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ABSTRACT Lack of domestic raw materials, a significant portion of imported high-cost ingredients and increasing competitiveness
make manufacturers look for new technological solutions in order to improve the consumer properties of marmalade products. A
promising trend in the field of jelly and marmalade products is the creation of products with high quality and long shelf life. For this
purpose various food additives, i.e. improvers, are used in jelly marmalade technology. As an improver of shaped jelly marmalade,
we have developed and proposed ‘“Magnetofood” food additive, which is nanopowder with a particle size of (70-80) nm.
“Magnetofood” is a food additive with high functional and technological potential. “Magnetofood” additive can independently
generate structural and mechanical properties of jelly masses, and also it can influence the gelling agent by entering into chemical
and electrostatic interactions with it. Therefore the “Magnetofood” food additive can simultaneously affect several technological
properties in the food jelly system: to be a stabilizer, a thickener and a gelling agent. Due to Fe (Il), nanosize, developed active
surface, bacteriostatic character, high thermal stability, “Magnetofood” has reducing, antioxidant, antimicrobial, sorbing,
complexable, emulsifying, moisture-retaining, fat-retaining, water-binding, stabilizing, and structuring properties. It makes possible
to recommend “Magnetofood” as an additive of complex action to improve the quality and extend the shelf life of shaped jelly
marmalade. The influence of “Magnetofood” food additive on organoleptic, physical and chemical, microbiological parameters of
test samples of agar- and pectin-based shaped jelly marmalade has been studied.
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PO3POBKA TEXHOJIOT'II ®OPMOBOI'O KEJJEUHOT'O MAPMEJIATY
3 BHECEHHAM XAPYOBOI IOBABKU “MATHETO®Y 1”

I B. IUXAHOBCBHKA"

Kagheopa Xapuosux ma ximiynux mexnonoeiti, Ykpaincora ingicenepno-neoazociuna axaoemis, m. Xapxis, YKPAIHA

AHOTALIA Jlepiyum eimuusHanol cupoguHu, 3HAYHA YACMKA IMHOPMHUX IH2PeOiEHmI6 3 6UCOKOK 6apmiCmI0, 3POCMAanyd
KOHKYPEHMOCNPOMOICHICIb  3MYULYIOMb  BUPOOHUKIE  WIYKAMU HOBI MEXHON02IUHI  pillenHs OnA  NIOBUWEHHS  CHONCUBUUX
enacmusocmeil mapmenaonoi npodykyii. IlepchekmugHum HANPAMKOM 6 2any3i diceneliHo-MapmMenraoHux 6upobié € CMmEOpeHHs
NnpoOyKYii, AKA MAE 8UCOKI NOKASHUKU AKOCMI | Mpueanuii mepmin 36epicanta. 3 yicio memoro y mexnono2ii sceneinozo mapmenaoy
BUKOPUCTOBYIOMbCA PI3HI Xapuo6i 000aséKku - noainuysaui.B axocmi noainuysaua @opmosoeo dceneiinozo mapmenady Hamu
PO3pO6NIeHO ma 3anponoHO8AHO Xapyosy 0o0basky  ‘“Maenemogyo” — Hanonopowiox 3 posmipom uacmunox (70-80) um.
“Maenemoghyo ’— xapuosa dobaska 3 UCOKUM QYHKYIOHATbHO-MEXHOI02ITYHUM nomeHyianom. [obaska “Maenemoghyo” mooice ax
camocmitino opmysamu CMpYKmMypHO-MeXAHIYHI 8IACMUBOCTE JCENeUHUX MAC, MAK i GNAUBAMU HA 2eNeymBOpI06aY, BCMYNalodu 3
HUM 6 XIMIuHI | erexmpocmamuyni 63aemooii. Tomy, xapuosa Oobasxa “Macnemogyo” mooce enausamu 00pazy Ha OeKilbKa
MEXHONOSIUHUX GLACMUBOCEN V XAPUOSIH JHCelelHitl cucmemi: Oymu cmabilizamopom, 3a2yCHUKOM, opazieymeopiosauem. 3a
paxynok Fe (Il), nanoposmipie, po3eunenoi axmueHoi noeepxui, OaxkmepiocmamuyHocmi, 6UCOKOI mepmocmaditbHoCcmi
“Maznemoghyo” mac  8iOHO8MI,  AHMUOKCUOAHMHI,  AHMUMIKPOOHI, — COpOYIliMi, — KOMNIEKCOYMEOPIOIoUl,  eMybeyIoyi,
801020y MPUMYIOUT, HCUPOYMPUMYIOUT, 80102038 A3VIOUI, CIAOINI3YIoui, cmpykmypyloui éracmusocmi. Le 003801s€ pexomenoysamu
“Mazcnemoghyo” ax 006asky xomniekchoi Oii 01 niOGuweHHs AKOCMI Ma NOOO0BXHCEHHS MepPMIHY 30epicanus  opmoeozo
orcenelinozo  mapmenaoy./locniosceno  enaué  xapuogoi dobasku  “‘Macnemogyo” Ha opeanorenmuuni,  PI3UKO-XIMIUHI,
MIKPOOIONOSTUHI NOKAZHUKU OOCTIOHUX 3PA3KIE hOPMOBO20 JiceNeliH020 Mapmenady Ha azapi i NeKmuHi.

Knrouosi cnosa: mexnonoeis,; xapuosa oobaexa “Maenemodyo”; popmosoi scenetinuii mapmenad, ROKAZHUKU SKOCMIL.

Introduction

The range of marmalade on the market today is
represented mainly by a group of jelly marmalade, which
has an attractive appearance, a variety of shapes, a
pleasant smell and taste, is quite simple to manufacture.
That is why it is popular among the population and
manufacturers. The effectiveness of technologies for the
production of molded jelly marmalade in a market
economy is determined by the introduction of competitive

resource-saving technologies, the achievement of high
technical and economic indicators of production, the
possibility of processing raw materials with different
properties while ensuring the stable quality of marmalade
products and extending their shelf life. The range of jelly
marmalade produced today, its composition and
technologycal production process is a reflection of
innovative technologies aimed at improving the technical
and technological level of production, improving the
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quality and of marmalade
products [1-3].

Among the priority areas for expanding the range
by improving the technology of molded jelly marmalade
are the following: the use of new raw materials, that
provide an opportunity to change or adjust the functional
and technological properties of jelly masses, as well as
texture, quality indicators and increase the shelf life of
marmalade products [4—11].

Market trends in forming a range of molded jelly
marmalade are due to innovations in its recipe
composition, aimed at reducing its cost, improving its
quality and shelf life.

It is especially important to note that the prices for
raw materials rise every year. Unfortunately, pectin and
agar, the two main gelling agents, traditionally used in
molded jelly marmalade technology, are expensive
imported raw materials. So, from the beginning of 2014
and at the end of 2016, the prices for agar and the food
pectin increased on average by (3,5-4,0) times; the search
for new raw materials of domestic production that reduces
the cost price while maintaining the quality is an urgent
task for the production of molded jelly marmalade [5-8].

Thus, one of the possibilities for creating
competitively priced products is the economical and
efficient use of expensive raw materials, including
gelling. There are various ways to solve this issue, but the
main one is the introduction of competitive resource-
saving technologies.

Many specialists, in particular, scientists of
NUHT, KDUKhT, ONAKAT (A. M. Dorokhovich, V. F.
Pertsev, V. L. Obolkina, G. A. Magomedova, V. V.
Rumyantseva, Yu. V. Kambulova, Tung-Shan Chen,
Yoslyn MA, A. Lee, D. Storey and others) are actively
developing modern technologies of jelly marmalade using
new types or modifications by gelling agents, thickeners,
mixtures of unconventional substances capable of jelly
formation (agar and gelatin, agar and alginate, agar and
xampana, agaroid, furcelaran and sodium
carboxymethylcellulose, pectin and alginate, locust bean
gum, tara gum, etc.), allowing to reduce the costs of the
main gelling agents, and thereby reduce the cost of
production. For the extraction of artificial dyes and
flavors from the recipe composition, the introduction of
krias-powders, cryo-pastes, extracts of medicinal plants,
etc. is proposed. [8-16]. However, with regard to research
on the effects of nanopowder additives, in particular, the
food additive “Magnetofood” [Patent UA No. 126502,
MPK A 23L 13/40, A23L 33/10. Food supplement
“Magnetofood”] on the processes of structure formation
of jelly masses during jelly marmalade production and on
the indicators of the quality of the finished product, there
is no any data and more research is needed.

“Magnetofood” is a food additive, it has a certain
functional and technological potential and can
independently form the structural and mechanical
properties of jelly masses and also affect the gelling

increasing the range

“Magnetofood” can perform several technological
functions in the system at once: act as a stabilizer, at the
same time increasing the viscosity of the system or
forming a gel. That is, it can perform the functions of both
a thickener and gelling agents. Although the food additive
“Magnetofood” is not a surfactant, it can stabilize
disperse systems (emulsions, suspensions) due to its
thickening and thixotropic properties, preventing their
division. Changing the fluid properties of a liquid disperse
system in the presence of the food additive
“Magnetofood” leads not only to the stabilization of the
system, but also to the formation of a certain consistency.
Functional and technological properties of the additive
"Magnetofood" in food systems include: water-binding
and water-holding ability; stabilization of emulsions and
suspensions; regulation of fluid properties; formation of
stable gels at room temperature. The thixotropic
properties of gels with the use of the food additive
"Magnetofood" are manifested in reversible changes in
the structure of the gel during its deformation and
subsequent removal of the mechanical load [17-22].

Thus, the use of the food additive "Magnetofood"
as a thickener and stabilizer of jelly-marmalade products
will allow to solve the following tasks: to improve the
consumer properties of the finished product: compaction
of the consistency, cutting improvement (glossy cut) and
provision of elasticity; reduce syneresis during storage of
products.

In this regard, the study of the functional and
technological potential of natural mineral resources, in
particular, nanopowder food additives, from the point of
view of the impact on the quality, shelf life and economic
efficiency of the production of jelly confectionery masses
and marmalade products made from them is relevant.

To solve this urgent problem, an integrated
approach to the development of technological solutions
for the production of jelly marmalade products is needed,
which should be based, on the one hand, on the study of
the influence of nanopowder mineral additives on the
structural and mechanical properties of jelly masses to
substantiate their functional and technological potential,
that is important to ensure the quality characteristics of
molded jelly marmalade in terms of physical and
chemical, organoleptic and safety indicators, on the other
hand, on the technological process of jelly marmalade
products, that affects the economic efficiency of the
production.

Within the work considered, it was of interest to
substantiate the expediency of improving the technology
of molded jelly marmalade using the food additive
"Magnetofood".

Literature data analysis and problem formulation

The confectionery industry is one of the active
users of food additives, improvers in the manufacture of
products. The use of food additives in the industry of
sweets, in particular jelly marmalade, is caused by a
number of circumstances; reasons and directions of use of

agents, entering into chemical and electrostatic
interactions with it. Therefore, the food additive
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food additives by the confectionery industry. Recently,
there have been numerous studies on search for new low-
cost gel-forming components, improving structural and
mechanical, physical and chemical, and organoleptic
indicators of jelly masses and finished products, as well as
partial or full replacement of traditional gelling agents, in
particular, agar and pectin — imported products with high
cost price [8-12,22-46].

In order to improve the structural and mechanical
properties of jelly masses, it is proposed to use pectic
substances obtained from non-traditional raw materials,
such as food industry waste (canning, wine-making,
sugar-beet industries) and agriculture (seed-growing state
farms, cotton growing, melon-growing) [9,23,24]; as well
as alternative raw materials: chitosan, herbal, vegetable
and fruit-vegetable products [14,25-27].

Some scientists have developed combined systems
with gelling agents to control the rheological and
structural and mechanical properties of jelly semi-finished
products and products, in particular the combination of
gelatin with pectin, with sulfated polysaccharides, gelatin
— k-carrageenan, gelatin — LM pectin [28-30]; pectin with
hydrocolloids (Herbagel SW-010, ricogel 8100), LM
pectin — k-carrageenan [30-32]; agar with the concentrate
of animal proteins "Scanpro" [30].

To improve the plastic strength of the jelly and the
texture of jelly products in the production of marmalade,
various hydrogels are widely used, showing the properties
of thickeners, a gelling agent and stabilizers —
carrageenan and its sodium, potassium, ammonium salts,
including furcelllaran; xanthan, tara gum, guar gum,
locust bean gum, xanthan gum and others [32-35].

Numerous studies have been carried out to study
the influence of modifying additives on the structural and
mechanical properties of jellies: sodium
carboxymethylcellulose (Na-CMC) and ferric chloride to
increase the gel-forming ability of sulfate polysaccharides
[29, 26]; sodium lactate, sodium citrate and glycerin in
the amount of (0,1-0,2) % of the total mass to increase
the gel-forming ability of red seaweed polysaccharides
and, as a result, to reduce their content by (35-40)%
[36,37]; mannitol or sodium alginate in the amount of
(0,08-0,09)% to increase the strength of the jelly to (40-
60)% and reduce the ammount of agar (agaroid,
furcelarran) [38—40].

Analysis of information sources [4-12,22-46]
shows the lack of data on jelly marmalade technologies
using nanopowder additives that have thickening, gel-
forming, stabilizing abilities; improve structural and
mechanical properties of jelly masses and quality
indicators and shelf life of finished products. As an
additive improver for food systems, we have developed
and proposed the food additive “Magnetofood” [TU U
10.8-2023017824-001: 2018]. It is an ultra-fine powder
with a large specific and highly active surface.

In food systems, ‘“Magnetofood” exhibits
reconstructive, antioxidant, sorption, bacteriostatic,
complexing, emulsifying, water-holding, fat-holding,

water-binding, stabilizing, structuring properties [17-22].

In this regard, it is relevant to improve the recipe
composition and the existing technology of molded jelly
marmalade with the introduction to the recipe
composition the food additive “Magnetofood”.

Purpose and objectives of research

The aim of the work is to improve the technology
of molded jelly marmalade using the food additive
"Magnetofood".

To achieve the main goal, the following tasks were
set:

to study the influence of the food additive
“Magnetofood” on the physical and chemical properties
(mass fraction of moisture, total acidity) of test samples of
the molded jelly marmalade on agar and pectin;

to study the influence of the food additive
“Magnetofood” on the organoleptic indicators (taste,
smell, color, consistency, form) of test samples of molded
jelly marmalade on agar and pectin;

to study the effect of the food additive
“Magnetofood” on the sorption properties of test samples
of molded jelly marmalade on agar and pectin during a
regulated shelf life;

to study the effect of the food additive
“Magnetofood” on the microbiological indicators of test
samples of molded jelly marmalade on agar and pectin
during a regulated shelf life;

to establish a rational mass fraction of the food
additive "Magnetofood" in the compositions of molded
jelly marmalade on agar and pectin;

to develop a technological scheme for the
production of molded jelly marmalade using the food
additive “Magnetofood”.

Statement of basic materials

The object of the research is the technology of
molded jelly marmalade on agar and pectin. The subject
of the research is the model samples of jelly marmalade
on agar and pectin, which are based on the basic
compositions Ne 11 and Ne 49 [47] and are shown
respectively in Tables 1 and 2.

Preparation of test samples of marmalade was
carried out according to the traditional technology of
molded jelly marmalade according to the classical
composition [15, 47], Table 1 and 2.

Organoleptic evaluation of the quality of jelly
marmalade test samples was carried out according to
DSTU 4683:2006 on a S5-point scale using weighting
factors that take into account the significance of each
indicator: shape, consistency, color were determined by
inspection of controlled marmalade products.

In assessing the smell of marmalade, attention was
paid to the presence or absence of foreign, unusual odors.
The acidity of the finished products was determined by
the titrimetric method using phenolphthalein according to
DSTU 5024: 2008.
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Table 1 — The compositions of jelly marmalade on
agar (control) and with different mass fraction of the food
additive "Magnetofood"

Raw material consumption per 1 ton of

finished products, kg
Raw material S e 1

ample 1 —

control Sample 2 | Sample 3 |Sample 4
Sanding sugar
o 86,6 86,6 86,6 86,6

for sprinkling
Sanding sugar | 555 5256 | 5256 | 5256
in jelly
Molasses 262,7 262,7 262,7 262,7
Agar 10,5 10,5 10,5 10,5
Citric acid 11,8 11,8 11,8 11,8
Various 1,6 1,6 1,6 1,6
essences
Various dyes 0,5 0,5 0,5 0,5
Food additive
"Magnetofood" B 1,0 1> 2,0

Table 2 — The compositions of jelly marmalade on
pectin and with different mass fraction of food additive
"Magnetofood"

Raw material consumption per 1 ton of

finished products, kg
Raw material

Sample 5 —

conirol Sample 6 | Sample 7 | Sample 8

Sanding sugar
for sprinkling 86,6 86,6 86,6 86,6
Sanding sugar 718,9 7189 | 7189 | 7189
in jelly
Molasses 262,7 262,7 262,7 262,7
Pectin 18,0 18,0 18,0 18,0
Citric acid 12,0 12,0 12,0 12,0
Sodium lactate 10,0 10,0 10,0 10,0
Various 1,6 1,6 1,6 1,6
essences
Various dyes 0,6 0,6 0,6 0,6
Food additive
"Magnetofood" B 1.0 1,5 2,0

To simulate the storage of marmalade the
polyethylene film (PND, 15 microns) was used as a
packaging material in the work. Test samples of jelly
marmalade 18 hours after casting and cooling were
wrapped in film and stored in the dark at a temperature of
(18 £ 3) °C and a relative air humidity of < 75% for 90
days.

At the same time, the sorption properties of the test
samples were determined by the strain gauge method
[48,49] immediately after sample preparation and during
110 days with an interval of 10 days. When selecting the
optimal storage mode, the constancy of the moisture
content of jelly marmalade (the moisture content of

molded jelly marmalade after production is 0,179-0,181
kg/kg), which depends on the humidity of the
environment and the shelf life of jelly marmalade (days),
was chosen as a criterion. The proposed criterion is as
follows (1):

N
Q‘/’ = Z|VV! _VV?’| @=const min (1)

i=1

where N is the amount of tests during storage, pcs;
W3 is the normative moisture content equal to 0,18 kr/kr;
Wi is the current value of moisture content, kg/kg; ¢ is
the humidity of the environment, %.
The list of microbiological indicators, which were used to
control the quality of the finished marmalade products,
was established in accordance with the requirements of
the DSP 4.4.5.078; MBT Ne 5061-89 and DSTU 4683:
2006.

Research results

Table 3 shows the results of organoleptic analysis
of jelly marmalade test samples with various gelling
agents.

From the data of Table 3, it was found that
marmalade with the content of the food additive
“Magnetofood” 0.15% by weight of the raw material is
the best according to the organoleptic quality indicators
compared with other samples. The average score for
organoleptic indicators is increased by (1,3-1,4) points
compared with the control.

The main physical and chemical characteristics of
molded jelly marmalade is acidity and humidity. Data on
the effect of the food additive "Magnetofood" on acidity
and moisture loss during molding and cooling of
marmalade products are presented in Table 4.

The data in Table 4 show that the introduction of
the food additive "Magnetofood" in the amount of (0,10-
0,20) % by weight of the raw material contributes to the
improvement of the physical and chemical indicators of
the marmalade test samples: the humidity increases by
(4,8-6,2) % in the samples on agar and (5,2-6,2) % in the
samples on pectin — due to the water-binding and water-
holding ability of nanoparticles of the additive
“Magnetofood”. That is, the presence of the additive
"Magnetofood" in the composition contributes to less
moisture loss when cooling products after casting
marmalade mass into a mold; total acidity decreases by
(5,9-7,4) ° in samples on agar and (6,1-7,6) © in samples
on pectin — due to the amphoteric character of the additive
“Magnetofood” and its ability to interact with acidic
substances of jelly-marmalade masses. As a consequence,
the gel-forming component (agar, pectin, etc.) is less
subject to acid hydrolysis. At the same time, a decrease in
acidity (Table 4) has practically no effect on the process
of gel-formation. It also becomes possible to produce low
acidity jelly marmalade, which can be recommended in
therapeutic and preventive nutrition.
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Table 3 — Influence of food additive
"Magnetofood" on the organoleptic characteristics of jelly
marmalade test samples on agar and pectin

Table 4 — Influence of food additive "Magnetofood"
on acidity and moisture loss during molding and cooling of
test samples of jelly marmalade on agar and pectin

Test Physical and chemical indicators
samples of Mass. fractl(zn of Total acidity, ©
marmalade moisture, %,

on agar on pectin on agar on pectin
Sample 1=y 40,2 - 18,3+0,1 -
control
Sample 2 21,2+0,2 - 12,4+0,1 -
Sample 3 22,6+0,2 - 11,0+0,1 -
Sample 4 22,8+0,2 - 10,9+0,1 -
Sample 5 - - 16,8+0,2 - 18,9+0,1
control
Sample 6 - 22,0+0,2 - 12,8+0,1
Sample 7 - 22,8+0,2 - 11,4+0,1
Sample 8 - 23,0+0,2 - 11,3+0,1

Marma- F d
lade test|Consistency| Aroma | Color Taste orm an
surface
samples
Sample 1| Jelly-like | unexp- | transpa- | slightly | distorted
- with brittle | ressed |rent with | empty fuzzy
(control)| structure, slight contour
vitreous spotting
fracture
Sample slightly correct,
2 pufty, jelly- with a
like with a fuzzy
homoge- contour,
neous not elastic
structure, enough dry
transparent surface
vitreous
fracture
Sample | vitreous, transpa-
3 elastic with rent,
a homoge- pleasant, smpoth, pleasant,
characte- | witha | characte-
neous . L
ristic of | brown- | ristic of
structure, correct
marmala- | cognac |marmala- . i
transparent without
vitreous de shade, de deforma-
without . .
fracture . tion, with a
- spotting
Sample | vitreous, clear
4 slightly contour,
elastic with smooth
a homoge- elastic dry
neous surface
structure,
transparent
vitreous
fracture
Sample 5| soft, jelly- | unexp- | transpa- | sourish with
- like with ressed rent overlaps,
(control)| homoge- smooth, fuzzy
neous light with contour,
structure, slight matte
uneven spotting elastic dry
cleavage at surface
fracture
Sample | jelly-like, correct,
6 with smooth with burrs,
transparent fuzzy
cleavage at contour,
fracture glossy
transpa- elastic dry
rent, surface
Sample slightly | pleasant, | smooth, | pleasant, | correct,
7 pufty, with a| characte- | witha | characte- | without
smooth ristic of | brown- | ristic of | deforma-
transparent | marmala-| cognac |marmala- |tion, with a
cleavage at de shade, de clear
fracture without contour,
Sample | dense puffy, spotting glossy
8 with a elastic dry
smooth surface
opaque
cleavage at
fracture

Studies have allowed to scientifically substantiate
the composition (Tables 1 and 2) and the technological
parameters of the production of molded jelly marmalade.
Fig. 1 shows the flow chart of molded jelly marmalade on
agar with the addition of the food additive
“Magnetofood”. A distinctive feature of the new
technology is the preliminary mixing of the food additive
"Magnetofood" with gelling agents, which is used before
the technological operation of soaking of gelling agents in
cold water. The production technology of jelly marmalade
on pectin with the addition of the food additive
"Magnetofood" includes the same steps, but has some
differences in technological regimes. The technological
process of production of molded jelly marmalade involves
the following stages: selection and preparation of
prescribed components — loose components are sieved,
essence, citric acid, the dye are dissolved, starch syrup is
heated and filtered; getting a dry mixture of gelling agents
with the food additive “Magnetofood” followed by
soaking in cold water at a temperature of (18+2) °C for
(50-80) x60 s for agar and (3,5-4,0)x3600 s — for pectin,
thus it happens the solvation of the food additive
“Magnetofood” and swelling of the gelling agents with its
partial structuring under the action of the nanoparticles of
the additive “Magnetofood”, which promote water
penetration into the most organized parts of the chain of
the gelling agents.

Next, the solution of the mixture of the gelling
agents with additive "Magnetofood" is heated to a
temperature of (95-100) °C for agar and (85-87) °C for
pectin and kept for (20-25)x60 s for agar and (10-15)
x60s for pectin. At this stage, the additive "Magnetofood"
increases solubility of gelling agents due to its water-
holding ability and the interaction of its ionized
nanoparticles with polarized agar and pectin groups,
which leads to branching of the main chains of
polysaccharide molecules, which contributes to their
cover and better penetration of water molecules.
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Preparation of jelly-marmalade mass. After the
builder completely dissolves, the recipe amount of sugar
and starch syrup needed to obtain the jelly mass is added,
and mixed thoroughly for (20-25)x60s for agar and (10—
15)x60s for pectin, when heated to a temperature (100—
105) °C; at the same time, sodium lactate is additionally
added to the pectin-sugar-molasses syrup. After a uniform
distribution, the syrup is boiled down to a mass fraction of
dry substances (75,0 £ 1) % for agar and (76,5 + 1) % for
pectin; cooled to (55-60) °C for agar and (80-85) °C for
pectin and the tempering is carried out, adding diluted
dyes, citric acid and essence, according to the
composition, with thorough mixing for (5—7)x60s.

— during storage of marmalade test samples at air
humidity (90£2) % for 75 days in samples 3, 7 decreases:
KMAFAnM 10 times, yeast — 3 times, mold fungi — 2
times compared with the control,

— during storage of marmalade test samples at air
humidity (90+2)% for 90 days in samples 3, 7 decreases:
KMAFAnM 10 times, yeast — 2,5 times, mold fungi — 2
times compared with the control.

This is due to the bacteriostatic action of the food
additive "Magnetofood" [18].

Table 5 — The influence of the food additive
"Magnetofood" on the microbiological indicators of test
samples of molded jelly marmalade compared with the

‘ Temon ‘ ‘ N control samples during storage
acid agar
I T !
\ m.s,zsge |[ mese ]I |Name of indicators Standard Test samples of jelly marmalade at
‘ ] S!ﬁJ;" ‘ |d oixfu(nﬂ ‘ ©=(90£2) %
— = Control Sample 3 Sample 7
! ‘ samples
| ‘ Shelf life 75 days
: 3
Enl\:::g;:glv[’ / I:fz ?gg’ 1,0x10 not found not found | not found
s ; : Y /1,0<10° | /1,0<10" | /1,0x10"
C o o I = y ) ) |1 |days
""" ‘ ‘ G enac | | Yeast KUO/g, 50 not found not found | not found
DM=T51% =(10..40)-605) immediately / after 90 /6,0 /2,0 /2,0
ing days
BGKP (coliforms), in Dot
‘B 0,1 g, immediately / dosed not found | not found | not found
T after 90 days
Pathogenic m/o,
0)<605) including bacteria of] ot
[ =6._sr36009) |1 |the genus Salmonella, not found | notfound | notfound
. . . dosed
| ‘ in 25g, immediately /
(t=17,5%2.5°C, 1=(40...90)x60s) after 90 days
A [ Backing packaging products i |Mold fungi KUO/g,
not more than, 50 not found | not found | not found
Fig. 1 — Technological scheme of molded jelly marmalade g;l;sledlately after 90 /4,0 /2,0 /2,0
on agar with the addition of the food additive Shelf Iife 90 days
" ”.
Magnetofood": 4, B, C;, C5, Cs, Cy, Cs — subsystems of KMAFAnM, KUO/g,| 1,0x10° | notfound | notfound | notfound
the technological scheme of marmalade production immediately / after 90 /1,0x10° | /1,0x10* | /1,0x10?
days
Cooling and structuring jelly-marmalade mass. |Y®t KUO/g, 50 not found | not found | not found
. g . immediately / after 90 /9,0 /4,0 /4,0
The resulting marmalade mass is poured into molds and days
cooled to a temperature of (25-30) °C for structure [BGKP (coliforms), in ot
formation. 0,1 g, immediately / dosed not found not found not found
Drying jelly marmalade is carried out at a ;fte}f 90 days /
o athogenic m/o,
temperature of (52,5£2,5) .C for (6-8)x3600s — for agar including bacteria of]
and (4-6)x3600s — for pectin. the genus Salmonella, dosed not found | not found | not found
Packing, packaging, labeling and storage. Ready [in 25g, immediately /
molded jelly marmalade is packed and stored in storage [2fer0days
.. . . .. o Mold fungi KUO/g,
cond1t10n§ at r?latlv'e ar .hur.mdlty (7512) Yo. . not more than, 50 not found | notfound | not found
Microbiological indicators of the quality of test |immediately / after 90 /6,0 /3,0 /3,0
samples of molded jelly marmalade were studied. Table 5 |days

shows the microbial contamination of the marmalade
surface immediately after manufacture and after storage
for 90 days at a relative air humidity ¢=(9012) %.

From the data in Table 5 it follows that the
introduction of the food additive "Magnetofood"
suppresses the contamination of the surface of marmalade
products test samples:

*At 9=(7542) % microbial contamination of the surface of test samples
of marmalade with the additive "Magnetofood" is reduced on average:
KMAFAnM — 10 times; yeast and mold fungi — 5 times compared with
the control.

In order to determine the storage conditions, the
sorption kinetics of jelly marmalade test samples was
studied. The research results are shown in Fig.2, a, b, ¢, d.
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Fig. 2 — Sorption kinetics of test samples of molded jelly
marmalade with different air humidity:
a — control sample of 1 marmalade on agar;
b — sample of 3 marmalade on agar;
¢ — control sample of 5 marmalade on pectin;
d — sample of 7 marmalade on pectin

The analysis of curves given in Fig. 2 shows that at
relative air humidity (70-80) % during recommended
shelf lifes (3 months) in all test samples of jelly
marmalade the change in moisture content occurs slowly,
as can be seen on the corresponding sorption curves. It is
established that when the air humidity is (75£2) %, the
samples of jelly marmalade will be characterized by a
constant moisture content during the entire shelf life.
Fig. 2 also shows that when the air humidity is (90+2) %,
the moisture content of the marmalade gradually
increases, that is externally characterized by the
development of mold fungi on control samples of
marmalade after 90 days of storage (see Table 5). When
air humidity is less than (704£2)%, the sorption curves are
directed downwards, which characterizes a decrease in
moisture content, gradual drying of the product and leads
to loss of organoleptic properties: changes in the shape,
structure, hardening of the consistence. When comparing
with the control samples (Fig. 2, a, ¢), it can be seen that
the rate of change of moisture content in the test samples
of marmalade (Fig. 2, b, d) decreases, which is due to the
water-holding and stabilizing ability of the food additive
"Magnetofood", namely creation of solvatocomplexes and
supramolecular assemblies of nanoparticles
“Magnetofood” with macromolecules of polysaccharides,
in particular agar, pectin [21].

The results of the criterion Q calculation (see
formula 1) for test samples of jelly marmalade are given
in Table 6.

Table 6 — Criterion Q for test samples of
marmalade for a given environmental humidity (¢)

Environmental The value of the criterion Q for test
moisture samples of molded jelly marmalade
content, ¢, % | Sample 1 | Sample 3 | Sample 5 |Sample 7
40 1,405 1,257 1,422 1,407
50 1,304 1,139 1,359 1,309
60 1,1079 0,990 1,236 1,189
70 0,490 0,480 0,521 0,319
80 0,876 0,492 0,879 0,824
90 1,679 1,378 1,744 1,400

The analysis of criterion Q (Table 6) sets the
smallest total deviation of moisture content (W;) of test
samples of molded jelly marmalade from the standard
value W3 = 0,180 kg/kg — at ¢=(70£2) %, which is an
additional confirmation of the optimal temperature and
humidity conditions for storage of molded jelly
marmalade, found from the kinetic sorption curves (Fig.
2): air humidity ¢=(75+2) %, temperature (18+2) °C.

Conclusions
The investigation results of the influence of the

food additive "Magnetofood" on the quality indicators of
molded jelly marmalade showed that the addition of the

BICHUK HTY "XIII" Ne 10 (1335)

115



CEPIA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'AX"

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

food additive in the amount of (0,10-0,20) % has a
positive effect on the organoleptic, physical and chemical,
and microbiological properties of jelly marmalade on agar
and pectin, particularly there is an improvement in the
following:

— shape, consistency, smell and color on average
by 0,1-0,4 points;

— humidity increases by (4,8-6,2) % in samples on
agar and by (5,2-6,2)% in samples on pectin due to the
water-binding and  water-holding ability of the
nanoparticles of the additive "Magnetofood";

— total acidity decreases by (5,9—7,4) ° in samples
on agar and by (6,1-7,6) ° in samples on pectin due to the
amphoteric nature of the additive "Magnetofood" and its
ability to interact with acidic substances of jelly-
marmalade masses;

— rational content of the food additive
"Magnetofood" was established — 0,15% by weight of raw
materials;

— technological scheme for the production of
molded jelly marmalade with the introduction of the food
additive "Magnetofood" was developed;

— it has been proven the suppression of microbial
surface contamination of jelly marmalade products
samples with the food additive "Magnetofood". When
stored at ¢=(90+2) % for 75 days in samples 3, 7
compared with the control, the following decreases:
KMAFAnM 10 times, yeast — 3 times, mold fungi — 2
times; and when stored for 90 days — KMAFAnM 10
times, yeast — 2.5 times, mold fungi — 2 times;

— optimal conditions for temperature and humidity
conditions were established during storage of molded
jelly marmalade: air humidity ¢=(75+2) %, temperature
(18+2) °C.

The results obtained suggest that food additive
"Magnetofood" is recommended as a stabilizer,
structurant and improver for food jelly systems.
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AHHOTALIUA [lecpuyum omeuecmeeHHO20 Cbipbs, 3HAYUMENbHAS YACTNb UMNOPIHLIX UHZPEOUEHMO8 C BbICOKOU CMOUMOCHbIO,
pacmywas KOHKypeHmocnocoOHOCHb 3acmagisAion npouzsooumeineti UCKamy HOGble MexHOoI02UYecKue pewenus Oid NOBbIUEeHUsS
nompebumensCKux c8oticme mapmenaonot npooykyuu. IlepcnexmusHviym nanpagienuem 8 001acmu JceneliiHo-MapmenaoHslx u30enut
A615lemes co30anue NPOOYKYuU, KOmopas umeem 8blCOKUue NoKazamenu Kavecmed u Onumenbhulll cpok xpanenus. C amoi yenvto 6
MeXHONO2UU HCENEUH020 MapMenadd UCNONb3VIOMCA pasiuyHble nuujesvle 0obasku — ymywwumenu. B xauecmse ynyuwumens
Gopmosoeo dcenelinoeo mapmenada Hamu paspabomana u npeonodiceHa nuwesas dobasxka ‘‘Macnemoghyo” — namonopouiok c
pasmepom wacmuy (70-80) um. “Maenemogyo” — nuwesas 006aska ¢ 8bICOKUM QYHKYUOHATLHO-MEXHOLO2UYECKUM NOMEHYUALOM.
Jlobaska “Maznemoghyo” modcem Kaxk camocmosmensHo Gopmuposams CmpyKmypHO-MexanuiecKue CEOUCMEa JcelelHblX MAcc,
MaK u eIUAMb HA 2eneobpazosameid, 6CMYNAs C HUM 68 XumMuyecKue u anexmpocmamuyeckue gzaumooelicmeus. Iloomomy, nuwyesas
odobaska “Maecnemoghy0” mooice 8nusAmMb CpaA3y HA HECKONbKO MEXHONI0SUYECKUX C8OUCMSE 6 NUUesoll dicelelinble cucmeme: Obimb
cmabunuzamopom, 3azycmumenem, cmyoneoopasosamenem. 3a cuem Fe (1), nanopasmepos, pazeumoii akmusHol NO8EPXHOCMU,
bakmepuocmamuyHoOCmu, 6bICOKOU mepmocmabunrbHocmu  “Maenemoghyo” — umeem 6occmanogumenvhvie, AHMUOKCUOAHMHDBIE,
AHMUMUKPOOHblE,  COPOYUOHHBIE,  KOMNIEKCO0Opasyioujue,  IMYIbeupyioujue, — 81a20y0epucusaoujie, — Hcupoyoepicusaiouue,
6000C6s3bI6AIOWUe, CMADUTUUPYIOWUe, CIMPYKmMypupylowue ceoticmea. Omo no3eonsiem pexomenooeams ‘‘Maenemogyo "kak
000a6Ky KOMMWIEKCHO20 Oelcmeusi Ol NOBbIUEHUS Ka4ecmea U npooJieHlUs. CPOKA XPaHeHusi (hOpMOBO20 JiceNeliHo20 MapMenaod.
Hccnedosano enusmue nuwegoti oobasku ‘‘Maecnemogyo” na opeanonenmuueckue, Qusuko-xumuyeckue, MUKpoOUOLO2UYeCcKUe
nokasameny ONbIMHLIX 00PA3Y08 YOPMOBO20 JHceneliHo20 Mapmenaod Ha azape u nekmune.

Knrouesvie cnosa: mexnonozus,; nuwegas dobasxka “Mazcnemodhyo”; ¢hopmogoil scenetinvlii Mapmenad, noxazamenu Kavecmasa.
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