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APPLICATION OF THE MICROWAVE
FIELD IN JELLY PRODUCTS
TECHNOLOGY

The object of research is the agar-based chocolate-jelly cake technology. Due to the annual decrease in the

production of natural jelly-forming agents and their high price, the possibilities of improving the qualitative change
in their functional properties are being studied. In this connection, various methods of modification by gelling
agents, both chemical and physical, are proposed.

It is proposed to use the field of ultra-high frequencies (UHF) during the preparation of agar-sugar-treacle
syrup in the «Chocolate-jellys cake technology, as a result of which the consumption of gelling agents is reduced
to 40 %. Microwave processing of the swollen gelling substance allows to reduce its consumption without introducing
other components into the product formulation and without significant changes in the production process. It is shown
that microwave treatment of a 1 % agar solution leads to an increase in the strength of the formed jellies by 40 %.
It was found that microwave treatment leads to an increase in the melting temperature of the jelly in comparison
with the untreated sample. It was revealed that hysteresis is observed at solidification and melting temperatures,
the value of which ranges from 10 to 30 °C. Microwave treatment of a polysaccharide solution in a microwave field
reduces the critical concentration of the transition of the molecular structure of the gel to the supramolecular one.
Comparison of the enthalpies of melting of agar jelly after microwave treatment and jelly without finishing indicates
that a larger number of hydrogen bonds are involved in the formation of a single node of the structure network.

The improved technology of the «Chocolate-jelly> cake based on agar differs from the traditional one in that
the dissolution by gelling agents is carried out under the action of a microwave field, which makes it possible to
reduce the prescription amount of agar. The proposed method of processing a 1 % agar solution with an ultrahigh
Jrequency field leads to the strengthening of the jelly structure, and due to this, the costs of gelling agents in the

production of jelly products are reduced and leads to a decrease in its cost.
The implementation of the plan will expand the range of jelly products and create competitive products in the

confectionery market.
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1. Introduction

Countries that are traditional suppliers of red algae
(raw materials for the agar production) are experiencing
a decrease in the collection and export of this valuable
raw material for the production of agar. This affects not
only the market price of the agar itself, but also the food
products in which it is included. Most countries of the
world do not have their own production of gelling agents of
a polysaccharide nature, in particular agar. They are forced
to import it from Morocco, Spain, to a lesser extent from
Portugal, France, Mexico, Chile, countries of South Africa,
Japan and South Korea. This gives a certain imprint on the
assortment, the cost of products, as well as on the amount
of profit made by enterprises that produce jelly products.

Gelling agents of polysaccharide nature are widely used
in food technologies to improve organoleptic characteristics
and extend shelf life. Basically, gelling agents of a polysac-
charide nature are used as thickeners and gelling agents.
They are used as thickeners in soups, gravies, salad dressings,
sauces and toppings. As gelling agents, they are used in
foods such as jams, jellies, marmalade, restructured foods,
and low sugar/calorie gels.

Agar, furcellaran, carrageenan, agaroid, citrus pectin,
apple, beetroot, gelatin are widely used to impart certain
structural and mechanical properties to products [1].

The process of gelation or structure formation is based
on the formation of a spatial network between biopolymer
molecules connected in separate «nodes» by forces of inter-
molecular interaction or chemical bonds of various nature.
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According to the generally accepted theory, the mechanism
for the formation of the spatial structure can be repre-
sented as the formation of double helices from individual
polymer chains, the association of double helices with the
formation of their aggregates and with the subsequent
formation of three-dimensional structures.

Understanding the mechanism of structure formation,
as well as the influence of various chemical additives and
external physical fields on the change in the basic functional
properties of solutions and jellies, will make it possible
to purposefully influence the structure-forming ability of
these substances. This is of not only theoretical but also
practical interest, since it contributes to a more economi-
cal use of this valuable raw material.

Taking into account the seaweed volumes in the oceans,
the amount produced by sulfated gelling agents decreases
every year. In this regard, at present, various methods of
modification (of chemical and physical nature) by gell-
ing agents have been proposed in order to qualitatively
change their functional properties.

Considering the above, research on the application of
the microwave field in the technology of jelly products is
relevant. The implementation of the plan will allow the
jelly-builders to reduce their costs in the production of jelly
products (in particular, the «Chocolate-Jelly» cake) without
introducing other components into the product formulation
and without significant changes in the production process.

2. The ohject of research
and its technological audit

The object of research is the agar-based «Chocolate-
jelly» cake technology. The subject of research is jelly
agar; «Chocolate-jelly» cake, made according to traditional
technology and technology using the microwave field.

The process of improving the range of food products
is largely predetermined by the nature and dynamics of
consumer demand for it. Products with a jelly structure
have long been in high demand among the population.
In this regard, it is important and timely to implement
the tasks of improving the technology of the «Chocolate-
jelly» cake using the microwave field.

3. The aim and ohjectives of research

The aim of research is to improve the technology of
«Chocolate-jelly» cake using the microwave field.

To achieve this aim, it is necessary to solve the fol-
lowing objectives:

1. To study the effect of microwave treatment on the
change in the properties of solutions and jelly polysac-
charides of red seaweed, in particular agar.

2. To develop a basic technological scheme for the
production of the «Chocolate-jelly» cake, including the
operation of microwave processing by gelling agents.

4. Research of existing solutions
to the prohlem

An analysis of the literature on the modification of
the polysaccharide nature by gelling agents, in particular
agar, showed that a whole list of studies is devoted to
this topic. Conventionally, all modification methods can
be divided into chemical and physical. Thus, in [2], it was

proposed to modify agar by the formation of complexes
with four carboxylic acids (C12:0-C18:0). It was noted
that the appearance of complexes <«agar-carboxylic acid»
affects the physicochemical (gel strength, viscosity, swell-
ing, syneresis and surface tension) and rheological proper-
ties (dynamic viscosity) of the agar sol and gel. Another
modification method is the joint introduction of salts of
organic acids and polyhydric alcohols into the system.
This increases the strength of the gels, the rate, the melt-
ing and solidification temperature [3, 4]. There is also
a known method — the introduction into the system of
sodium carboxymethylcellulose and ferric chloride, which
are also capable of changing the functional properties of
the structurant [5, 6]. Interest is also aroused not only
by chemical methods, but also by methods of modifying
polysaccharide solutions. In particular, an interesting and
effective method is the treatment of solutions with gelling
agents in the microwave field.

To date, a large number of studies have been carried
out to study the physicochemical properties of aqueous
solutions of polymers and their changes as a result of
exposure to magnetic and electromagnetic fields [7, 8].

It has been suggested that the field changes the struc-
ture of water around polymer molecules and changes the
hydrophobic interactions that allow the molecules to ag-
gregate [9, 10]. It has been established that the structure
of water is strengthened and hydrophobic interactions near
polymer macromolecules are enhanced as a result of the
action of ultrahigh-frequency radiation.

n [11], the effect of microwave electromagnetic ra-
diation on the formation of supramolecular particles in
aqueous solutions of non-hydrolyzed polyacrylamide was
studied. It is shown that as a result of the action of the
field, the solution is heated, which leads to the appearance
of rather large supramolecular compounds.

When studying the effect of a magnetic field on the
sol-gel transition of methylcellulose in water, it was found
that the effect of a magnetic field leads to a decrease
in the sol-gel transition temperature by 3 °C, exhibiting
an effect similar to the effect of salt additives. In this
case, a slight increase in the strength of the gel is ob-
served [12]. In the course of research, it was also revealed
that the degree of swelling of biopolymers such as gela-
tin, carboxymethyl cellulose (CMC) and its sodium salt
changes in water exposed to an electromagnetic field, and
the viscosity of solutions of these high molecular weight
compounds (HMC) increases [13, 14]. The reason for this
phenomenon may be a change in the energy of solvation
processes in the treated water due to the strengthening of
its supramolecular organization, which, in turn, determine
the viscosity of polymer solutions, the rate and degree
of polymer swelling.

5. Methods of research

5.1. Influence of microwave fields of different power on
the strength of agar jelly. After preliminary swelling and
subsequent dissolution by heating in a water bath, the
investigated 1 % agar solution was obtained. After cooling
to 35-45 °C, the solution was treated in a microwave
field with a frequency of 2450 MHz at various power
for 1-5 min so that the solution did not heat up more
than 80 °C. After solidification, the strength of the agar
jelly was measured using the method [15].
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5.2. Method for assessing organoleptic quality indicators.
The organoleptic indicators of the quality of the «Choco-
late-jelly» cake were determined using a sensory assess-
ment, which was carried out by the method of expert
evaluation on a five-point scale, taking into account the
requirements for organoleptic indicators for this type of
product (Table 1).

Tahle 1

Requirements for the organoleptic characteristics
of the «Chocolate-jelly» cake

Indicator Indicator characteristic

Typical for this name of the cake (chocolate glaze
and body — two jelly and one whipped layers,
without foreign taste and smell)

Taste, smell and color

Consistency In jelly layers — jelly, in whipped layer — foamy

Round, square or rectangular, regular, with a clear

Shape outline, slight deviation is allowed

The glaze should have a shiny surface, without

Surface R
graying or damage

The authors have developed a scale for sensory assessment
of organoleptic quality indicators of a new product. Each of
the indicators (consistency, taste, smell, color, shape, surface)
was presented as a set of components (descriptors), which
were evaluated by experts in terms of quality, intensity and
order of manifestation. The final score for each indicator
was calculated taking into account the descriptor weight-
ing coefficients and the indicator weighting. The overall
score was the sum of the final scores for each indicator.

5.3. Research methods of physical and chemical gquality
indicators. The quantitative characteristics of the qua-
lity of the samples of the «Chocolate-jelly» cake (body)
were carried out on the basis of the main physical and
chemical parameters. Namely: humidity, mass fraction of
reducing substances, total acidity. These indicators were
determined using standard methods.

The mass fraction of moisture in the «Chocolate-jelly»
cake was determined by drying a 5 g sample in a weighing
bottle in an oven for 50 min at a temperature of (130+2) °C.

The mass fraction of reducing substances was deter-
mined by the ferricyanide method.

The total acidity (X) of the samples under study was
determined from the results of titration of an aqueous
extract of a 5 g sample of 0.1 M sodium hydroxide solu-
tion in the presence of phenolphthalein. The total acidity
was calculated in degrees using the formula:

_V~K~100
T om0

where V — volume of sodium hydroxide consumed for ti-
tration, cm? K — correction factor for sodium hydroxide
solution with a concentration of 0.1 mol/dm? used for
titration; m — mass of the cake sample taken for analysis, g;
100 — conversion factor per 100 g of product; 10 — conver-
sion factor of 0.1 M sodium hydroxide solution in 1 M.

5.4. Methods for the study of microbiological gquality
indicators. Sampling and preparation of samples for mi-
crobiological analysis was carried out in accordance with
the current regulatory documentation.

5.5. Statistical processing of results. The determination
of the experimental values of the variable x was carried
out in a number of parallel determinations (n=4 or 5).
The confidence interval was determined using the Student’s
distribution coefficient (¢-distribution) with a confidence
level of P=0.95. The values of the experimental data ob-
tained in this way or calculated from them are presented
in the tables in the form X+ Ax, where ¥ — mean value
and Ax — mean sampling error. Statistical data processing
was carried out using the Excel program of the Microsoft
Office 2010 package.

6. Research results

6.1. Study of the sirength dependence of agar jelly on
microwave ireatment. Microwave treatment of a 1 % agar
solution leads to an increase of up to 40 % in the strength of
the jellies formed by it, which, given the shortage and high
cost of gelling agents, has a significant economic effect. In
addition, as is known from the literature, microwave treatment
significantly reduces the microbiological contamination of
the product, which can be used to adjust the shelf life [16].

Fig. 1 shows the results of a study of the effect of an
ultra-high frequency field of various power on the strength
of agar jelly.

P,g
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Fig. 1. Dependence of the strength of agar jelly on the processing
time at heating power W=800 W

The research results show that the treatment of a polysac-
charide solution with a microwave field leads to a significant
strengthening of the jelly. The duration of exposure of the
solution in the microwave field is selected experimentally.
It depends both on the field strength and on the volume
of the solution. The processing time with gelling agents (7)
depends on the mass of the solution being processed and
the heating power (Fig. 2).

It was found that the treatment of the solution with
a microwave field leads to an increase in the melting point
of the jelly in comparison with the untreated sample of
the same concentration with gelling agents. It was re-
vealed that there is a hysteresis for the pour point and
melting point, the value of which ranges from 10 to 30°.
Dependences on the polysaccharide content and processing
time were determined: the higher the content, the greater
the temperature difference.

An important characteristic of the state of the jelly
structure is the average energy of a single bond node of
the gelling grid, or the enthalpy of melting, which charac-
terizes the decay energy of the jelly network nodes. The
relationship of this value with the melting point of jelly
is described by the Eldridge-Ferry equation:

s
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AH =—R AlnﬁC

where AH — energy of the communication center schedule;
R — universal gas constant; C — concentration by gelling
agents; T — melting point of the jelly of a given concen-
tration.

Fig. 3 shows the curves of InC versus 1000/7,,. These
dependences are curves with a characteristic break. The
concentration at which a break is observed is called criti-
cal, Cc, and characterizes the transition of a molecular
structure to a supramolecular one.
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Fig. 2. Graph of the surface of the dependence of the processing time
on the mass of the solution, processed and heating power
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Fig. 3. Curves of InL versus 1000/7T,, samples:
1 — 1 % agar solution (control); 2 — 1 % agar solution treated
with an ultra-high frequency field

The molecular structure of jel-
ly is characterized by weak bonds

However, the AH, value for the sample treated in the micro-
wave field is large (150 kJ/mol compared to 130 kJ/mol),
which indicates that a larger number of bonds are involved
in the formation of a single grid node.

Tahle 2
Results of processing an agar solution
in an ultra-high frequency field

Critical con- | Energy of the communication
Test sample centration center schedule DH, kJ/mol
E[.', % AH1 AHg
1 % agar solution 1 41.2 130
N .
l.A: agar solution treated 0.8 432 150
with microwave

Thus, the treatment of a 1 % agar solution with an
ultra-high frequency field leads to the strengthening of
the jelly structure, which makes it possible to reduce the
costs of gelling agents in the production of jelly products
and reduce its cost.

6.2. Technology of the «Chocolate-jelly» cake production
with a reduced numbher of gelling agents. For the prototype
was taken the traditional recipe of the «Chocolate-jelly»
cake [17], which is a body glazed with chocolate glaze,
consisting of two outer jelly layers and an inner layer
of whipped mass.

The main raw materials for making a cake are sugar,
food agar, apple puree, egg whites, dyes, food flavor-
ings, citric acids, vanillin, chocolate glaze, starch syrup,
essences.

According to the traditional recipe and taking into
account the results obtained, a recipe was developed for
the «Chocolate-jelly» cake with a reduced amount of
gelling agent, given in Table 3. The difference between
the new recipe and the traditional one is to reduce agar
consumption by 40 %.

On the basis of the studies carried out to develop
a new recipe, the technology was improved and a techno-
logical scheme for the production of the «Chocolate-jelly»
cake was developed (Fig. 4).

Tahle 3

The recipe for the «Chocolate-jelly» cake with a reduced amount of gelling agents

and, as a consequence, a small value Raw material consumption, kg
Oflthzlgnthilpy %f Ineitlnfh of the Baw materials Pﬁ?s;pfrzgliﬁn for 1000 kg of semi- for 1000 kg of finished
gel ( .1)’ CCOI“ Ing to e con- v o finished product products
centration of gelling agents in the stances, % : -
solution of the superior Cc there actually | in dry matter | actually in dry matter
is a greater number of bon(is and Chaocolate glaze 99.10 302.75 300.03 306.40 303.60
accordjngly, a large value of the en- Granulated sugar 99.85 440.20 439.54 445.48 44481
thalpy of melting (AH>). Syrup 78.00 142.58 111.21 144.30 112.55
'blme the iata Thable 2itis POS} Apple puree 10.00 26.01 2.60 26.17 2.62
t that t treat t

sible to see that the treatment o Agar 85.00 6.12 5.20 5.22 4.44
agar solutions in a microwave field ——

leads to a decrease in the critical Citric acid 31.20 6.89 6.28 6.29 a.74
concentration of the transition of the Vanilla essence 0.00 0.30 0.00 0.30 0.00
molecular structure of the jelly to the Essences are different 0.00 0.23 0.00 0.23 0.00
Zlgfam@ecmaf one (C161>hCC2)- Tfhe Different dyes 0.00 074 0.00 074 0.00

1 Size 18 approximately the same for
. Total - 952.82 864.86 935.13 873.76

both the treated solution (control) 7a

and the untreated one (=40 k_]/rnol) Yield 81.60 1000.00 816.00 1000.00 816.00
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«Chocolate-jelly» cake

Fig. 4. Technological scheme for the production of the «Chocolate-jelly» cake with a reduced number of jelling agents

The production technology of the «Chocolate-jelly» Jelly layers, depending on taste and color, are flavored
cake consists of the following operations: with various essences:

— preparation of raw materials; — raspberry or strawberry (red);

— preparation of agar-sugar-treacle syrup for the lower — orange or tangerine (orange color);

and upper layers; — lemon or apricot (yellow);

— preparation of whipped mass for the middle layer; — pear or pineapple (green);

— pouring syrup into molds and its gelling agent; — blackcurrant or cherry (lilac color);

— drying of bodies; — apple or vanilla (white).

— icing and cooling of cakes; The cake making technology is as follows. Agar is

— packaging; soaked in water in cloth bags and washed in running water.

— marking; After that, the calculated amount of water is added and hea-
transportation and storage. ted in the microwave field. Granulated sugar is added to the

The body of the «Chocolate-jelly» cake on agar con- agar solution. Heat and stir constantly until sugar dissolves.
sists of three layers: the bottom and top — jelly, hav- Then add molasses without stopping heating and stirring.
ing different colors, and the middle — whipped layer — The resulting agar-sugar-syrup is cooled to 60-65 °C
white. and part of it is taken to obtain a whipped (middle) layer
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of the cake body. In the rest, add dye, citric acid, essence
and pour into molds (bottom layer). After hardening, a white
whipped layer is poured onto it. After the structure formation
of the middle layer, a jelly top layer is poured and the molds
with the bodies are kept at a temperature of 18-21 °C for
6-8 hours to strengthen the layers of the bodies.

Dried bodies are glazed with chocolate glaze. The last
tempering at a temperature of 31-32 °C. After glazing, the
cakes are cooled to 8—12 °C for 30—60 minutes. Finished
products are packaged and labeled.

The difference of the proposed technology lies in the
use of a microwave field in the preparation of agar-sugar-
treacle syrup to dissolve swollen agar, which makes it pos-
sible to reduce the prescription amount of gelling agents
and reduce the cost of the product.

The use of the microwave field provides for minor
changes in the instrumentation of the technological pro-
cess. The parameters of the technological process do not
differ from the traditional ones, so the new technology
can be introduced into production without complications.

6.3. Indicators of the quality of the «Chocolate-jelly» cake
with a reduced number of gelling agents. According to the
developed scale of sensory evaluation, the organoleptic
characteristics of the «Chocolate-jelly» cake are determined
(Table 4). The statistically processed results are shown as
individual descriptors of taste, smell and color, consistency,
shape, surface, taking into account the weight coefficients of
individual descriptors and the overall indicator, which is 4.97.

The organoleptic evaluation of the samples of the «Cho-
colate-jelly» cake has shown their full compliance with the
requirements of regulatory documents for this type of product.

The results of determining the physicochemical and
microbiological indicators of the quality of the «Chocolate-
jelly» cake with a reduced amount of gelling agent are
given in Tables 5, 6.

According to the data obtained, the developed «Choco-
late-jelly» cake with a reduced number of gelling agents
in terms of physical, chemical and microbiological indica-
tors meets the requirements of regulatory documents for
this type of product.

The scale of organoleptic evaluation of the sample of the «Chocolate-jelly» cake with a reduced number of gelling agents Teble 4
Indicator Uﬁicmrlijl:::r Th;f mzig;:isrégi;?;:‘m Characteristic of the indicator ISJE?;;’
1 0.4 Typical for the given name of the cake without foreign aftertaste 5.0
Taste 2 0.3 Body-specific — two jelly layers, no off-taste 5.0
3 0.3 Typical for the body — whipped layer, without foreign taste 5.0
Total score 3
Indicator weighting factor 0.3
Final score for the indicator 1.5
1 0.4 Typical for this name of the cake without foreign smell 49
Smell 2 0.3 Body-specific — two jelly layers, no foreign smell 5.0
3 0.3 Typical for the body — whipped layer, without foreign smell 49
Total score 493
Indicator weighting factor 0.1
Final score for the indicator 0.49
1 0.4 Typical for this name of the cake without foreign smell 5.0
Colour 2 0.3 Body-specific — two jelly layers, no foreign smell 5.0
3 0.3 Typical for the body — whipped layer, without foreign smell 5.0
Total score 5.0
Indicator weighting factor 0.1
Final score for the indicator 0.5
1 0.5 In jelly layers — jelly-like 5.0
Consistency
2 0.5 In a whipped layer — foamy 49
Total score 495
Indicator weighting factor 0.2
Final score for the indicator 0.98
Shape 1 0.1 Round, square or rectangular, regular, with a clear outline, slight deviation is allowed 5.0
Total score 5.0
Indicator weighting factor 0.1
Final score for the indicator 0.5
Surface 1 0.5 Glitter glaze 49
2 0.5 Glaze without graying or damage 5.0
Total score 4.85
Indicator weighting factor 0.2
Final score for the indicator 0.98
Total 4.97
TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/3(58), 2021 11 -
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Tahle 5§

Physicochemical indicators of the quality of the «Chocolate-jelly» cake
with a reduced number of gelling agents

The value of the indicator

Indicator name for the cake (body)

Humidity, % 20.0+08
Total acidity, deg. 7.6+0.1
Mass fraction of reducing substances, % 17.0+0.7

Table 6

Microbiological parameters of the «Chocolate-jelly» cake with a reduced
number of gelatinous agents

Indicator value for cake

Indicator with a reduced

norm
change of agar

The number of mesophilic aerobic and fac-
ultative anaerobic microorganisms, KUD g,
no mare

1x103 1x102

Escherichia coli bacteria (coliforms), in 0.1 g | not allowed | not detected

Pathogenic microorganisms, including bacte-

ria of the genus Salmonella, in 25 g not detected

not allowed

Mold fungi, CFU, no more 100 20

Thus, the use of the microwave field in the prepa-
ration of agar-sugar-treacle syrup for dissolving agar in
the «Chocolate-jelly» cake technology allows reducing
the prescription amount of agar by 40 % and obtaining
products with high quality indicators. In addition, the
innovative solution allows to reduce the cost of produc-
tion by reducing the cost of the gelling agent.

7. SWOT analysis of research resulis

Strengths. The strengths of the developed product include:

— expanding the range of jelly products;

— development of new innovative competitive tech-

nologies for jelly products, with the rational use of

food raw materials;

— cost reduction by gelling agents (agar) up to 40 %

in comparison with traditional formulations;

— absence of additional structure formers in the recipe.

Weaknesses. The weaknesses of the developed product
include:

— the need to use imported student formers;

— poor consumer awareness of the new product.

Opportunities. Additional opportunities that ensure the
achievement of research goals are in the great potential
of this technology, it has a significant resource and juve-
nile effect.

Threats. Threats in the context of a new product en-
tering the consumer market include:

— decrease in the purchasing power of the population;

— possibility of the appearance of new analogue products.

Based on the SWOT analysis, the following strategic
solutions were proposed:

— active role of marketing;

— entering new markets.

When carrying out marketing activities, it is necessary
to focus on the traditional composition of the chocolate-
jelly cake and on the natural, not artificial, origin by the

jelly-formers (agar). It is also necessary to pay attention
to the high organoleptic properties of the product.

1. It has been shown that the treatment of a 1 % agar
solution with an ultra-high frequency field leads to the
strengthening of the jelly structure, and due to this it
makes it possible to reduce the costs of gelling agents in
the production of jelly products and leads to a decrease
in its cost.

2. The technology of the «Chocolate-jelly» cake based
on agar has been improved. The proposed technology dif-
fers from the traditional one in that the dissolution of
the swollen gelling agents is carried out in the microwave
field, which makes it possible to reduce the consumption
of agar by up to 40 % in comparison with traditional
formulations.
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