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BIOSENSORS USED IN THE FOOD INDUSTRY

Abstract: Food safety is one of the most pressing issues directly related to ensuring public
health and welfare in any state. The article is devoted to biosensors used in the food industry.
Biosensors are devices used to analyze and diagnose substances by converting a biological
response into a signal. Depending on the type of biomaterial, there are biosensors based on
enzymes, microbial cells, tissue cultures, DNA, immunocomponents, and organelles. Biosensors
and analytical procedures based on them have long gone beyond the scope of laboratory research
and have occupied a stable niche in everyday practice. Biotechnology, food industry, medicine,
ecology — this is not a complete list of possible areas of their application for civilian purposes.

Potentially, biosensors are capable of performing sensitive and specific detection of harmful
effects, which in general determines the prospects for the development of this direction. An
analysis of various detection methods, parameters and types of the described biosensors and the
possibility of their practical use are given in the review.

Key words: Food safety, biosensors, biomaterial, enzymes, food control.

Food safety is one of the most pressing issues directly related to ensuring public health and
welfare in any state.

Currently, there are many methods for analyzing food products for the content of certain
toxic substances, or for detecting the excess of their maximum permissible concentration in
products. Most of them have disadvantages, which are the high cost of research, mandatory
sample preparation, the duration of obtaining results, and the need for analysis directly in the
laboratory.

All this makes it necessary to search for and modernize methods for testing food products
for the content of controlled toxic substances.

One of the promising directions in this area is the development of biosensors. To date,
biosensor technologies are widely used in medicine, agriculture, ecology and other industries.
Food control is a wide field for finding new methods based on the use of biosensors, since you can
find a biodetector for almost any analyte.

Biosensors are devices used to analyze and diagnose substances by converting a
biological response into a signal. Depending on the type of biomaterial, there are biosensors based
on enzymes, microbial cells, tissue cultures, DNA, immunocomponents, and organelles. To record
the biosensor signal, electrochemical (ampero-, potentio- and conductometric), optical,
calorimetric, and acoustic transducers are used, which record such parameters of biochemical
reactions as the appearance of electrochemically active products, temperature changes, and
enhancement or weakening of luminescence [1].

Biosensors make it possible to carry out continuous monitoring of biochemical processes in
biotechnology, to determine the quality of food products, their composition, the content of toxins,
antibiotics, and to carry out environmental monitoring.

Enzyme biosensors have found wide application in monitoring low molecular weight
compounds such as glucose, amino acids, and antibiotics. Immunosensors are actively used to
determine pesticides, toxins, pathogenic bacteria in food products.

It is promising to use cells of microorganisms as a biological material in biosensors,
because they are available, cheap, easy to cultivate and maintain in pure culture. To date,
microbial sensors are known for the determination of alcohols, sugars, organic acids, antibiotics,
and inorganic compounds (ammonia, nitrates, nitrites, sulfides, sulfates, phosphates) [2, 3].

Scientists have developed and are using an amperometric type biosensor integrated with a
personal computer. The sensors in this setup are oxygen electrodes with immobilized yeast
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preparations of alcohol oxidase and glucose oxidase. The equipment used allows high-precision
measurements in the nanoampere range of currents and the use of small amounts of biomaterial.
Signal processing in the setup is performed using specialized IPC software (Kronas , Russia).
Biosensor analyzers of the amperometric type have been developed for the analysis of the content
of ethanol, glucose and starch in fermentation intermediates, and their characteristics have been
determined. Scientists have found that a biosensor based on the enzyme glucose oxidase allows
the analysis of glucose in the range of 0.5-2.5 mm , and a biosensor based on alcohol oxidase
allows the analysis of ethanol in the range of 0.7-12.3 mm [4].

Among the various electrodes used in biosensor technologies, an important place is
occupied by printed graphite electrodes. They have the advantages of compactness, versatility,
low cost and the possibility of modification. All this makes it possible to create on their basis
various biosensors suitable for industrial production.

The determination of starch content by the biosensor method is carried out using a
bienzymatic receptor element, which includes glucose oxidase and amylase (GO+Am). In the
literature, there are examples of the development of biosensors of this type [5], but there are not so
many of them. The advantages of printed electrodes are fully manifested when several biosensors
are combined into a single analytical system capable of simultaneously determining the content of
several components of fermentation media. It is this problem, traditionally difficult for
physicochemical methods of analysis, that can be successfully solved using biosensors. As for
biosensor systems for the selective analysis of the composition of multicomponent samples, such
systems are still quite rare. A system of amperometric biosensors is known that allows
simultaneous selective determination of glucose and lactate using a flow-injection system that
includes an electrode with immobilized glucose oxidase and lactate oxidase [6]. A system of
amperometric biosensors for the analysis of ethanol, lactate and glucose in wine samples has
been described (operating ranges are 0.3-20 mm for ethanol, 0.04-2.5 mm for glucose, and 0.008-
1 mm for lactate) [7].

There is an enzymatic conductometric biosensor for the determination of lactose. The
bioselective element is a trienzyme membrane (glucose oxidase ,mutarotase, B-galactosidase)
immobilized on the surface of a conductometric transducer. The time for determining the lactose
concentration in a solution by this biosensor is 1-2 min, the linear range of the biosensor operation
is from 0.01 mm to 0.75 mm for glucose and from 0.01 mm to 1.25 mm for lactose. The scientists
studied the dependence of the biosensor response to the introduction of the substrate on pH, ionic
strength and buffer capacity of the working solution and presented data on the selectivity of the
biosensor and its stability during storage. This conductometric biosensor is characterized by high
operational stability and signal reproducibility.

As a conductometric transducer, the scientists used a differential pair of planar gold comb
electrodes deposited on a glass-ceramic lining. The role of the bioselective element was performed
by a three- enzyme system (invertase, mutarotase, glucose oxidase) immobilized on the
transducer surface. The developed biosensor was characterized by high signal reproducibility . The
optimal concentration of sucrose for inhibitory analysis was 1.25 mm , the incubation time in the
test solution was 10-20 min. The biosensor was characterized by the highest sensitivity to Hg 2+
and Ag + ions. The principal possibility of biosensor reactivation with an EDTA solution after
inhibition with silver ions or with a cysteine solution after inhibition with mercury ions is shown. The
results of the analysis of real water samples positively correlated with the results of traditional
methods for the determination of toxicants [8].

Potentially, biosensors are capable of performing sensitive and specific detection of
harmful effects, which in general determines the prospects for the development of this direction. An
analysis of various detection methods, parameters and types of the described biosensors and the
possibility of their use in military practice are given in the review. The expediency of using
biosensor sensors in military practice is due to the following considerations:

— it is possible to develop systems for early warning of the use of chemical or biological
weapons;

— biosensors for the detection of biological and chemical weapons can be based on
enzymes, antibodies and tissue material, which makes it possible to imitate the complex functions
of multicellular human organs and evaluate the damaging effect with high sensitivity;

— advantages of biosensor analysis include the possibility of detecting not only known, but
also previously unused substances;
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— biosensors make it possible to distinguish physiologically active substances from
inactive chemical compounds;

— small size and compactness of analyzers [9].

Describing the biosensor as an analyzing system, let us briefly note the main functions of
the biomaterial. Biological material can be paired with various types of transducers that provide the
most efficient signal recording when interacting with the analyzed compound.

In biosensors of the electrochemical type, in combination with potentiometric electrodes,
enzymes, receptors, microorganism cells, plant and animal tissues, enzyme-labeled antibodies are
used. In combination with amperometric electrodes, it is known to use enzymes, microorganisms,
plant and animal tissues, antibodies labeled with enzymes.

Optical types of biosensors are based on the measurement of fluorescence,
luminescence, surface plasma resonance effects, evanescent waves.

In biosensors based on acoustic transducers, it is known to use antibodies, antigens,
enzymes, and nucleic acids.

Measurement of the amount of heat released during the interaction of the analyzed
compound with the bioreceptor material is used in calorimetric type biosensors; the basis of the
bioreceptor can serve as enzymes, cells of microorganisms, animals. For further acquaintance with
biosensors of various types, one can refer to monographs [10].

There are a huge number of principles for classifying biosensors, which depend on:

— The nature of the biochemical component.

— Analytical tasks.

— Signal converter.

— Areas of potential application.

— Features of the generated signal.

The most common classification is as follows:

According to the biochemical component:

— sensors based on cellular tissues and microorganisms;

— DNA sensors;

— immunosensors ;

— enzyme sensors;

— sensors based on supramolecular cellular structures;

By the method of measuring the signal;

— physical;

— optical;

— electrochemical;

— hybrid;

On signal;

— stationary (equilibrium);

— dynamic (kinetic);

By area of application;

— food industry;

— biotechnology;

— the medicine;

— ecology.

Classification by biochemical component:

Enzyme sensors involve biological enzyme preparations that exhibit a specific biological
activity.

Immunosensors use immunoglobulins as a biochemical receptor — these are protective
proteins that are secreted by the body's immune system in response to exposure to foreign
biological compounds (antigens). DNA sensors include nucleic acids (DNA) as a biochemical
component.

Microbial sensors involve microorganisms that are able to carry out the transformation of a
certain substance with the help of enzymes.They differ from enzyme sensors in that during the
transformation of the substrate, a combination of enzymes can be used, and not just one.

Biosensors based on supramolecular cell structures are in an intermediate position
between DNA sensors, enzyme and microbial sensors, since they are based on intracellular
structures that have a very complex hierarchical structure.
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Classification by measurement method:

Electrochemical biological sensors operate on the principle of measuring the electric
current, which occurs due to the reduction or oxidation of electrochemically active substances on
the working electrode, or on measuring the potential difference between the reference electrode
and the working electrode at direct current.

Piezoelectric devices are sensitive to changes in mass, density on the surface of a
physical carrier, as well as the frequency of acoustic waves and the viscosity of the medium.

Optical sensors respond to physical-optical parameters, and not to the chemical
interaction of the component with the sensing element. It can be absorption intensity, object
luminescence, light reflection and so on.

Any biosensors constructively represent a combined device, which consists of two
fundamental functional elements: physical and biochemical, they are in close contact.

Biochemical element is represented by a bioselective structure, which acts as a biological
recognition element. All types of biological structures can be used as it: nucleic acids, receptors,
antibodies, enzymes, and even living cells.

The physical signal converter converts the determined component, i.e. the concentration
signal , into an electrical one. For the purpose of reading and writing information, electronic
amplification systems are used, as well as signal registration.

The principle of operation of the device is quite simple:

At the first stage of the device operation, the bioelement «recognizes» a specific
substance contained in a multicomponent mixture.

At the second stage, information about the course of a particular biochemical reaction is
converted into the form of an electrochemical signal.

The electrical signal at the last stage from the transducer is converted into a waveform
that is acceptable for processing [11].

These are a kind of detectors, the action of which is based on the specificity of molecules
and cells. They are used to measure and identify the amount of the smallest concentrations of a
wide variety of substances. When a biological component is bound to the desired substance, the
transducer generates an optical or electrical signal, the power of which is proportional to the
concentration of the substance. Thus, in enzymatic devices, the analyte diffuses through a
semipermeable membrane into a thin layer of a biocatalyst, where the enzymatic reaction takes
place. Since the product of the enzymatic reaction in this case is determined using an electrode on
the surface of which there is an enzyme, such a device is often called an enzyme electrode. In
microbial sensors consisting of immobilized microorganisms, as well as an electrochemical sensor,
the principle of operation is the assimilation of organic compounds by microorganisms. This action
is recorded by electrochemical sensors.
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BMOCEHCOPbI, TIPUMEHAEMbIE B MULLEBOWN NPOMbILLNIEHHOCTHU

AHHOmauus: besonacHocmb nuweeol npodykuyuu — o0Ha U3 Haubosiee akmyarbHbiX
npobriem, HanpsiMyr cesidaHHasi ¢ obecrieyeHuem 300p08bsi HacesieHUsi u 651a20CoOCMOsIHUST 8
mobom eocydapcmee. Cmambsi nocssweHa buoceHcopaM [PUMEHSieMbIM 8  nuwesou
npombiwneHHocmu. buoceHcopbl npedcmasnsaom cobol ycmpolicmea, ucrnonb3yembie Oris
aHanusa u OuasHOCmMuKu gewecms nymem npeobpa3osaHusi buonoa2u4yeckol peakyuu 6 cuaHarl.
B 3asucumocmu om muna 6uomamepuana pasnudarom 6uoceHcopbl Ha OCHO8e GhepMeHMmMOs,
MUKPOBHbIX KriemokK, mkaHesbix Kynbmyp, JHK, ummyHokomrnoHeHmos u opeaHesnn. buoceHcopbi
U aHanumuyeckue rnpouedypbl Ha UX OCHO8e yxe 0asHO 8bIW/U 3a paMKu r1abopamopHbIX
uccniefogaHull U 3aHsaAU ycmodl4yusyro Huwy 6 MnoeceOHes8HoU rpakmuke. BbuomexHosIo2us,
nuwesasi MPOMbIWIEHHOCMb, MeOUYUHa, 3KoMo2usi — 0asieko He MOsHbIU nepevyeHb 803MOXHbIX
obnacmel ux NPUMeHeHUs 8 2pax0aHCKUX UerisX.

lMomeHuuansHO 6UOCeHCOPbI CrTIOCOBHbI 8bIMOIHAMb Yy8CME8UMEsIbHY U CreuugdUYECKYO
demekyuto 8pedHbIx 8030elicmaul, Ymo obycriosnueaem 8 UesioM rnepcrnekmueHoOCMb pa3gumusi
0aHHO20 HarnpaeneHusi. AHanu3 pasnu4yHbix mMemodoe demeKkyuu, napamempos U muros
ornucaHHbIX 6UOCEHCOPOB U BO3MOXHOCMU UX UCIMO/Ib308aHUS 8 NMpakmuke rnpusedeHsbl 8 0b63ope.

Knroueenlie cnoega: be3zonacHocmb nuuwjesbix npodykmos, buoceHcopbl, buomamepuariesl,
epmeHmMbl, NUUWEBOU KOHMPO/Ib.
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TAFAM ©HAOIPICIHAE KONNAAHbLINTATbIH BUOCEHCOPJIAP

AHOamna: A3biK-myniK Kayincisdiei Ke3 KereeH Memrekemme XalblKmbiH OeHcayribifbl
MeH orl-aykambiH Kammamachki3 emyMeH mikenel balinaHbiCmbl eH e3eKkmi moacesieniepdid 6ipi
6ornbin mabsbinadel. Makana mamak eHepkacibiHOe KondaHblnambiH 6GuOCeHcopriapra apHarlfaH.
GuoceHcopnap — 6uonoausnbsiK xayanmbl cueHarira mypreHOipy apKbinibl 3ammapdbl manday
XoHe OuasHOcmuKkanay VYWwiH KondaHblriambiH KypblinFbiiap. Bbuomamepuan mypiHe Kapad
epmeHmmepeae, MUKPO6 JxacywarnapbiHa, ynna OaKbindapbiHa, LHK-ra,
UMMYHOKOMIOHEHMmMepae  XoHe  opeaaHennanapra  HeeziddesizeH  b6uoceHcoprnap  bap.
GuoceHcopnap xoHe onapra Heais0eneeH aHanumukarnbslK rpouedypanap 3epmxaHasblK
3epmmeyrnepdiH weHbepiHeH andekawiaH Whblifbil Kemmi xoHe KyHOesmikmi maxipubede mypakmbl
OpbIHObI uesnieHdi. buomexHonoausi, mamak eHepkacibi, MmeduuuHa, 3Kornoausi — byn azamMammeiK
Makcamma o51ap0bi KoridaHyOblH biIKmuMalr cananapbiHbIH MOibiK Mi3iMi emMec.

lNMomeHuuandbi mypde 6uoceHcopnap 3usiHObl acepriepdi cesimmar xoHe crieyugbuxasbiK
aHbiKmaydbl opbiHOayra Kabinemmi, 6yn xannbl anraHda ocbl barbimmbiH Oamy 6onawarbiH
aHbiKmalobl. Llloniyda epmypni aHbikmay odicmepiHe, cunammarnfaH 6uoceHcopriapdbiH
napamempirepi xaHe onapdbl maxipubede natidanaHy MmyMmkiHOiziHe manday b6epirneeH.

TyltiH ce30ep: A3biK-mynik  Kayinciddiei,  buoceHcopnap,  buomamepuandap,
pepmeHmmep, maramobiK bakbinay.
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COMPACT VIDEO SURVEILLANCE AND SECURITY SYSTEM BASED ON A SINGLE-BOARD
MULTI-PURPOSE COMPUTER

Abstract: Ensuring the security of facilities today is a priority for many companies and
manufacturing enterprises. Security video surveillance systems carry out constant monitoring of
any residential, office space, as well as industrial facilities and the territories adjacent to them.
Despite the wide variety of security systems and complexes currently on the market, a very small
part may well be relevant for use in apartments and small offices for a number of reasons,
including financial ones. The solution that is proposed in this article, in fact, provides for the
possibility of using those hardware components that were originally involved in solving a different
range of tasks. So, for example, the functions of the security system could be taken over by a
multimedia server, which is used at home for storing and distributing videos, musical compositions
and photographs.

Key words: single-board computer, security system, video surveillance, video sequence,
browser.

Hardware configuration. The single-board computer of the “Raspberry” family, or rather
one of its latest modifications “2B”, was not chosen by chance as the central link of the system. It is
relatively easy to operate, has 4 "Cortex A7" cores with a frequency of 900 MHz, which is quite
enough for the problem being solved, 1 GB of RAM and, not least, 4 USB ports. In addition, it is

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texauueckue nayku Ne 2(2) 2021 11


https://orcid.org/0000-0001-9707-0539

