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1. Introduction 
Nanoscience and nanotechnology have already found their way into various fields such as computer electronics, communication, energy 
production, medicine and food processing due to their multifarious applications. The application of nanotechnology to the agricultural and 
food industries was first addressed by the United States Department of Agriculture in its roadmap published in September 2003 (USDA, 
2003). 
In the food industry, several novel applications of nanotechnologies have become apparent, including the use of nanoparticles, such as 
micelles, liposomes, nanoemulsions, biopolymeric nanoparticles and cubosomes, as well as the development of nanosensors, which are aimed 
at ensuring food safety (Yih et al., 2006; Esposito et al., 2005; Ligler et al., 2003). Nanosensors are extremely small devices, with dimensions 
in the order of one billionth of a meter, capable of detecting and responding to physical stimuli. This capability of nanosensors can be used 
beneficially for food analysis by utilizing them for detection of pathogens, toxins, nutrients, environmental characteristics, heavy metals, 
particulates, allergens, etc. using different mechanisms. Various researchers have reported different mechanisms to exploit the advances in 
nanosensors for food analyses (Chen et al., 2004; Haruyama, 2003; Jain, 2003; Vo-Dinh et al., 2001).  
The aim of this article is to provide an overview of the different types of nanosensors used for food analysis and the mechanisms used by 
them. 
 
1.1. Nanosensors  
Nanosensors are nanoscale devices built with cross sections of about 10 nm and masses of a few attograms (10-18 g). They are manufactured 
with the view to imitate the nanomaterials found in nature including proteins, DNA, membranes and other natural biomolecules which can 
detect minute changes in the foods through different mechanisms (Sanguansri and Augustin, 2006; German et al., 2006). 
There might be a possible confusion between nanosensors and biosensors. Hence it is necessary to address the relation between the two. 
Biosensors are devices that use biological components to react or bind with a target molecule and transduce this event into a detectable signal 
(Nath et al., 2004a, 2004b). A nanobiosensor is a biosensor on the nano-scale size.  
Since the nanosensors used in food analyses use a combination of biology and nanotechnology, the nanosensors may also be called 
nanobiosensors. Some salient features like sensitivity, specificity, rapidity of testing and other necessary attributes of biosensors are improved 
by using nanomaterials in their construction (Jin et al., 2003).  
These features of nanosensors provide wide scope for their applications in food analysis operations like inspection of raw materials, on-line 
process control, monitoring of storage conditions etc. Besides serving as cost effective tools the nanosensors could provide immense 
improvements in quality control, food safety, and traceability.  
 
1.2. Need for Nanosensors 
Fresh food products which are spoiled exhibit odours, colours or other sensory characteristics which can be easily discerned by consumers. 
But when the foods are packed, the packaging material prevent sensory exposure from the foods and hence consumers must rely on expiry 
dates provided by producers based on a set of idealized assumptions about the way that the food is stored or transported. However, if the 
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transport or storage conditions are violated for any period of time, the actual quality of food might be deteriorated which might not be known 
to the consumer unless the food package is opened, or even consumed.  
Nanosensors offer solutions to this problem through their unique chemical and electro-optical properties. It has been found that nanosensors 
are able to detect the presence of gasses, aromas, chemical contaminants, pathogens, and even changes in environmental conditions. Thus 
nanosensors could not only ensure that consumers purchase products which are at their peak of freshness and flavour, but also reduce the 
frequency of food-borne illnesses. Hence nanosensors are needed to improve overall food safety.  
 
1.3. Nanosensors for Food Analysis 
Nanosensors are applied in varied areas in food sector for the purpose of analysis as shown in Figure 1. 
 

 
Figure 1: Types of nanosensors and examples of their application in the food sector (Adapted from Sozer et al., 2008) 

 
In the food analysis market, biosensors produced by two technologies viz., microelectromechanical systems (MEMS) and 
nanoelectromechanical systems (NEMS) are prevalent. A digital transform spectrometer (DTS) produced by Polychromix (Wilmington, MA, 
USA) uses microelectromechanical systems technology to detect trans-fat content in foods (Ritter, 2005).  
Nanosensors produced with the nanoelectromechanical systems (NEMS) technology contain moving parts ranging from nano- to milli-meter 
scale, which might serve as developing tools in food preservation. They can control the storage environment and act as active ‘sell by’ 
devices. NEMS could be used in food quality-control devices because they consist of advanced transducers for specific detection of chemical 
and biochemical signals. These technologies are still at a very early stage of development but research is rapidly gaining momentum and a 
growing number of NEMS-based sensors are appearing in the literature. 
 
1.4. Different classes of Nanosensors 
When it comes to applications in food analysis, there are three main classes of nanosensors. 

1. Nanoparticle based sensors 
2. Electrochemical nanosensors 
3. Optical nanosensors 

 
2. Nanoparticle Based Sensors 
Nanoparticles in food may appear in suspensions (mostly solid in liquids) or emulsions (two liquid phases). Nanoparticles of complex 
nanoscale structures are reported to be used as nanosensors in packaging to detect food deterioration and they are also used in hand held 
devices for monitoring storage conditions and detection of contaminants (Bouwmeester et al., 2009). Within the agro-food chain, metal or 
metal-oxide nanoparticles are largely applied (e.g., nano-Ag, nano-ZnO, nano-Cu, nano-TiO

2
) for purposes like detection of organic 

molecules, gases, moisture, micro organisms etc. 
 
2.1. Detection of Small Organic Molecules 
Nanosensors have the potential to revolutionize the speed and accuracy with which industries or regulatory agencies can detect the presence 
of molecular contaminants or adulterants in complex food matrices. Many of these assays are based on observed colour changes that occur to 
metal nanoparticle solutions in the presence of analytes. For example, gold nanoparticles (AuNPs) functionalized with cyanuric acid groups 
selectively bind to melamine (Fig. 2), an adulterant used to artificially inflate the measured protein content of pet foods and infant formulas; 
the melamine-induced aggregation causes AuNPs to undergo a reproducible, analyte-concentration-dependent colour change from red to 
blue, which can be used to precisely measure the melamine content in raw milk and infant formula at concentrations as low as 2.5 ppb with 
the naked eye (Ai  et al., 2009). 
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Figure 2: Schematic showing colorimetric detection of melamine in solution using modified gold nanoparticles (AuNPs). (1) AuNP solution 
without any addition; (2) with the addition of the extract from blank raw milk; (3), (4) and (5) with the addition of the extract containing 1 
ppm (final concentration: 8 ppb) melamine, 2.5 ppm (final concentration: 20 ppb) melamine and 5 ppm (final concentration: 40 ppb) 
melamine, respectively (Adapted from: Ai et al., 2009) 
 
Some assay systems for small molecules depend on fluorescence rather than absorptive color changes. For instance, a sensor based on a 
detection methodology called enhanced fluorescence linked immuno-sorbent assay (EFLISA) can be used to detect the presence of gliadin 
and gluten content of gluten-free foods. This could also be easily adapted for the selective detection of other protein-based analytes (Staiano 
et al., 2009). 
Another fluorescence-based assay efficiently detected cyanide in drinking water at concentrations as low as 2 nM using fluorescence 
quenching of gold nanoclusters (Liu et al., 2010). Several protein-based bacterial toxins (Goldman et al., 2004), including bolutinum toxin 
serotype A (Warner et al., 2009), have been detected at picomolar (pM) levels using antibody-labeled luminescent quantum dots, which 
would be useful in food safety and anti-bioterrorism applications. These techniques used by nanoparticles based sensors could be devised for 
the convenient analysis of foods for adulterants, allergens or contaminants. 
 
2.2. Detection of Gases 
Oxygen content in food is a primary factor which favours the growth of microorganisms. For the purpose of testing the gaseous constituents, 
the packages of the packed food are destructed. In processing facilities, packaged foods are tested randomly during a production run, which is 
time-consuming, costly and yet unreliable. A non-invasive method to continually and easily monitor the gas content of a package headspace 
would provide a means to ensure the safety and quality of the contained food long after it has left the production facility (Arndt, 2008). 
On this view, a promising photoactivated indicator ink for in-package oxygen detection based upon nanosized TiO2 or SnO2 particles and a 
redox-active dye (methylene blue) has been developed (Mills, 2005; Lee et al., 2004; Lee et al., 2005; Mills et al., 2009). This detector 
gradually changes colour in response to even minute quantities of oxygen, as shown in Fig. 3. Though quantification of the oxygen content 
within food packages might not be possible by this technology, it nevertheless provides consumers and retailers an easy, visual method to 
identify modified atmosphere packages (MAPs) with possible compromised seal integrity. 
 

 
Figure 3: Photographs of O2 sensors which utilize UV-activated TiO2 nanoparticles and methylene blue indicator dye, one placed inside of a 
food package flushed with CO2 and one placed outside. In (a) the package is freshly sealed and both indicators are blue. The photograph in 
(b) shows the indicators immediately after activation with UVA light. After a few minutes, the indicator outside of the package returns to a 
blue color, whereas the indicator in an oxygen-free atmosphere remains white (c) until the package is opened, in which case the influx of 
oxygen causes it to change back to blue (d). This system could be used to easily and noninvasively detect the presence of leaks in every 
package immediately after production and at retail sites (Adapted from: Mills, 2005) 
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A non-invasive method of measuring carbon dioxide content in MAPs has also been devised, and is based upon lifetime analysis of 
luminescent dyes standardized by fluorophore-encapsulated polymer nanobeads (Bultzingslowen et al., 2002). This CO2 sensor has a 
detection range of 0.8–100%, a resolution of 1%, and only 0.6% cross-sensitivity with molecular oxygen. Some other examples of gas 
sensing related to food safety or quality include: detection of gaseous amines, which are indicators of fish and meat spoilage (Hernandez-
Jover et al., 1997), WO3-SnO2 nanocomposites to detect the presence of ethylene gas, a hormone responsible for fruit ripening (Pimtong-
Ngam et al., 2007). 
 
2.3. Detection of Moisture 
Nanosensors based on nanoparticles have also been developed to detect the presence of moisture content inside a food package. Such a 
nanosensor for moisture content, as shown in Fig. 4, is based upon carbon-coated copper nanoparticles dispersed in a tenside film 
(Luechinger et al., 2007). In humid environments, swelling of the polymer matrix results in larger degrees of inter-nanoparticle separation; 
these changes cause sensor strips to reflect or absorb different colours of light which can be monitored easily for quick and accurate 
determination of package moisture levels without invasive sampling. 
 

 
Figure 4: Moisture sensor which utilizes carbon-coated copper nanoparticles dispersed in a polymer matrix (a). Ethanol vapor exposure 
results in rapid and reversible iridescent coloration (b). Water vapor exposure swells the polymer, which causes the nanoparticles to exhibit 
larger interparticle separation distances and thus different observable optical behavior (c). As moisture dissipates (d–f), the sensor reverts 
back to its native state and appearance (Adapted from: Luechinger et al., 2007) 
 
2.4. Detection of Microorganisms 
The ability to determine whether food products are contaminated by various bacteria, fungi or viruses remains an important research 
objective. Most detection strategies in real food systems require isolation of the target organism from the surrounding environment to ensure 
that signal-to-noise ratios are sufficiently large to observe. Often, a technique known as immunomagnetic separation (IMS) is used to satisfy 
this requirement. IMS uses magnetic particles attached to selective antibodies in combination with a magnet to selectively separate the target 
analyte from the food matrix prior to detection. Nanoscale magnetic particles are especially useful in this regard due to their extremely high 
surface-to-volume ratios, which facilitate large analyte capture efficiencies. Captured analytes can then be easily purified and subjected to 
standard measurement techniques. This approach is illustrated graphically in Fig. 5. 
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Figure 5: Schematic illustrating IMS-based detection methods using magnetic nanoparticles. (a) Antibodies selective for specific bacterial 
strains or species (e.g., E. coli) are bound to the surfaces of magnetic nanoparticles (e.g., Fe2O3). Only the targeted organisms will bind to 
the functionalized magnetic nanoparticles. (b) A complex matrix (e.g., food, blood, milk, etc.) contains the target analyte as well as numerous 
potential interferences, such as other bacterial species, viruses, proteins, food or blood particles, etc. Functionalized magnetic nanoparticles 
are added to the matrix, where they bind selectively and with high capture efficiency to the target analyte. A magnetic field isolates the 
analyte-bound magnetic particles, after which the supernatant is then carefully decanted. The remaining material is then subjected to 
quantification assays. In more sophisticated systems, the magnetic nanoparticles themselves are the means of detection and quantification 
(Adapted from: Duncan, 2011) 
 
For instance, attachment of antibodies selective for L. monocytogenes onto functionalized, magnetic iron oxide nanoparticles can be used to 
efficiently separate the target bacteria from artificially contaminated milk and detect them using realtime PCR analysis (Yang et al., 2007). A 
similar approach has been used to isolate E. coli from freshly ground beef with >94% capture efficiency and no interference from other tested 
bacterial species (Varshney et al., 2005). Magnetic nanoparticles can be used to isolate Mycobacterium avium spp. paratuberculosis from 
contaminated whole milk and determine the bacterial concentration by observing effects of conjugation-induced magnetic particle 
agglomeration on the spin–spin (T2) relaxation times of nearby water protons (Kaittanis et al., 2007); importantly, this method is not 
susceptible to interference from other bacterial species that may be present in the matrix. 
 
3. Electrochemical Nanosensors 
Electrochemical nanosensors operate by binding selective antibodies to a conductive nanomaterial (e.g., carbon nanotube) and then 
monitoring changes to the material’s conductivity when the target analyte binds to the antibodies. For example, conduction changes which 
occur when Microcystin-LR (MCLR), a toxin produced by cyanobacteria, binds to the surface of anti-MCLR-coated single-walled carbon 
nanotubes are easily detectable down to MCLR concentrations of 0.6 nM, which easily satisfies the guidelines set by World Health 
Organization for this substance in drinking water (Wang et al., 2009). This technique improves the sampling time over traditional MCLR 
measurement methods (e.g., ELISA) by an order of magnitude. A similar strategy utilizing AuNPs and glucose-sensitive enzymes can be 
used to measure glucose concentrations in commercial beverages (Ozdemir et al., 2010). A reusable piezoelectric AuNP immunosensor has 
been developed which detects the presence of aflatoxin-B17 in contaminated milk samples down to a concentration of 0.01 ng/mL (Jin et al., 
2009). 
Electrochemical detection might be based on the nanomaterials like nanowire, carbon nanotube or nanocantilever. 
 
3.1. Nanowire-Based Electrochemical Detection 
Nanomaterials lend themselves well to multiplexing assays, as in the case of a barcode-style method which utilizes binding of selective 
antibodies to specific regions of magnetic (and nonmagnetic) multi-metal nanowires for the simultaneous, multiplexed optical detection of 
bacteria, viruses and protein- based toxins. 
Wang et al. (2009) fabricated conductive TiO2 nanowire bundles, coated them with antibodies selective for L. monocytogenes, and deposited 
them between two gold electrodes, as shown in Fig. 6. In contaminated samples, bacteria bind to the antibodies, which cause a measurable 
change in impedance across the nanowire bundle. Using this technique, the authors were able to detect as low as 4.7 ×102 CFU/mL L. 
monocytogenes in 1 h without significant interference from other food-borne pathogens; this is a significant improvement over traditional 
Immuno-Dot Blot analysis, which had a detection limit of 2.2 ×105 CFU/mL. 
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Figure 6: Impedance based detection of bacteria. (a) Gold electrodes protected with n-butylthiol ligands are connected with a conductive 
TiO2 nanowire bundle. Antibodies selective to the target bacterium are then bound to the nanowire bundle. When the sensor is exposed to a 
complex matrix containing the target organism, changes in the electrical (impedance) properties of the bundle due to bacterium-antibody 
binding events can be readily observed. (b) and (c) Sample data set illustrating the detection of Listeria monocytogenes at a concentration of 
4.65× 103 cfu/ml. Note that exposure to a control medium (b) causes no changes to the impedance across the bundle, but that exposure to the 
bacteria (c) results in easily observable impedance changes due to immunoselective binding events (Adapted from: Wang et al., 2009) 
 
Changes in conductance or resistance across circuits manufactured from or including nanoscale components have also been used to detect 
members of the Bacillus (Pal et al., 2007), Salmonella (Villamizar et al., 2008; de la Rica et al., 2008), and Escherichia (Lin  et al., 2008; So 
et al., 2008) bacterial genera, as well as viruses (de la Rica et al., 2008). 
 
3.2. Carbon Nanotube-Based Electrochemical Detection 
Carbon nanotube consist of concentric cylinders a few nanometres in diameter and up to hundreds of micrometres in length. Carbon nanotube 
(CNT) based electrochemical detections have found good applications in the food analysis. CNT-based electrochemical detection in 
microfluidic devices can be used to measure antioxidant, flavour compound and vitamin content in vanilla beans and apples (Crevillen et al., 
2007). Other electrochemical nanosensing systems based on carbon nanotubes include: an immunosensor based on a cerium oxide 
nanoparticle and chitosan nanocomposite which detects staphylococcal enterotoxin B (Mishra et al., 2008) and cholera-toxin (Viswanathan et 
al., 2006). 
 
3.3. Nanocantilever-Based Electrochemical Detection 
Nanocantilevers are another innovative class of nanosensors. Their detection principle is based on their ability to detect biological-binding 
interactions, such as between antigen and antibody, enzyme and substrate or cofactor and receptor and ligand, through physical and/or 
electrochemical signaling (Hall et al., 2002). They consist of tiny pieces of silicon-based materials that have the capability of recognizing 
proteins and detecting pathogenic bacteria and viruses (Kumar, 2006). Nanocantilever devices have already had tremendous success in 
studies of molecular interactions and in the detection of contaminant chemicals, toxins and antibiotic residues in food products (Ramirez 
Frometa, 2006).  
Pathogen detection is based on their ability to vibrate at various frequencies in dependence on the biomass of the pathogenic organisms. The 
silicon surface of nanocantilevers can be modified to attach antibodies, resulting in a change of the resonant frequency depending on the 
attached mass. Gfeller et al. (2005) were able to detect Escherichia coli, which is an indicator of faecal pollution of water and food products, 
with the help of a cantilever coated with agarose (Fig. 7). 
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Figure 7: Illustration of the function of a nanocantilever sensor that is based on mass increase due to bacterial growth. (a) E. coli cells are 
deposited on top of an agarose-coated cantilever.  The thin nutritive layer (~200 nm thick) stays in equilibrium with the humid environment. 
(b) The bacteria start to grow and assimilate water, protein, salts and carbohydrates from the nutritive layer. (c) To regain equilibrium with 
the humid environment, the nutritive layer absorbs water. This compensation leads to additional mass load (Dm refers to change in mass 
load) onto the cantilever that can be sensed by the change in frequency levels (Df) from the cantilever (Adapted from:  Gfeller et al., 2005) 
 
4. Optical Nanosensors 
Optical techniques are more commonly employed for pathogen detections and they are based on fluorescence and Surface Plasmon 
Resonance (SPR). These techniques generally rely on monitoring the change of the optical signal that occurs between a functionalized 
nanomaterial and a pathogen. The main advantage of this type of sensors is that they can be introduced into the deeper part of cells with 
minimal physical perturbation of the cell. Nanomaterials such as Au NPs, gold NRs, Fe3O4 NPs and QDs have very good optical properties 
which do them excellent optical labels for improving the sensitivity of optical transducer surfaces of nanosensors. Optical transducers are 
particularly attractive for developing robust devices, easy to use, portables, and if possible with an inexpensive analytical system. 
 
4.1. Fluorescence Based Nanosensors 
Here the sensitivity of fluorescence is utilized for making quantitative measurements in the intracellular environment.  A study has been 
carried out for E. coli detection using epifluorescent microscopy (El-Boubbou et al., 2007). This method consisted of functionalizing the 
surface of MNPs with D-manosse sugar (man-MNPs) through an amide linkage, subsequently incubations with fluorescein-labeled 
concanavalin A (Con A) at 40C for 12 h and incubations with E. coli cells (103-107 cells/mL, 1 mL) in PBS buffer. After incubating MNPs 
with solutions of E. coli for a few minutes, a magnetic field was applied separating MNPs/E. coli aggregates (Fig. 8 (a)). The supernatants 
were removed and the remaining aggregates were washed thoroughly, stained with a fluoresecent dye (PicoGreen), transferred to a glass 
slide, and imaged. Fluorescent microscopic imaging showed that E. coli can be detected (Fig. 8(b)) with a limit of detection 104 cells/mL. 
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Figure 8: Example of optical biosensing for E. coli pathogen detection. (a) Schematic representation of fluorescent sensing of the E. coli 
pathogen based on the functionalization of the silica coated magnetite nanoparticles. (b) Increase in the fluorescent emmision spectra for 
increasing concentrations (cells/mL) of E. coli. 
 
4.2. Plasmonics Based Nanosensors 
Some types of optical sensors are based on Surface Plasmon Resonance (SPR). The term plasmonics is derived from “plasmons”, which are 
the quanta associated with longitudinal waves propagating in matter through the collective motion of large numbers of electrons. Incident 
light irradiating these surfaces excites conduction electrons in the metal, and induces excitation of surface plasmons leading to enormous 
electromagnetic enhancement for ultrasensitive detection of spectral signatures: Surface-Enhanced Raman Scattering (SERS) and Surface-
Enhanced Fluorescence (SEF). 
Like infrared spectroscopy, Raman spectroscopy is a particularly valuable tool for the identification and detection or organic compounds 
because each molecule has a unique pattern of molecular vibrations which gives rise to a correspondingly unique spectral fingerprint. 
Surface-Enhanced Raman Scattering (SERS) effect is caused by interaction of molecular electronic states with localized electric fields 
generated by photoexcitation of metal surface plasmons. Because of orientation requirements between the molecular transitions and the 
Plasmon oscillations, SERS enhancement is greatest on surfaces with large degrees of curvature or ‘‘roughness’’. As a result, nanoscale metal 
structures, such as those comprised of gold or silver, give rise to the most enhanced, and thus practically useful, SERS signals for 
characterization and detection of analytes. 
SERS using nanoscale substrates has proven to be a useful platform for the detection of food-related analytes. For instance, Mengshi Lin and 
co-workers have pioneered the use of fractal-like or patterned gold nanostructures as substrates to detect compounds of interest to food safety, 
including melamine and its derivatives, as well as crystal violet (Fig. 9) and malachite green (̰0.2 ppb level) (He et al., 2008a), which are two 
FDA-banned fungicides/ antimicrobials often found in fish grown in contaminated waters. 
 

 
Figure 9: SERS spectrum of 2 ppb crystal violet (CV) on gold nanostructures and a ‘‘normal’’ Raman spectrum of 2000 ppm CV on the 
control (a gold-coated glass slide). Both spectra were acquired under identical Raman instrumental conditions. Note that the spectral 
intensity for CV on the SERS substrate is effectively 4 x107 times larger than that of the conventional Raman experiment. Because each 
chemical compound exhibits a different spectral fingerprint, SERS can be used to quickly and accurately detect a wide range of food 
contaminants, including living organisms. 
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SERS-based detection method might be useful for quick screening of food samples, followed by conventional HPLC analysis for the 
elimination of false positives. 
In addition to chemical contaminants, SERS can also be used to detect and identify food-borne pathogens, as each bacterial species appears to 
have a unique fingerprint arrangement of spectral peaks. For instance, single Bacillus spores can be detected using SERS and nanostructured 
gold substrates, and several different Bacillus species can be easily distinguished (He et al., 2008b). Silver substrates can be used to rapidly 
and simultaneously screen for E. coli, L. monocytogenes, and S. typhimurium (Yang et al., 2008). In a more recent report a research group has 
also used a combination of magnetic separation with labeled silica-coated magnetic nanoparticles and AuNPs labeled with Raman reporter 
molecules for multiplexed SERS detection of S. enterica serovar typhimurium and S. aureus in spinach wash and peanut butter emulsion with 
a detection limit of 103 CFUs/mL (Wang et al., 2011). 
 
4.3. Futuristic Grain Quality Monitoring Nanosensors 
Grain quality monitoring nanosensors (Fig. 10), are being developed by researchers at the Canadian Wheat Board Centre for Grain Storage 
Research, University of Manitoba, Canada. They use conducting polymer nanoparticles (Neethirajan et al., 2009), which respond to analytes 
and volatiles in the food storage environment and thereby detect the source and the type of spoilage.  
 

 
Figure 10: Example of a futuristic wireless nanosensor network for grain quality monitoring 

 
1 Control panel, 2 grain auger, 3 air plenum, 4 fan, 5 auger to transfer grain, if needed,  
6 wireless transmitter (Neethirajan et al., 2009) 
The advantage of this sensor system is that thousands of nanoparticles can be placed on a single sensor to accurately detect the presence of 
insects or fungus inside stored grain bulk in bins. Because of the miniaturization and low power requirement, the nanosensors can be 
fabricated small and light weight (Neethirajan & Jayas, 2007) and can be deployed and distributed into the crevices of grain bulk, where the 
stored product pests often hide. 
 
5. Conclusion 
In the food sector, one of the most important problems is the time-consuming and laborious process of food quality analysis. Innovative 
devices like nanosensors are being developed to facilitate precise and inexpensive analysis of foods. They can detect microorganisms or 
chemical contaminants at surprisingly low levels. This review has discussed in detail the most promising applications of nanosensors for food 
analysis and the techniques by which the nanosensors are used. Some companies (e.g., Ripesense [http://www.ripesense.com] and OnVu 
[http://www.onvu.com/]) already market nanosensor based products that help consumers determine whether certain foods are likely to be 
palatable, but most of the work on nanosensors for food analysis is still in the early stages of development. Further research and 
commercialisation of this technology would obviously benefit consumers, industry stakeholders and food regulators. 
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