg nanoparticles at 5 wt% loading are shown infigures 6(a)–(c) andmore agglomeration of
Ag nanoparticles (6–8 wt%) incorporated PANI-Benz copolymers found infigures 6(d)–(f). The porous
structure of PANI-Benz-Ag is shown in figure 6(c) and it can be suitable for the detection of Endotoxin (E. coli
bacteria) in adulterated and putrefied juices [49].

Figure 4.Zeta potential distribution reports of (a)PANI, (b)PANI-Benz copolymer, (c)PANI-Ag nanocomposite, and (d)PANI-
Benz-Ag nanocomposite.

Table 1.The size distribution values of PANI, PANI-Benz,
PANI-Ag, and PANI-Benz-Ag nanocomposite.

Sample Size (d. nm) PdI Intercept

PANI 322.9 0.184 0.883

PANI-Benz 220.6 0.617 0.822

PANI-Ag 135.2 0.445 0.809

PANI-Benz-Ag 4.942 0.539 0.618

Table 2.The zeta potential values of PANI, PANI-Benz, PANI-Ag,
PANI-Benz-Ag nanocomposite.

Sample Zeta potential (mV) Conductivity (μS/cm)

PANI −2.39 5.1

PANI-Benz −5.47 5.2

PANI-Ag −7.28 8.52

PANI-Benz-Ag −10.4 73.7
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The PANI-Ben-Ag nanocomposite was used to detect the Endotoxin by hitchhikingmethod (means of
transportation for strangers like Endotoxin bacteria)which converts to an electrical signal. The dye 1,
9-dimethylmethylene zinc chloride blue (DMMB)was usedwithE. coli and PANI-Benz-Ag nanocomposite.
The study involves the binding of Endotoxinwith PANI-Benz-Ag nanocomposite usingDMMBdisplacement
assay [49]. The fabricated biochemical sensor (PANI-Benz-Ag nanocomposite) detects biochemical quantities
such as endotoxin bacteria and converts the sensed endotoxin data into electronic data via an appropriate device
calledConfocal Imagingmicroscopy (Fluorescence). The fabricated biochemical sensor (PANI-Benz-Ag
nanocomposite) could interact and converts biological information (concentration, activities of particles, partial
pressure) of the interaction between it and the E. coli bacteria into ameasurable signal. It transforms biochemical
information ranging from the concentration of a specific sample component to total composition analysis into
an analytically useful signal using its active sites via fluorescence. The active site of PANI-Benz-Ag
nanocomposite (bioactive) comes into physical contact and interacts with the analyte/targetmolecules/ions in
the sample (putrefiedMango Juice) in distinct ways. As a result, biochemical information is transported into a

Figure 5. SEM Images of (a)PANI-Benz copolymer and (b)PANI-Benz-Ag nanocomposite.

Figure 6.TEM Images of PANI-Benz-Ag nanocomposite at (a)–(c) 5 wt%, (d) 6 wt%, (e) 7 wt%, (f) 8 wt% loading of Ag
nanoparticles.
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formof energy that can bemeasured by its characterization device (Confocal Imagingmicroscopy/
fluorescence).

Since it is a single specificmolecule sensor due to the presence of Benzimidazole, it recognizes the required
endotoxin from the sample (Endotoxin putrefiedMango Juice) efficiently. As a result, the characterization
device (Confocal Imagingmicroscopy/fluorescence) of the Ag-doped PANI-Benzimidazole nanocomposite was
responsible for in-taking the biochemical information of the interaction between its active site and the
Endotoxin. The biochemical information is converted into ameasurable signal to obtain qualitative/or
quantitative time and spatial resolved information about specific biochemical components such asfluorescence
intensities/mean value of intensities, process areas, standard deviations, variance, etc These parameters change
upon variations in the composition of biochemical species interactingwith the sensor. Finally, this information
is sent to a computer ormechanical component after transforming the energy into a useful analytical signal.

In the process, the excitation and emission ofDMMBwith andwithoutE. coli boundwith PANI-Benz-Ag
nanocomposite were studied by quenching ofDMMBfluorescence intensity (FI)using confocalfluorescence
microscopy. As the Endotoxin bound to the PANI-Benz-Ag nanocomposite surface, it releasesDMMB resulting
in an increase inDMMBFI [49]. Figures 7(a)–(c) show the confocalfluorescencemicroscopic images ofDMMB,
DMMB+E. coli bacteria, andDMMB+E. coli bacteria+PANI-Benz-Ag nanocomposite respectively. The color
intensity of images varies from the figure. (a) and (b) to (c) due to the binding effect ofE. coli bacteria onDMMB
+PANI-Benz-Ag nanocomposite. The increase in color intensity of the image in the figure. (c) confirms the
detection ofE. coli bacteria using PANI-Benz-Ag nanocomposite [49].

The binding of Endotoxin (E. coli) bacteria on PANI-Benz-Ag nanocomposite surface and the increase in FI
ofDMMBcould be explained by plotting the average intensity (y-axis) versus average process area (y-axis) from
the region of interest (ROI) of confocalmicroscopic images (figure 8).

In the absence of Endotoxin bacteria, the FI ofDMMBexhibited a higher averagemean value (140 a.u.).
However, the addition of Endotoxin bacteria (E. coli) toDMMB sharply decreased the FIwhich indicates the fast
binding and rapid saturation ofDMMBwith Endotoxin by quenchingmechanisms. Themixture of
DMMB+E. coliwas added to the PANI-Benz-Ag nanocomposite. The particles of nanocomposite competitively
bound to Endotoxin (E. coli) bacteria which displaced the binding ofE. coliwithDMMBas observed from the FI
of Confocal Fluorescencemicroscopy images. As a result, the FI ofDMMBwas increased from its quenched state
at equilibriumwith Endotoxinwhich indicates the increase in binding ofE. coli to PANI-Benz-Ag
nanocomposite particles. This proves that PANI-Benz-Ag nanocomposite can be used as a sensor for the
detection of Endotoxin E. coli bacteria from adulterated foods stuff such as putrefiedmango juice, etc.

4.Conclusion

An effective and newAg-doped-PANI-Benzimidazole copolymer nanocompositematerial, which can bring
recent advances and a paradigm shift towards the use of electrochemical biosensors to detect Endotoxin (E. coli)
bacteria. The Zetasizer was used to determine the size of the PANI-Benz-Ag nanocomposite particles
(4.942 nm). The FTIR data showed the quinoid units along the polymer chain being affected, such that strong
interactions betweenAg nanoparticles and quinoidal sites of PANIwere presumed. TheXRD analysis confirmed
the amorphous and crystalline nature of PANI, PANI-Benz copolymer, and PANI-Benz-Ag nanocomposite.
Themorphological study confirmed the formation and distribution of Ag nanoparticles in the PAN-Benz
copolymer surface. The characteristic absorption peaks of the fabricatedmaterial analysis (UV-Visible
spectrum)were very appropriate and depictable. Confocal Imagingmicroscopy using 1, 9-dimethylmethylene
zinc blue (DMMB)fluorescence displacement-based assaymethod showed that PANI-Benz-Ag (bioactive)

Figure 7.Confocal fluorescencemicroscopy analysis of endotoxin (a). DMMB, (b). DMMB+E. coli bacteria, andDMMB+E. coli
bacteria+PANI-Benz-Ag nanocomposite.
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nanocomposite can be used as a good electrochemical biosensor for the detection of Endotoxin (E. coli) bacteria
fromputrefiedMango juice.
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