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Busnaueno emanonuni noxasHuxu KOHCUCMEHUII COYCI
CONOOKUX 8 3aje)ncHOCmi 6i0 6MiCMY KpoXmaniis, wo cmano
nepeoymosoro po3pooKu peuenmypHozo ckaaoy coycie con00KuUx
13 BUKOPUCMAHHAM KPOXMAi6 (izuntoi mooudixauii.

Hocnioxceno enaus peyenmypruux xomnonenmie (6ud ma
emicm Kpoxmanie Qizunnoi mooudixauii, nno006o-szionoi
cuposunu, emicm uykpy) Ha QizuKo-ximiuni ma cmpyxmyp-
HO-MeXaniuHi 8IACMUBOCH MOOETLHUX NI00060-5A2I0OHUX CUC-
mem, wo 00YMOBIIOE MONCTUBICMb PEYNOBAHHS PEOTIOZIUHUX
xapaxmepucmux con00Kux coycie. Busnaueno, wo 3i 30iav-
wenns Konuenmpauii xpoxmanie Qisuunoi mooudixauii cepii
"Prime", "Endura” epexmuena 6’azxicmo nideumwyemocs. 3ziono
3 peonoziunux 00Cai0NCeHb NA00060-A2I0HUX MOOCTLHUX CUC-
mem, 6U3HAUEHO PAUIOHANLHI 0iANA30HU 6MiCMY KpoXmanie
Qizuunoi mooupixauii ons opecineie, monineis, dinie ma nawu-
nox. Tax, 05 o0epycanis Opecineieé na 0cHo6i NJ100060-2i0HO-
20 niope ado CoKy KOHUEHMPOBaHoz0, emicm kpoxmamo "Prime”
nosumnen cmanosumu 6io 0,5 % oo 1,5 %, kpoxmane "Endura” —
1,5....3,0 %. [Ina odepicanns moninzie pauionanshuii 0ianazon
emicmy kpoxmanto "Prime” ¢ cucmemi nosunen cmanogumu 6io
3,0 % 00 5,5 %.

s nauunox, ounis, wo mMaromv OibW 2Yycmy KOHCUCMEN-
uito 3 "Kopomxoro” mexcmyporo, 8MiCm KpoxXmano noGuHeH
cmanosumu oausvro 7,0 %.

ITio uac excnepumenmanviux 0ocaiodicens 6UHAMEHO paui-
oHanvHull 0ianason KonueHmpauii uyxpy 011020 0as coycie
conooxux. Tax, 3a xonuenmpauii uypxy 6inoeo oirvwe 15 %
YMBOPIoIOMbCA 6’A3K0-meKy1i NpyxNcHi cucmemu, w0 nioxo-
O0simb 0 moninzie. Yemanosueno, wo 3a xonuenmpauii 20 %,
KOHCUCMEHUIs € 8°A3K0-2YCMO10, WO XaAPAKMEPUIYEMbC KOH-
cucmenuieto coycis oun. Jlocaioxceno, wo nodanvue 30iivuen-
Hs KoHuenmpauii yykpy 3 25 0o 30 % npuzeodums 0o ymeopenus
2e1en00i0n0i npyicHoi Koncucmenuii.

Hocaidsceno peonoziuii noKasHUKu Mo0eabHUX NI10006O-51-
2i0HUX cucmem 3a Pi3HUM 6MICIMOM KPOXMATIO Ni0 Hac mpuea-
71020 30epizanns (90 0i6). Busnaueno mepminu 30epizanns coy-
i6 conooKux.

IIposedero docriorcenns Ons 6UHAUEHHA CIMATIUX NOKAZHU-
Ki6 COYCi8 CON00KUX Ni0 Hac YUKY "3aMOPOINCYEAHHA-PO3IMOPO-
acyeanna”

Kmouoei crosa: coycu conooxki, kpoxmani izuunoi mooui-
Kauii, n1000680-12i0HA CUPOBUNHA, MOOETbHI CUCTEMU, 8 A3KICb
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1. Introduction

The current state of food production testifies to the ex-
istence of a clear-cut trend to an increase in the demand for
finished products. This tendency is essential for restaurant
enterprises (REs) and reveals a wide range of problematic
issues related to the improvement of quality, extending
assortment, provision, variation of shelf life. However, one
of the most pressing tasks is ensuring stable technological
properties of culinary products in the process of production,
storage, and consumption.

In the total amount of production from restaurant en-
terprises, significant share belongs to meals whose cooking

and selling involves sauces, self-made and produced indus-
trially.

In the technological process of sauces production, wide
spread are the functional-technological ingredients, which
include starches (native, modified). However, native starches
have a series of limitations to use: low thermal and acid-sta-
bility, tendency to syneresis, short shelf life, etc.

Currently, there is a lot of information about the as-
sortment and properties of starches. These characteristics
typically include general recommendations for their use in
specific technologies. However, the use of starches implies
not only the application of “ready” recommendations, but
also understanding patterns in the changes of the function-



al-technological properties of starches in the implementation
of the cycle “production — use as part of products — storage .

Substantiating the use of the physically-modified starch-
es (PMS) in the technology of sweet sauces is an important
scientific and practical task that would have industrial im-
plications; resolving it could form a scientific basis for the
technology of sweet sauces.

2. Literature review and problem statement

The technologies of sweet sauces with additives that
adjust indicators of nutritional value imply reducing the
consumption of thickeners, sugar, making dietary products,
enrichment with proteins, vitamins, mineral substances,
and dietary fibers. At present, most technologies that em-
ploy thickeners are aimed at improving the technologies of
heat-resistant fillings based on fruit and vegetable raw mate-
rials. However, it has become popular to devise technologies
for modern types of sauces (toppings, dressings, dips).

As one can see, a significant proportion of innovations
[1-5] aims to ensure stability of consistency that is achieved
by adding modifiers: starches of chemical and enzymatic
modification, gums, compositions of starches of chemical
modification combined with gum, carrageenan, or a com-
bination of gum arabic with low-esterified pectin. In this
case, these compositions provide sauces not only with stable
consistency, but also the resistance to mechanical stress,
the lack of syneresis. Our analysis of these innovations has
revealed the main disadvantages of using modifiers in the
technology of sweet sauces. Thus, using carrageenan, meth-
ylcellulose may decrease the stability of consistency when
freezing sauces, or system stratification [1, 2]. Applying xan-
than gum, gelan gum, gum arabic in the technology of sauces
forms transparent gels, but, after cooling, the gels are prone
to syneresis and are not resistant to mechanical stress [3].
One of the promising thickeners for sweet sauces are pectins,
but thickening the system with highly esterified pectin can
only occur in the presence of sugar and acid. Low-esterified
pectin may thicken the system or form stable gels provided
the system has free calcium ions [4,5]. Therefore, these
nutritional supplements are combined with others, which
further increase the cost of the product and limit their con-
sumption by certain consumer groups.

Food ingredients of a polysaccharide nature are repre-
sented by a wide assortment, but the results of systemati-
zation of information and the experience of food enterprises
have demonstrated that starches are mostly applied in
practice.

Given this, those scientific studies are relevant that are
aimed to develop fundamental and applied aspects in the
field of forming and using non-toxic materials, specifically
extruded flour [6].

Important is the research into effect of extruded flour on
the physical-chemical characteristics of the model systems of
sauces. It has been shown that the pre-gelatinized extruded
flour could be used in technology of sauces without thermal
treatment. However, the reported results related to a greater
degree to studying the impact of particle size and the type of
flour on the physical-chemical characteristics of model sys-
tems of sauces, while the impact of formulation components
in a sauce (heat treatment temperature, pH, sugar content,
etc.) was not considered at all.

The above has become a prerequisite to search for
functional ingredients, which, during application in techno-
logical systems, would provide the implementation of func-
tional-technological properties for obtaining sweet sauces
with the predefined consumer properties. In this direction,
those scientific studies are relevant that are aimed to develop
fundamental and applied aspects in the field of forming and
using non-toxic materials, specifically starches. Underly-
ing their properties are the innovative approaches to using
chemical modification.

Physical modification is applied to obtain swollen
(pre-gelatinized) starch and is carried out by the mois-
ture-thermomechanical treatment of starch in the rolling,
spraying dryers or in extrusion installations, which enable
quick gelatinization of starch and subsequent drying of the
starch gel. Such a treatment results in breaking down the
natural structure of starch grains, which is not accompanied
by their destruction, and starch acquires the ability to swell
and dissolve in cold water.

Authors of [7] investigated the physical-chemical char-
acteristics of starches from wax maize that underwent phys-
ical modification. By using the hydrothermal treatment, a
starch suspension was heated to a certain temperature (the
temperature of gelatinization) whose values are in a wide
range from 65°C to 80 °C. The main drawback of physi-
cally-modified starches, obtained by extrusion drying, is
the damage to starch grains in the process of fine grinding,
which leads to the uneven progress of gelatinization.

Physical modification of polymers properties can be
achieved both at the stage of obtaining the ingredients and
during the technological process. As regards starch, physical
modification is applied in the technology of cold-swelling
starches, porous starches, obtained via cryolite (freezing,
defrosting) or extrusion, as well as the cleaved starches,
obtained in the process of intensive mechanical treatment —
mechanolysis [8].

A group of companies “Ingredion” [9, 10] produces a
series of innovative starches “Novation” without index E,
which are characterized by the highest technological re-
sistance and maximum stability. Within the technological
spectrum of products intended for different purposes (sauc-
es, soups, fillers) under conditions of technological influence,
the starches “Novation” are claimed to be the ingredients
that can form and maintain structure. These types of starch
correspond to the EU Resolution 834,/2007 and can be la-
beled as “organic” [11].

When developing modern technologies for modified
starches, an important aspect is to study the morphologi-
cal structure as the size, shape, nature of the surface, and
the distribution of grains by size can largely determine the
quality of starch and affect the progress of their physical
modification.

Physical modification of the Novation starches is
predetermined by the specificity of the microstructural
characteristics of starch grains, namely their shape, size,
which are monodispersed [12, 13]. The monodispersity of
physically-modified starches is due to the almost identical
size of starch grains. The mono-dispersed system of starch
grains has the shape of an acute peak with a rather narrow
system [14], which may be the end states of the substance,
grain granules of different sizes and phase state, and the
dynamic structures, coherent flows of grains, ordered in
space and time.



Investigating the physical-chemical foundations of dis-
persion thickening, as well as studying modern technologies
for obtaining physically-modified starches, allows the pre-
diction of prospects of their use in the technology of sweet

sauces.

3. The aim and objectives of the study

The aim of research whose results are generalized in the
current paper is to prove the expediency of using physical-
ly-modified starches in the technology of sweet sauces based
on fruit and berry raw materials.

To accomplish the aim, the following tasks have been set:

— to justify the choice and content of fruit and berry raw
materials, physically-modified starches, white sugar, in the
model systems that imitate the formulation composition of
sweet sauces;

— to examine the rheological studies into fruit-and-berry
model systems depending on the content of physically-modi-
fied starches, white sugar, in order to define a rational range
of thickeners concentration, which model the predefined
consistency of sauces;

— to establish basic parameters and conditions for storing
fruit and berry model systems depending on the content of
starch;

—to carry out an experimental study of the cycle “freez-
ing — defrosting” of fruit and berry model systems depending
on the content of starch.

4. Materials and methods to study the impact of
formulation components on the properties of sauces

In the experimental study, we used concentrated juices,
fruit and berry purees (fruit and berry raw materials), which,
in terms of quality and safety indicators, complied to the
norms of the manufacturer.

To prepare fruit and berry purees, the frozen
fruit and berry raw materials were thawed at a tem-

We froze model systems at the temperature of —18+2 °C
for 7 days. The samples were stored in a glass container with
metallic lids.

Statistical processing of results from the study employed
the software STATISTICA 13.3 (a Process Optimization
build), the graphs were constructed using the tabular pro-
cessor MS Excel 2010.

5. Investigation of the influence of formulation
components on the physical-chemical and structural-
mechanical properties of model fruit-berry systems

The interaction between polymers of starch and water
largely determines the structure and texture of food prod-
ucts. The swelling of starch is caused by the plasticizing of
the amorphous regions and by the melting of starch crystal-
lites, which form a system of transverse bonds [19].

To substantiate the type and content of starch for
thickening and stabilization of sweet sauces, we determined
changes in the effective viscosity of model systems “starch—
water” (Fig. 1). Since GSD are the non-Newtonian liquids,
we first determined the viscosity of solutions at different
concentrations (2...8 %) depending on the shear rate at a
constant temperature of 70+2 °C.

It was established experimentally (Fig. 1) that control of
starch content makes it possible to form GSD with the prop-
erties of liquid dispersions (from 2.0 % to 3.0 %), dispersions
of medium density (from 3.5 to 8.0 %), thick dispersions
(from 7.0 to 8.0 %), which were adopted as parameters for the
formulation composition of sauces with a variable consistency.

Based on studies into the properties of starches of
various brands [20-23], the appropriateness of using the
PMS “Prima”, “Endura” was established. The rational
conditions for obtaining GSD were defined, specifically
the content of starch for the respective kinds of sauces
consistency, the system’s pH, and the content of white
sugar (Table 1).
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perature of 19+2 °C, the fresh fruit and berry raw
materials were washed, skin and seeds were peeled

off, then we cut them into slices of (10...15)x10"3 kg.
The prepared fruit and berry raw materials were

blanched at a temperature of 98+2 °C for (7...8)-60 s
and squeezed until obtaining a puree.

2
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We determined active acidity of fruit and berry
raw materials according to GOST 26188-84 [15]

at a laboratory pH meter, the type of “OR-205/1”
with an error of £0.005 [16]. Mass fraction of dry

substances in the fruit and berry raw materials
was determined according to GOST 5900-73 [17].

Effective viscosity of the gelatinized starch dis-
persions (GSD), model systems (MSs), semi-fin-
ished and finished products was determined at
a rotary viscosimeter, the type of VPN-0.2 [18].

To compare the viscosity of two or more ob-
jects, we compared viscosity at the same shear
rate, which was chosen in the region of maximum
viscosity of the extremely non-destroyed structure
or minimum viscosity of the destroyed structure.

The volume of the liquid phase isolated from GSD during
storage and a freezing-thawing cycle was determined in line
with [18].

Starch content, %

Fig. 1. Dependence of GSD effective viscosity on starch content:
1 — corn amylopectin; 2 — wax corn “Prima”; 3 — tapioca “Endura”;

4 — tapioca “Indulge” (at y=50 s-1)

The technology of obtaining sweet sauces with the use of
PMS is determined by the specificity of functionally-tech-
nological properties, associated with the viscosity of the
product, effect of fluidity, as well as colloidal stability under
storage conditions, changes in temperature.



The substantiation of the formulation composition was
preceded by the study of the prototype products, made
industrially, which were ranked by the purpose (dressings,
toppings, dips and fillings) and based on determining refer-
ence characteristics (Table 2). Table 2 gives analysis of the
physical-chemical indicators of sauces available in the mar-
ket [20—23]. The analysis was carried out in order to further
compare the physical-chemical indicators of sweet sauces
that contain physically-modified starches.

Table 1
Rational parameters for obtaining GSD based on PMS

Rational parameters
Parameter title Meas“.r' . . fillings
ing unit | dressings | toppings dips ’
Type and content of starch
I\ggrdﬁ fflg?mvgﬁx o 20.30 | 35.7.0 |75.90
Tapioca «Endura» 2.0..3.5 4.0..7.5 8.0..9.0
Heat treatment temperature
o b | 69 "Cs1<99C
Tapioca «<Endura» 68 °C<t<99 °C
pH of the system for starch-based GSD
o <brima | device pH230
Tapioca «Endura» unit pH>3.0 pH>4.0
White sugar content for starch-based GSD
Made from wax
corn <Primas % = 10 15..20 25...40
Tapioca «<Endura» 15...30 35...40

Characteristic of reference indicators for sweet sauces of industrial

production

24.2 %). Active acidity of fruit and berry raw materials
(2.86-3.55), the content of organic acids, the presence of
pectins, can affect the structural-mechanical characteris-
tics of a sauce.

The impact of fruit and berry raw materials on the prop-
erties of GSD were investigated at the level of model sys-
tems. The effect of fruit and berry raw materials and white
sugar on the properties of model systems was determined at
the constant shear rate of 50 s-1 with constructing the effec-
tive viscosity curve. Since the viscosity for GSD at this rate
is a constant magnitude, any change in it will be determined
by the influence of technological factors.

Data from studying the viscosity of MS “puree — water—
starch” (Fig. 2, 3) confirm the behavior of starches in the MS —
an increase in starch content increases the effective viscosity.

The rational concentrations of the PMS “Prima” are
1.5-2.0 % for dressings; for toppings — from 2.0 to 6.0 %,
respectively, for all the types of purees studied. The content
of starch in the range of 6.3-7.5% in the presence of a puree
ensures forming a thick dense consistency that is inherent to
dips and fillings.

Similar tendencies are demonstrated by model systems
based on starch “Endura”, but at some other concentrations.
The MS based on starch “Endura” have different textural
characteristics, which makes it possible to adjust the struc-
ture of sauces:

—for dressings (they have liquid consistency, quickly
spread at a horizontal surface), it is advisable to use MS
based on cranberry and blackcurrant purees at starch con-
tent of 1.5...3.0 %, MS based on raspberry and banana —
1.5..2.5%;

— for toppings, the necessary content of
starch is from 3.0 to 5.5 % (for MS based on
raspberry puree, banana);

— for fillings, dips, which have a denser
consistency with a “short” texture, the con-

Table 2

tent of starch is about 7.0 % for MS based

Indicator Characteristic of indicators for sauces >
Grouns of on all types of purees (except banana, which
sweet Sl;uces dressings toppings dips fillings forms a system in the form of a gel).
Consistency - medium density Jense The technologies of sauces also involve
Sance b - - ot " the use of concentrated juices (CJs): cherry,
d;i;ei(t)mo_ (r):c?ugse_ ?lr:(;)lie en:;?]gse' homogeneous g:n::)(l)l_s strawberry, peach, which have a series of
5 ffective};is— advantages both for consumer and manufac-
cosity (Pas) | 0.3040.01 | 1.50+0.04 | 2.07+0.1 3.07+0.1 3.50+0,1 | turer. Therefore, we next investigated the
(=50 s1) MS “CJ—water—starch” (Fig. 3, 4).
is- Fig. 3, 4 show that all model systems are
Texture indi- | vis- | vis o |cous-fuid, | viscous-clastic gil._!]lfe’ characterized by the general nature of an
cators at rest | cous-rare | cous-tlul elastic clastic | jpcrease in viscosity, under condition that the
Characteristic texture is fluid <l texture is retained at a horizon- | Starch content is increased. Our analysis of
of fluidity exture 1s Huid «long> tal surface, «short» curves makes it possible to assert that the use

The ideology of the product implies, first of all, the use
of natural raw materials of plant origin (fruits, berries) and
concentrates on their base; the justification of the choice of
fruit and berry raw materials was based primarily on the
consumer preferences research.

Concentrates of juices and fruit and berry purees were
used during the research. To justify the content of fruit and
berry raw materials in the model system’s composition, their
physical and chemical characteristics (solids content and
active acidity) were investigated.

It was determined that juice concentrates have more
solids (62.0-67.0 %) than fruit and berry purees (8.5—

of starch “Prima” in the amount of 0.5...1.5 %
is the most rational to form the viscous char-
acteristics of dressings.

Our research into MS viscosity at the “Prima” starch
content of 1.5..6.0 %, except for MS based on peach CJ
(up to 7.5 %), has substantiated the rational range to form
toppings. It was established that the content of starch of
6.0...7.5 % is rational for obtaining dip sauces or fillings.

Model systems with the “Endura” starch content are
recommended only for dressings and toppings. Thus, the
consistency of MS at the content of starch of 1.5...2.5 % is
liquid and rather fluid; an increase in its concentration to
7.5 % transforms it into viscous-fluid.
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Fig. 2. Dependence of effective viscosity of MS
(“puree — water —PMS “Prima”) on starch content based on puree:
1 — cranberry; 2 — black currant; 3 — raspberries; 4 — banana (y=50s")
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Fig. 3. Dependence of effective viscosity of MS
(“puree — water —-PMS “Endura”) on starch content based on puree:
1 — cranberry; 2 — black currant; 3 — raspberries;
4 — banana (y=50s")
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Fig. 4. Dependence of effective viscosity of model systems
“Juice —~water — PMS “Prima” on starch content based on CJ:
1 — cherry; 2 — raspberry; 3 — peach (50 s™')

The obtained experimental data (Fig.2-5) confirm
resistance to the effect of organic acids by PMS “Prima”,
“Endura”, which in the process of hydrolysis exhibit stability,
probably due to the monodispersity of grains.

It was determined [22] that during cooling of
GSD based on the starch “Prima” to the temperature
of 1..6°C the viscosity grows due to the formation
of hydrogen bonds, while the “Endura” starch-based
GSD is characterized by a slight increase in viscosity
indicators during cooling. Therefore, we propose using
the starch “Endura” for more liquid systems that have a
homogeneous texture (for example, dressings, homoge-
neous toppings, without introduction of fillers).

It is known that the consistency of sauces can
be created according to two mechanisms: the con-
centration of solids (for example, boiling) or the
introduction of a structure-forming agent. Since in
the technological process the duration parameter is
variable it is selected depending on the amount of
mixture that is processed, and the type of equipment.

The next level of research implies maximum
approximation of the MS composition to the formu-
lation composition of sweet sauces. Therefore, based
on previous studies, we developed a composition of
MS with different sugar content and investigated
the effective viscosity of MS (Fig. 6). In addition to
forming a sweet taste, sugar significantly affects the
consistency by enhancing the content of dry matter.

It was established that the introduction of sugar
in concentrations up to 10.0 % does not significantly
affect the viscosity of model systems. The optimum
sugar content for MS (1) is 15.0 %. The sugar con-
centration for M'S (2) varies in the range of 15...20 %.

Increasing sugar content increases the viscosity
of systems due to starch gelatinization. According
to organoleptic parameters for toppings with a ho-
mogenic structure, increasing the concentration of
sugar changes color and taste.

The MS (3) with the concentration of sugar
exceeding 15 % forms viscous-fluid elastic systems.
When sugar concentration increases to 20.0 %, the
viscosity is 2.47+0.07 Pa-s: these indicators are ra-
tional to form toppings with fillers.

The rational range of sugar concentrations for
dips and fillings was determined. It was established
that at the concentration of 20 % for MS (4) the
consistency is viscous-dense, which is characteristic
of the consistency for dip sauces. It is investigated
that a further increase in sugar concentration from
25 to 30 % leads to the formation of a gel-like elastic
consistency, whose viscosity varies from 3.78+0.1 to
4.12+0.1 Pas.

The formulation composition and the techno-
logical process of production should provide for the
formation of the predefined consumer properties and
their stability during shelf life. The phenomenon
of starch “aging” is a significant drawback and is
accompanied by stratification, and a loss of feeling
of juiciness.

Model systems were investigated at different
concentrations of starches, according to their types —
dressings, toppings.

Model systems with the content of starch corn
of 2.0 % demonstrate in 3 days the stratification of
moisture, to 8.0 %, and at concentration of 7.5 % —
the stratification of moisture occurs on day 27,
by 18.0 %.
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sauces based on three groups of consisten-
cies, one can define the following patterns.
In addition to starch content, the amount
and type of a puree would significantly
affect the consistency.

Sour taste (a pH level) of fruit and
berry sauces can be formed both by using
acid-containing raw materials (cranberry,
cherry, currant) and by additional intro-
duction of acids (for example, lemon).

Starch contains a share of impurities
that reduce the concentration of acid in
the solution. When the temperature rises,
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1 perature affects the chemical reaction rate,
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1.00 —£

e characterized by the magnitude of a tem-
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= perature coefficient of reaction rate. Thus,

according to the graphs shown in Fig. 1-4,
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it was established that the most resistant

0.00
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Fig. 6. Dependence of effective viscosity on MS composition based on:
1 — peach CJ; 2 — cherry CJ; 3 — raspberry puree;

4 — blackcurrant puree (y=50s")

The data reported have confirmed the high function-
ality of “Prima”, “Endura” starches, including the pro-
cesses of storing finished products, which are 90 days at
a temperature of 1.6 °C and an air relative humidity of
75.0...85.0 %.

“Loading” a formulation composition of MS with food
ingredients (fruit and berry raw materials, sugar) requires
their testing in the cycle “freezing—defrosting”. The control
adopted is a MC based on corn starch.

The research results show the instability of the MS
based on corn starch over the cycle “freezing—defrosting”.
The MSs based on the “Endura”, “Prima” starches proved
resistant to low temperature, as evidenced by the indicators
for effective viscosity before and after defrosting, which re-
mained almost unchanged.

Thus, the set of our studies has scientifically grounded
and proven the expediency of using the “Prima”, “Endura”
starches for sweet sauces, which make it possible to create
variable consistencies that are stable over time and resistant
to the action of destabilizing factors.

to the effect of acid-containing raw mate-
rials are the starches “Prima”, “Endura”.
In the process of hydrolysis, PMSs exhibit
stability, probably due to the monodisper-
sity of grains, which was proven in other
studies [20-23].

The effect of white sugar on gelatini-
zation and properties of starch dispersions
has practical significance in the manufac-
ture of sauces of different textures. It is known that sucrose
delays the swelling of starch grains in water due to high
solids content. Therefore, to comprehensively substantiate
the use of starches in the technology of sweet sauces, we
performed an experimental study (Fig. 5) into the influence
of white sugar on the effective viscosity of fruit and berry
model systems. The analysis of general tendencies has re-
vealed that an increase in the sugar concentration to 30 %
leads to a gradual increase in viscosity indicators for all
model systems.

The data obtained on the impact of formulation compo-
nents on the physical-chemical properties of sweet sauces
that include physically-modified starches make it possible to
assert the following:

—we have established patterns in the influence of fruit
and berry raw materials, white sugar, on the functional-tech-
nological properties of food systems that include PMSs;

—we have experimentally determined the kind and ratio-
nal content of PMSs, confirmed the technological parame-
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ters for making sweet sauces that include them, whose imple-
mentation ensures constant quality indicators throughout
the technological workflow.

Such conclusions could be considered expedient from
the practical point of view, because they make it possible to
reasonably approach the production of sweet sauces. From a
theoretical point of view, they make it possible to argue on
using PMSs and on the stability of structural and mechan-
ical parameters of fruit and berry model systems depending
on the technological factors, which from certain advantages
of the current research.

However, one should note the effects of electrolytes
that are present in sauces, which significantly affect the
structure, texture, and organoleptic characteristics of the
product.

Salts include cations of calcium, sodium, potassium, and
anions, such as chlorine, carbonates and phosphates. Salts
also include substances that form chelate complexes, for
example, ethylenediaminetetraacetic acid, which contrib-
utes to slowing down the oxidative damage to a product.
The preservatives used also include epy salts of sorbic and
benzoic acids. The electrolytes ions interact with starch,
facilitating interaction between different molecules to
form the spatial mesh structure. Salts reduce the freezing
temperature of solutions and increase the temperature of
boiling, as well as alter the taste of a product in general.
Therefore, in the future it is necessary to experimentally
investigate the influence of salts on the structural-mechan-
ical indicators of GSD.

7. Conclusions

1. We have substantiated the types of fruit and berry
raw materials and the sequence of their introduction to the
formulation of sweet sauces. Our research into the chemical
composition and physical-chemical properties of fruit and
berry raw materials has established their rational content in
the composition of a formulation of sweet sauces.

2. The reference indicators for sauce consistency
have been defined (effective viscosity): for dressings —
0.78+0.03 Pa-s at starch content of 2.0...2.5 %,; for toppings
with a homogeneous structure — 1.60+0.04 Pa-s at starch
content of 3.0...4.0 %; for toppings with a heterogeneous
structure — 2.70+0.08 Pa-s at starch content of 4.5...6.5 %;
for dips — 3.25+0.09 Pas at starch content of 7.0; for fillings
—3.50...3.83 Pass at starch content of 7.5...8.0 %.

3.1t was investigated that at the concentration of sug-
ar from 15.0 to 20 % the viscosity of MS increases from
1.80%0.05 Pa's to 2.10£0.06 Pa-s; the specified indicators
were defined as rational for homogeneous toppings and for
those that include fillers. The rational concentration of sugar
for dips and fillings was determined. It has been found that
increasing the concentration of sugar from 25. 0% to 30.0 %
leads to the formation of a gel-like consistency whose viscos-
ity varies from 3.78+0.1 Pa-s to 4.12+0.1 Pa:s.

4. It was determined when storing MS over 90 days that
MS based on the starches “Prima”, “Endura” are durable and
stable for 90 days of storage under a temperature of 1...6 °C
and an air relative humidity of 75.0...85.0 %.
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