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Abstract—In this article sensor with improved measurement technique for the detection of milk allergens was developed.
p-lactoglobulin (BLG) protein was used as the biomarker for cow milk detection. The structure of the sensor with nanocrys-
talline cerium oxide is proposed with an advanced measurement method, which consists of using a micro-flow system to
provide a constant volume of the substance to be tested for the dynamic analysis of the beta-lactoglobulin protein, the major
milk allergen. The influence of illumination on the experiment and the degree of cleaning of the sensor surface between each
measurement are analyzed. Because the existing ELISA method is too long (1.5 hours), and the proposed method allows to

identify the presence of beta-lactoglobulin in a few minutes.
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L INTRODUCTION

Nowadays, the popularity for the manufacture of spe-
cial functional products is increasing, cause of state-of-
the-art technologies that make it possible to create a prod-
uct with specific properties. Hypoallergenic products,
especially dairy products, are the most popular in
the functional food market [1].

Besides of beneficial trace elements and vitamins,
milk contains a large amount of protein antigens that can
cause an allergic reaction. Of the total protein diversity,
only four can cause allergic reaction: casein (80%), serum
albumin, alpha-lactoglobulin, and beta-lactoglobulin
(B-lactoglobulin). B-lactoglobulin is the most popular
allergen. But in most cases, the intolerance of this protein
disappears independently after the first year of life of
the child. Although it is absent in breast milk, still five
percent of infants less than 1 year of age suffer from
allergies, as it is one of the strongest allergens among all
proteins in cow, sheep and even goat milk. However, you
can get rid of this protein after 20 minutes of boiling
[2,3].

The average concentration of B-lactoglobulin in milk
serum is 2-4 g/L [4]. Various physicochemical methods
(high-performance liquid chromatography, electrophore-
sis [5]) and immunochemical methods are used to detect
and quantify B-lactoglobulin content. The principle of
these method is the specific binding of antibodies to
the relevant protein determinants. The method of immu-
nodetection differs relatively low cost of the necessary
equipment, as well as high productivity due to the possi-
bility of simultaneous work with series of samples [6].

Standard ELISA method to detect of B-lactoglobulin
takes up to 3 hours, since incubation of immunoreagents
requires at least 1 + 1.5 hours [7]. Such type of test also
requires incubation at elevated temperature (37°C) which
is not convenient enough. Therefore, to develop a new
method for detecting B-lactoglobulin under normal con-
ditions and with relatively little time is still remains rele-
vant. That is why the purpose of this work was to develop
a portable, high-speed beta-lactoglobulin sensor for rapid
analysis.
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Fig.1. General sensor view
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Fig. 2. Microfluidic system with sensor: a). chip; b). system of elec-
trodes; c). working cell with reference electrode.
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Fig. 3. Cyclic measurements for a solution of B-lactoglobulin with
a concentration of 1 g/L and pH 4.

II.  SENSOR DESIGN

The proposed sensor was made on the basis of an ion-
selective field-effect transistor (ISFET) with a p-channel
(Fig. 3.6). The transistor was directly produced on a sili-
con wafer doped with phosphorus (n-type) with
a resistance of 4.5 Ohm/m?, orientation (111) and 450 pm
thick.

As a gate dielectric, the Si0, — CeO, complex (dSiO»=
10 nm, dCeO,=50 nm) was obtained, which was get by
thermal oxidation at T=400°C and the method of “oxida-
tion of a metal mirror”, respectively [8]. The ohmic con-
tacts were made of Al [9]. The maximum thickness of the
gate dielectric in these transistors was 1.5 + 2 nm.
The proposed thickness of the gate oxide is still far from
the critical allowable value (Fig. 1).

In practical, sensors are often used not for static meas-
urement, with alternate registration of the response of
the sensor to individual test substances, but for dynamic
ones. It base on the replacing one test solution with
another, structurally identical, but with a different con-
centration.

For this reason, experiments were conducted for
the beta-lactoglobulin sensor to change the response of
the sensor to changes the composition (concentration, pH
level) of the solution (Fig. 3-6).

The measurements were performed using an advanced
measurement method with microfluidic system. Such sys-
tem provides a fixed volume of the test solution at
the sensitive area, and also eliminates heating and evapo-
ration (Fig. 2).

1ll.  RESULTS AND DISCUSSIONS

The measurement of the sensor response for a solution
of B-lactoglobulin at pH showed that its value is different
than for water, since the pl for beta-lactoglobulin is 5.2,
then for lower pH of the solution, it becomes positively
charged. And it caused a decrease in the potential drop at
the interface of the "electrolyte-dielectric" (Fig. 3).
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Fig. 4. Cyclic measurements for a solution of B-lactoglobulin with a
concentration of 1 g/L and pH 6.
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Fig. 5. Cyclic measurements for a solution of B-lactoglobulin with a
concentration of 10 g/L and pH 6.
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Fig. 6. Cyclic measurements for a solution of B-lactoglobulin with a
concentration of 1 g/L and pH 8.

However, in the case of a solution with pH 6 and
pH 8, an inverse dependence was observed. Since such
solutions lead to a negative charge of the protein solution,
which is equivalent to an additional negative electrical
shift on the gate, it leads to increase the thickness of
the conduction channel and to increase in the output cur-
rent, respectively (fig.3 + 5).

All experiments had special feature by the return of
the ISFET signal after measurements to their original val-
ues. This makes it possible to assert the complete desorp-
tion of the protein from the surface and the possibility of
its re-use.

The output current-voltage characteristics of this sen-
sor before and after measurement of beta-lactoglobulin
(Fig. 7) are almost identical, which is an excellent indica-
tor of complete desorption of the protein in the process of
cleaning its surface.

The influence of illumination on measurements
shown in Fig. 7. As you can see on this figure the illumi-
nation increases the response of the sensor. And it means
the need to ensure stable lighting conditions for
the experiments, namely to place the sensor work area in
a light-tight box.
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Fig. 7. Out-put characteristics before and after beta-lactoglobulin meas-
urements.
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Fig. 8. Effect of illumination on the work of the beta-lactoglobulin sen-
SOr.

Thus, the results which were obtained in this work
make it possible to state that sensors with gate dielectric
CeO; can be used for the manufacture of a wide range of
biosensors, in particular, the sensor C-reactive
protein [10].

CONCLUSION

The proposed work develops a method of dynamic
analysis of beta-lactoglobulin protein, using our previ-
ously proposed sensor based on a metal-oxide semicon-
ductor transistor with a gate dielectric CeO, under condi-
tions of providing a constant volume of analyte. The test-
ing of transistor sensory structures based on ISFET was
conducted to study the concentration of the main milk
allergen — beta-lactoglobulin and the possibility of its
practical application in the manufacture of food. This
makes it possible to reduce the study time to
10-15 minutes. The obtained results open the prospects
for the use of the proposed sensor and measurement meth-
ods in technologies for the production of dietary foods
and rapid analysis.
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Anomauyia— B po0oTi po3rIsiHYTO CeHCOpP 0eTa-JIAKTOrJIO0YJIiHY 3 YAOCKOHAICHOK METOJUKOI BHMipOBaHH:A. Sk
OCHOBHOI0 ajiepreHy Mosoka. bera-nakrorno0y.ain (BJII') BUKopHCTOBYE€ThCA sIK OCHOBHMII OioMapkep Mjisi aHaJizy
KOPOB’SIY0T0 M0JIOKA. 3alIPOIIOHOBAHO CTPYKTYPY CEHCOPA 3 HAHOKPHCTATIYHMM OKCHIOM Lepil0 B AKOCTi Mi3aTBOPHOIO
AieJIeKTPpHKa Ta YIO0CKOHAJIeHHM MeT0JA0M BHMipioBaHHA. BiH moasrae B BUkopHCTaHHI MiKpPONOTOKOBOI cHCTeMH, IO
3a0e3neuye nocTiiiHMii 06’ €M 10CTIAKYBAHOT peYOBHHM VISl IMHAMIYHOI0 aHAJI3Y Oi/Ika 0eTa-JIaKTOr100y /1iHYy - 0CHOBHOTO
ajlepreHy MoJioka. 3anponoHoBaHuii ceHcop OyB BHIOTOBJICHHIi HA OCHOBi i0H-CeJIeKTHBHOTO MOJBLOBOI0 TPaH3HCTOpPa
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3 nojboBUM edexTom (ICIIT) 3 p-kanasiom. Tpansucrop O0yB BUrOTOBJIEHMIT Ha KpeMHieBiii macTuHi, Jerosasiii pocopom
(n-Tum), nuromuii onip 4,5 Om/m?, opicurauicro (111) Ta ToBmuHOI0 450 MKkM. B po6oTi npoanaizoBano BILIME 0CBIiT/IEHO-
cTi Ha pe3yJIbTATH €KCIIEPUMEHTY Ta CTYNiHb OYMILIEHHS NOBEPXHi AaTYHKA MiK KOKHMM BUMipIOBaHHAM. OcKiJIbKH icHY-
wunii Metoa IPA 3anaaro nosruii (1,5 rogunm), a 3anponoHoBaHuii cnocid 103B0JIsi€ BUSBUTH HAIBHICTH 0eTa-1aKTOI10-
OyJliHy IPOTAIOM JeKiNbKOX XBUJIHH. OTPUMAHI pe3y/IbTATH BIIKPUBAIOTH IEPCNEKTHBH BHKOPHCTAHHS 3alIPONIOHOBAHUX
CEHCOPHHUX Ta METOJIB Y TE€XHOJIOTifIX BUPOOHHUIITBA Ji€TUYHHX NPOAYKTIB Ta eKCIpec-aHATi3y.

3anponoHoBaHMii MiaXig 103BOJIsIE AHATIZYBATH AMHAMIYHI XapaKTepPUCTHKHU (ioceHCcOopa 3 TOUKH 30Py XapaKTePHUX
piBHiB curnaay ICIIT Ha moyatky i y KiHIi 4acoBoro iHTepBaJy, O J2€ MOKJIUBICTH OLIHIOBATH CTYIiHb Jecopouii 6ijika
3 mosepxHi. Ile, y cBOI0 yepry, CBiTYUThL NP0 BJIACTHBOCTI CEHCOPA 10/10 BiHOBJIIOBAHOCTI Ta MOKJIMBOCTI HOr0 MOBTOPHOTO
BUKOpHcTaHHA. OTpUMaHi pe3y/JbTaTH 1100 BIVIUBY OCBIiT/IeHHS HA BIATYK ceHCOpa CBilYaTh Npo HeoOXiAHicTh moMimaTu
Po0o4y 00J1aCTh CeHCOpa y CBITJIOHENPOHUKHMIA 00KCc. 3aNpPONOHOBAHA METOAMKA A03BOJISIE 3/11iICHIOBATH BUMIPIOBAHHS
PiBHIB 0eTa-JIaKTOI/100y/1iHy y IMpokomy Aiana3oHi 3miH pH po3uuny. /loctaTHb0 Mauii yac AeTeKTyBaHHsA Oijika OeTa-
JIAKTOrJI00YJIiHY i MOKIUBICTH AUHAMIYHOIO aHANI3y 0ilKka HA OCHOBI 3aNPONOHOBAHOI CTPYKTYpH OioceHcopa BigkpuBae
MepCrHeKTHBH HOro BUKOPUCTAHHSA Y TEXHOJIOTisIX BUTOTOBJICHHS JiETHYHUX NPOAYKTIB XapuyBaHHsI Ta eKcIpec-aHaJi3y.

Knrouoei cnosa — obiocencop; 6ema-nakmoznooynin (bJIT); Ion-cenekmuenuii nonvosuii mpauzucmop (ICIHT); cenekmu-
GHiCmb.
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Annomayua— B podoTe paccMOTPEeHO ceHCOP GeTa-JaKTOIr/I00y/IHHA ¢ YCOBePLIEHCTBOBAHHOI METOIMKON M3MepeHus
KaK OCHOBHOI'0 ajuiepreHa mMoJsioka. Bera-nakroriooyaun (BJIT') ucnosb3yercss B kayecTBe OCHOBHOIO GHOMapKepa st
aHAJIN3a KAaveCcTBAa KOPOBbeBOro Mojoka. IIpensioskeHo CTPYKTypy ceHCOpa ¢ HAHOKPHCTAIMYECKHM OKCHAOM LEepHs
B Ka4ecTBe M013aTBOPHOT0 AMIJIEKTPHKA TA yCOBEPIIEHCTBOBAHHBLIM METOI0M H3MepeHHs. JTOT MeTO/J COCTOHT B HCHOJIb-
30BAaHHH MHUKPOMOTOYHOI CHCTeMBI 151 00ecredeHHsl MOCTOSTHHOT0 00’beMa HCCJIelyeMOro BelecTBa 151 AMHAMIYEeCKOr0
aHanmu3y 0ejka 6eTa-JIAKTOrI00yJIHHA - 0OCHOBHOTI'O aJljlepreHa Mos1oka. Tak:ke MpoBeJeHO HCCJIeTOBAHNS BJIUSTHAS YPOBHS
OCBELIEHHs1 HA Pe3yJIbTAThl JKCIIEPUMEHTAa Ta CTeNeHb OYMCTKH MOBEPXHOCTH CEHCOPAa MEXKAY KasKIbIM H3MepeHHeM.
CywmectByommii UPA meroa TpedyeT MHOIO BpeMeHM [Jsi NpPOBeleHHUS OAHOro 3xcnepumentapagum (1,5 uac.),
a Npe/UIoJKeHAa METOJMKA MO3BOJIsIeT MIeHTH(UUUPOBATH HAIMYUe 0eTa-1aKTOr/I00y/IMHA BCEro JIMIIb 32 HECKOJIbKO
MHHYT.
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