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Abstract

The article presents the influence results of “Magnetofood” food additive on the
foaming indicators of the whipping confectionery masses in the marsh-mallow
technology (foaming capacity, froth resistance, density, plastic strength, effective
viscosity, degree of whip and volume kinetics in the storage process). It is proved
the surface activity of the nanoparticles of “Magnetofood additive. The
mathematical modeling has established the optimal parameters of the whipped
masses. The prospects for “Magnetofood” additive using for the creaming
confectionery masses as a stabilizer and the structural forming of foamy structures
are determined.
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Introduction

The whiiping confectionery (marsh-mallow, pastille, sweets with whipped body)
are in the high demand among the population [1-3]. Their value is determined by a
significant proportion of the air phase, a high degree of dispersion and the structural
properties. The low temperature zones, moderate mechanical stress, the presence of
pectin substances which can prevent the oxidation of biologically active substances in
the whipped confectionery products production allow you to preserve the beneficial
properties of itemized nutrients [4].

However in the modern conditions the production and sale of whiiped
confectionery products in the domestic market are the subject to fierce and constantly
growing competition. In the current situation (shortage of domestic raw materials, a
significant part of imported ingredients with high cost, etc.), Marsh-mallow production
Is looking for the ways to improve the competitiveness of finished products by
Improving and stabilizing quality, reducing costs and extending the shelf life of pastry
confectionery [2, 3].

The production of whipping confectionery products is complex and difficult to
manage the process. Expansion and improvement of this production requires the search
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for a simplified technology with the help of reducing the duration of the technological
stages, including the preparatory operations and the structure formation of whiipped
confectionery products, reducing production space and energy resources, improving
the system stability and improving the quality of marsh-mallow production products
[4].

The nanopowder food additives using of the mineral origin as a foaming and
structure former in the production of whipped confectionery products was not
considered.

“Magnetofood” -is a food additive [Patent UA Ne 126502, MIIK A 23L 13/40,
A23L 33/10. “Magnetofood”food additive] can influence the processes of structure
former of jelly —like sweet pastes and the whipped masses foaming in the production
of the whipped confectionery products as well as on the quality indices of finished
products. However, these data are missing and the additional studies are needed.

“Magnetofood” additive has a certain functional and technological potential and
can both independently form the structural and mechanical properties of jelly masses
and foam structures and also affect the gel and foaming agent entering into the chemical
and electrostatic interactions. Therefore, “Magnetofood” food additive can perform the
several technological functions in the system at once: act as a stabilizer and structure
former (foam and jelly formations).

Materials and methods

The study object —is the technology of white pink marshmallows on agar and the
apple pectin. The research subject — is the model samples of white pink marshmallows
on agar and pectin which are based on the basic formulations Ne 95 and Ne 126 and are
given in Table 1; and the experimental samples of egg albumen.

The experimental samples of egg white are:

- the experimental sample 9 — control — 30% aqueous solution of dried egg
white, [AUSS 30363-2013];

- the experimental sample 10-30% aqueous solution of dried egg white with the
introduction of “Magnetofood food additive in the amount of 0,10 % by weight of dried
egg white;

- the experimental sample 11-30% aqueous solution of dried egg white with the
introduction of “Magnetofood” food additive in the amount of 0,15% to the mass of
dried egg white;

- the experimental sample 12—-30% aqueous solution of dried egg white with the
introduction of “Magnetofood” food additive in the amount of 0,20% by weight of
dried egg white.
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Table 1

Formulations of white-pink marshmallow on agar and pectin (control) and with

different mass fraction of “Magnetofood” food additive (experimenal)

Inputs of the raw material per 1 ton of finished product, kg
Name of the marshmallow samples on agar marshmallow samples on pectin
raw materials | Nel o1 s g | S e | 7 | Mes
control control
Grzg;!frted 673,0 | 6720 | 6715 | 671,0 | 671,0 | 670,0 | 670,5 | 669,0
Pogﬁg::ed 209 | 299 | 299 | 299 | 299 | 299 | 209 | 29,9
Molasses 1394 | 1394 | 139.4 [139.4 | 1429 | 1429 | 1429|1429
Apple sauce 390,0 | 390,0 | 390,0 [ 390,0| 298,0 | 298,0 | 298,0 | 298,0
Egg white 65,0 65,0 65,0 65,0 65,0 65,0 65,0 | 65,0
Agar 8,6 8,6 8,6 8,6 _ _ _ _
Apple pectin — — — — 13,4 134 | 13,4 | 134
lactic acid 118 | 118 | 118 | 118 | 84 84 | 84 | 84
Sodium lactate — — — — 6,8 6,8 6,8 6,8
Differentkinds | 4 | 54 | 20 | 20 | 20 | 20 | 20 | 20
of essence
Dye red 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6
“Magnetofood”
food additive | ~ | YO | LS [ 20 - 1 L0 |15 120

Foaming ability of egg white and whipped masses was determined by the Lurie
method [7]. The change in thefoam stability was recorded on theresiduum of the foam
column over time. The active properties were evaluated superficially by the magnitude
of the surface tension and determined by “Du Noily ring” method on the Kruss
tensiometers [8]. The expansion foam and the volume concentration of air in the mass
were determined by the calculation taking into account the volume of the foam. In our
work it was used the optical method for microstructure analyzing of a whipped mass
based on image processing obtained by a light in an electron microscope with the use
of the personal computer. Marshmallow mass has been obtained and the foaming
process was studied on a developed experimental whipping equipment. The structural-
mechanical characteristics of whipped marshmallow masses were investigated by the
using of the standard and generally accepted methods [8]. The strength of the whipping
masses was investigated with the ultimate shear stress — on penetrometers AR-4/1; the
rheological properties were determined on Reotest-2 device. The whipping process was
optimized by the experimental modeling in order to obtain a criterial equation which
describing the whipping process.
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Results and discussion

The foaming capacity of protein (PO) which depends both on its concentration,
the fractional composition and structure and on the temperature, the presence of salts,
sucrose, dietary fiber, etc., significantly affects on the structure formation of whipped
masses [9, 10]. Therefore, we studied the effect of “Magnetofood” food additive on the

foaming capacity (FC) and the foam stability (FS) of egg white (Fig. 1 and Fig. 2,
respectively).
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Fig. 1. Influence of “Magnetofood” food additive on the foaming capacity of the
egg white (t=20+2 °C, pH=4,8)

From the data in Fig. 1 it follows that the introduction of “Magnetofood” food
additive in egg white in the amount of (0,10-0,20)% by weight of dried egg white
Increases the software of the “protein-NP “Magnetofood” system by (8,3—
11,3)%, which is associated with the capacity of the polarized nanoparticles (NP) of
“Magnetofood” food additive to reduce the surface tension of the protein solution and
accelerate the coagulation of protein molecules which leads to the increase in the
protein solution of the volume concentration of the air phase and a decrease in the size
of air bubbles. When using the “Magnetofood” additive due to the amphotericity and
nanoparticles, the active acidity of the “protein-NP “Magnetofood”system [8, 11]

changes in the direction close to the isoelectric point of the protein in which the
maximum FC of protein solutions appears [11].
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Fig. 2. Influence of "*"Magnetofood' food additive on the foam stability of the egg
white (t=20%2 °C, sample time t=30x60 c)

Introduction of “Magnetofood” food additive to egg white in the amount of (0,10—
0,20)% by weight of dried egg white increases the FS of the “protein-NP "Magnetofood
”system by (12,6-17,1) % (Fig. 2). This is due to the presence of the active magnetic
surface of “Magnetofood” additive on the interfacial surface in the adsorption layer of
nanoparticles which increase the adhesion force between protein molecules — as a
result, fluid mobility decreases and its flow in the film slows down, thereby preventing
foam coalescence [12]; the viscosity of the liquid in foam films also increases, slows
down their destruction and increases the stability (or stability) of the foam (see Fig. 2).

Correct for a factor in the resultthat the acidity of the medium significantly affects
the electrostatic interaction and the properties of protein molecules the effect of the pH
of the medium on the foaming capacity of the egg white in the experimental samples
9-12 is further investigated. The dependence picture of the foaming capacity (FC) and
the foam stability (FS) of “Magnetofood” system “protein-NP" in the experimental
samples 9-12 on pH values was established with the using elements of statistical data
processing. As a result, the regression equations (1) and (2) were obtained which
adequately describe the relationship between the foaming properties and the pH
medium at the different mass fractions of “Magnetofood” food additive.

FC=166.7778+ 406.6667x+57.0556y-0,306xy -1200x%-6.0556y? (1)
FS=64.3523+145.5146x+1.6189y+2.4864xy-517.6136x2-0.1963y? (2)

where X — pH y — the mass fraction of "Magnetofood" food additive for unit

From the graphic images of software dependencies FC (Fig. 3, a) and FS (Fig. 3,
b) from the pH values of the medium, it can be seen that for 100% egg white (sample
10-control) the values of FC and FS at pH values from 2 to 9 changed by 22,6 % and
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by 5,6%, respectively, whereas in the “egg white-NP “Magnetofood “system (samples
10-12), with an increase in the mass fraction of the “Magnetofood” additive, these
indicators changed on average by 19,8 % and 3,1% respectively. That is, with the
introduction of “Magnetofood”,additive the effect of pH on the foaming properties of
egg white is less significant which is associated with the stabilizing effect of
“Magnetofood” food additive.
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Fig. 3. Dependence of the foaming properties of the experimental samples of the
composition “egg white-NP “Magnetofood” on the pH of the medium and the mass
fraction of “Magnetofood” food additive, %:

a — foaming capacity (FC); b — foam stability (FS)

From Fig. 3 it follows that the foam stability (FS) and the foaming capacity (FC)
of egg white in the experimental samples 9-12 were maximum at pH = 5,0; in the range
of pH values of about 7 both of these indicators sharply decreased while at pH more
than 7 they slightly increased. The foam stability of the composition “egg white-NPs
“Magnetofood “increased with an increase in the mass fraction of “Magnetofood”
additive. The foam itself was formed at pH = 4,806 by mass fraction "Magnetofood"
0,155% by weight of dried egg white. Perhaps it was in the acidic medium when egg
white molecules acquired a conformation that most contributed to the maximum
manifestation of the surface-active properties necessary for the stable foam formation.
Thus, the optimal values for the foaming capacity (FC): the content of “Magnetofood”
food additive:®=0,161; pH = 4,904, for the foam stability (FS):o= 0,159; pH = 4,809.
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Conclusion

The obtained results confirm the hypothesis of the foam structure stabilization of
marshmallows using “Magnetofood” food additive:

- in all experimental samples of egg white with the introduction of
“Magnetofood” food additive in the amount of (0,10-0,20)% by weight of the dried
egg white, the foaming capacity (FC) increases by (8,3-11,3) %; the foam stability
(FS) — by (12,6-17,1)% compared to control,

- at the introduction of the “Magnetofood” food additive in the amount (0,10-
0,20)% of the mass of raw materials there is the effect of the structure stabilizing of the
marshmallows samples: during the regulated storage period (90 days), the volume of
the contracted structure decreases more slowly by 7,85% in the samples per pectin and
11% in agar compared with control.

References

1. Tsykhanovskal.V., AleksandrovO.V.,GontarT.B., BarsovaZ.V., KokodiyM.G.
Investigation of magnetite nanoparticles of lipid-magnetite suspensions by
methods of photometry and electron microscopy // East European Journal of
Advanced Technologies, 2016. Vol. 6/3.Ne 81.C. 28-38. doi: 10.15587/1729-
4061.2016.69826.

2. llyukha N.G., Tsykhanovska 1.V., Barsova Z.V., Kovalenko V.A. Production
technology and quality indices of a food additive based on magnetite. East
European Journal of Advanced Technologies, 2010. Vol. 6.Ne 48.C. 32 — 35.

3. Tsykhanovska I.V., Aleksandrov O.V., Evlash V.V., Lazareva T.A., Svidlo K.V.,
Gontar T.B. Development of technology of rye-wheat bread "Kharkiv
Rodnichok™ with the addition of a multifunctional nutritional supplement
"Magnetofood” // East European Journal of Advanced Technologies,
2017.Vol.6/11. Ne 90.C. 48-58.doi: 10.15587/1729-4061.2017.117279

4. Tsykhanovska I.V., Alexandrov A. V., Evlash V.V., Lazareva T. A., Bryzytska
O. A.Substantiation of the interaction mechanism between the lipo- and
glucoproteids of rye-wheat flour and nanoparticles of the food additive
“Magnetofood”// East European Journal of Advanced Technologies, 2018.Vol.4
/11. Ne 94, C.61-68. doi: 10.15587/1729-4061.2018.140048.

5. Tsykhanovska I.V., Alexandrov A. V., Evlash V.V., Lazareva T.A.,Yevlash T.A.
Substantiation of the mechanism of interaction of carbohydrates of rye-wheat
flour and nanoparticles of the polyfunctional food additive “Magnetofood”. East
European Journal of Advanced Technologies, 2018.Vol.3 /11. Ne 93.C.59-68.
doi: 10.15587/1729-4061.2018.133373.

6. Tsykhanovska I.V., Skurikhina L. A., Evlash V.V., Pavlotska L.V. Formation of
the functional and technological properties of the beef minced meat by using the
food ad-ditive on the nanopowder basis of double oxide of two- and trivalent iron

20



Resource and Energy Saving Technologies of Production and Packing of Food Products as the
Main Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018. Kyiv, Ukraine

// "Ukrainian food yournal", 2018.Vol.7. Ne 3.C. 379-396. do0i:10.24263/RES-
2018-7-3-4.

Helena Bovskova and Kamila Mikova. Factors Influencing Egg White Foam
Quality // Vol. 29, 2011, No. 4: 322-327. Czech J. Food Sci.

FioramontiS. A.[et al.] Design and characterization of soluble biopolymer
complex esproduced by electro staticself-assembly of a whey protein isolate and
sodium alginate // Food Hydrocolloids, 2013.Vol.05. P. 1-8.

Mao L.[et al.] Evaluation of volatile characteristics in whey protein isolateepectin
mixed layer emulsions under different environmental conditions // Food
Hydrocolloids, 2014. Vol. 41.P. 79-85.

10. Maldonado-Valderrama J., Rodriguez Patino J. M. Interfacial rheology of
protein-surfactant mixtures // Advances in Colloid and Interface Science, 2010.
Vol. 15. P. 271-282.

11. Heertje I. Structure and function of food products: A review // Food structure,
2014. Vol. 01. P. 3-23.

12. Murray B. S.[et al.] Stabilization of foams and emulsions by mixtures of surface
active food-grade particles and proteins// Food Hydrocolloids, 2011. Vol. 25. P.
627-638.

21



