TexHosnoezis i 6e3neka npodykmie xapuyeaHHsa / Technology and safety of food products

UDC: 664.858

FUNCTIONAL AND TECHNOLOGICAL PROPERTIES OF THE FOOD
ADDITIVE MAGNETOFOOD IN THE PRODUCTION OF MOULDED
AGAR-BASED AND PECTIN-BASED MARMALADE JELLY SWEETS

l. Tsykhanovskal, Doctor of Technical Sciences, Professor

. . V. Yevlash?, Doctor of Technical Sciences, Professor

DOI: https://doi.org/10.15673/fst.v15i3.2119 R. Trishch®, Doctor of Technical Sciences, Professor
T. Lazarieva®, Doctor of Pedagogical Sciences, Professor

A. Alexandrov!, Candidate of Chemical Sciences,

Avrticle history Associate Professor
Received 04.11.2020 A. Nikulina', Candidate of Pedagogical Sciences,
Reviewed 18.01.2020 Associate Professor
Revised 25.04.2021 ! Department of Food Technology, Light Industry, and Design
Approved 31.08.2021 % Department of Labour Protection, Standardisation,

and Certification
Ukrainian Engineering Pedagogics Academy

Correspondence: . - >
16, Universytetska St., Kharkiv, Ukraine, 61003
Tsykhanovska I. Deparment of Chemistry, Biochemistry, Microbiology,
E-mail: cikhanovskaja@gmail.com and Hygiene of Nutrition
State Biotechnological University
Cite as Vancouver style citation 333, Klochkivska str., Kharkiv, Ukraine, 61051
Tsykhanovska I, Yevlash V, Trishch R, Lazarieva T, Abstract. Marmalade jelly products are lyophilic colloidal dispersed

Alexandrov A, Nikulina A. Functional and technological  (i. e. microheterogeneous polyphasic) systems based on high-molecular-
properties of the food additive Magnetofood in the \ejght compounds (gelatine, pectin, agar, etc.). That is why to expand
production - of “moulded agar-based and pectin-based  4n4 modernise the manufacture of these products, it is necessary to search
?Oazrﬁ?g;:f:gi;‘f\’ems' Food science and tecmog’g{ for simpler technologies, both resource- and energy-saving, to increase
https;//doi.org/lO.15673/fst.v15i3.2119 the stability of a colloidal dispersed system, and to improve the quality of
finished products. This paper suggests solving the problem of stabilising

HuryBanus 3rigno ICTY 8302:2015 the polyphase structure of fruit jelly products by using the food

) ) ) nanoadditive Magnetofood (FeO-Fe,03). Magnetofood is highly dispersed

_ Functional and technological properties of the food powder with the particle size 70 to 80 nm. It produces a compound effect,
gggétc;"ea’r‘]/' dag"itcot';‘r’]‘_’ga'sr;éhen%??n“aﬁggg °-21T°”'§fji§§ar} has a chemically active surface layer, is clusterophylic, and has complex-
Tsykhanovssz I et al // Food science indytechnology. forming, structure-forming, thickening, stabilising, and thixotropic
2021. Vol. 15, Issue 3. P. 143154 DOI: properties. This allows us to recommend Magnetofood as a polyfunctional
https://doi.org/10.15673/fst.v15i3.2119 food additive to improve the quality of fruit jelly products. The surface-
active properties of Magnetofood nanoparticles have been determined.

Such parameters as the -potential value (34-44 mV) and amphiphilicity

(®<90° both in polar and in non-polar media) provide polyphasic

colloidal dispersed systems with features of stability, which increases, on

average, by 55£5% in acidic environments and in solutions of

polysaccharides and proteins. It has been found that Magnetofood added

in the amount 0.10-0.20% of the mass of the structure-forming agent

makes aqueous solutions of the gelling agents more viscous (by 1.22—

1.27 times for agar and by 1.24-1.29 times for pectin) and increases the

rate of structure formation in gel masses (by 1.73+£0.01 times for agar and

by 1.67+0.01 times for pectin) due to the structure-forming action of the

additive. The gelling temperature rises by 5°C (for both agar and pectin),

Copyright © 2015 by author and the journal the capacity of a gel structure for thixotropy increases by 1.4-1.5 times
“Food Science and Technology”. and the mechanical strength of the gel by 1.32-1.80 times (for agar) and
This work is licensed under the Creative Commons by 1.49-1.57 times (for pectin) due to the stabilising action of
Attribution International License (CC BY). Magnetofood. This allows reducing the amount of the gelling agent (by
http://creativecommons.org/licenses/by/4.0 9.0-11.0% for agar and by 7.0-9.0% for pectin) and shortens the
maturation time of a gel system (by 20 min for pectin and by 4 min for

agar).
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technological properties, lyophilic colloidal dispersed systems,
marmalade sweets.

Introduction. Formulation of the problem high-molecular-weight compounds (gelatine, agar,

pectin, etc.). This makes it difficult for a manufacturer

Marmalade jellies are “lyophilic colloids,” that is, to maintain the stability of technological processes, and

they have the colloidal dispersed structure based on
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prevents a consumer from getting high quality
products. That is why stabilising polyphasic
microheterogeneous structures is a problem of current
importance. In particular, the issues to be
solved include improving their gelling, water-binding,
and water-holding capacities and forming their
stable  supramolecular  structures  (monolayers,
micelles, etc.) [1,2].

The above makes it necessary to study and
develop new food-improving additives, in particular,
nanoscale agents. Nanoadditives typically have stable
physicochemical parameters and are polyfunctional. It
should be noted that food-improving additives
(especially those with nanosized particles) make it
possible to process raw materials with different
properties. This processing results in finished products
that meet all the requirements for quality and
storability [3-5].

Analysis of recent research and publications

Marmalade jelly manufacture is a branch of
production most actively using food-improving
additives, gelling agents, stabilisers, etc.

Recently, researchers have been paying much
attention to finding and developing new gelatinising
and stabilising components that have the required
functional and technological properties and can modify
the content of traditional gelling agents (agar, pectin,
gelatine) [5,6]. These new components include, in
particular, byproducts of the canning and sugar-beet
processing industries, winemaking, cotton farming,
melon cultivation, etc. [7]. Application of these
ingredients improves  the mechanostructural
characteristics of gels. Marmalade jelly products are
enriched with raw materials obtained from fruit and
vegetables: chitosan [8,9], tropical fruit [10], extracts
from aromatic herbs, fruit, and berries [11]. This
improves the moisture retention capacity and the
rheological characteristics of gels and the nutritional
value of the finished products. However, these
components lack multifunctionality, which is a
disadvantage.

For a better course of gelation, various
hydrocolloids are used: sorbitol [12], carrageenan with
its sodium, potassium, and ammonium salts,
furcellaran, xanthan, tara, gums, etc. [13], combined
hydrocolloid systems: gelatine with pectin and «-
carrageenan [14], pectin with k-carrageenan [6,15],
agar with the animal protein concentrate ScanPro [16].
One of their weak points is the absence of a compound
effect. It is also worth noting that complex
hydrocolloid compositions make gells stronger than
simple hydrocolloidal gelling agents do. However,
these compositions do not provide the required
physicochemical parameters of marmalade jelly
products.

There are a number of modifying food additives:
sodium carboxymethyl cellulose (Na-CMC) and ferric
sulphates (111), which increase the gelling power of
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hydrocolloids [17], sodium lactate, sodium citrate, and
calcium cations (increase the gelling power of
polysaccharides and allow controlling their
amount) [18], mannitol and sodium alginate (make
jelly mass stronger and reduce the expenditure of the
gelling agent) [19,20].

In recent years, technologists involved in fruit jelly
production have been paying more attention to
applications of nanoscale food-improving additives.
The recipe components used to develop new-
generation  confectionery are protein additives
combined with nanoadditives of plant origin (obtained
from pumpkins, carrots, lemons, ginger) [21]. There
are nanocomposites with a bacteriostatic effect: Fe;0,-
MgO with nutmeg essential oil, and y-Fe,O3 with apple
pectin [22]. Structure-forming ingredients with high
functional and technological potential are developed
based on modifications of metal nanoparticles and their
oxides with  high-molecular-weight  compounds
(polysaccharides, plant and animal proteins).
Compounds used as polymer matrices include chitosan,
gelatine, gliadin, elastin, zein, etc. [23, 24]. These
nanoadditives can modify the functional and
technological properties of gel systems and help in
creating high-quality marmalade jellies, which opens
the door to their wide application in industry.

The effectiveness of nanoadditives in innovatory
jellies and marmalade sweets is due to their range of

functional and technological features: their high
dispersity, their structure, and physicochemical
parameters. Achievements of modern experts in

innovation marmalade jelly technologies and results
obtained by them are helpful for further research and
practical application of food nanoadditives (in
particular, oxides of metals with stable
physicochemical parameters), which can be used to
modify the functional and technological characteristics
of structure-forming agents and to improve the
consumer properties of marmalade jellies [25,26].
Magnetofood is a food additive based on ferrous
and ferric oxides: FeO-Fe,Os. It is highly dispersed
powder coloured dark brown to black, tasteless and
odourless. The size of its particles is ~75 nm. Its
structure is that of spinel: in the nodes of its lattice,
there are cations Fe?* and Fe®" that have free 3d
orbitals and are structure-forming. Its (-potential is
33-44 mV, which facilitates formation of stable gel
systems. Magnetofood has a compound effect:
sorptive, water-binding, water-holding, structurising,
stabilising, bacteriostatic, and antioxidative [26,27].
That is why it is so practical to use Magnetofood
in the technologies of food with a gelatinous structure,
including jellies and marmalade confectionery.
Therefore, studies of its effect on the quality
parameters of marmalade jellies are of current
importance.
Purpose and objectives of the research. The
purpose of the paper is to study how the food additive
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Magnetofood affects the quality of agar-based and
pectin-based moulded marmalade sweets.

To achieve the purpose, the following objectives
were set:

— to determine the surface-active properties of the
food additive Magnetofood (FAM): contact angles of
wetting, surface tension, elektrokinetic {-potential);

— to study the effect of the FAM on the rheological
properties  (effective  viscosity and thixotropic
recovery) of colloid solutions of the two gelling agents
— pectin and agar;

— to study the effect of the FAM on the
mechanostructural characteristics of the samples of
agar-based and pectin-based gel masses under study
(mechanical strength, rate of structure formation).

Research materials and methods

The food additive Magnetofood, or FAM
(Technical  Specifications of  Ukraine  10.8-
2023017824-001:2018. Food additive based on iron
oxides Magnetofood), is high-dispersed brown or black
powder. The size of its particles is 70-80 nm. The
chemical composition of the FAM includes double iron
oxide (FeO-Fe,03 or Fe;0,) obtained by chemical co-
precipitation of salts of ferrous and ferric iron from
aqueous solutions in an alkaline medium (Patent UA
No. 126507.53. Method of producing the food additive
Magnetofood); food grade agar (Gelagar CT 1.2 by the
company B&V, ltaly); apple pectin (DSTU
6088:2009); dried egg white (DSTU 8719:2017);
chloride acid (DSTU 2904-94); sodium chloride
(DSTU  3583:2015); rectified ethanol (DSTU
4221:2003); sodium dodecyl sulphate, or SDS (DSTU
2161:2010); distilled water (DSTU 7525:2014).

The following model systems were used:
water+FAM, HCI+FAM, gelling agent (pectin or
agar)+FAM, egg white + FAM, egg white + agar or
high-ester pectintFAM. They had the form of
suspensions of Magnetofood nanoparticles (MNP) in a
5% (or 3%; 0.01%) aqueous solution of HCI, HE
pectin, agar, or egg white. The suspension of the FAM
in water was obtained by dispersing a weighed portion
of the FAM in deaerated and demineralised drinking
water at 18-20°C for (5-7)x60 s followed by resting
for (10-12)x60 s [28]. The suspension of the FAM in
an HCI solution was obtained by adding a calculated
portion of the FAM to a 3% HCI solution at 30—40°C,
stirring it continuously at n=2.0-2.2 s™ for (40-50)x60
s, and then cooling the mixture down to 18-20°C and
resting for (10-12)x60 s. The suspension of the FAM
in 5% (or 3%; 0.01%) solutions of egg white was
prepared by adding a calculated portion of the FAM to
a 5% (or 3%; 0.01%) solution of egg white at 18-20°C,
stirring it continuously at n=2.0-2.2 s™ for (3-5)x60 s
followed by resting for (5-7)x60 s [28]. The
suspension of the FAM in 5% (or 3%; 0.01%)
solutions of agar or HE pectin was obtained by adding
a weighed portion of the FAM to a 5% (or 3%; 0.01%)
polysaccharide solution at 55-60°C, stirring it
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continuously at n=2.0-2.2 s for (5-7)x60 s, and then
cooling the mixture down to 18-20°C, stirring it
continuously at n=2.0-2.2 s [31]. The suspension of
the composition “egg white + agar” or “HE pectin +
FAM” was made by adding a calculated portion of the
FAM to a 5% (or 0.01%) polysaccharide solution at
55-60 °C, stirring it continuously at n=2.0-2.2 s for
(5-7)x60 s, and then cooling the mixture down to
18-20°C, stirring it continuously at n=2.0-2.2 s™ and
adding a weighed portion of egg white powder, while
stirring the mixture continuously at n=2.0-2.2 s™ for
(3-5)x60 s, followed by resting for (5—7)x60 s [29].

The electrokinetic -potential of the aqueous
suspensions of the FAM was determined by
microelectrophoresis (moving-boundary
electrophoresis) in a glass three-column container with
calibrated tubes [28]. The surface tension was
measured by the du Noiiy ring method using a Kruss
tensiometer in model 0.01% solutions in polar and non-
polar solvents [29]. The “instantaneous photography”
method was used to determine the contact angles when
wetting the FAM substrate with droplets of oil and
water material. The instrument to measure the contact
angle was a meter of the ACAM family (Russia). The
shape of the droplets was determined when they were
projected on a screen and photographed
(5-10 units) [30].

The rheological and mechanostructural properties
were studied by standard, conventional methods [31].
The effective viscosity and thixotropic properties were
determined on a rotational viscosimeter Rheotest-2.
The strength of the gel masses was studied by the
critical shear stress using Kargin and Sogolova’s
modified scales. The rate of structure formation in the
gel masses was found by the formula (1):

V. = Tmax — %o

str
Bstr (1)

where Vg, is the rate of structure formation, kPa/s;
Tmax 1S the maximum strength value, kPa;

7o Is the initial strength value, kPa;

B is the rate of structure formation, t-60 s.

Results of the research and their discussion

145

The stability of colloidal dispersed systems can be
assessed by their electrokinetic potential ({-potential). Its
value depends on the physicochemical characteristics of
the dispersed phase and the dispersed medium. For FAM
nanoparticles, high {-potential (>30 mV) means that the
colloidal dispersed system is resistant to aggregation and
stable. Fig. 1 shows Magnetofood nanoparticle layers in a
water medium.

The results of determining (-potential in the studied
samples of colloidal dispersed systems with the FAM
added are presented in Table 1.

Table 1 makes it clear that in the samples under
analysis (2-5), the electrokinetic potential is quite high
(41.6-44.2 mV) and increases by 1.2-1.3 times as
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compared with Sample 1 (33.8 mV). This proves the
stabilising capacity of Magnetofood nanoparticles, in
particular, of colloidal dispersed systems — “lyophilic
colloids”  (microheterogeneous systems based on
polysaccharides, proteins, etc.). The effectiveness of
stabilising dispersed systems with FAM nanoparticles is
due to the formation of an electrical double layer (EDL)
on its surface (Fig. 2) [28].

In the colloidal dispersed system
FeO|Fe,04|(C13H14013)s| H2O (Sample 4), a monolayer
around Magnetofood nanoparticles is formed from anions
of D-Galacturonic acid. Then, H,O molecules help in the
formation of a hydration shell, which reduces the surface
tension on the phase interface and increases the aggregate
stability of the colloidal dispersed system. Besides, the
like charge of acyl anions contributes to the action of
electrostatic repulsive force among them, promotes their
disaggregation, increases the electrokinetic potential and
the stability of a microheterogeneous dispersed system
[28].

It should be noted that formation of gel-like colloidal
dispersed food systems (jellies, marmalade sweets, etc.) is
accompanied by the action of mechanisms responsible for
arranging the solvent on the interface with another phase
(in particular, a solid one). In this process, the surface
activity of FAM nanoparticles is important.

Table 2 presents the results of studying the surface
activity of the FAM in the colloidal solution samples
under analysis.

The data in Table 2 show that the FAM is by 19—
25% less surface-active than egg white is with its
tendency for hydrogen, ionic, and hydrophobic
interactions. The hydrophobic properties of the FAM are
less pronounced than the hydrophilic ones.

In the lyophilic colloidal dispersed systems
“polysaccharide + FAM” and “egg white + FAM,” both
in the aqueous and in the saline solutions, the surface
tension decreases (compared with the pure solvent) by
3.0-4.5%, whereas in the 70% ethanol solution, it is lower
by 3.0-4.5%, and in the 1% SDS solution, by (2.9+1)%.
This indicates interaction between FAM nanoparticles
and polysaccharide or egg white due to noncovalent
bonds. The hydrophobic interactions are less significant
than the hydrophilic ones due to hydrogen and ionic
bonds. In the colloidal dispersed systems “egg white +
polysaccharide + FAM,” both in water and in the saline
solutions, the surface tension is by (1.0+0.1)% higher than
it is in the colloidal system “egg white + FAM.” In the
70% ethanol solution, it increases
by 34%, and in the 1% SDS solution,
by 4.7-8.2% [23,28].

{m [FeO-Fe,0;], FeO" (n-x) OH }*xOH "

\ _
- v -
colloidal particle aggregate
— _
—~—
\__ core of a colloidal particle

diffuse portion of
the electrical double
layer

_/

V

granule (a colloidal particle)

Fig. 1. Magnetofood nanoparticle layers in a water medium

Table 1 — Electrokinetic potentials of the analysed samples of colloidal dispersed systems containing FAM nanopatrticles
(FeO'Fe203) (n =5, pP<L 005)

Analysed samples of colloidal dispersed systems containing FAM nanoparticles | {-potential, mV
Aqueous suspension: FeO|Fe,03|H,0 — Sample 1 33.8+1.2
Suspension in a 3 % solution of HCI: FeO |[Fe,04|Cl| H,O — Sample 2 41.6£1.8
Suspension in a 3% solution of agar: FeO|Fe,05|(C1,H150,),/H,O — Sample 3 42.7+1.8
Suspension in a 3% solution of pectin: FeO|Fe,03|(C13H14013)n| H,O — Sample 4 43.2+1.9
Suspension in a 3% solution of egg white: FeO|Fe,O5| egg white | H,O —Sample 5 44.2+1.9

" t
surface of a FAM ? ::
nanoparticle A

1+

— I +

anions of

D-Galacturonic acid

st

Bo0Y

\\

water molecules

counterion H"

Fig. 2. Structure of the EDL on the surface of a pectin-containing FAM nanoparticle (3% solution)
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Table 2 — Surface tension in the colloidal solutions of the tested samples
of the surface-active substances (n=5, p<0.05)

Surface tension, mN/m

Surface-active substances Solvent

H,O 0.05 N NaCl | 70% ethanol | 1% SDS
Solvent 72.8+4.1 74.0 £4.1 289 +1.4 39.0 £2.1
FAM 65.0+3.4 63.0+3.4 28.5£1.3 38.2+2.1
HE pectin 72.7+3.4 73.8+£3.4 28.8+1.4 38.9£2.1
Agar 71.7+£3.4 732434 289+1.4 38.5+2.1
FAM + HE pectin 69.8+3 .4 69.9+3.4 28.8 1.4 38.1 £2.1
FAM + agar 67.5+3.4 67.8+3.4 28.7 £1.3 38.0+2.1
Egg white (EW) 51027 | 48.0+2.4 28.6+1.3 | 35.0+2.0
EW + FAM 53.0+3.1 50.5 +£3.1 28.5+£1.3 34.0£2.0
EW + FAM + HE pectin 58.0£3.1 60.0 £3.2 29.7£1.4 36.8 £2.0
EW + FAM + agar 53.543.1 51.0+2.7 295+1.4 35.6+2.0

Thus, the FAM has chemical surface activity,
which manifests itself in electrostatic and co-ordinate
interactions with different substances (proteins,
polysaccharides). That is why adding the FAM to
polyphasic food systems slows down the breaking of
electrostatic interactions, thus helping the formation of
new bonds. This allows colloidal dispersed systems
(gels, foams, etc.) to stabilise [23,29].

To check the hypothesis that the FAM has diphilic
properties, we determined the contact angles (@) of
wetting the surface of the compacted FAM with a
droplet of water (Fig. 3a) and of sunflower oil
(Fig. 3b), using the sessile drop technique (the
“instantaneous photography” method) [30].

From Fig. 3, it can be seen that in the water-wetted
FAM sample, the contact angle (®) is smaller by
(15+1)°, i. e. the FAM manifests its affinity for water
to a larger extent. In both cases, though, ®<90°, which
proves that the FAM has an affinity both for water and
for oil. This means that the FAM is an amphiphile,
hence its ability to form wvarious supramolecular
structures: monolayers, micelles, liposomes. In other
words, it is the ability to form lyophilic colloidal
dispersed systems, i. e. the foaming and gelling (in
particular, structure-forming) power [23,26].

Fig. 4 shows how the effective viscosity (1) of the
colloidal dispersed systems “gelling agent + FAM”
depends on the mass fraction of the FAM.

Fig. 4 makes it clear that in all the samples tested,
adding the FAM causes an increase in the viscosity
throughout the whole range of shear stress: y=(1.5—
40) s™. For agar, it increases by 1.22—1.27 times, and
for pectin, by 1.24-1.29 times (compared with the
reference sample). The increase is due to the presence
of structure-forming cations Fe?* and Fe** on the
surface of FAM nanoparticles and to electrostatic co-
ordination of these particles with polysaccharide
macromolecules. This results in the formation of a
three-dimensional network made up by molecules of
hydrocolloids structured by FAM nanoparticles [26].
The most practical proportion of the FAM is 0.15%: its
further increase produces almost no changes in the
viscosity of colloidal solutions of gelling agents.

For the tested samples of colloidal dispersed
systems of gelling agents, the coefficient of thixotropic
recovery of their primary structure has been found
(Fig. 5). Analysis shows that the thixotropy coefficient
K(mix) increases, on average, by 1.4-1.5 times when the
FAM is added to a system (compared with the
reference sample).

®( outist )=()"°

Fig. 3. Results of determining the contact angles (®) of wetting the FAM surface
with a — a droplet of water; b — a droplet of sunflower oil
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Fig. 5. Dependence of thixotropic recovery of gel systems on the FAM concentration:
a — in the agar-based samples; b — in the pectin-based samples

Thus, “lyophilic colloids” (gelling agent + FAM)
have thixotropic properties. In particular, adding the FAM
to aqueous solutions of gelling agents (including agar and
pectin) slows down the breaking processes by 1.15-1.22
times and by 8.8-9.2% accelerates the gel structure
recovery after the mechanical action has stopped. Thus,
the structure’s capacity for thixotropy increases by 1.4—
1.5 times. This is due to the surface-active properties of
the FAM and to its ability to form a disperced system of a
certain consistence and to stabilise it, thus preventing its
breaking [23, 27]. So, the study of the rheological
properties of lyophilic colloidal dispersed systems
“gelling agent + FAM” with different agents used (in
particular, agar and pectin) confirms the hypothesis that
these properties of gel systems can be adjusted when
influenced by Magnetofood nanoparticles.

Changes in the hydrocolloidal composition tell on the
viscosity of gel systems, and this has an essential effect on
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the quality parameters of marmalade jellies. In a hot gel
system, gelling agent molecules form different structures
due to Brownian motion. When the system is cooled
down to the gelling temperature, hydrogen bonds appear
among macromolecules of the gelling agent, and three-
dimensional structures are formed. The further
aggregation of these structures is accompanied by gel
formation. In our case, the contribution to the gelling
process is made by amphiphilic nanoparticles of
Magnetofood, whose electrokinetic potential is quite high
[28, 29]. The temperature the gelling process starts at after
the system is cooled down depends on the gelling agent
type and on the nanoeffects of Magnetofood. Fig. 6
illustrates how the temperature affects the viscosity of the
test samples of the gel systems “gelling agent + FAM”
with different gelling agents used.
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Fig. 6. Dependence of the viscosity of gelling systems “gelling agent + FAM” on the temperature:
a— in the agar-based samples; b — in the pectin-based samples

As can be seen from Fig. 6, at high temperatures
(65°C and higher for agar-based gel systems, and 85—
100°C for pectin-based gel systems), the viscosity of
gel systems depends on the type of a gelling agent but
insignificantly. This can be explained by weakening of
the intermolecular forces acting among the recipe
components (which is caused by their more intense
thermal vibrations). The value of the viscosity and the
rate of its change with the decrease of the temperature
depend on the composition of the dispersed medium.
With the FAM added, the increase in the viscosity of a
gel system as the temperature drops becomes more
pronounced. Besides, the temperature has a bigger
effect on the rheological properties of the samples of
gel systems under study: the viscosity of the reference
samples in the considered temperature range changes
by 5.1 times in the samples with agar and by 4.4 times
in the ones with pectin. In the test samples containing
0.1%, 0.15%, and 0.2% of the FAM, the viscosity
changes, respectively, by 6.2, 7.0, and 6.6 times (for
agar) and by 3.6, 4.1, and 4.0 times (for pectin). The
smaller change in the viscosity of the pectin-based gel
systems is due to the insufficient number of active
areas on the surface of a pectin molecule. These areas
are needed to form new intermolecular bonds
responsible for higher viscosity of the system “pectin +
FAM” when the temperature decreases. Adding the
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FAM to the system slows down this process due to the
formation of new supramolecular nanoassociates with
pectin (or agar) macromolecules. Also, introduction of
the FAM increases the gelling temperature: 45°C in the
samples with agar (40°C in the reference) and 75°C in
those with pectin (70°C in the reference). At these
temperatures, an increase in the viscosity is observed,
which means that the temperature is close to the value
needed for structure formation [26].

The gelling process determines the structure and
the mechanical strength of marmalade jellies and,
consequently, the quality of the finished marmalade
sweets. To assess the maturation time of the test
samples of gel systems “gelling agent + FAM,” the
critical shear stress (t, kPa) was determined in the
course of maturation (t-60 s™) (Fig. 7). The maturation
time was defined as the period in which gel with
constant critical shear stress (constant resilience) is
formed.

Fig. 7 makes it evident that the gelling time is
different in gel systems made with the use of different
gelling agents. For the systems “agar + FAM,” it is 60—
80 min (60 min for the sample containing 0.15% of the
FAM, 80 min for the reference sample), and for the
systems “pectin + FAM,” it is 12-16 min (12 min for
the sample containing 0.15% of the FAM, 16 min for
the reference sample).
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Fig. 7. Dependence of the critical shear stress of gel systems “gelling agent + FAM”
on the duration of maturation: a — on agar; b — on pectin
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Thus, the food additive Magnetofood reduces the
maturation time of the systems “gelling agent + FAM”:
by 20 min in the agar-based samples, and by 4 min in
the pectin-based ones. This positive effect can be
explained by the chemically active surface of
Magnetofood, by its clusterophilic nature, and by the
ability of FAM nanoparticles to form three-
dimensional nanoassociates with hydrocolloids (agar,

pectin, etc). Besides, adding the FAM strengthens gel:
by 1.32-1.80 times for the agar-based samples, and by
1.49-1.57 times for the pectin-based ones, as compared
with the reference.

Table 3 shows the rate of structure formation in
the test samples of gel masses. It was found by the
formula (1).

Table 3 — Rate of structure formation in the test samples of gel masses (n =5, p <0.05)

Samples analysed/Parameters | T, kPa | T, kPa [ Ty 760s | Ve, kPa/min
Agar-based samples of gel masses
Sample 1 — reference 3.4+0.2 | 10.1+0.5 60.0+3 0.11£0.01
Sample 2 with 0.15% of FAM 4.4+0.2 | 11.9£0.6 60.0+£3 0.19+0.01
Pectin-based samples of gel masses
Sample 3 — reference 1.8+0.1 | 5.6+0.3 12.040.6 0.28+0.01
Sample 4 with 0.15% of FAM 2.8+£0.1 | 7.2+0.4 12.040.6 0.47+0.02

From Table 3, one can see that adding the FAM
increases the rate of structure formation of gel masses,
as compared with the reference samples: by
(1.73+0.01) times for agar, and by (1.67+0.01) times
for pectin. This is due to the ability of FAM
nanoparticles to interact with  polysaccharide
molecules. This interaction leads to formation of a
regular three-dimensional framework that strengthens
gel structures. This results in a good texture of jelly
products, their high consumer qualities, and their
longer freshness retention (in particular, they give out
far less moisture when stored).

High-ester pectin is known to be characterised by
so called sugar-acid gelation, for which, in the
presence of a dehydrant (sucrose), the acid provides the
required pH of the medium by inhibiting dissociation
of carboxyl groups. This prevents the repulsion of
pectin chains and allows molecules to come close
together, which is followed by their further
arrangement in a three-dimensional structure. The
required amount of acid depends on its nature and on
the recipe formulation of a gel system. Fig. 8 shows
how the mechanical strength (i. e. the gelling power) of
the pectin-based gel mass samples under study (the
reference and the one with 0.15% of the FAM)
depends on the concentration of hydrogen ions (pH of
the medium).

It is clear from Fig. 8 that the gel strength is the
greatest in a dispersed medium with the following
active acidity: pH=2.7-2.8 (reference), pH=2.8-2.9
(jelly mass with 0.15% of the FAM). The lower pH in
the FAM-containing jelly is due to the amphoteric
action of cations Fe”* and Fe®* of the FAM. The three-
dimensional framework of gel formed under these
conditions is the strongest due to the appearance of
hydrogen bonds. The FAM introduced into a gel
system strengthens it by 1.13-1.4 times, compared
with the reference. The reason for this is the formation
of additional electrostatic interactions between pectin
molecules and nanoparticles of Magnetofood. With an
increase in acid to pH=2.6, the mechanostructural
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properties of the gel system samples change for the
worse. This can be explained by too early gelation of
the system, which is accompanied by the irreversible
destruction of gel that has been partly formed, and by a
weak, inhomogeneous gelling process. At higher
acidity values (pH=3.0-3.4), a gel system loses its
strength and becomes “long,” “tractile” in its structure.
Adding Magnetofood slows down these processes due
to the stabilising and structurising action of its
nanoparticles [23,26].
8
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Fig. 8. Dependence of the critical shear stress of pectin-
based gel masses (reference and the sample with 0.15% of
the FAM) on the concentration of hydrogen ions (pH of
the medium)

Thus, the research of the mechanostructural
characteristics of lyophilic colloidal dispersed systems
with different structure-forming agents (agar and
pectin) confirms the hypothesis that FAM
nanoparticles can stabilise the polyphasic structure of
“lyophilic colloids.” The most practical proportion of
the FAM is 0.15% of the weight of a structure-forming
agent. Adding this dose of Magnetofood to colloidal
dispersed systems allows reducing the amount of the
structure-forming agent: that of agar by 9.0-11.0%,
and that of pectin by 7.0-9.0%. Besides, this
strengthens the gel: by 1.32-1.80 times for agar, and
by 1.49-1.57 times for pectin, in comparison with the
reference.
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When the food additive Magnetofood based on
double ferrous and ferric oxide is introduced into a
colloidal dispersed system, it accelerates and reinforces
structure-forming processes in “lyophilic colloids.”
The experiments have confirmed the thickening,
thixotropic, and stabilising properties of the additive
and its structure-forming capacity. These properties are
important for gel systems.

Approbation of results

The findings of the research were the topics of
laboratory classes for students of Speciality 181 “Food
technologies,” the field of expertise “Technologies of
foods of plant origin,” at the Educational and Research
Institute of Food Technologies and Business (Kharkiv
State University of Food Technology and Trade).

Conclusion

The surface-active properties of Magnetofood
nanoparticles have been determined. It has been proved
that quite a significant {-potential value (34-44 mV)
and the wetting contact angle ®<90° in both polar and
non-polar media (i. e. the amphiphilic properties of
Magnetofood) provide polyphasic colloidal dispersed
systems with features of stability, according to their
kinetic properties and to the sedimentation ones as
well. The stability of these systems increases, on
average, by 55+5% in acidic environments and in
solutions of polysaccharides and proteins. This is due
to the interaction between Magnetofood nanoparticles
with the above components (the hydrophobic
interactions being less significant than the hydrophilic

ones) and due to their three-dimensional structure
formation.

The findings on the effect of Magnetofood on gel
formation (compared with the reference) have shown
that, when introduced in the amount 0.10-0.20% of the
mass of the gelling agent, this food additive:

— increases the viscosity of aqueous solutions of
gelling agents throughout all the range of shear stress
(y=(1.5-40s™) by 1.22-1.27 times for agar and by
1.24-1.29 times for pectin;

— slows down the destruction processes by
1.15-1.22 times, and accelerates (by 8.8-9.2%) the gel
structure recovery after the mechanical action has
stopped, thus increasing the structure’s capacity for
thixotropy by 1.4-1.5 times;

— increases the rate of structuring of gel masses by
1.734£0.01times for agar and by 1.67+0.01 times for
pectin; raises the gelling temperature by 5°C (for both
agar and pectin); increases the mechanical strength of
the gelled mass by 1.32-1.80 times for agar and by
1.49-1.57 times for pectin, which allows reducing the
amount of the gelling agent by 9.0-11.0% for agar and
by 7.0-9.0% for pectin, and shortens the maturation
time of the gel system by 20 min for pectin and by 4
min for agar;

— reduces the active acidity of pectin-based jelly
mass by 0.1-0.2 pH units, and contributes to stabilising
the mechanostructural properties of a gel system
throughout all the range pH=2.6-3.4.

The results obtained allow recommending the food
additive Magnetofood as a stabiliser, structure-former,
and improver of polyphasic colloidal dispersed
gel-structured food systems.
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AnoTtanisi. KeneiiHo-MapMenazHi BUpoOOH € JO(QIIBHAMH KOJIOITHO-AUCIIEPCHUMH TOOTO MIKPOTETEPOreHHIMHU
nouipasHUMU CHCTEMaMH Ha OCHOBI BUCOKOMOJICKYJISIPHUX CIIONYK (JKEJIaTHHY, MEKTHHY, arapy Toio). ToMy po3mmpeHHs i
YIOCKOHAJEHHS  BUPOOHHUILTBA  KeJleifHO-MapMenaaHol MPOAYKIUil BHMarae IOMIYKYy CIPOIIEHOI pecypco- Ta
eHepro3depirarouoi TEXHOJOTIT, MiABUINEHHS CTaOITBHOCTI KOJOITHO-IUCIIEPCHOT CHCTEMU Ta MOJIMIIEHHS SKOCTI TOTOBOL
npoxaykuii. IIpoGnemu crabimizamii momidazHOi CTPYKTypH KeneifHo-MapMenagHuX BHPOOIB y poOOTI 3ampoOrOHOBaHO
BHPIIIYBaTH IUIIXOM BUKOPHCTAHHS XapyoBoi HaHon06aBku Maznemogyo (FeO-Fe,03). Macnemogyd — BUCOKOIUCTIEPCHHI
MOPOIIOK 3 po3Mipom YacTHHOK (70—80) HM Ta 3 KOMIUIEKCHOIO I€I0 Ma€ XIMIYHO aKTUBHHU TPUIIOBEPXHEBUH MIap;
KIIacTepO(iIbHICTh; KOMILICKCOYTBOPIOBANIBHI, 3aryllyBajbHi, CTPYKTYPOYTBOPIOBaJbHI, CTaOLIi3yBalbHi, THKCOTPOIHI
BiacTuBOCTI. Lle mo3Boisie pexomeHnyBatn Macnemo@yod K MOTIPYHKIIOHATIBHY XapuoBy NO0ABKY JUTA MiIBUIIEHHS SKOCTI
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XKeJeifHo-MapMenagHuX BUpoOiB. Br3HaueHO MOBepXHEBO-aKTHBHI BIACTUBOCTI HAHOYACTHHOK Macnemoghyo: BenmuuuHa &-
noreriiany 34-44 mB, amdidinbricts (0<90° sk B MOJSPHHX, TAaK i B HEMOJAPHUX CEPENOBHINAX) — YMHATH Ha MoidasHi
KOJIOTAHO-AMCIEPCHI CHCTEMH O3HAKU CTIHKOCTI Ta CTaOUIBHOCTI, SIKi MiABUILYETHCS B KUCIMX CEPENOBUINAX, y PO3UMHAX
noJricaxapuaiB, OUIKIB B cepetHboMy Ha 55+5%. BeraHoBneHo, o nopaBaHHs Maznemogyo y macosiit wacrtui 0,10-0,20% no
MacH CTPYKTYpOyTBOpIOBa4a 301IbIIy€e B’S3KICTh BOJHMX PO3YHMHIB resieyTBOproBayiB B 1,22—1,27 pa3u s arapy 1a B 1,24—
1,29 pa3iB sl NEKTHHY Ta IIBHJIKICTh CTPYKTypyBaHHS reneBux Mac B 1,73+0,01 pasu s arapy i B 1,67+0,01 pasu s
MIEKTUHY 33 PaXyHOK CTPYKTYpOyTBOpIOBaibHOI Hii Macnemoghyo. IlinBuimryerscs TemmnepaTypa reieyrBopeHHs Ha 5°C (mis
arapy ¥ IeKTHHY); 3[aTHICTb TeJIeBOI CTPYKTYpH A0 THKcoTpormii B 1,4—1,5 pa3u Ta MexaHi4Ha MIIHICTH I'eJIeBOTO CTYAHIO B
1,32-1,80 pasu mus arapy i B 1,49-1,57 pasu 11 meKTHHY 3a paxyHOK cTaOinmi3yBanbHOI il Maenemoghyo, mo 103BOIISIE
CKOPOTUTH KUTBKICTH reneytBoproBaya Ha 9,0—11,0% s arapy i Ha 7,0-9,0% Ans meKTHHY Ta 4ac BHCTOIOBAHHS T'EJICBOL
cuctemu Ha 20 XB 171 IEKTUHY i Ha 4 XB JUIA arapy.

KurouoBi cioBa: xapuyoBa mobaBka Maenemogyo, (yKIiOHaNbHO-TEXHOJIOTIYHI BIACTUBOCTI, JHOQUIBHI KOJOIAHO-

JVCIIEPCHI CUCTEMH, MapMelas.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cnucoxk Jireparypu:
Wolf B. Confectionery and sugar-based foods. In Book: Reference Module in Food Science. Amsterdam: Elsevier; 2016. P.1-4. DOI:
https://doi.org/10.1016/B978-0-08-100596-5.03452-1
Imeson A. Food Stabilisers, Thickeners and Gelling Agents. USA: John Wiley & Sons; 2011. 368 p. DOL:
https://doi.org/10.1002/9781444314724
Influence of ionic strength on gel-like Pickering emulsions stabilized by self-assembled colloidal nanoparticles containing lysozyme /
Zhang C. et al // Colloid and Polymer Science. 2020. VVol.298, Issue 9. P.1249-1262. DOI: https://doi.org/10.1007/s00396-020-04700-w
Nanoparticle — hydrogel composites: concept, design, and applications of these promising, multi-functional materials / Thoniyot P. et al //
Advanced Science. 2015. Vol.2. P.1-13. DOI: https://doi.org/10.1002/advs.201400010
Mudgil D., Barak S., Khatkar B.S. Food Additives in Confectionery Industry: An Overview // Indian Food Packer. 2011. Vol.65, Issue 3.
P.80-83.
Gawkowska D., Cybulska J., Zdunek A. Structure-related gelling of pectins and linking with other natural compounds: a review //
Polymers (Basel). 2018. Vol.10, Issue 7. P.762-778. DOI: https://doi.org/10.3390/polym10070762
Zabala V.B., Goles C.E. Watermelon rind-ponkan marmalade: a physico-chemical analysis // Journal of Physics: Conference Series. 2021.
Vol. 1835, Issue 1. P. 012114. DOI: https://doi.org/10.1088/1742-6596/1835/1/012114
Martdau G.A., Mihai M., Vodnar D.C. The use of chitosan, alginate, and pectin in the biomedical and food sector — biocompatibility,
bioadhesiveness, and biodegradability // Polymers. 2021. Vol.11, Issue 11. P.1837-1865. DOI: https://doi.org/10.3390/polym11111837
Shaaban H.A., El-Said Ali N.M., Nagib A.I. Dates utilization to process some new dietary products (marshmallow and marmalade) and
their  acceptability evaluation // Asian Journal of Biotechnology. 2020. Vol.12, Issue 1. P.47-55. DOL:
https://doi.org/10.3923/ajbkr.2020.47.55
Emelike N.J.T., Akusu O.M. Quality attributes of jams and marmalades produced from some selected tropical fruits // Journal of Food
Processing & Technology. 2019. Vol.10, Issue 5. P.790-798. DOI: https://doi.org/10.4172/2157-7110.1000790.
Use of orange by-products (dry peel) as an alternative gelling agent for marmalade production: evaluation of antioxidant activity and
inhibition of HMF formation during different storage temperature / Sicari V. et al // Journal of Food Processing and Preservation. 2018.
Vol.42, Issue 2. P.13429-13438. DOI: https://doi.org/10.1111/jfpp.13429
Effect of interaction between sorbitol and gelatin on gelatin properties and its mechanism under different citric acid concentrations / Dai
H. et al // Food Hydrocolloids. 2020. VVol.101. P.105557-105564. DOI: https://doi.org/10.1016/j.foodhyd.2019.105557
Evaluating gelling-agent mixtures as potential substitutes for bacteriological agar: an approach by mixture design / Sanchez-Cardozo J. et
al // Dyna-Colombia. 2019. Vol.86, Issue 208. P.171-176. DOI: https://doi.org/10.15446/dyna.v86n208.72964
Pectin and pectin-based composite materials: beyond food texture / Lara-Espinoza C. et al // Molecules. 2019. Vol.23, Issue 4. P.942.
DOI: https://doi.org/10.3390/molecules23040942
Banerjee S., Bhattacharya S. Food gels: gelling process and new applications // Food Science and Nutrition. 2012. Vol.52, Issue 4. P.334-
346. DOI: https://doi.org/10.1080/10408398.2010.500234.
Protein—polysaccharide composite materials: fabrication and applications / Bealer E.J. et al // Polymers. 2020. VVol.12, Issue 2. P.464. DOI:
https://doi.org/10.3390/polym12020464
lonic effects on the mechanical and swelling properties of a poly(acrylic acid/acrylamide) double crosslinking hydrogel / Zhang H. et al //
New Journal of Chemistry. 2018. Vol.42, Issue 11. P.9151-9158. DOI: https://doi.org/10.1039/C8NJ00920A
Phillips G.O., Williams P.A. Handbook of Hydrocolloids. Trans. from English / Edit by Kochetkova A.A., Sarafanova L.A. St.
Petersburg: GIORD; 2006. 536 p.
Cassanelli M., Norton 1., Mills T. Interaction of mannitol and sucrose with gellan gum in freeze-dried gel systems // Food Biophysics.
2018. Vol.13. P.304-315. DOI: https://doi.org/10.1007/s11483-018-9536-5
Martdu G.A., Mihai M., Vodnar D.C. The use of chitosan, alginate, and pectin in the biomedical and food Sector — biocompatibility,
bioadhesiveness, and  biodegradability: ~ review //  Polymers. 2019. Vol.11, Issue 11. P.1837-1865. DOL:
https://doi.org/10.3390/polym11111837
Development of a new method of production of protein vegetable plant nano additives using parothermomechanodestruction processes /
Pogarskaya V. et al // EUREKA: Life Sciences. 2020. Vol.6. P.66-72. DOI: https://doi.org/10.21303/2504-5695.2020.001543
Green synthesis of supermagnetic Fe;0,~MgO nanoparticles via Nutmeg essential oil toward superior anti-bacterial and anti-fungal
performance / Mousavia S.M. et al // Journal of Drug Delivery Science and Technology. 2019. Vol.54. P.101352-101363. DOI:
https://doi.org/10.1016/j.jddst.2019.101352
Protein based nanostructures for drug delivery: review article / Verma D. et al // Journal of Pharmaceutics. 2018. VV0l.2018. 18 p. DOI:
https://doi.org/10.1155/2018/9285854
Zein bio-nanoparticles: A novel green nanopolymer as a dispersive solid-phase extraction adsorbent for separating and determining trace
amounts of azorubine in different foodstuffs / Zargar B. et al // RSC Advances. 2016. Vol.6, Issue 77. P.73096-73105. DOI:
https://doi.org/10.1039/ c6ra09027C
Thiruvengadam M., Rajakumar G., Chung M. Nanotechnology: current uses and future applications in the food industry // 3 Biotech.
2018. Vol .8, Issue 1. P.74-83. DOI: https://doi.org/10.1007/s13205-018-1104-7
Influence of the «Magnetofood» food supplement on the structural and mechanical properties of molded fruit jelly with various structure-
forming agents / Tsykhanovska L.V. et al // Visnyk Natsionalnoho tekhnichnoho universytetu "Kharkivskyi politekhnichnyi instytut"

Xapuosa Hayka i Texnonorist / Food science and technology 153 Volume 15 Issue 3/ 2021


https://doi.org/10.1007/s11483-018-9536-5

TexHonozis i 6e3nexka npodykmie xapyyeaHHs / Technology and safety of food products

217.

28.

29.

30.

31.

(NTU "KhPI"). Seriia "Novi Rishennia v Suchasnykh Tekhnolohiiakh". Ukraina, Kharkiv. 2019. Vol.5, Issue 1330. P.175-186. DOI:
https://doi.org/10.20998/2413-4295.2019.05.23

Application of the food additive Magnetofood in the technology of moulded marmelade jelly sweets / Tsykhanovska I. et al // Food
Science and Technology. 2021. Vol.15, Issue 1. P.136-146. DOI: https://doi.org/10.15673/fst.v15i1.1971

HccnenoBanue 3IEKTPOIOBEPXHOCTHBIX CBOWCTB MAarHETHUTOBBIX JHCIIEPCHBIX CHCTeM Ha BoAgHoW ocHoBe / JleButun E.S. u mp. //
Boctouno-EBpomnetickuii sxypHan nepeoBbsix TexHonoruit. 2007. T. 34, Ne 27. C. 16-18.

JlocTiKeHHS CTPYKTYPHO-MEXaHIYHUX [TOKa3HHUKIB Ta MHOYTBOPEHHS 3e()ipHUX Mac 3 Pi3HUMH CTPYKTYPOYTBOPIOBAYaMH MPH BBEACHHI
B peLenTypy xap4oBoi go6asku «Maruetodyn» / Luxanosceka LB. Ta in. // Ilpaui TJAY. Texuiuui Hayku. Memitonons: THAY. 2019.

T. 2, Bum. 19. C. 168-189. DOI: https://doi.org/10.31388/2078-0877-19-2-168-191

Distribution of the sizes of microcap-sules in two-phase emulsions for treatment of textile materials / Riabchykov M. et al // Vlakna a
textil. Fibres and Textiles. Slovakia, Bratislava: Slovak Society of Industrial Chemistry. 2019. Vol.26, Issue 4. P.47-52.

TTusosapos ILII., IToroxux M.IL., TloneBnu B.B. Meroan4nuii nociOHUK 3 PEOJOTIYHUX METOJIB JOCII/DKCHHS CUPOBUHH Ta Xap4OBHX
MPOJYKTIB, aBTOMATH3ALlisl PO3PAaXyHKIB peosioridHux xapakrepuctuk. Xapkis: XJAYXT; 2006. 150 c.

Xapuosa Hayka i Texronorist / Food science and technology 154 Volume 15 Issue 3/ 2021



