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ABSTRACT 

The exploration for novel nano-sensors has enhanced significantly representing an incredible alternative for the development, speedy, 

and inexpensive bio-sensing strategy. Due to their low detection volumes, reduction of detection time, high specificity and user- friendly 

applicability, nano-bio sensors have raised the interest of the scientific community. Nanomaterials are now being used to develop 

biosensors thatexhibit superior sensitivity and uniqueness with applicability in research investigations, food contamination detection, 

detection of potential probiotic bacteria, etc. Detection of food contamination is of major significance and concern in areas like 

healthcare, agriculture, beverage, and fermentation industries. Distinctive biosensing technologies have already been developed for 

instant monitoring of microbes, food contaminants depending upon the application of nanomaterial. A wide range of nanomaterials, for 

example, gold nanostructured materials, carbon Copper and silicon nanotubes, GeO2/SiO2 matrix, nanoparticles, nanowires, TiO2 

nanowire, nano-electrode, and nanostructured material arrays are performing an essential role in the bio-sensing application in food 

pathogen detection and probiotic bacteria detection.Nanosensors merges the principles of information technology and molecular biology 

proves essential in facilitating immediate detection of foodborne pathogens, contaminants, hence reducing the health risk and medical 

costs related to foodborne illness.This chapter aims to encompass the types of emerging nanosensors based on different detection 

technology, their commercial applications, recent advancement in food contamination detection and their future prospects. 
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1. INTRODUCTION 

 Food safety is a paramount worldwide public health 

concern with global trade implications [1]. Foodborne diseases 

linked with pathogens, toxins, or other food contaminants are 

mushrooming severe health threats in the world [2]. Food 

adulteration directs to a sickness that is caused by the existence of 

microorganisms, proteins, toxins, or chemicals in foodstuffs 

[3].The presence of bacteria in food is one of the most important 

of transmitting methods of a pathogen into the human body. 

Serious foodborne contaminations and intoxications are much 

more of apprehension to the food manufacturing industries today. 

It is necessary to recognize, categorize, and trace food and water 

pathogens and their toxins to improve the quality and safety of 

foods [4].  

 According to the current approximation is that the 30 main 

food pathogens report for nearly 9 million individuals becoming 

ill, in addition around 57,000 hospitalizations and nearly 1400 

deaths every year in the US with a predictable monetary outlay of 

around $78 billion per annum [5]. It was estimated that foodborne 

illness in India could reach 130 million by 2030. The associated 

cost of food contaminated illness plays a vital function in 

regulating foodstuff security policy. Recent investigation form, 

several authors agreed on which food pathogens and their toxins 

are highly expensive, and in particular, incidences result in early 

fatality [6]. According to the University of Florida informed that 

the hospitalization and fatality identified to be caused by food 

pathogens costs the United States approximately $14.6 billion. 

More than 200 known diseases are transmitted by contaminated 

food. During the year 2009-2010, around 1,600 foodborne illness 

outbreaks, ensuing in 30,000 cases of sickness and nearly 25 

deaths were reported by the public health department in the US.  

 The primary cause of infection was Norovirus estimating 

for 42% of an epidemic; followed by Salmonella, with almost 32% 

of contagion. In the year 2013, the CDC's foodstuff intoxicating 

coverage classification recognized around 20,000 associated 

infections, 4,200 hospitalizations, and nearly 80 deaths along with 

the around 50 million inhabitant’s illness [7].  

 Centers for Disease Control, reports two chief sources of 

foodborne sickness firstly some known thirty-one foodborne 

pathogens and secondly, the unspecified agents, specific microbes, 

some chemicals or other materials has been identified to be in food 

which are capable of triggering disease are not proven and 

causative agents yet not identified. Though the United States holds 

the world's safest food supply status, still it receives 48millions of 

cases of foodborne illness each year, i.e., one in every six 

American individual gets infected due to contaminated food; as a 

result, 1,28000 hospitalization and 3000 deaths. With every 

passing year, the global burden of foodborne disease raised, 

children below 5year are at maximum risk, and almost thirty 

percent of all death from foodborne diseases was identified in case 

of children. 

 To identify the food pathogens using morphological and 

biochemical techniques are very problematic and inefficient [8].  

On the other hand, biosensors have exposed wonderful assure to 

triumph over these restrictions and are being insistently studied to 

give quick, consistent, and delicate recognition technology for 

such bids. Different biological identification prerequisites are 

deliberate to better the selectivity and facilitate incorporation over 
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the transduction platform for sensitive detection. Bilateral research 

collaboration in the area of Nanobiotechnology and food science 

engineering have presented new lab-on-a-chip methodology, 

allowing the growth of portable bio sensing devices for the 

detection of various pathogenic foodborne microorganisms. Most 

importantly, a careful observation and application of different 

advanced technologies can be useful in food industries that may 

avoid some laborious and expensive testing methods. 

2. EMERGING FOODBORNE PATHOGENS 

 World Health Organization (WHO) states that foodborne 

sickness is defined as diseases that are either transmittable or 

lethal in nature caused due to the causative agents entering into the 

body while the food was injected. The estimated universal 

occurrence of food contaminated sickness has been described 

around 1.8 million individuals who died from diarrhoeal illness 

only in the year 2005, and a significant fraction of these reports 

are due to infection of drinking water and food [9]. Most of the 

manufacturing countries, the incidence of the proportion of the 

population suffering from foodborne illness every year has risen 

up to 30%. Some foodborne diseases have been well recognized 

[10]. However, some of them are now considered emerging due to 

their frequent occurrence. Among the food pathogens reported for 

foodborne infection, Salmonella, Listeria monocytogenes, and 

E.coli are usually a major cause of most of the outbreaks [11]. In 

the sporadic cases, Campylobacter is the most important e agent of 

foodborne illness in Ireland. Around 1820 cases of its 

contamination have been reported in the year 2006, which was 

about four times higher than the Salmonellosis outbreak in that 

year [12].  

 Methodical activities like good manufacturing practices 

good agricultural practices, the foodstuff symbols representing 

approaches, hazard investigation, and an essential control point 

(HACCP) can drastically decrease the toxic microorganisms in 

foodstuff [13,14,15,16]. However, pathogen detection technology 

plays a vital role in the prevention and identification of issues 

associated with clinical care and health safety [17, 18]. 

 

3. SECTORSADOPTINGINNOVATIVEFOODPATHOGEN DETECTION TECHNIQUES 

Detection of food pathogens is the supreme consequence 

in terms of healthiness and safety [19, 20]. Food pathogens can 

grow almost everywhere that may leads to death. Detection label 

of contaminated food are found higher at the time of cyclone, 

floods, and due to disclosure to contaminated food causes different 

foodborne diseases [22].  

Peoples working in different food sectors are lingering 

exposure to different food pathogen leads to different foodborne 

diseases like hemolysin functionality, fever, diarrhea, and 

abdominal cramps, etc. Therefore, various sectors such as fruits 

and vegetable industries, fisheries industry, dairy sector, livestock 

industries, beverages industries, and different food supplements 

and packaged foods etc. are adopting new methodologies for rapid 

detection of food pathogens [21].  

 
Figure 1.Various sectors demanding mandatory detection of food 

pathogens. 

Details of different sectors demanding food pathogen 

detection are listed in Fig.1. Globally, food adulteration in dairy 

sectors is a major setback due to poor detection techniques and 

lack of systematic surveillance. Milk has been a very common 

consuming food globally [23] and demands a significant sensor for 

detection of contaminants as compared to the conventional 

methods of detection [23].  

Probiotics are one of the factual phenomena that have 

been overlooked in many developed and developing countries. 

Scientific communities do believe that probiotics have massive 

health benefits to mankind [24, 25]. In past, we have conclusive 

evidence that  it has been useful in reducing the incidence and 

duration of diarrhea in infants and adults, treatment of urinary tract 

infections (UTIs) [26], upper respiratory tract infections (RTIs), 

lowering Clostridium difficile infections, reversing Alzheimer’s, 

prevention of conditions of dementia, ulcerative colitis, intestinal 

hyperpermeability [27, 28].  

 Currently, unwanted increase in supply of packaged food 

and stored foods simultaneously provides a risk of presence of 

food pathogens. It can create major health care dilemma, demands 

cutting edge researches for detection [29]. Therefore, the 

development of biosensors for effective detection of potential 

probiotic bacteria has a massive effect on human being and is the 

necessary factor in the action of transmissible diseases. 

GeO2/SiO2 matrix biosensor and piezoelectric immunosensor are 

the unique technology for target bacteria detection like probiotic 

bacteria [30, 31].  At present engineered probiotic bacteria are 

reported to detect inflammation in the gut, cancer in urine, 

detection of liver cancer, auto-inducer peptide-I (AP-I) level 

detection by reprogramming Lactobacillus ruteri, etc. [32, 33]. 

Biosensor have broad range of applications in multidimensional 

fields like probiotics, dairy sector, plant biology, food industry, 

fermentation industries and medical science to keep a check on the 

product quality, and safety. Instant and accurate detection of 

toxins and pathogens will enhance the accuracy level and can save 

millions of life’s worldwide [34]. This review article gives 

importance to food pathogens, probiotics and biosensors.

 

4. CURRENT TECHNIQUES TO DETECT FOOD PATHOGEN 

 The unavailability of modern techniques to detect, monitor 

and quantify pathogens left the world in a perilous state where safe 

and healthy lifestyles are in decline [35, 36]. An individual 

experiencing several illnesses at a time, is growing much faster 
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than past which may be because of bacteria, virus or any other 

microorganism. But, failure in the effective identification of food 

pathogens lending people into scare of dangerous symptoms that 

often leads to death [36].  Six detection standards must be keeping 

an eye on as a parameter for performing food safety tests and 

identifying food pathogenic bacteria as per ISO (International 

Organization for Standardization, 2010). They are speed, 

accuracy, cost, type, method approvals, and easy to use 

techniques, where speed and accuracy includes sensitivity, 

specificity and repeatability ensure the reliable detection of food 

pathogens. Current scenario of ill health demands more advance 

bio sensing analytic devices for early detection of pathogenic 

bacteria and toxins. In the following, we discussed both 

conventional methods such as culture based method [37, 38], PCR 

method [39], and immunology based method [35], and 

nanosensors for food pathogen and toxin detection. 

4.1. Conventional methods. 

Conventional methods involve the simultaneous use of selective 

culture media for the growth of target microorganism as well as 

the prevention of the growth of other microorganisms in the 

sample [30]. Natural amplification is required in a culture which 

requires possible pathogens, and an extended time period is 

required for the replication to be sufficient for detection [35]. The 

most common conventional diagnostic tools for pathogen 

detection are culture based detection technique, polymerase chain 

reaction (PCR), immunological methods. They usually involve 

analysis of DNA, antigen-antibody interaction, or a combination 

of the two techniques. The introduction of newer molecular 

methods has resulted in a profound change in pathogen detection 

approaches. Detection is now accomplished in hours instead of 

days, which have resulted in inefficient monitoring and treatment. 

4.1.1. Culture-based detection technique (CBDT).This is one of 

the conventional standard techniques for detection of pathogens 

and endotoxins; mostly a lab based analysis requires specific 

growing conditions and generally takes longer time to yield any 

possible outcome (approximately more than 3days) [40]. The 

major difficulty associated with this method is different nutritional 

composition and growth environs for different microorganisms 

[41], with risk of some of them might not grow [20]. 

Campylobacter needs approximately 5-10 days are obligatory to 

get a negative outcome and 14 to16 days are necessary to produce 

a positive outcome [36]. Similarly, culture based techniques in 

detection uropathogens often challenging, where incubation time 

varies between 6hr-2days [41]. 

4.1.2. Rabbit fever assay.One of the in vivo qualitative methods 

for monitoring food pathogens is Rabbit fever assay. Due to the 

similar food pathogen toxin tolerance capacity as compared to 

humans, rabbits are considered as one of the best animal models 

for pyrogen testing. The perception of presenting improve, 

diminish, and substitute forthe animal sacrificing has suggestively 

led to decline of the rabbit fever assay. Another most important 

disadvantage is, it is found expensive, time overwhelming, 

subjective, encouraged disapprovals from wildlife rights 

campaigners and as a final point its powerlessness to enumerate 

the food pathogen toxin concentration [42]. The edge of increase 

in high rectal fever is allocated to a maximum of 0.55 1C for 180 

minutes after inoculation. 

4.1.3. Polymerase chain reaction (PCR).Now days, PCR is 

commonly followed technology to amplifya single DNA to 

million number of replicas with greater accuracy. Since the 

discovery, lots of modifications have been made to PCR for 

detecting food toxins and pathogens such as RT-PCR, Multiplex 

PCR, and Nested PCR etc. [43, 44]. PCR method is much faster 

than both culture based and immunoassay methods, takes 

minimum 30min to offer potential result. This methodology has 

become an added benefit of receiving attached to any other 

methods like fluorescence in situ hybridization a powerful 

cytogenetic technique that uses fluorescence probe to identify 

specific DNA/ chromosome. Similarly, Surface Acoustic Wave 

sensor (SAW) basically uses the modulated waves to identify the 

physical quantities of nature. Others are most probable number 

(MPNPCR), sandwich hybridization assay, and Enzyme linked 

immunosorbent assay (PCR-ELISA). Besides the traditional 

techniques presented, PCR technique is less time-consuming but 

complex sample pre preparation, instrument handling and costs, 

false positive signals, cross contamination, and cell lysis are 

possible drawbacks that lead to inconsistent outcomes and 

questions the reliability of the technology [45].   

4.2. Immunological methods. 

Immunological technique is one of the most effective and widely 

followed methodologies to date. It is less tedious, less complex, 

and cost effective [46]. Enzyme linked immunosorbent assay 

(ELISA), immunohistochemistry and flow cytometry etc. are the 

major immunoassays, used for the detail revealing of 

microorganisms such as bacteria, spores, viruses, endotoxins, and 

enterotoxin, however, its operations still demands expertise due to 

associated sensitiveness [46]. Serological typing is one of other 

commonly applied immunological techniques, mostly used to 

detect multiple strains from a sample [20]. The ability to spot 

multiple toxins in a single food sample depends on the degree of 

cross reactivity and rigorousness of the applied process [47]. For 

example, both staphylococcus enterotoxin and lethal plant toxins 

like botulinum and ricin havebeen identified by x-MAP multiplex 

technology [47]. Similarly, for detection of M. bovis infections 

robust multiplex diagnostic assays like latex bed agglutination, 

fluorescence polarization, immune-chromatography assay 

havebeen developed which helps to both estimate and detect 

antibody activity in response to more than one antigen from a 

single serum sample. This multiplex testing methodology will not 

only help to identify infected animals during early stage of their 

infection but provides an opportunity to remodel diagnostic tools 

that cannot limit us to save cattle but can save other ruminants 

such as sheep, goat, buffalo, deer and diverse wildlife reservoirs 

[48]. 

 

5. THERAPEUTICAL APPLICATIONS OF NANOSENSORS 

Nanotechnology is described as scientific advances at the atomic 

level, with the objective of synthesis and application of materials 

at 10-2nM scale [49]. Nanomaterial finds their exploitation as 

biocatalysts, immobilized substrates, or electro analytical markers 

for biosensor applicability with rapid selectivity [50]. 

Nanomaterials, such as gold, titanium, carbon, copper, and silicon 

nanotubes, found an imperative role in pharmaceutical and 

healthcare applications [51,52,53].Therefore, the “nanoparticle-
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based nano biosensors" are the most adept futuristic bio-sensing 

system [54, 55]. Enormous researches are being carried in the 

quest to replace the surface of electrodes with the NPs to get a fast 

detection system with greater accuracy level. This has led to boost 

the scope of research in nano-biosensers, with higher applications 

in the sectors food pathogen detection, environmental pollution 

testing and biomedical analysis [56, 57].   

5.1 Food pathogens and detection techniques 

Food pathogen has been overgrown, which demands rapid sensing 

devices and quantification methods. Therefore, a wide array of 

techniques applying diverse methods has been examined for the 

detection of food contamination and infection by pathogenic 

microorganisms and their toxins. Nanosensors are used for a wide 

range of applications, and most Nano-diagnostic methods are 

established on the transformation of optical spectrophotometric in 

response to enzyme mediated biochemical reactions.  

5.2. Optical nanosensors. 

Optical nanosensors are chiefly remarkable for detecting 

pathogenic microbial strains and their released toxins [58]. Due to 

the huge amount of substrates and varied spectrochemical 

techniques, optical nanosensors are now a widely sought after 

method of detection. They can be used to detect infinitesimal 

variations in optical absorption parameters, such as a refractive 

index or viscosity on a transducer surface. Optical nanosensors are 

intended to employ the sensitivity of chromogenic substrates for 

quantitative estimation at the cellular level. Optical nanosensors 

with respect to their sensitivity and selectivity, compatibility, 

possess the prospective to be developed as advanced generation 

biosensor technology. 

5.3. Fluorescence-based Nanosensors. 

Fluorescence-based sensors are extensively being applied in areas 

such as structural interpretation of cellular molecules with their 

mechanism, biosensing, and monitoring of pathogens and other 

biomedical applications [59, 60]. A fluorescent technique has been 

used for monitoring of toxins from Listeria species and had 

reached a detection limit of 10 ng/ml [61]. It can concurrently 

sense E. coli and Staphylococcus aureus with a lesser 

concentration limit of 102 cells [62]. Along with this, immediate 

sensing has been carried out using CAT-FISH (capture antibody-

targeted fluorescence in situ hybridization) developed to monitor 

both E. coli and S. aureus [63]. Fluorescence-based sensors have 

massive application for point-of-care diagnosis and sensing 

application. 

 

5.4. Surface Plasmon Resonance based Nanosensors. 

SPR is a receptive procedure for identification of quantifiable 

alteration in the refractive index as a result of structural 

modifications of a thin metal surface [64]. It based on the fact that 

electrons in the metal surface oscillate in sync with each other 

when stimulated by incident light. SPR occurs when polarized 

light and electrically conducting surface come in contact with each 

other. Plasmons are then produced, which are electron charge-

thickness waves, thereby resulting in a decrease of the intensity of 

reflected light at the resonance angle. SPR-based biosensors are 

used in detecting Salmonella [65]. SPR has been known to 

successfully detect E. coli O157:H7 and methicillin-resistant S. 

Aureus using bacteriophage as bioreceptors [66]. 

5.5.Electrochemiluminescent nanosensors. 

Electro chemiluminescent nanosensors are based on the 

phenomenon of Electrochemiluminescence (ECL). It involves an 

electrochemical reaction results in chemiluminescence. Stable 

precursors generate highly reactive species, which further react 

with each other to produce light. The controlled redox reaction 

that occurs at the electrode surface is the main advantage of ECL 

[67]. Both gram-negative and positive bacterial strains, with a 

detection range of 105–108 CFU/ml are being detected with the 

help of ECL nanobiosensors [68]. 

5.6 Acoustic wave nanosensors. 

Acoustic wave biosensors paved the way for improvement in the 

sensitivity and specificity of detection [69]. The basis for detection 

lies in the fact that the vibrational frequency of the quartz crystal 

is highly affected by the large mass of the bound sol particles. The 

assay can be carried out in a competitive mode. High-density 

particles are having a diameter in the range of 5–100 nm may be 

suitable [70, 71]. 

5.7. Magnetic nanosensors. 

Magnetic nanosensors are extremely versatile and can either be in 

the form of a single domain, superparamagnetic, or various types 

of ferrites. Separation and enrichment of the analyte to be detected 

is accomplished when magnetic nanoparticles bind to receptor 

molecules. Magnetic cell separation uses magnetic field gradients 

to isolate cells that are labeled with magnet receptive substances. 

The latest Magnetic immunoassay techniques involve the direct 

detection of a magnetic field generated by labeled targets with the 

help of a magnetometer [72]. The latest technique for speedy 

monitoring of food pathogens has been introduced, which uses 

superparamagnetic nanoparticles and a superconducting quantum 

interference device (SQUID) [73]. 

 

6. COMMERCIAL BIOSENSORS 

Monitoring and sensing of food pathogen is of supreme 

prerequisite due to the huge size of industrial manufacturing of 

various products. Legal bindings have been imposed regarding the 

compliance to pathogen contamination parameters due to the 

possible adverse biological reactions [74]. Therefore, the detection 

or quantification of food pathogens attains augmented importance 

in pharmaceutical production, biotechnology, and health care 

research [75]. The increasing demand for rapid detection of 

various unseen pathogenic microbes, probiotics and microbial 

contaminants in different sectors is evident by pathogen detection 

with commercial biosensors. 

The primary assay which is referred to measure 

pathogenic microbial detection systems is Limulus Amebocyte 

lysate (LAL) assay. Alternative of LAL is also available, which 

includes Endpoint chromogenic LAL assay, Kinetic turbidimetric 

LAL assay, Recombinant factor C (rFC), and Kinetic 

Chromogenic LAL assay measurements. However, among all 

other various assays, Kinetic turbidimetric LAL assay provides a 

promising easy to use and inexpensive technique for sensing 

specific microbial contaminant from biological and water samples. 

While Endpoint chromogenic is a non-kinetic LAL assay and 

divulges the output at narrow time range. It is basically a fast 

quantitative investigation where change in appearance of color is 
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the amount of endotoxin present [76], superior sensitivity and it is 

also coupled with minimum product intrusion commencing 

vaccines and other natural composites which diminishes fake 

positive result and also provides enhanced sensitivity [77, 78,79].  

The search on the term “Biosensors based food pathogen 

detection” of last 10 years in SCI database (2008-2018), showed 

substantial hike in manuscripts on biosensors (Figure 2). 

 

 

 
Figure 2. Graph search on the term “ Biosensors based food pathogen detection” during the period 2008-2018, using the SCI database. 

 

7. FUTURE PERSPECTIVES 

 A superlative monitoring system ought to be highly 

specific and sensitive; respond faster; comprise of simple sample 

preparation steps and provide continuous data analysis. Although a 

lot of progress has been made for the last decades, real ‘‘real-time'' 

procedures are lacking. Culture enrichment step has not yet been 

eliminated, which in fact, consumes most of the testing time. 

Improved media formulations aiding ‘‘flash'' enrichment is 

required to diminish the time-to-test results. Conventional 

methods need an upgrade and other than that there is a necessity of 

fresh pioneering techniques to develop. Therefore, it is critical to 

developing an enhanced sample preparation protocol for the next 

generation detection of food pathogen and toxins. 

 

8. CONCLUSIONS 

 Nanotechnology is a revolutionary concept in the 

development of biosensors. Nanoparticles are progressively 

employed to design novel biosensors like probiotic biosensor by 

reprogramming Lactobacillus. Nanotechnology will propose not 

only plentiful advantages for pathogen detection but also the stable 

advancement of nanobiosensing techniques will be a blessing to 

health care and pharmaceutical science. Biosensors are cost-

effective and compact. The construction and efficiency of 

biosensing devices as diagnostic is a thriving area of investigation 

and has countless impending applications. Nano effects like 

quantum size effect and macro-quantum tunnel effect are the most 

exceptional and specific aspects of nanomaterials. However, this 

area requires amplified attention. It is now a necessity to 

investigate biosensors incorporating newer nanomaterials. 

Preferably, nanobiosensors should be fabricated using micro-

electro-mechanical systems for efficient sample handling and 

analysis, which would enhance its functionality and result in the 

manufacturing of devices that are small, cost-effective, and highly 

versatile diagnostic instruments. Infectious pathogenic 

microorganisms and their toxins are ideal requisites for the 

evolving biosensing devices and techniques. This chapter 

emphasizes the promising role of biosensors and their prospective 

application in the arena of food pathogen detection, potential 

probiotic detection, monitoring and the possibility of numerous 

nanomaterials such as nanoparticles, nanowires, and carbon 

nanotubes in designing and developing nanosensors for possible 

futuristic application in, rapid and sensitive food pathogens and 

toxin detection. 
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