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I;-sensitive sensor was developed, where the ionic acetate of the neutral red triiodide was
used as the electrodoactive substance. The main electroanalytical characteristics of the sensor have
been studied. It is established that the operating interval of the pH of the chain is 2—12. The interval
of linearity of the electrode function is 9x107° — 1x10™" mol/l, the slope is 51-59 mV/pC. The selectiv-
ity of the triiodide sensor by the “individual-solutions” method has been studied. The method of po-
tentiometric titration allows to determine peroxo compounds and peroxide number in mayonnaise
in the presence of tartrate, citrate, benzoate, salicylate, oxalate, phthalate ions, glucose, glycine, his-

tidine, aspirin.

Key words: I;-sensitive sensor; neutral red; ionic acetate; electrode function; density; peroxo-
compounds; peroxide number; potentiometric titration.

Introduction

Mayonnaise is the most popular ready-to-use
sauce. In the concept of healthy nutrition policy, the
priority is to eliminate micronutrient deficiencies in
the population, and specialized foods and dietary
supplements are among the most important tools for
optimizing nutrition and public health.

The modern market offers consumers a wide
range of mayonnaise of different composition, which
is sometimes difficult to navigate. In addition, there
is a significant amount of counterfeit products on the
market, which do not correspond to the original
mayonnaise in terms of quality. The most common
falsification of sauces in terms of fat content and egg
product content [1-4, 13]. Along with the current
trend of creating mayonnaise products with func-
tional ingredients, there is an increase in tempoes
and types of falsification of mayonnaise, which are
common in the market. One of the methods of falsi-
fication of mayonnaise is the replacement of high-
calorie product with less caloric, with the appropriate
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substitution of vegetable oil for water, thickeners,
flavors and condiments [16].
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Qualitative falsification of mayonnaise can
be carried out in the following ways: violation of
production technology; violation of the prescription
composition; introduction of extraneous additives;
introduction of high doses of preservatives and anti-
oxidants. When falsifying the quality of the sauce,
namely — violation of the recipe of production, add
high doses of preservatives and flavors, emulsifiers
and stabilizers when replacing vegetable oil with wa-
ter.
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The second way to falsify mayonnaise, which
is quite common, is to replace such a basic ingredient
as high-quality oil with low-quality oil, not the first
freshness. Such qualitative falsification is established
only by laboratory tests during the determination of
physicochemical parameters. In addition, vegetable
oil is one of the components of the cost of mayon-
naise, so in most cases, low-calorie sauces should
have a lower price  [5-7].

Despite the fact that in mayonnaise and so en-
ter the recipe water in the amount of 24—50 %, and in
some species up to 55 %, some manufacturers also
add water, and various emulsifiers and stabilizers,
bringing the water content to 35-60 %.

This type of falsification of mayonnaise can
occur by replacing high-quality vegetable oils — sun-
flower, corn, olive low-quality — soybean, peanut and
even rapeseed.

Chemically, mayonnaise is an oil-in-water
emulsion. Therefore, the main raw materials in the
production of mayonnaise — oil and water. Emulsifi-
ers and stabilizers are used to increase the stability of
the emulsion. So, the main components of mayon-
naise: water; oil; egg products; sugar, salt; starches;
xanthan gum; acids (lactic, acetic, alcohol vinegar);
dyes (Beta-carotene); rubbed mustard; antioxidants
(EDTA); preservatives (potassium sorbate). During
storage, the quality of mayonnaise depends signifi-
cantly on the fatty components that are the main
components. If fatty components are oxidized, the
biological value and organoleptic characteristics de-
teriorate: “taste” and “smell” may also reduce the
rate of “emulsion stability” of mayonnaise [5—15].

Therefore, there is a need to control the num-
ber of peroxo compounds, in particular, the peroxide
number. An urgent task is to develop a method for
determining peroxo compounds, which would have
advantages among the proposed methods.

The purpose of the study is to develop a new
method for determining peroxo compounds in may-
onnaise.

Materials and methods of research
To develop a triiodide sensor, it was neces-
sary to synthesize the ionic association of neutral red
with triiodide. The synthesis was performed as fol-
lows. A portion of the bean was dissolved in a 100
ml flask, added alcohol and brought to the mark with
distilled water. To 100 ml of KI5 solution was added
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in small portions on a glass rod. They were left for
one day to defend themselves. The precipitate was
separated on a Schott filter, after which it was dried
at room temperature in the air for three days. Mem-
brane synthesis was performed according to the fol-
lowing method [11]. Powdered polyvinyl chloride
(PVC) and an electroactive substance (EAP) were
weighed on electron analytical scales. The plasticiz-
ers were thoroughly mixed and added: dibutyl phtha-
late (DBP), dioctyl phthalate (DOP), dinonyl phtha-
late (DNP), dibutyl sebacenate (DBS) and tricrezyl
phosphate (TCP). Cyclohexanone (CGN) was added
to the formed mixture and mixed. The clothes were
moved to a glass ring attached to the glass; dried for
8 days. Disks with a diameter of 0.5-1.0 cm were cut
out of the films with a rubber stopper and glued to
the end of a polyvinyl chloride tube with a 10 %
PVC solution in cyclohexane. The degree of homog-
enization of the membranes was assessed using mi-
crophotographs obtained on a metallographic micro-
scope “LEICAVMHTAUTO”.

An ionometer — [-160 M (measurement error
+0.1 mV) was used to measure the values of the
electrode potential; the potential of the electrodes
was determined relative to the argentum chloride
electrode ECP-10103.

The scheme of the electrochemical cell for
measuring the electrode potential is as follows: Ag,
AgCI/KCI (sat.). Researched solution/membrane/ in-
ternal settlement.

The developed sensor was used for potenti-
ometric determination of peroxo compounds in may-
onnaise “European” manufacturer Torchin.

Research results and their discussion

The influence of the nature of the plasticizer
on the main electroanalytical characteristics in the
system was studied. As plasticizers used: tricrezyl
phosphate — TCP, dibutyl sebacenate — DBS, dioctyl
phthalate — DOP, dinonyl phthalate — DNP, dibutyl
phthalate — DBP [17, 18]. The plasticizer content
was 45 % for the triiodide sensor, and the ionic
strength of the solutions was maintained at 0.2 mol/l
with a solution of CI, respectively, at pH = 7.

The study of the electrochemical properties of
the developed sensors by the nature of the plasticizer
shows that the best plasticizer for the triiodide sensor
is TCP. Since the slope of the electrode function cor-
responds to the theoretical values of the Nernst func-
tion, and the detection limit reaches n x 10~ mol/l,
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which is an order of magnitude higher than the sen-
sors plasticized by other plasticizers (Table 1).
Slightly worse electrochemical characteristics
for sensors using DBS plasticizer, the steepness of
the electrode function does not reach the theoretical
value of the Nernst function for single-charged ions
and the lower detection limit 7 - 10~ mol/l. It is es-
tablished that the nature of the plasticizer affects
the steepness and to some extent the limit of detec-
tion of triiodide sensors, which is important when
choosing the optimal conditions for the studied sen-
sors. The loss of elasticity and limitation of the life
of the sensors on the line is due to the fact that the
solvent content in the membrane is reduced and the

structure is disturbed. To determine the optimal
content of electroactive substance (EAP) in the
membrane changed the content of EAP: 5 %, 7 %,
9 %, 12 %, 15 %, and as a plasticizer used TCP
with a content of 45 %. The results of studies of the
influence of electrode characteristics are summa-
rized in Table 2. It is established that the EAR con-
tent does not significantly affect the steepness and
the limit of detection of triiodide sensors. The
steepness at all EAR contents ranges from 54 to
59 mV/pC, the detection limit varies from
n 10~ mol/l, electrodoctive substance content 9 %
and 15 % corresponds to the theoretical value of
the Nernst function for single-charged ions.

Table 1

Influence of plasticizer nature on electroanalytical characteristics
of developed sensors

Plasticizer content, Steepness of the elec- Linearity interval of the Detection limit. mol/l
% trode function, mV/pC | electrode function, mol/l ’
tricrezyl phosphate (TCP), 45 59+ 1 9-10°—1-10" 6.3-10°
dioctyl phthalate (DOP), 45 57+1 1-10*=1-10" 38107
dinonyl phthalate (DNP), 45 59+1 1-10*=1-10" 6.9-10"
dibutyl phthalate (DBP), 45 50+ 1 1-10*=1-10" 25-10"
dibutyl sebacenate (DBS), 45 51+1 1-10°-1-10" 39107

Table 2

Influence of electrodoctive substance content on electroanalytical
characteristics of developed sensors

Steepness of the electrode Linearity interval of the .
EAR content, % function, mV/pC electrode function, mol/l Detection limit, mol/l

5 59+ 1 9-10°-1-10" 63-10°
7 57+1 9-10°-1-10" 5.8-107°
9 56+ 1 1-10°-1-10" 6.9-107°
10 59+ 1 9-10°-1-10" 6.3-107°
12 54+ 1 1-10°-1-10" 1.9-107
15 56+ 1 1-10°-1-10" 3.9-10°

The influence of various factors on the electro-
analytical properties of the developed sensors was
studied: pH, response time, potential drift, etc.

It is established that the working interval of
the electrode is pH 2-12 for the triiodide sensor
(Fig. 1) corresponds to the dominant in aqueous so-
lution single-charge anionic form I5".

Potential drift does not exceed 24 mV/pC.
Stable values of electrode potentials are set for 3—8

151

seconds. The synthesized membranes retain their
characteristics from 4 to 10 months.

It was found that the selectivity does not de-
pend on the nature of the anion that is part of the
ionic associate and on the nature and amount of plas-
ticizer that is part of the membrane of triiodide sen-
sors. The selectivity is approximately the same for
all membranes studied. The developed sensors are
selective for CI, NOy, SO,*, PO,, Na ", K 7, tar-
trate, citrate-, benzoate-, salicylate-, oxalate-, phtha-
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late-ions, glucose, glycine, histidine, aspirin. The se-
lectivity coefficients are given in (Table 3).
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products, namely mayonnaise for the content of per-
oxo compounds and peroxide number is estab-
lished. The object of analysis was selected mayon-
naise “European” manufacturer Torchin. A solution
of KI diluted (1: 4) with sulfuric acid was added to
the appropriate portion of mayonnaise. The I; selec-
tive sensor and reference electrode were immersed in
the resulting solution and titrated with 1 - 10> mol/l
Na,S,0; solution. Verification of the correctness of
the obtained results of the peroxide number by the
method of additives is given in Table 4.

Table 3

Coefficients of selectivity of the developed sensors

pH Ion, compound 1gK
Fig. 1. Graphical dependence of the electrochemical Cl: <4
characteristics of the electrode on the pH of the solution Br <4
I <-4
The obtained electroanalytical characteristics ?O? @terieres
of the sensors testify to their effective application for 0 - interferes
the analysis of various oxidants and reducing agents CGHSC(?O <4
as an indicator electrode, for example, for potenti- C1042 . =4
ometric determination of peroxo compounds in may- B4O7_ <4
onnaise. SCN_ =4
The possibility of using the developed method NO; <4
of potentiometric titration for the analysis of food CsH4(OH)COOH <4
Table 4
Results of determination of peroxo compounds in mayonnaise (n = 5; P = 0,95)
Weight of mayonnaise, mg Additive, dibenzoyl peroxide, mg Peroxide value, mmol/kg S;
1140 70 6.6+ 0.6 0.1
1140 80 7.3+0.7 0.2

The advantage of the developed method over
the iodometric method recommended by DSTU No.
4570: 2006 [12] is that it does not require the use of
organic solvents for pre-separation of fats.

Conclusions

It is shown that the synthesized ionic associ-
ates of neutral red triiodide can be used as electro-
doactive substances for sensors. The operating con-
ditions of the developed sensors were studied: the
influence of the pH of the solution, the nature of the
plasticizer, the content of the plasticizer, the content
of the electroactive substance, the response time, the

lifetime of the sensor. The issue of selectivity of the
developed sensors is studied. Based on the obtained
results, a new sensitive and selective, easy-to-
implement method of potentiometric determination
of peroxo compounds was developed, which was
tested in their determination in mayonnaise.
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T. I. CaBuyk', C. L. Kopoabuyk', K. O. Kopmomr',
O. M. IOpuenxo', IO. B. Ilanuenko’
' Bonuuchkuii HanionansHuit yHiBepeuTeT imeni Jleci VipaiHky,
kadenpa XiMii Ta TEXHOJIOTIH,
? HauionanbHuit yaisepcuter “JIbBiBChbKa TOMiTEXHIKA”,
kadeapa opraHiuHoi Ximil

MOTEHIIOMETPUYHE BU3HAUEHHS NEPOKCOCIIOJYK Y MAHOHE3I

Po3pobiieno I;-uyTjauBuil ceHCOp i3 BUKOPHUCTAHHSIM SIK €JIEKTPOJXOAKTHBHOI PEYOBHUHHM HOHHOIO
acouiaty Tpuiioguay HelTPaIbLHOr0 YepBoHOro. JocaigKkeHo 0OCHOBHI eJIEKTPOAHAJITHYHI XapaKTepUCTHKH
ceHcopa. BcraHoBiieHo, mo po6ouumii intepBan pH cencopa — 2-12. IntepBan JjiniliHoCTI eJIeKTPOIHOL

Py - —1 . . o
dyukuii cranosutb 9-10°-1-10" Moan/s1, KpyTH3HA 51-59 MB/pC. J0C/i/ZKeHO CeleKTHBHICTh TPHIiOMIHO-
ro CEHCOpa MeTOoAOM “OKpeMHMX po34HMHiB”. Po3pof/ieHa MeTOAMKA NMOTEHIIOMETPUYHOIO0 TUTPYBAHHSA A€

3MOry BM3HAYaTH NEPOKCOCMONYKH TAa NMEePOKCHAHE YHCJI0 Y MaiioHe3i B MPUCYTHOCTI TapTpaT-, HUTPAT-,
0eH30aT-, caJilWIaT-, OKCaIaT-, PTanaT-ioHiB, MIIOKO3U, IJIIUHY, TiICTUIMHY, ACTIIPUHY.

KiarouoBi cioBa: I;-uyTiiumBuii ceHcop; HeHTpaJbHMII 4YepBOHWI; HOHHMII acomiaT; eJeKTPOAHA
(yHKIiA; KPYTU3HA; IEPOKCOCTOJYKH; MEPOKCHIHE YHCI0; MOTEHHiOMeTPHYHE TUTPYBAHHSA.
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