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reduce the incidence of food borne diseases by
maintaining excellent farm practices, hygienic
standards, manufacturing standards, and food laws,
hazards must still be monitored in each phase (1). In
addition, food additives, chemicals, toxins, drug
residues, traceability issues and other quality related
issues are also found.

Other problems and obstacles include defining who is
responsible for zoonotic illnesses between animal and
human health, as well as issues with regulatory and
inspection harmonization at the national and
international levels While bacteria like E. coli O157:H7,
Listeria, Salmonella, and Campylobacter as well as
chemicals like naturally occurring toxins, persistent
organic pollutants (POPs), antibiotic residues, and heavy
metals will continue to pose a hazard, viruses will
remain a source of worry in the food sector. Every year,
420,000 people die and 600 million people get sick from
consuming contaminated food on average, resulting in
the loss of 33 million healthy life years (DALYs) (2).
Traditional detection methods demand trained
personnel and are exceedingly laborious and time-
consuming. Conventional pathogen  identification
techniques including colony counts and culture, for
instance, can take several days. Additionally, physico-
chemical approaches such as liquid chromatography-
tandem mass spectrometry (LCMS/MS), for the
identification of pollutants such as contaminants,
toxins, heavy metals and residues of veterinary
medicine are expensive, difficult to perform, and time-

consuming (3).

New detection and real time techniques are anticipated
for better evaluation of quality and safety of the food.
The principle aim of these techniques is to increase the
detection specificity, decrease the time of analysis,
application on a large scale and reduce the resource
requirement as in the molecular methods (4). Biosensor
devices are becoming one of the most important
diagnostic techniques for foods because of their speed,
specificity, ease of mass production, economy and field
applicability (5).

High sensitivity and accuracy of measurements,
selectivity, substance determination without the need
for initial sample preparation for analysis, the
capability of continuous tracking, speed and
convenience of measurement, safety during usage, and
low cost are just a few advantages that biosensors offer
(6). Their biological binding response, which results
from a variety of interactions such as antigen/antibody,
enzyme/substrate/cofactor, receptor/ligand, chemical
interactions, and nucleic acid hybridization in
combination with different transducers, is what gives
them their specificity

Interest in using biosensors as measuring devices has
grown since the 1970s. Biosensors and advances in their
technology, including the availability of nanomaterials,
have the potential to change current analytical
measurements (7). Nanotechnology has changed the
field of biosensors over the years. Due to their huge
surface area with numerous active sites and great
biocompatibility, nanomaterials offer a wide range of
applications in bioanalytical research (8). Various types
of nanoparticles, from metal to carbon-based materials
including carbon nanotubes, graphite, and graphene,

have been developed and are frequently wused in
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biosensors(9). Nano biosensors may be essential for the
detection of microbes, pesticides, contaminants, toxins,
and other dangerous compounds in food in the future
(10).

Despite their huge advantages, biosensors are not
widely employed. They are still seen as supplementary
instruments to traditional analytical procedures, and
they are mostly employed in screening tests (10).
Although significant progress has been made in the use
of biosensors, further research is needed, especially to
make the majority of already published laboratory
experiments into field-portable and publicly usable.
(11). Therefore, the purpose of this paper is to provide
the current level of knowledge about the use of

biosensors in meat and meat products.

2. Working principle of biosensor

A biosensor typically works on the principle of signal
transduction as it consists of a biological receptor
connected to a transducer and signal processing unit.
The biological response is transformed into an electrical
response that is comparable and then into a
quantifiable output by the combination of these
components. In a simple term, biosensor translates a
molecule's biological function into a quantifiable signal
to perform a quantitative examination of the molecule
(12). The test sample's target molecule first attaches to
or specifically interacts with the biological receptor,
which causes a physiological alteration. As a result, the
physicochemical characteristics of the transducer that is
close to the biological receptor are further altered. Thus,
it alters the optical or electronic properties of the
transducer, resulting in a detectable electrical signal.

(13).
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Figure 1. Schematic diagram of a biosensor (14).
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Figure 2. Working principle of biosensor (15)
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3.1. Determination of food component

They can be used to determine organic acids, vitamins,
alcohols, phenols, and amino acids, as well as analyses
carbohydrates, proteins and triglycerides found in
food.

3.2. Sensory analysis

Electronic nose (E-Nose) and Electronic tongue (E-
tongue) are two types of biosensors used for sensory
evaluation of various foods. The purpose of the E-Nose
is to mimic the human olfactory system. It works on the
idea that when a sensor is exposed to scents or vapors,
the resistance of the sensor changes (16). When
compared to traditional measurement systems, the
main advantages of using electronic noses are their
lower cost, smaller size, and easier to use. They do not
require prior separation of the specific components of a
gaseous mixture, which significantly reduces the time
required for a single analysis. As a result, the possible
applications of electronic olfaction have expanded
throughout time. The usage pattern of e-nose and e-
tongue for meat quality is depicted in Table 1.

The e-tongue had shown superior sensitivity than the
human tongue in detecting compound by their natural
counterparts and had shown satisfactory correlations
with the organoleptic results of human panelists (24).
E-tongue is a liquid analysis multimodal system that
uses chemical sensor arrays and a suitable recognition
algorithm. They have generally been used to analyses
food products, water samples, and pharmaceutical
taste masking technology. Their uses are nearly endless
in principle, as they can almost totally decrease the
impact of interference and can be used to identify

extremely complicated samples.

It can be used to find out a wide range of dissolved
molecules, including volatile compounds that
evaporate to produce aromas. Process checking (batch
fermentation of starter cultures to produce cheese),
foodstuff identification (to differentiate among
different meats), freshness evaluation, quality control
(to detect freshness of meat), and quantitative analysis
(to detect microbial count in meats) are all examples of
where E-tongue is used.

3.3. Freshness and tenderness of meat

The moisture content of meat is a crucial quality that
assures freshness; if a sample of fresh chicken is
maintained at room temperature for an extended
length of time, the moisture level gradually decreases.
Chicken pieces will become dry and odorous as a result
of the growth of numerous organisms, resulting in
chemical changes and meat decomposing. As a result,
meat freshness is frequently linked to meat ageing and
spoiling (25). Additionally, chemical metabolites such
as biogenic amines, ammonia gas, total volatile basic
nitrogen (TVB-N), trimethylamine (TMA), and
xanthine that are produced during the microbiological
deterioration of food goods have been used as meat
freshness indicators (26).For the consumer aspect, the
tenderness of meat is one of the most crucial quality
characteristics of meat and meat products. More than
one enzyme system is in charge of the proteolytic
reactions that occur in meat after it has been
slaughtered (27). Calpain and cathepsins are a
collection of enzymes that have an impact on protein
metabolism as well as meat tenderness. Calpastatin is a
p-calpain inhibitor that affects meat tenderness. Table 2
shows the trend of using biosensors for detecting

freshness and tenderness of meat.
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Table 1. Applications of e-nose and e-tongue in meat analysis.

Application of e-nose in meat analysis

E-nose type Type of Storage Purpose References
meat matrix | condition
MOS (Metal oxide Beef and 4°C Identification of rotten meat (17)
semiconductor sensor) chicken
10 MOS (metal oxide Pork, beef 25°C and 70% Pork, beef, and mutton's freshness, including | (18)
semiconductor sensor) and mutton humidity for 7 fresh, sub-fresh, and stale
days

Applications of e-tongue in meat analysis
Potentiometric Cattle meat | 5°C To distinguish different meat species (i.e. (19)

Angus, domestic buffalo, Hungarian Grey,

Hungarian Spotted cattle, and Holstein beef)
Potentiometric (TS-5000Z) Beef After ageing at Identifying the various cattle breeds (20)

1-4°Cfor72h
Potentiometric Ag/AgCI Duck breast | --- Monitoring on how cooking methods affect the | (21)
reference electrode meat chemicals that give umami flavor
Applications of e-nose and e-tongue in meat analysis
E- nose (Metal oxide sensor) Mutton and -18°C To check for pork and minced mutton (22)
and E-tongue (Ag/AgC pork adulteration.
reference electrode)
E- nose (10 Metal oxide sensor) | minced -18°C Flavor analysis of Maillard reaction products (23)
and E-tongue (Ag/AgCl beef-bone made from different enzymolysis products
reference electrode) protein
Table 2. Application of freshness and tenderness in meat analysis.
Name of biosensor | Meat matrix Storage Purpose References
Amperometric hypox | pork Room temperature | Meat freshness (28)
anthine(Hx) sensor for 7 days
Piezoelectric sensor | Beef and Room temperature | Freshness of beef and chicken (29)
Chicken

Amperometric Chicken meat 4°C for 5 days Meat freshness (Total volatile basic (30)
biosensor nitrogen)
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3.4. Pathogen

Food and water infections caused by pathogens pose a
serious threat to human health, and the identification of
these pathogens in meat and meat products has
recently become increasingly important due to the
increased  number of  pathogenic  diseases.
Microbiological methods typically include an
enrichment step (pre-enrichment and/or selective
enrichment), culturing in selective or differential agar
plates for isolation of cultures, and phenotypic analysis
or metabolic fingerprint analysis for confirmation of the
result, all of these steps take between two and ten days,
making the detection system quite time-consuming
(31). Furthermore, traditional pathogen detection
techniques primarily depend on microbiological and
biochemical analyses, which are highly accurate but
time consuming, expensive, and not always feasible to
integrate for on-site detection (32).

When compared to conventional methods, biosensors
have demonstrated promising results for fast and
accurate pathogen detection, which has piqued the
interest of researchers worldwide in food quality and
safety management. Biosensors can now detect more
than just common pathogens like E. coli O157:H7,
Salmonella, Listeria monocytogenes, Clostridium
perfringens, and Staphylococcus, including Campylobacter,
Bacillus, and Shigella (3). Detection of pathogens by
using biosensors is presented in Table 3.

3.5. Drug residue

Large-scale animal production has resulted in
veterinary medicine residues which have become a
concern in the sectors of food safety and environmental
ecological security. Antibiotics used to treat food-

producing animals, on the other hand, pose risks to

human health since these chemicals and their

metabolites can be transmitted into meat, milk, egg,
and fish products. It has become a severe issue for
farmers and the food industry to quickly detect
antibiotics in foods in order to verify their quality.
Alternative approaches that are fast, cost-effective, and
easy to implement should be considered as traditional
analytical methods are either too slow or do not allow
for quantitative identification of antibiotic or drug
residues. Biosensors used to detect antibiotics, heavy
metals, pesticides, toxins and food allergens are
presented in Table 4.

3.6. Heavy metals

Heavy metal poses a serious hazard to human health
because they are not biodegradable and are maintained
by the natural system. Traditional heavy metal
measurement methods (such as cold vapor atomic
absorption spectrometry and inductively coupled
plasma mass spectrometry) are accurate, but they are
costly, require specialized personnel, and are
essentially laboratory-based. The benefits of biosensor
are their specificity, low cost, ease of use, portability,
and ability to deliver ongoing real-time readings.
Biosensor can be used to analyses heavy metal ions
utilizing both protein-based (enzyme, metal-binding
protein, and antibody) and whole-cell (natural and
genetically created microorganism) techniques.

3.7. Pesticides residue

Food safety concerns about pesticide residues in
agricultural goods have prompted the development of
a pesticide residue detection tool that can detect
pesticide residues quickly, sensitively, and online in a
variety of commodities. Biosensor-based instruments
for detecting pesticide residues have shown promise in
the instrument market, with a wide range of

applications.
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Table 3. Detection of pathogens in foods.

Pathogens Food Item Biosensor Type References
Listeria monocytogenes | Milk Chemiluminescence (33)
(Optical)
Pseudomonas Water Surface Plasmon (34)
Resonance (SPR)
(Optical)
Salmonella typhimurium | Pork Meat localized Surface (35)
Plasmon Resonance
(LSPR) (Optical)
Cronobacter sakazakii Powdered Infant Colorimetric (Optical) (36)
Campylobacter jejuni Poultry QCM (Mechanical) (37)
Mycobacterium Buffer Multi-Channel Series (38)
tuberculosis Piezoelectric Guartz
Crystal (MSPQC)
(Mechanical)
Staphylococcus aureus | Chicken Colorimetric (39)
immunosensor
E.coli O157:H7 Ground beef Electrochemical (40)
immunosensor
Streptococcus Fish Amperometric (41)
agalactiae (Electrochemical)
Staphylococcus aureus | Pig skin Potentiometric (42)
(Electrochemical)
Vibrio parahaemolyticus | Seafood ECL Immunosensor (43)

(Electrochemical)
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Antibiotics | Food Matrix | Biosensor Type | References
Tetracyclines
Tetracyclines Poultry muscle, Bioluminescent biosensor bacterial; (44)
Phenicols
Chloramphenicol Pork, beef poultry, milk, | SPR (45)
honey, prawn
Aminoglycosides
Steptomycin and Pig muscle Optical biosensor—SPR (46)
dihydrostreptomycin
Quinolones
Norfloxacin Animal derived food Electrochemical immunosensor | 47)
Sulfonamides
Sulfonamides(sulfamethazine, Chicken serum; Porcine | Optical biosensor—SPR (48)
sulfisoxazole, sulfachlorpyridazine,| muscle
sulfachlorpyrazine, sulfamerazine,
sulfadiazine, sulfatroxazole and
sulfathiazole)
Benzimidazoles
Benzimidazoles Beef mutton Chemiluminescence sensor (49)
Heavy metals Matrix/Bioreceptor Biosensor Type References
Hg®* Water Amperometric (50)
Hg?*, Cd%, Pb?" and Cr"i Milk Electrochemical biosensor (51)
Cd, Cu, Hg, Pb, and Zn Water Capacitance protein-based biosensor (52)
Ni(Il) and Cr(lll) Water MFC-based (53)
Pb?*, Ni?*, and Cd? Water Amperometric (54)
Pesticide Bioreceptor Biosensor Type References
Temephos, fenobucarb and Glutathione-s- Electrochemical (55)
dimethoate transferase
Benzamidazole, organochlorine, Glutathione-S- Amperometric (56)
organothiophosphate, transferase
organocarbamate, polyphenol
and pyrethroid.
Paraoxon, butyrylcholinesterase, Electrochemical (57)
2,4dichlorophenoxyacetic acid, ALP, and tyrosinase
and atrazine
Dichlorvos ChOx Electrochemical (58)
Toxins Food Matrix Biosensor Type References
Aflatoxins (AFB1, T2, HT-2, Corn, barley, grapes, Electrochemical (amperometry) (59)
AFM1) milk
Brevetoxin B Razor clams, Mussels, Electrochemical (square wave voltammetry) (59)
cockles
Staphylococcal enterotoxin B Soy milk, Watermelon Electrochemical (59)
juice, Pork apple juice,
milk
Fumonisin Corn Electrochemical immunosensor (59)
Deoxynivalenol Cereals
Ochratoxin A Beer and wine Electrochemiluminescence (60)
Zearalenone Beer and wine Immunosensor (61)
Allergens Food Matrix Biosensor Type References
Gluten Cereals grains Immunosensor (62)
tropomyosin shrimp Immunosensor (63)
Ara h 1; B-lactoglobulin (B LG); peanuts; milk; shrimp Genosensors (64)
tropomyosin
Ara h 6; Gly m Bd 28K; and 2S Peanut, soybean and Genosensors (65)

albumin

sesame
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3.8. Toxins

Staphylococcal toxin, Bacillus toxin, botulinum
neurotoxins, listerial toxins, and enterotoxins are of
great concern due to their relationship with meat and
other food products. There are chromatography-based
approaches available, such as high-performance liquid
chromatography (HPLC) with fluorimetric detection
and LCMS/MS, but they are time-consuming and
expensive (66). Toxins at high levels in the diet can have
negative, acute, and chronic impacts on human health
as well as the health of many different animal species.
Organs, such as liver, kidneys, nervous system,
endocrine system, and immune system, may suffer
from unwanted side effects. For the past 20 years,
interest in research and development of biosensors has
been piqued for making it simpler and faster analytical
processes because of their ease of use and sensitivity.
3.9. Food Allergen

In general, food is safe to eat, however 2-4 percent of
adults and 6-8 percent of children worldwide suffer
from food allergies (67). Food allergens such as eggs,
milk, peanuts, soy, fish, shellfish, mustard, gluten,
sesame, and almonds, to name a few, account for 90%
of all food allergies. Even a small amount of these
allergens consumed unintentionally can result in life-
threatening conditions. As a result of FSSAI, EU and
USDA regulation, it is now required to mention the
substance suspected of causing allergy on food labels.
To reduce accidental exposure to undeclared or
concealed allergens and to manage cross contamination
during food preparation, biosensor-based instruments
can be ideal for rapid and real-time detection of

allergens.

4. Food quality monitoring

4.1. Meat quality checking

The meat check is a four-electrode array mounted on a
knife that may be pushed into meat to monitor the
glucose gradient just beneath the surface. The
magnitude of the gradient is linked to microbial activity
on the meat's surface and is used as a reliable measure
of meat quality. What laboratory-based microbiology
takes days to test is provided in seconds by the device.
The bio checks approach turned a glucose sensor into a
microorganism detection and quantification device in
aqueous solutions. The technology transfers electrons
from microorganisms' respiratory routes, and it can
identify germs within a few minutes.

Sensory quality of raw meat (i.e. visual texture, color,
visible fat, natural drip), cooked meat (i.e. aroma,
flavor, texture), technological quality (i.e. water
holding capacity, pH value, protein, lipid, connective
tissue  properties), and product safety (i.e.
microbiological quality, food impurities including
pesticides, heavy metal ions, antibiotics, hormones) are
all areas where biosensors can be used.

4.2. Fish quality

Trimethylamine N-oxide (TMAO) is broken down in
sea creatures to create trimethylamine (TMA), a
common fish-odour component in seafood. TMA is
found in extremely small amounts in fresh marine
items. Mitsubayashi et al. (68) immobilized flavine
containing mono oxygenase type 3 (FMO3), a drug
metabolizing enzyme present in the human liver, onto
a sensitive area of a dissolved oxygen electrode to
construct a TMA biosensor. Flow injection analysis
(FIA) was conducted to calibrate this sensor using TMA
solutions. The TMA sensor with FMO3 proved to be an

effective tool for assessing the freshness of seafood.
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The fish vendor utilizes formaldehyde, a well-known
preservative, to keep the fish fresh, despite the fact that
it has carcinogenic effects on humans. The
electrochemical biosensor, which is less expensive and
easy to use, can detect the presence of formaldehyde in
fish in real time (69).

5. Biosensor in food packaging

Sustainability and real-time monitoring of meat quality
are coupled in bio-based smart packaging, ensuring
safety while also giving economic and environmental
benefits. The food sentinel system, a
biosensor/barcode, is being created to detect disease in
food packaging. When there are contaminating bacteria
present, a localized black bar will emerge, making the
barcode unreadable when scanned. This is caused by a
specific-pathogen antibody that is connected to the
membrane-forming component of the barcode.
Another technology for detecting pathogens called
Toxin Guard is also in development. In this process,
antibodies are included into the plastic packaging
films. When antibodies come into contact with a
pathogen of interest, the packing material emits a
distinct visual signal (70).

6. Future of biosensor

The future of biosensor is bright and exciting, but it will
need a committed, cost-effective, and multi-
disciplinary strategy to transfer biosensor systems from
the Iab to the market. The key to producing an efficient
biosensor is a better connection of biosensing and bio
fabrication with synthetic biological approaches that
use electrochemical or bioelectronics principles or
optics. Food processors can utilize biosensors to track
raw materials, trace chemicals, sugars, alcohols, amino

acids, vitamins, flavor additives, and contaminants

including antibiotics, bacteria, and their enzymes in
real time. In the future, biosensors could be used in
every step of the food chain.

7. Conclusions

The use of biosensors will make it easier to fulfil the
quality standards of meat and meat products of
domestic and international by allowing for the efficient,
safe, and accurate detection and quantification of
pathogenic microorganisms that cause foodborne
illnesses as well as inorganic contaminants that pose a
health risk to consumers. Small amounts of chemical
and biological pollutants in items for human and
animal use, however, must still be detected. Because
biosensor is based on the recording of events that cause
physical, chemical, and/or immunological changes;
their specificity, selectivity, and quick response are all
dependent on the receiving and transduction systems.
This type of reading is suitable for food process control
because it provides for a quick response.

Despite the fact that biosensor technology is about 5
decades old, some topics are currently being
researched. It is necessary to continue looking for new
identification components that meet minimum
requirements and are free of inhibitory chemicals that
prevent analyte detection. Similarly, receptors that are
more stable for the analyte are required to be
researched.

Biosensor detects substances that produce unusual
odors and scents in these circumstances, signaling
microbial development and food safety issues.
However, while biosensor created in recent years are
effective, and some have been effectively employed in

the industry, their usage is limited by the requirement
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for receiver refurbishment and calibration, as well as

proper system variable control.
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