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Stimuli Triggers

Biomodecsle concentzation

Smart Responsive

(1) Biochemical colorimetric respanse:
coloc change snduced by enzyme-substrate
twactions or bsomodecular bindmg swnts

(2) Bio-responsive swelling response:
swelling or shankage of hydrogels oc biopolymer

mareices tnggeced by blomaleculss of pH vanations

(3) Bioelectrical response:

aloctrical signal variation caused by tiochesmnical
Teactions or bsamobecule immebshzation on the sensng
mirtace

(4) Bio-optical response:

change m flucswrosrce or optical xignal rwsuliing from
gpecifsc blomoleoular recognition

(5) Affinity-based response:
selective sigral gereration through antigen-antibody.
urvme-subelrale, of aplamer—tangot interactions

(6) Reversible response:
abality of the biosensor to tecover ity baseline sigral
after discociation or ramoval of the target biomolecule

These behaviors enable chemical sensors to be
effectively waed in:

¢ Quality contral of food products

* Dutuction of feedborne patheguns

* Monitoring of spodage ardd fecmntation

* Detection of toxins and contamminants

* Senart and active food packaging applcations

Figure 1- Theoretical foundations of biosensors
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Table 1- Applications of biological sensors as identification indicators in the food industry

Biological
Referen VIR Advanta Recogniti  Identificati Target A ctn"e r.l‘ype-of
ces Limitations e on on Analvte Biological biological
g Mechanis Indicator Y Element sensor
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(Oxidase,
Dehydrogena
. Enzymatic se)
Enzyme ng.h . reaction Microbial Glucose, Specific Enzymatic
[£4] . .- selectivit . .. lactate,
instability and signal activity . enzymes sensor
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generation (oxidase,
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se)
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[e+] response sensitivit  biological metaboli  bacteria/yeas
. . growth sensor
time y signal tes t
Hish Antigen— Microbial Toxins, Immunosen
[oV] High cost & antibody  contaminati  pathogen Antibody
accuracy o sor
binding on s
. Nucleic
Requires . . Presence of DNA/RNA
[oY] specialized Very high 3?1(.1 . microorgani Pathogen Apt.amer, DNA/RNA
. accuracy  hybridizati genes genetic probe
equipment on sms sensor
Complex High Selective Specific Toxms,. Synthetic Aptamer-
[ov] developmen stabilit analyte spoilace metaboli aptamer based
t Y binding poriag tes P sensor
Realistic Cellular
[0¢] leﬁcult b1.010g1c.a1 physiologi Toxicity Fogd Living cells Cell-based
maintenance  simulatio cal toxins sensor
n response
Optical High ~ Changein Spoilage
. P E'  fluorescen  Microbial POTESC  Eluorescent  Biofluoresc
[oe] instrumentat  sensitivit . metaboli )
. . ce activity protein ent sensor
ion required y . . tes
intensity
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Biosensors represent one of the most innovative technologies developed
in recent decades in the field of the food industry. By integrating
biotechnology, materials engineering, and data science, these systems
enable accurate, rapid, and cost-effective monitoring of food quality and
safety. Biosensors are designed based on sensitive biological elements
such as enzymes, antibodies, or DNA, allowing them to detect chemical

compounds, pathogens, and contaminants at very low concentrations.

The present study reviews the theoretical foundations, historical
development, and technological advancements of biosensors in the food
sector, and analyzes their applications in areas such as microbial
contamination detection, raw material quality control, supply chain
monitoring, and the development of smart packaging systems. Advances
in nanotechnology, micro-systems, artificial intelligence, and the Internet
of Things (IoT) have significantly enhanced the sensitivity of biosensors

and enabled their integration into intelligent monitoring networks.

Despite advantages such as high accuracy, low cost, and real-time
performance, several challenges remain, including biological stability,
commercialization, and industrial standardization. The future of this
technology lies in its integration with digital systems, biocompatible
materials, and sustainable production processes. Such an approach can
accelerate the transition toward a smart, transparent, and safe food
industry, contributing significantly to the achievement of global food

security.
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