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This paper is devoted to solving an important task of the food industry - the rational use of food raw materi-

als, including gelling agents of various origins. The innovative strategy of this study is based on the possibility of 

using gelatin and modified potato or pea starch (MS), as a cheap ingredient in the production of jelly products based 

on traditional, but expensive raw materials such as agar and agar from Furcellaria - furcellaran. The experimental 

study has been performed concerning the strength of gel-forming systems ‘gelatin - MS - agar – water’ and ‘gelatin - 

MS - furcellaran – water’, and systems: ‘agar - water’, ‘furcellaran - water’, ‘gelatin – water’. Mathematical models 

have been obtained that relate the strength of the investigated gel-forming systems to the mass concentration of their 

components. The equation has been obtained that allows calculating the mass concentration of the components of 

the studied gel-forming compositions with the given level of strength of systems. It is shown that for a given level of 

strength of gel-forming system there is an optimal concentration of its components in terms of the least full cost of 

the system. The equation that allows to calculate the optimal concentration of components of a combined gel-

forming system has been obtained. The adequate mathematical model for forecasting the strength of jelly products, 

depending on the mass concentration of components is obtained. It is envisaged to formulate the initial requirements 

for the parameters of gel-forming, which will allow obtaining an integral elastic structure at optimum duration of 

the technological process, by modelling the systems of gel-forming, as a technological system, within the framework 

of the functioning of individual subsystems (the creation of prescription concentrations and ratios of gel-forming 

agents). The obtained mathematical models can be used for the analysis of other gel-forming compositions in the 

presence of the data on the strength of such systems depending on the concentration of components.  
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ПРИМЕНЕНИЕ КОМБИНИРОВАННЫХ СТРУКТУРИРУЮЩИХ ВЕЩЕСТВ  

РАЗЛИЧНОГО ПРОИСХОЖДЕНИЯ В ПРОИЗВОДСТВЕ ЖЕЛЕЙНЫХ ИЗДЕЛИЙ 

 

А. ФОЩАН 

 
(Государственный биотехнологический университет, Украина, 61002, г. Харьков, ул. Альчевских, 44) 

Электронная почта автора корреспондента: andreyfoshchan@gmail.com 

 
Данная статья посвящена решению важной задачи пищевой промышленности - рациональному ис-

пользованию пищевого сырья, в том числе желирующих агентов различного происхождения. Инновацион-

ная стратегия данного исследования основана на возможности использования желатина и модифициро-

ванного картофельного или горохового крахмала (МС), в качестве дешевого ингредиента при производстве 

желейных изделий на основе традиционного, но дорогого сырья, такого как агар и агар из фурцеллярии - 

фурцелларан. Проведены экспериментальные исследования прочности гелеобразующих систем «желатин 

- МС - агар - вода» и «желатин - МС - фурцелларан - вода», а также систем «агар - вода», «фурцелларан - 

вода», « желатин – вода». Получены математические модели, связывающие прочность исследованных 

гелеобразующих систем с массовой концентрацией их компонентов. Получено уравнение, позволяющее 

рассчитать массовые концентрации компонентов исследуемых гелеобразующих композиций при задан-

ном уровне прочности систем. Показано, что для заданного уровня прочности гелеобразующей системы 

существует оптимальная концентрация ее компонентов с точки зрения наименьшей полной стоимости 

системы. Получено уравнение, позволяющее рассчитать оптимальную концентрацию компонентов ком-

бинированной гелеобразующей системы. Получена адекватная математическая модель для прогнозирова-

ния прочности желейных изделий в зависимости от массовой концентрации компонентов. Предусмат-

ривается сформулировать исходные требования к параметрам гелеобразования, которые позволят полу-

чить целостную упругую структуру при оптимальной длительности технологического процесса, путем 

моделирования систем гелеобразования, как технологической системы, в рамках функционирование от-

дельных подсистем (создание рецептурных концентраций и соотношений гелеобразователей). Получен-
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ные математические модели могут быть использованы для анализа других гелеобразующих композиций 

при наличии данных о прочности таких систем в зависимости от концентрации компонентов. 

 

Ключевые слова: агар, фурцелларан, желатин, модифицированный крахмал, желейные 

изделия, математическое моделирование. 

 

 

ЖЕЛЕ ӨНІМДЕРІН ӨНДІРУДЕ ӘРТҮРЛІ ШЫҒУ ТЕГІ АРАЛАС  

ҚҰРЫЛЫМДЫҚ ЗАТТАРДЫ ҚОЛДАНУ 

 

А. ФОЩАН 

 
(Мемлекеттік биотехнологиялық университеті, Украина, 61002, Харьков қаласы, Альчевский көшесі, 44) 

Автор-корреспонденттің электрондық поштасы: andreyfoshchan@gmail.com 

 
Бұл мақала тамақ өнеркәсібінің маңызды міндетін -тамақ шикізатын, оның ішінде әртүрлі шығу 

тегі бар гельдік агенттерді ұтымды пайдалануға арналған.  Бұл зерттеудің инновациялық стратегиясы 

желе өнімдерін өндіруде арзан ингредиент ретінде мысалы, агар және фурцеллария агары – фурцелларан 

пайдалану мүмкіндігіне негізделген желатин мен модификацияланған картоп немесе бұршақ крахмалын 

(МС) пайдалану мүмкіндігіне негізделген. "Желатин - МС - агар - су" және "желатин - МС - фурцелларан - 

су" гель түзуші жүйелерінің, сондай - ақ "агар - су", "фурцелларан – су", "желатин-су" жүйелерінің 

беріктігіне эксперименттік зерттеулер жүргізілді.  Зерттелген гель түзуші жүйелердің беріктігін 

олардың компоненттерінің массалық концентрациясымен байланыстыратын математикалық 

модельдер алынды. Жүйелердің берілген беріктік деңгейінде зерттелетін гель түзетін композициялар 

компоненттерінің массалық концентрациясын есептеуге мүмкіндік беретін теңдеу алынған. Гель 

түзетін жүйенің беріктігінің берілген деңгейі үшін жүйенің ең төменгі толық құны тұрғысынан оның 

компоненттерінің оңтайлы концентрациясы бар екендігі көрсетілген. Біріктірілген гель түзетін жүйенің 

компоненттерінің оңтайлы концентрациясын есептеуге мүмкіндік беретін теңдеу алынды. Компо-

ненттердің массалық концентрациясына байланысты желе өнімдерінің беріктігін болжау үшін барабар 

математикалық модель алынды. Технологиялық жүйе ретінде гельдеу жүйелерін модельдеу арқылы 

технологиялық процестің оңтайлы ұзақтығымен біртұтас серпімді құрылымды алуға мүмкіндік беретін 

гельдеу параметрлеріне қойылатын жеке ішкі жүйелердің жұмыс істеуі (рецепт бойынша концен-

трациялар мен гель жасаушылардың арақатынасын құру) бастапқы талаптарды тұжырымдау қара-

стырылған. Алынған математикалық модельдерді компоненттердің концентрациясына байланысты 

осындай жүйелердің беріктігі туралы мәліметтер болған кезде басқа гель түзетін композицияларды 

талдау үшін пайдалануға болады. 

 

Негізгі сөздер: агар, фурцелларан, желатин, модификацияланған крахмал, желе өнімдері, 

математикалық модельдеу. 

 

Introduction.  

Various confectionery products, such as 

cakes, pastries, cookies, marshmallows, and oth-

ers, are in great demand among the population, 

especially children. Traditionally, special sub-

stances such as agar, agaroid, furcellaran, algi-

nates (seaweed processing products), gelatin (an-

imal product), pectin, starch, gum (herbal prod-

ucts), xanthan, gelan (microbial polysaccharides), 

etc. are used for their production [1-6].  

In today's conditions, the development of 

innovative competitive technologies for confec-

tionery products is associated with resource con-

servation, with the creation of products of high 

nutritional value, improved quality with high con-

sumer properties and extended shelf life, as well 

as with the increased efficiency of technological 

processes. The urgency of the problem lies in 

solving the important task of the food industry - 

the rational use of food raw materials, including 

structure formers of different origins. 

To date, the world market of structure for-

mers is estimated at approximately 4.4 billion dol-

lars per year, and the total volume is about 

260,000 tons [7]. The main principles of choosing 

structure formers are their harmlessness and high 

efficiency of action. At the same time, it is more 

appropriate to use natural structure-formers that 

are synthesized by living organisms, decompose 

in natural conditions and are environmentally 

friendly high-molecular natural compounds [8]. 

Agar has become the first phytocolloid to 

be used as a nutritional supplement over three 

hundred years ago. Currently, it is widely used as 
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a gelling agent, thickener, stabilizer, and mois-

ture-retaining agent [9-10]. 

Furcellaran - a substance extracted from al-

gae Furcellaria species, also known as "Danish 

agar". According to European food legislation, has 

the code E407 [11]. The study of furcellaran and 

its practical significance for the food industry was 

carried out in scientific papers [12-14]. 

Gelatin is a substance of protein origin, ob-

tained by destruction of collagen - the most com-

mon protein in nature [15-16]. The physical prop-

erties of gelatin, related to its structure, affect its 

quality and potential application [17-18]. 

Starch is one of the most widely used thick-

eners and gelling agents, obtained from corn, po-

tatoes, wheat, rice, peas, etc. [19-20]. Currently, 

the scope of their use has expanded due to the cre-

ation of modified starches (MS). MS-starches are 

obtained by physical, chemical or combined pro-

cessing [21]. At present, there are about 50 types 

of modified starches in the world, the production 

volumes of which are constantly increasing [22]. 

Currently there are no complete theories 

and concepts in the scientific literature that allow 

to foresee the technological and consumer proper-

ties of confectionery products on the basis of 

knowledge of the molecular structure and the na-

ture of the structure-forming agents used for their 

manufacture. There are also no methods for quan-

titative determination of functional and physiolog-

ical ingredients, adapted for confectionery prod-

ucts using structure-formers of different origins. 

The implementation and further develop-

ment of this direction will promote the rational 

use of food raw materials, including structure-

formers of different origins, in food technologies, 

the involvement in the technological cycle of the 

domestic raw materials production, the expansion 

of the range of finished products as well as ensur-

ing the efficient functioning of the industry. 

Previously, in the works [23-25] we offered 

new technologies for the production of gel prod-

ucts on the basis of protein-polysaccharide struc-

ture-formers using the locally produced raw mate-

rials such as gelatin, gelling potato starch, fruit 

and berry and fruit purees, which allowed to ex-

pand the range of confectionery products, increase 

their biological value, reduce calorie content and 

create gel and beaten-up semi-finished products 

with improved organoleptic, structural and me-

chanical properties. 

The basis of these technologies is the idea 

of a partial replacement of expensive sulfated pol-

ysaccharides such as agar, agaroid, and furcellaran 

- the traditional raw materials for the production 

of the above products, by a composite (multicom-

ponent) structure former consisting of agar (or 

agaroid or furcellaran) taken in certain propor-

tions, as well as gelatin, and starch [23]. It has 

been established that the complex use of the sys-

tem "protein structure-former - sulfated polysac-

charide - water" leads to an increase in strength, 

elasticity, plasticity, melting point of the gels, 

with a slight decrease in the temperature of gela-

tion of solutions, and the duration of structure 

forming [24]. So, at ratios of components of 0.5% 

of agar components - 2.0% of gelatin or 0.5% of 

agar - 2.0% of gelatin - 1.5% of starch it is possi-

ble to obtain structures that are not inferior to tra-

ditional ones based on 1% solution of agar [25]. 

The purpose of the study is to obtain math-

ematical models that would help to compose 

compositions from structure-forming agents of 

various nature with predetermined structural and 

mechanical indicators of the system at the lowest 

cost of compositions. 

Objectives of the study: 

1. Conducting a study of the strength of gel-

forming systems based on polysaccharide and pro-

tein structure-formers. 

2. Obtaining mathematical models which link 

the strength of the studied gel-forming systems and 

the mass concentration of their components. 

3. Obtaining equations that will allow to 

calculate the optimal concentration of the compo-

nents of a heterogeneous gel-forming systems. 

Materials and research methods 

We used for this work, food gelatin P-11 

(TM "Mriya", Ukraine), agar CERO Agar Agar 

powder Type 8925 S (CE Roeper GmbH, Germa-

ny), Furcellaran from Furcellaria fastiogata (Es-

tonia), modified starches (MS) - oxyamyl starch 

potato OPV-1 (Ukraine), Farinex VA 40 - hy-

droxypropylaric acid potassium phosphate (Neth-

erlands), peanut starch Emden ESH 15 produced 

by Emsland Starke GmbH (Germany). Drinking 

water was used to prepare solutions. All systems 

were prepared by dissolving the appropriate 

weights of dry components in water.  

Solutions of gelatin were prepared as fol-

lows. To the exact amount of gelatin, water was 

added, after which gelatin swelled for 30-40 

minutes. Further, in heated bath with a tempera-

ture control, gelatin was dissolved at a tempera-

ture of 323 K, followed by cooling to room tem-

perature. Water was added to the cooled solution 

with the calculation of the required concentration 

of the solution. The solution was then stirred thor-

oughly for the uniform distribution of gelatin. 
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The solutions of agar and furcellan were 

prepared in water according to the procedure simi-

lar to the preparation of aqueous solutions of gela-

tin, with the only difference that the dissolution 

was carried out at a temperature of 368 K. 

The preparation of the aqueous solution of 

the mixture of these components was carried out 

by weighing dry components. At first, the agar 

was dissolved at 368 K in a half volume of water, 

then gelatin and modified starch were added to a 

solution cooled to a temperature of 323 K and, 

after its complete dissolution, was adjusted to the 

mass corresponding to the indicated concentra-

tions of the components. Weighing was performed 

on scales with the accuracy of 0.01 g. 

The determination of strength of gels and 

semi-finished products was carried out with 

Bloom strength standard method [26]. The meth-

od is based on the establishment of the ultimate 

load required to destroy the structure of gels with 

a mushroom tip. The duration of structuring was 

determined by a method based on establishing the 

maximum structural strength at the end of the 

structuring process. Thus, the maximum load was 

measured the structure was destroyed. 

Modelling technique. Two competing 

mathematical models with a number of degrees of 

freedom n=3 were selected for modelling the ex-

perimental data on the strength of the model sys-

tems "Gelatin - MS - Agar - Water" and "Gelatin - 

MS - Furcellaran - Water": 
 

Linear ,                                                            (1) 
 

non-linear ,                                                            (2) 
 

where y is strength of systems, x1, x2 are mass 

concentrations of variable components, a0, a1, a2 - 

empirical coefficients. 

Two competing mathematical models with 

a number of degrees of freedom n=2 were selected  

for modelling the data on the strength of control 

systems "Agar-Water", "Furcellaran-Water", 

"Gelatin-Water": 

 

 

linear ,                                                                   (3) 
 

non-linear ,                                                                (4) 
 

where y is strength of a control system, x, is mass 

concentration of gel-former. 

The form of mathematical models (1) - (4) 

was chosen based on the analysis of the nature of 

the graphic dependencies of the strength of the 

studied systems, the data of which are given in 

tables 1 - 3. 

The critical value of Fisher's criterion was 

calculated depending on the number of stages of 

the model with a reliability of output of 0.95. Sta-

tistical processing of experimental data was per-

formed in the Mathcad package environment. Co-

efficients of mathematical models (1) - (4), re-

gression variances, critical values of Fischer crite-

ria were calculated using the built-in functions of 

the Mathcad package. 

Results and their discussion 

According to the pilot plan, 6 model heter-

ogeneous systems (MHS) were studied based on 

combinations of hydrocolloids and modified 

starches (MS). Tables 1 and 2 give experimental 

data on the composition and strength of the sys-

tems under investigation. 

 
Table 1 – Experimental parameters of the strength of model systems based on agar, gelatin and modified starches 

 

The content of hydrocolloids 

in the model system, % 

Indicators of strength of systems with different МS, g 

МHS 1 МHS 2 МHS 3 

Agar Gelatin МS Oxyamyl ОПВ – 1 Farinex VA - 40 Emden ESH - 15 

0.25 1 1.5 90±5.0 80±4.0 85±4.2 

0.25 2 1.5 180±9.0 175±8.7 185±9.2 

0.25 3 1.5 280±14.0 260±13.0 270±13.5 

0.25 4 1.5 350±17.5 320±16.0 340±17.0 

0.5 1 1.5 140±7.0 130±6.5 130±6.5 

0.5 2 1.5 240±12.0 230±11.5 245±12.2 

0.5 3 1.5 370±18.5 350±17.5 360±18.0 

0.5 4 1.5 410±10.5 390±18.5 400±20.0 
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Table 2 – Experimental parameters of the strength of model systems based on furcallaran, gelatin and modified starches 

 

The content of hydrocolloids 

in the model system, % 

Indicators of strength of systems with different МS, g 

МHS 4 МHS 5 МHS 6 

Furcallaran Gelatin МS 
Oxyamyl 

ОПВ – 1 

Farinex 

VA - 40 

Emden 

ESH - 15 

1 1 1.5 110±5.5 100±5.0 105±5.2 

1 2 1.5 200±10.0 180±9.0 190±9.5 

1 3 1.5 270±13.5 250±12.5 260±13.0 

1 4 1.5 350±17.5 320±16.0 340±17.0 

1.5 1 1.5 150±7.5 130±6.5 140±7.0 

1.5 2 1.5 270±13.5 250±12.5 260±13.0 

1.5 3 1.5 360±13.0 330±16.5 350±17.5 

1.5 4 1.5 430±21.5 400±20.0 420±21.0 

 

Homogeneous systems (HS) from tradition-

al gel-forming agents were investigated as control 

samples, the data of which is given in Table 3. 

 
Table 3 – Experimental parameters of strength of control systems based on traditional gel-formers 

 

HS1. Аgar HS2. Furcellaran HS3. Gelatin 

The content of 

hydrocolloids, % 

Indicators of 

strength, g 

The content of 

hydrocolloids, % 

Indicators of 

strength, g 

The content of 

hydrocolloids, % 

Indicators of 

strength, g 

0.25 70±3.5 1.0 70±3.5 2.0 70±3.5 

0.5 110±5.5 1.5 130±6.5 3.0 140±7.0 

0.75 150±7.0 2.0 180±9.0 4.0 240±12.0 

1.0 240±12.0 2.5 270±13.5   

1.5 330±16.5     

 

After statistically processing the data on the 

strength of heterogeneous gel-forming systems 

shown in tables 1-2, it has been established that 

these experimental data are adequately described 

by a nonlinear mathematical model (2), and the 

data on the strength of the control systems given 

in Table 3 by a linear mathematical model (3). 

Tables 4 and 5 show the parameters of 

mathematical models describing the dependence 

of the strength of the gel forming systems on their 

composition. 

 
Table 4 – Parameters of mathematical models of model systems 

 

Model system 

, 

y – strength, g; x1 – mass concentration of agar, %; x2 – mass 

concentration of gelatin, % 

a0 a1 a2 
Relative 

error, % 

МHS1 174.7 5.116 5.116 5.3 

МHS2 1.523 0.452 0.417 5.4 

МHS3 2.464 0.919 0.924 5.2 

Model system 
, 

y – strength, g; x1 – mass concentration of furcellaran, %; x2 

– mass concentration of gelatin, % 

МHS4 113.4 4.616 4.672 2.1 

МHS5 1.975 0.673 0.684 1.9 

МHS6 2.218 0.825 0.819 2 
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Table 5 – Parameters of mathematical models of control systems 

 

Model system 
 

y – strength, g; x – mass concentration of hydrocolloid, % 

a0 a1 Relative error, % 

HS1 7.02 216 7.7 

HS2 -105 85 5.5 

HS3 -65 130 4.8 

 

As it follows from the data obtained, heter-

ogeneous model systems in the investigated con-

centration ranges have a greater gel-making ca-

pacity than control systems. The maximum 

strength of the control system is 330 g with a mass 

concentration of agar of 1.5%, 270 g with a mass 

concentration of furcellaran of 2.5% and 240 g 

with a mass concentration of gelatin 4.0%. While 

in model systems with 1.5% of modified starch, 

the maximum strength increases by almost 30% 

from 350 g to 450 g. 
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Figure 1 – Calculated strength of model systems "gela-

tin-MS-agar-water" depending on the mass concentration 

of gelatin and agar: 

1 – МHS1, 2 – МHS2, 3 – МHS3. 

 

Figure 2 – Calculated strength of model systems "gela-

tin-MS-furcellaran-water" depending on mass concentra-

tion of gelatin and furcellaran: 

1 – МHS4, 2 – МHS5, 3 – МHS6. 

 

Fig. 1 and 2 shows the calculated strengths 

of model systems depending on the mass concen-

trations of their components. The given range of 

calculated values of strength was chosen based on 

literary data [27] on the recommended strength of 

individual culinary products. So, the strength of 

gel for desserts in the collection of recipes on gel-

atin 50% of dry matter (DM) is 200 - 250 g, gel 

for decoration of cakes and figures 50% DM is 

350 g, filling gel is 350 - 400 g, gel candies in 

confectionery glaze or chocolate is 350 - 400 g. 

The obtained mathematical models allow us 

to calculate the necessary concentrations of gel 

forming substances at a given strength of the 

composition. The equation (2) gives rise to the 

following formulas for the determination of the 

necessary concentrations of the gelling agents if 

the strength of the system is given: 
 

,                                                                 (5) 

 

,                                                                (6) 
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where Р is the given strength of gel a forming sys-

tem, g; x1, x2 are mass concentrations of hydrocol-

loids for a particular composition at a constant 

concentration of the modified starch, %. 

It is clear that such combinations for one 

given strength of the system can be arbitrary, 

given the monotonous nature of formulas (5), (6). 

Therefore, the question arises as to how one can 

determine the required concentration of 

components of the gel making composition with a 

specified strength index. There are two options for 

solving this problem: the first one is that the 

concentration of components is chosen according 

to the organoleptic characteristics of the gel 

making composition, and the second on is that the 

component concentration is chosen based on the 

cost of these components.  

The cost of the model system can be rough-

ly estimated by the total cost of its components 

(without water). In our case, given that the model 

system consists of three components: 

 

,                                                       (7) 

 

where C is a full price of one model system, Cі is 

the price of an individual component of the sys-

tem, х1 is mass concentration of agar or furcel-

loran in the system, х2 is mass concentration of 

gelatin in the system х3 is mass concentration of 

modified starch in the system. 

If we take into account the relations that 

link the strength of the system and the concentra-

tion of components (5), then we obtain: 

 

                                                 (8) 

 

The last equation is a function of only one 

variable (x2) for a given strength of system (P) and 

given concentration of modified starch (x3 = 

1.5%). It's easy to make sure that the price func-

tion (8) has a local minimum, graphically depicted 

in Fig. 3. 

 

x2opt x2

C

concentration of gelatin, %  
 

Figure 3 – The price of the gel making composition depending on the concentration of gelatin: x2opt is the optimal con-

centration of gelatin, which corresponds to the minimum price of the composition. 

 

This minimum price can be determined by 

differentiation (8) for the variable x2 

 

,                                                 (9) 

 

wherefrom we get the optimal concentration of gela-

tin in the model system, which corresponds to the 

minimum price of the gel making composition: 

 

                                            (10) 
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Taking into account (5), we obtain the op-

timal concentration of another component in the 

model system: 

                                              (11) 

 

Based on the equations (10), (11) and the 

data on the parameters of the mathematical model 

in Table 4, the dependence of the mass optimal 

concentration of hydrocolloids for the specified 

strength of the system is calculated. These graphs 

are shown in Fig. 4 and 5.  
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Fig. 4 – Optimal concentration of hydrocolloids of the 

gel-forming composition for a specified strength of the 

system:  

1 – МHS1, 2 – МHS2, 3 – МHS3 

 

Fig.5 – Optimal concentration of hydrocolloids of the 

gel-forming composition for a specified strength of the 

system:  

1 – МHS4, 2 – МHS5, 3 – МHS6 

 

 

The results of the calculations given in Fig. 

4 show that the optimum mass concentration of 

agar in the range of recommended strength for 

culinary products from 200 g to 400 g ranges from 

0.25% to 0.43%, and the optimum concentration 

of gelatin from 2.1% to 3.7%, whereas model sys-

tems 1,2,3 practically do not differ in the optimal 

concentrations of agar. 

Optimal mass concentration of furcellaran, 

according to the results shown in Fig.5, ranges 

from 0.79% to 1.31%, and the optimal gelatin 

concentration is from 2.47% to 4.20%, whereas 

model systems 4,5,6 practically do not differ in 

optimal concentrations of furcellaran. 

Fig. 6 shows the cost of such systems at the 

optimal price. In the calculation of the cost of 

compositions according to the formula (8), aver-

age prices for the gel-formers were taken: agar 

550 UAH/kg, furcellaran 350 UAH/kg, gelatin 

140 UAH/kg, starch ОPV 1 - 30 UAH/kg, starch 

Farinex VA 40 - 58 UAH/kg, starch ESH 15 - 

58.5 UAH/kg. In the figure, the reference price is 

in conventional units (the minimum price is taken 

as a unit, and all others are indicated relative to it). 

It follows from Fig.6 that compositions with 

Farinex VA - 40 starch (MHS2, MHS5) have a 

higher cost compared to Oxyamil OPV 1 and Em-

den ESH - 15 starches with the same mass con-

centration in compositions of 1.5%. 

In general, model gel-formers of the ‘gela-

tin-MS-furcellaran-water’ system is 1.5 times 

more expensive than the ‘gelatin-MS-agar-water’ 

system, despite the fact that furcellaran is 1.5 

times less expensive than agar. This is explained 

by the fact that systems with furcellaran (Fig. 5) 

with equal strength compared to agar systems 

(Fig.4) have a higher overall concentration of hy-

drocolloids, and therefore a higher cost.  
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Fig.6 – The minimum price of gel-forming compositions depending on the strength of the system: 1 – МHS1, 2 – 

МHS2, 3 – МHS3; 4 – МHS4, 5 – МHS5, 6 – МHS6. 

 

Thus, the mathematical modelling of the 

gel-forming capacity of heterogeneous systems 

based on structure-formers of various nature al-

lows us to solve two important scientific and prac-

tical problems: 

1 – to make compositions from the investi-

gated hydrocolloids, which provide the necessary 

organoleptic parameters and the specified level of 

strength of systems according to technological 

requirements for culinary products; 

2 – to calculate the optimal concentration of 

compositions of hydrocolloids providing the spec-

ified level of strength of systems as to the indica-

tor of the least cost of compositions. 

Conclusion 

1. The experimental study has been per-

formed concerning the strength of gel-forming het-

erogeneous systems ‘gelatin-MS-agar–water’ and 

‘gelatin-MS-furcellaran-water’, which use Oxyamyl 

OPV - 1, Farinex VA - 40 and Emden ESH - 15 

modified starches and homogeneous systems: agar-

water, furcellaran-water, gelatin–water. 

2. It has been shown that heterogeneous 

gel-forming systems have a strength 30% greater 

than the control homogeneous systems based on 

agar, furcellaran or gelatin. 

3. Mathematical models have been obtained 

that relate the strength of the investigated gel-

forming systems to the mass concentration of their 

components. 

4. The adequacy of the models is deter-

mined by Fisher's criterion. The relative error of 

approximation of experimental data by mathemat-

ical models is 2 ... 5%. 

5. The equation has been obtained that al-

lows calculating the mass concentration of the 

components of the studied gel-forming composi-

tions with the given level of strength of systems. 

6. It is shown that for a given level of 

strength of a heterogeneous gel-forming system 

there is an optimal concentration of its compo-

nents in terms of the least full cost of the system. 

The equation that allows to calculate the optimal 

concentration of components of a heterogeneous 

gel-forming system has been obtained. 

7. It has been shown that Farinex VA - 40 

starch compositions have a higher value compared 

to Oxyamyl OPV 1 and Emden ESH - 15 starches 

with the same mass concentration in compositions 

of 1.5%. 

8. The heterogeneous compositions "gela-

tin-MS-furcellaran-water" are 1.5 times more ex-

pensive than "gelatin-MS-agar-water" systems, 

despite the fact that furcellaran is 1.5 times cheap-

er than agar. 

9. The obtained mathematical models can 

be used for the analysis of other heterogeneous 

gel-forming compositions in the presence of the 

data on the strength of such systems depending on 

the concentration of components. 
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