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Aim. The paper presents the calibration and validation of a recent biomimetic-based fluorescent
sensor system for the analysis of zearalenone (ZON) contamination in cereals. Methods. ZON-
specific biomimetic sensing elements in a form of molecularly imprinted polymer (MIP)
membrane were prepared by the in-sifu polymerization method using cyclododecyl-2,4-
dihydroxybenzoate as a dummy template molecule and ethylene glycol methacrylate phosphate
(EGMP) as a functional monomer. The detection is based on the fluorescence of ZON selec-
tively adsorbed on the MIP membrane surface, which is registered by the spectrofluorimeter.
Results. A biomimetic-based sensor system was calibrated for zearalenone analysis in cereal
food products. The working range of the sensor system as well as its detection limit and the
selectivity were examined. The calibrated biomimetic-based sensor system was successfully
validated using maize and wheat flour with mean recoveries about 109 %. Conclusions. Calibration
and validation studies of the novel ZON-selective biomimetic-based sensor system were suc-
cessfully performed in cooperation with SE Ukrmetrteststandard. The standardized biomime-
tic-based fluorescent sensor system holds great potential to provide reliable prevention instru-
ment against ZON contamination in cereals-based food products and feeding stuff.
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Introduction

Annually, fungal diseases cause 1.6 million
deaths among the farm animals due to the
animal feed contamination with mycoto-
xins [1]. As a result, annual economic losses
in developing countries caused by the impact
of mycotoxins on the livestock industry are
more than 5 billion $ [2]. Forages can be con-
taminated with varying mycotoxins, toxic sec-
ondary metabolism compounds produced by
microscopic fungal species such as Fusarium
spp. [3], Penicillium spp. [4] and Aspergillus
spp. [5]. However, among all mycotoxins, the
most threatening farmers all over the globe is
zearalenone (ZON) because of its toxicity and
wide distribution in forages [6]. Zearalenone
produced by Fusarium spp. (F. graminearum,
F. culmorum, F. cerealis) is distributed world-
wide and naturally found in cereals crops,
particularly in maize [7]. According to the
results obtained in 2020, the most prevalent
mycotoxins globally were Fusarium mycotox-
ins, and 43 % of the samples tested were pos-
itive on zearalenone [8].

Consumption of feed contaminated with
ZON can cause deleterious effects in farm
animals such as pigs and chicken. Thus, zeara-
lenone shows strong estrogenic effect [9] due
to its structural similarity to 17-B-estradiol
[10]. The estrogenic-like effect of ZON results
in sterility, feminization of male animals, de-
crease in the survival of embryos, leading to
significant economic losses among farmers [7].
Moreover, ZON was found to exhibit hepato-
toxic [11], hematotoxic [7], immunotoxic [12],
and genotoxic [13] effects. It is known that
ZON is heat stable (up to 150 °C) and does
not degrade during feed processing [14]. More

importantly, there is no effective antidote for
this toxin [15]. So, the primary way to prevent
zearalenone exposure is the ZON control in
the cereal-based food and forages.

Until now, HPLC (high-performance liquid
chromatography) with fluorescent detection
has been considered as the gold standard for
mycotoxins monitoring in food and feed [16].
Nevertheless, this method requires expensive
instrumentation, extensive sample preparation,
and well-trained personnel [17]. Therefore,
varying analytical methods were developed for
ZON detection, i.e., enzyme-linked immuno-
sorbent assays (ELISAs) [18], biosensor me-
thods (DNA-sensors [19], immunosensors
[17]). Since most of the new methods are based
on the application of natural biomolecules, that
are quite unstable in extreme environments,
this leads to the problems with commercializa-
tion of such devices and requires new ap-
proaches.

Among the great variety of novel biosen-
sors, biomimetic-based sensors exhibit excel-
lent potential as a modern, simple, rapid, and
robust analytical technique. Molecularly im-
printed polymers (MIPs) are used as sensing
elements for such sensors. There are varying
techniques to synthesize MIPs, but the main
principle remains. MIPs are generally obtained
after co-polymerizing an analyte with the
monomer mixture containing mainly func-
tional and cross-linking monomers [20]. After
polymerization, a template (analyte) is re-
moved, leaving selective binding cavities be-
hind that are physically and chemically com-
plementary to an analyte [21]. Thus, selective
binding cavities in MIPs structure mimic the
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active sites of natural receptors and antibodies.
MIPs offer a number of benefits, including
strong sensitivity, selectivity, and stability.
Moreover, the process of their synthesis is
inexpensive and straightforward.

To date, MIPs in a form of membranes were
synthesized for mycotoxins [22] and other
toxic compounds by our group [23]. It was
shown that free-standing MIP membranes
could be successfully integrated with biosensor
devices due to their capability of generation
sensor responses that can be quickly and easi-
ly registered. So, considering our previous
research, we created a novel, simple sensor
system capable of ZON selective recognition
using MIP membrane as its selective element.
Therefore, the current work is aimed at valida-
tion of the recent biomimetic-based sensor
system as for the reliable analysis of mycoes-
trogen zearalenone in real cereal samples in
cooperation with SE Ukrmetrteststandard.

Materials and methods

Materials. Mycotoxins: zearalenone (ZON),
aflatoxin B1 (AFB1), ochratoxin A (OchA)
were purchased from Sigma-Aldrich (St. Louis,
USA). Resorcinol or m-dihydroxybenzene was
purchased by TCI (Japan). Ethylene glycol
methacrylate phosphate (EGMP) was obtained
from ABCR GmbH & Co (Karlsruhe,
Germany). Polyethylene glycol MM 20,000
(PEG 20,000) and tri(ethylene glycol) dimeth-
acrylate were purchased from Sigma-Aldrich
(St. Louis, USA). Oligourethaneacrylate
(OUA) was obtained as described [24].
Cyclododecyl-2,4-dihydroxybenzoate (CDHB)
was synthesized according to a previously
described method [25] and kindly provided by
Dr. 1.Ya. Dubey. All the other reagents were
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obtained from Sigma-Aldrich (USA) and used
without additional purification.

Samples. Real flour (wheat and maize)
samples were purchased from a local retail
store (Kyiv, Ukraine).

Synthesis of CDHB-imprinted and non-
imprinted polymer membranes for zearale-
none recognition. Molecularly imprinted
polymer (MIP) membranes capable of zeara-
lenone recognition were synthesized by taking
5 mg of a dummy template — cyclododecyl-
2,4-dihydroxybenzoate (CDHB) [25] and 6 mg
of functional monomer — ethylene glycol
methacrylate phosphate (EGMP). CDHB was
used instead of zearalenone in order to make
the procedure safe and avoid pseudo-positive
results [26]. Next, 180 mg of the main com-
ponents of the polymeric network — a mixture
of triethyleneglycoldimethacrylate and oligo-
urethaneacrylate MM 2600 (TGDMA/OUA
85/15 ratio) were added. Subsequently, poro-
gens 100 mg of dimethylformamide and 30 mg
of polyethylene glycol MM 20 000 were ad-
ded. Finally, 1 mg of the polymerization ini-
tiator — 2,2'-dimethoxy-2-phenylacetone was
added immediately before polymerization. The
procedure of non-imprinted polymer mem-
brane (NIP-membrane) synthesis was similar
except for CDHB addition during the polymer
mixture preparation.

Finally, MIP and NIP membranes were pre-
pared by an in-situ polymerization method.
The prepared mixtures of monomers were
polymerized between two glass slides. Along
the perimeter of the glass slides, 60-um
polytetrafluoroethylene spacers regulating
membranes’ thickness were placed. The po-
lymerization procedure was initiated by UV
light (A=365 nm, intensity 3.4 Wm™2) and
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conducted for 30 min. The dummy template
(CDHB) as well as unpolymerized monomers
were removed by Soxhlet extraction with etha-
nol for 8 hours. Additionally, the polyethylene
glycol was removed by washing both MIP and
NIP membranes in the distilled water at 80 °C
for another 8 hours. Finally, the MIP mem-
branes and corresponding NIP membranes
were dried at room temperature and used for
ZON detection.

Analytical procedure. The 1 x 2 cmm MIP
and NIP membrane samples were incubated in
10 mL of a sample solution containing varying
amounts of zearalenone in 20 mM Na-
phosphate buffer (pH 7) with 10 % of aceto-
nitrile. After 10 h incubation, the sensor’s re-
sponse was examined by measuring the fluo-
rescence of zearalenone which was bound by
the synthetic receptor sites in the MIP mem-
brane structure. The sensor responses were
registered after UV-irradiation of the mem-
branes’ samples fixed in a holder for mem-
branes and solid samples using Fluoromax
PLUS PR928P spectrofluorimeter (Horiba,
Japan) directly at the membranes’ surface.
Zearalenone fluorescence detection was ob-
tained with excitation at 320 nm wavelength
(bandwidth 1 nm) and emission detection at
465 nm wavelength (measurement range 380—
540 nm, bandwidth 1 nm). The fluorescent
sensor responses measured from the mem-
branes’ surface were plotted as a function of
ZON concentration in the samples.

Real samples preparation and extraction
procedure. To prepare real samples, 1 g of
flour samples was mixed with 10 mL 80:20 v/v
acetonitrile:H,O solution and shaken for
10 min using Vortex laboratory shaker (Fisher
Scientific, Germany). Then, the solution was

filtered using Whatman paper Nel. The extrac-
tion procedure was repeated. Additionally, the
collected extracts were centrifuged for 10 min
at 10,000 g. Finally, flour extracts were di-
luted at 1:10 with the buffer solution (20 mM
Na-phosphate buffer (pH 7.0) containing 10 %
of acetonitrile) and spiked with different con-
centrations of ZON. Then, the analysis was
conducted, as indicated in the general analyti-
cal procedure. The concentration of ZON in
the solid flour sample was calculated as de-
scribed in our previous work [22].

Statistical analysis. All measurements
were made ten times, and the data were ex-
pressed as means. The obtained results were
statistically processed using the computer pro-
gram Microsoft Excel. The data of mean, stan-
dard deviation, relative standard deviation
were determined.

Results

All the newly-developed analytical methods,
including biosensor-based ones require the
standardization of the analytical procedure.
Therefore, a reliable calibration graph for the
created fluorescent sensor system based on
MIP membranes was obtained at the first stage
of investigation. We examined the ability of
MIP and NIP membranes to bind zearalenone
in laboratory conditions using standard solu-
tions with varying ZON concentrations. For
this purpose, MIP and NIP membranes, syn-
thesized using EGMP as the functional mono-
mer, were incubated in aqueous solutions with
known concentrations of ZON (from 1 to
50 ppm). Since zearalenone shows the natural
ability to fluorescence, ZON molecules ad-
sorbed on the MIP membrane surfaces were
detected fluorometrically. Fluorescent sensor
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signals registered from the MIP membrane
surface are directly proportional to ZON con-
centration in the analyzed samples. Fig. 1 pres-
ents the typical calibration graph for the bio-
mimetic sensor system based on MIP mem-
branes for zearalenone detection.

According to significant differences be-
tween MIP and NIP membrane fluorescence
intensities, it is clear that zearalenone binds to
the MIP membrane due to the formation of
artificial receptor sites in their structure. It also
indicates that the imprinting procedure using
a dummy template was successful.

The linearity of the calibration graph was
assessed using determination coefficients (R2).
For the MIP membrane calibration curve,
R2=0.952 corresponds to the generally ac-
cepted values for this parameter, indicating
good linearity. As one can see from the linear
calibration graph (Fig. 1), the proposed biomi-
metic-based sensor system demonstrates a
wide linear dynamic range from 1 to 50 ppm.
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The limit of detection (LOD) was calcu-
lated as 1 ppm, based on the signal-to-noise
ratio equal to 3 (30). In Ukraine, the maximum
permissible levels of ZON in cereals food com-
modities is between 20-100 ppm (in accordance
with the order of the Ministry of Health of
Ukraine «On approval of the State hygiene
rules and norms “Regulation of maximum le-
vels of certain contaminants in food “» (Ne 368
of 13.05.2013)). So the LOD of the proposed
biomimetic-based sensor system was well be-
low the regulated level for zearalenone in food
products and animal feed.

Selectivity is one more critical parameter
needed to be evaluated along with the linear
dynamic range and LOD of the sensor device.
Therefore, cross-reactivity of the proposed
sensor system was tested in an adsorption
experiment using close structural analogues of
zearalenone, including its metabolite — zeara-
lenol (ZOL), 17-B-estradiol, bisphenol A and
resorcinol. Moreover, considering that cereal

¥ =64407x + 284742
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Fig. 1. Calibration plots of the bio-
mimetic-based fluorescent sensor
system for zearalenone detection.
Fluorescence of MIP and NIP poly-
meric membranes after incubation in
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solutions with different concentra-
tions of ZON in 20 mM Na-phos-
phate buffer (pH 7.0) containing
10 % of acetonitrile. Spectrofluori-
meter Fluoromax PLUS PR928P
(A ex =320 nm, A em = 465 nm). Er-
ror bar = SE, n = 10.
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food can be contaminated with several myco-
toxins, aflatoxin B1 (AFB1) and ochratoxin A
(OchA) were added to this experiment.

As shown in Fig. 2, the synthesized MIP
membranes demonstrate high selectivity to-
wards ZON along with low cross-reactivity to
its structural analogues and other mycotoxins.
Therefore, high selectivity of the developed
sensor towards the analyte of interest (zeara-
lenone) was clearly proven.

Fluorescence Intensity, a.u.

OchA AFB1

fi-estradiol Bisphenol A Resorcinol

Fig. 2. Selectivity of the MIP mem-
brane-based fluorescent sensor system
for zearalenone detection. Fluores-
cence of EGMP-based MIP mem-
branes after incubation in 10 ppm so-
lutions of zearalenone (ZON), zeara-
lenole (ZOL), ochratoxin A (OhA),
aflatoxin B1 (AFBI), B-estradiol, bi-
sphenol A and resorcinol (20 mM Na-
phosphate buffer (pH 7.0) containing
10 % of acetonitrile was used for the
measurements).  Spectrofluorimeter
PerkinElmer LS 55 (A ex = 320 nm,
Aem =465 nm). Error bar — SE, n=5.

Finally, the calibrated biomimetic-based
sensor system was validated using different
real sample matrixes. In this case, cereal ex-
tracts from wheat and maize flour samples
produced by the biggest Ukrainian manufac-
tures were used for the investigation. The con-
centration of ZON in an analyzed sample was
calculated using the calibration graph obtained
earlier. The obtained results are summarized
in Table 2.

Table. 2. Determination of Zearalenone in real samples.

Sample, No Added, ppm | Found,ppm* | RSD,%® | R,%®
(lwheat flour, Zernari LLC, Oleksandriia, Ukraine) ! 1,5+0,24 12,05 150
(2Wheat flour, “Khutorok™, Zmiiv, Ukraine) > 48+05 10,46 %6

?Wheat flour, TOB EuroMill, Boryspil, Ukraine) 10 10,5+0,73 7,03 105
?maize flour, “Lavka Tradytsiy”, Lviv, Ukraine) 25 23,7+18 7 4,7
(Smaize flour, Alta Vista KO LLC, Kyiv, Ukraine) 30 50,1£0,53 1,07 100,1

a Results are expressed as the mean £ SD (n=15)

b Relative standard deviation (RSD) is calculated using the following equation: RSD = 100 %xSD/mean
¢ Recovery (R) = (detected concentration/spiked concentration) x 100 %
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The obtained results demonstrate that the
proposed sensor system for the determination
of zearalenone has good reproducibility
(R average = 109 %). In addition, the accu-
racy of the analytical method in units of rela-
tive standard deviation (RSD < 20 %) was
determined and found to be satisfactory and
meets generally accepted standards [27].

As compared to the traditional analytical
methods for ZON analysis in food products
and feeding stuff, the proposed assay has nu-
merous advantages. Firstly, a small amount of
the analyzed sample (1 g) is needed. Secondly,
the procedure of the sample preparation and
extraction (up to 30 minutes) is fast and sim-
ple. Finally, the obtained results indicate that
applying the MIP membrane-based sensor sys-
tem towards ZON analysis was performed in
a reliable and reproducible manner.

Conclusions

The biomimetic-based sensor system for zeara-
lenone analysis based on EGMP-containing
MIP membrane was developed and further
investigated in calibration and validation stu-
dies. The calibrated sensor system demonstra-
ted a wide linear dynamic range (1-50 ppm)
and a low absolute detection limit (1 ppm). In
addition, the MIP membrane-based sensor
system was found to be highly selective to-
wards zearalenone. The proposed sensor sys-
tem was successfully applied for ZON analy-
sis in maize and wheat food matrixes with
mean recoveries of 109 % and RSD mean of
7.7 %. The sensor system based on MIP mem-
branes provides fast, sensitive, simple zeara-
lenone analysis with high accuracy and repro-
ducibility in real flour samples. In cooperation
with SE Ukrmetrteststandard, a full range of
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metrological studies was conducted, and the
method of zearalenone detection using cali-
brated sensor systems based on MIP mem-
branes was standardized.

Acknowledgments

Financial support from the National Academy
of Sciences of Ukraine (program “Smart sen-
sing devices of the new generation based on
modern materials and technologies”).

REFERENCES

1. Sharma V, Patial V. Food mycotoxins: Dietary in-
terventions implicated in the prevention of myco-
toxicosis. ACS Food Sci Technol. 2021; 1(10):
1717-39.

2. Fokunang CN, Tembe-Fokunang EA, Tomkins P,
Barkwan S. Global impact of mycotoxins on human
and animal health management. Outlook Agric.
2006; 35.4: 247-53.

3. Ji F, He D, Olaniran AO, Mokoena MP, Xu J, Shi J.
Occurrence, toxicity, production and detection of
Fusarium mycotoxin: A review. Food Prod Proc
Nutr. 2019; 1(1): 1-14.

4. Sweeney MJ, Dobson AD. Mycotoxin production by
Aspergillus, Fusarium and Penicillium species. In¢
J Food Microbiol. 1998; 43(3): 141-58.

5. Kamei K, Watanabe A. Aspergillus mycotoxins and
their effect on the host. Medical mycology. 2005;
43(Suppl_1): S95-S99.

6. Zhang GL, Feng Y L, Song JL, Zhou XS. Zearale-
none: a mycotoxin with different toxic effect in
domestic and laboratory animals' granulosa cells.
Front Genet. 2018; 9: 667.

7. Rai A, Das M, Tripathi A. Occurrence and toxicity
of a fusarium mycotoxin, zearalenone. Crit Rev
Food Sci Nutr. 2020; 60(16): 2710-29.

8. Leite M, Freitas A, Silva AS, Barbosa J, Ramos F.
Maize food chain and mycotoxins: A review on oc-
currence studies. Trends Food Sci Technol.2021;
115: 307-331.



Zearalenone-selective biomimetic-based sensor system and its validation for real samples’ analysis

10.

11.

12.

13.

14.

15.

16.

17.

18.

Takemura H, Shim JY, Sayama K, Tsubura A,
Zhu BT, Shimoi K. Characterization of the estro-
genic activities of zearalenone and zeranol in vivo
and in vitro. J Steroid Biochem Mol Biol. 2007,
103(2): 170-7.

Martins C, Torres D, Lopes C, Correia D, Goios A,
Nunes C. Food Consumption Data as a Tool to
Estimate Exposure to Mycoestrogens. Toxins. 2020;
12(2): 118.

LiY YiJ Zeng Q, Liu Y, Yang B, Liu B, Li, Y. Zeara-
lenone exposure mediated hepatotoxicity via mito-
chon-drial apoptotic and autophagy pathways: As-
sociated with gut microbiome and metabolites.
Toxicology. 2021; 462: 152957.

Salah-Abbes JB, Abbes S, Houas Z, Abdel-Wah-
hab MA, Oueslati R. Zearalenone induces immuno-
toxicity in mice: possible protective effects of radish
extract (Raphanus sativus). Journal of Pharmacy
and Pharmacology. 2008; 60(6): 761-70.
Cieplinska K, Gajecka M, Nowak A, Dgbrowski M,
Zielonka £, Gajecki MT. The genotoxicity of caecal
water in gilts exposed to low doses of zearalenone.
Toxins. 2018; 10(9): 350.

Yumbe-Guevara BE, Imoto T, Yoshizawa T. Effects
of heating procedures on deoxynivalenol, nivalenol
and zea-ralenone levels in naturally contaminated
barley and wheat. Food additives and contaminants.
2003; 20(12): 1132-40.

Cortinovis C, Pizzo F, Spicer LJ, Caloni F. Fusa-
rium mycotoxins: effects on reproductive function
in domestic animals-a review. Theriogenology.
2013; 80(6): 557-64.

Radova Z, Hajslova J, Krdlova J, Papouskova L,
Sykorovd S. Analysis of zearalenone in wheat using
high-performance liquid chromatography with fluo-
rescence detection and/or enzyme-linked immuno-
sorbent as-say. Cereal Research Communications.
2001; 29(3): 435-42.

Székacs I, Adanyi N, Szendro I, Székdacs A. Direct
and competitive optical grating immunosensors for
determina-tion of Fusarium mycotoxin zearalenone.
Toxins. 2021; 13(1): 43.

Dong G, Pan Y, Wang Y, Ahmed S, Liu Z, Peng D,
Yuan Z. Preparation of a broad-spectrum anti-zeara-
lenone and its primary analogues antibody and its

19.

20.

21.

22.

23.

24.

25.

26.

27.

application in an indirect competitive enzyme-linked
immunosorbent as-say. Food chemistry. 2018; 247:
8-15.

Evtugyn G, Hianik T. Aptamer-based biosensors for
mycotoxin detection. Nanomycotoxicology. In Nano-
mycotoxicology. Academic Press. 2020; 35-70. https://
doi.org/10.1016/B978-0-12-817998-7.00003-3.
Vasapollo G, Sole RD, Mergola L, Lazzoi MR,
Scardino A, Scorrano S, Mele G. Molecularly im-
printed polymers: present and future prospective.
International journal of molecular sciences. 2011;
12(9): 5908-45.

Hussain M, Wackerlig J, Lieberzeit PA. Biomi-
metic strategies for sensing biological species. Bio-
sensors. 2013; 3(1): 89-107.

Sergeyeva T, Yarynka D, Piletska E, Linnik R, Za-
porozhets O, Brovko O, Piletsky S, El'skaya A.
Development of a smartphone -based biomimetic
sensor for aflatoxin B1 detection using molecularly
imprinted polymer membranes. Talanta. 2019; 201:
204-10.

Sergeyeva TA, Chelyadina DS, Gorbach LA, Brov-
ko OO, Piletska EV, El'skaya AV. Colorimetric bio-
mimetic sensor systems based on molecularly im-
printed polymer membranes for highly-selective
detection of phenol in environmental samples.
Biopolym Cell. 2014; 30(3): 209-15.

Spirin YuL, Lipatov YuS, Magdinets VV, Sergeye-
va LM, Kercha YuYu, Savchenko TT, Vilenskaya LN.
Polymers based on polyoxypropylene glycol, diiso-
cyanate and ethylene glycol monomethacrylate.
Polymer Science USSR. 1968; 10(9): 2463-70.
Sergeyeva T, Yarynka D, Dubey L, Dubey I, Pi-
letska E, El'Skaya A. Sensor based on molecularly
imprinted polymer membranes and smartphone for
detection of Fusarium contamination in cereals.
Sensors. 2020; 20(15): 4304.

Urraca JL, Marazuela MD, Merino ER, Orellana G,
Moreno-Bondi MC. Molecularly imprinted polymers
with a streamlined mimic for zearalenone analysis.
Journal of Chromatography A. 2006; 1116(1-2):
127-34.

Guideline ICHHT. Validation of analytical proce-
dures: text and methodology. O2 (R1). 2005; 1: 05.

445



D. V. Yarynka, T. A. Sergeyeva, E. V. Piletska et al.

3eapajieHOH-CEeJIEKTHBHA CEHCOPHA CHCTEMA
Ha OCHOBI 0OioMiMeTHKIB Ta Ti BaJriganis
IS aHAJTI3y peaibHUX 3pa3KiB

. B. SIpunka, T. A. Cepreesa, JI. B. [ly0Geii,
I. A. Oy6eii, O. B. Ilinenpka, €. 10. Ctenanenko,
0. O. Bpogko, C. A. INinenpkwuii, I. B. €nbcbka

Merta. V crarTi IpencTapieHi pe3yJabTaTy KamiOpyBaHHs
Ta Bajigarlii HOBOi (IIyOpEeCEHTHOT CCHCOPHOI CUCTEMHU
Ha OCHOBI OiIOMIMETHKIB TS aHAITi3y 3eapaneHoHy (30H)
y 3epHOBHX Kynbrypax. Metomu. 30H-cemexTrBHI 6io-
MIMETHKH OyJTH OTpHMaHi y (hopMi MOJIEKYIISIpHO-IMIPHH-
toBannx (MIIT) memOpan MeTomoM nonimMepisanii in-situ
3 BHKOPUCTAHHAM IUKIIONEHII-2,4-uriApo0eH3oary Ta
STHICHIIMKOJIbMeTaKkpriiaTrdocdary, sk MaTpHIHOT MOJIe-
Kynmu Ta (PyHKIIOHAJIFHOTO MOHOMEpY, BiJIITOBITHO.
[puHIMn getexiiii 3acHOBaHMIA Ha peecTpatlii (iryopec-
uennii 30H, cenekTHBHO aAcopOOBAaHOIO Ha IOBEPXHI
MIIT meMOpanu, 32 JOITOMOTOIO CHEKTpO(IIyoprMeTpa.
Pe3yabraTn. CeHCOpHA cHCTEMa Ha OCHOBI 010MiMETHKIB
Oyna BinkamiOpoBaHa JJisi BU3HAUEHHS 3€apajicHOHY B
XapuoBHX Iponykrax. bymo mocmimkeno podounii mia-
T1a30H CEHCOPHOI CHCTEMH, a TAKOXK MEXY BU3HAYCHHS Ta
CEJICKTHBHICTh. Po3poliieHa ceHcopHa cucTtema Oyia
YCIIIITHO BUKOPHUCTAHA JUTSl aHAMi3y 3pasKiB KyKypya3sHO-
TO Ta MIIEHNYHOTO OOPOIHA, a CTYIHB BiAIOBIAHOCTI
merony (R) cranoBuB 109%. BucHoBku. CrnijibHO 3
HepxasanmM IlinmpuemctBoM “YikpMmerprecTcTangapT”
MIPOBEICHO KaJiOpyBaHHA Ta Bajigamis HOBOI
30H-ceneKTHBHOT CEHCOPHOT CHCTEMH Ha OCHOBI 0i10Mi-
MeTrkiB. CTaHIapTH30BaHA CEHCOpPHA CHUCTEMa MOXKE
po3mIsnaTrcs SK HaOIHHUA METOJ 3amo0iraHHs 3a0pymn-
HCHHS 3¢apaJICHOHOM Xap4OBHX MPOIYKTIB Ta KOPMIB Ha
OCHOBI 3€pHOBUX.

Knawo4yoBi ciaoBa: 3eapajieHOH, MOJIEKYJISIPHO-IMII-
PHUHTOBaHI MOJIIMEPHI MeMOpaHH, CEHCOpHa CHcTeMa Ha
OCHOBI 010MIMETHKIB.
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3eapaJIeHOH-CeJIeKTl/IBHaﬂ CEHCOpHas# cucremMa
HA OCHOBe OMOMEMETHKOB M €€ BaJIWAALNS
AJISI AaHAJIU3A PeaTbHBIX 06p23HOB

. B. Spunka, T. A. Cepreena, JI. B. [lybeii,
. A. dy6ei, E. B. ITuneukas, E. FO. Crenanenko,
A. A. bposko, C. A. ITuneukuii, A. B. Ensckas

Hean. B crarbe npencrasieHsbl pe3ysTaThl KATHOPOBKH
W BaJIUIAIMH pa3pabOTaHHOU (ITyOpECIIEHTHOM ceHCop-
HOM CHCTEMBI Ha OCHOBE OMOMHMETHKOB JUISI aHAJIM3a
coaeprkanus 3eapasieHoHa (30OH) B 3epHOBBIX. MeTonbI.
30H-ceneKkTHBHBIE OMOMHUMETHKH OBLIN IOJIYYECHBI B
(hopme MoneKyIsIpHO-UMIPUHTHPOBaHHBIX (MUIT) Mem-
OpaH METOIIOM MOJTUMEPH3ALIUH iN-Situ C UCTIOIB30BAHUEM
UKJIONONCIT-2,4- TMTAAPOOCH30aTa U STIIICH-TITUKOIb-
MeTakpmiardocdara, Kak MATPUIHOW MOJIEKYIIBI B (DYHK-
LIMOHAJILHOTO MOHOMEpPA, COOTBETCTBEHHO. [IpuHIMIT
JICTEKIIUH OCHOBaH Ha peructpammu ¢yopecrernmn 30H,
CEJIEKTHBHO a7cOpOMpOBaHHOrO Ha MoBepxHOCcTH MUII
MeMOpaHbl, C TOMOIIBIO CHEKTpodIryopuMeTpa.
Pe3ynbrarel. CeHCOpHAs cucTeMa Ha OCHOBE OHMOMUME-
THKOB OBLTa MPOKATMOpOBaHA JIJISl OTIPENCIICHHS CONep-
YKaHWsI 3eapaJieHOHa B TIMILEBBIX NPORyKTax. beum nccie-
JTIOBaHBI PadOUMii IUAITa30H CEHCOPHOU CUCTEMBI, a TAKKE
ee mpezes 00Hapy»KEeHHS U CeTIEKTUBHOCTD. Pa3paboTanHast
CEHCOpHasl cHUcTeMa OblIa YCIEIIHO MCIOJIb30BaHa JUIs
aHanm3a 00pa3IoB KyKypy3HOH M NIIEHUYHOW MYKH, a
CTENEHb COOTBETCTBHA pe3yibTaToB (R) coctasmsuma 109%.
BoiBoasi. CoBmectHo ¢ ['ocynapcreennsv [Ipennpusitiem
“YKpMeTpTecTCTaHIapT MPOBENECHBI UCCIEIOBAHUS IO
KamrOpoBKe U Bayunaruy HoBoi 3OH-ceneKTHBHOM CeH-
COPHOpH CHCTEMBI Ha OCHOBE OWOMHMETHKOB.
CrannapTiu3oBaHHAs CEHCOpPHAs CHCTEMa MOXKET paccMa-
TPHUBATHCA, KaK HAZEKHBIN METO MPEAOTBPAIICHISI KOH-
TaMHMHAIMY THIIEBHIX MPOIYKTOB U KOPMOB Ha OCHOBE
3€pHOBBIX 3¢apATICHOHOM.

KawueBble caoBa: 3€apajICHOH, MOJICKYJIAPHO-UM-
HOPUHTHUPOBAHHBIC TMOJUMEPHBIC MeM6paHI>I, CCHCOpHasA
CHCTEMa Ha OCHOBE OMOMHMETHKOB
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