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Introduction. The purpose of the research: to establish the
influence of the addition of seaweed raw materials and the
absence of structure-forming agent on the rheological parameters
of berry sauces.

Materials and methods. Materials of rheological studies
were samples of blueberry-cranberry sauce with guelder rose
juice with different content of hydrated seaweed and control
samples with modified corn starch and xanthan gum. The
research of rheological properties was carried out rotational
viscometer. Sensory research of sauces was performed on a five-
point scale based on the weighting factor.

Results and discussion. The curves of the effective
viscosity on the shear rate of the test specimens are similar to the
curves of the control samples in all series of tests. The use of
Fucus seaweed increases the viscosity of wild berry sauces
without additional structuring agents compared to control
samples made from xanthan gum, which is equal for samples with
Fucus — 7.32 Pa-s, with xanthan gum — 7.22 Pa-s. The use of
seaweed instead of xanthan gum and starch improves the ability
of macroscopic systems to independently restore the structure
after its destruction, as evidenced by relatively larger values of
thixotropy coefficients, namely, the thixotropy coefficient for
samples with xanthan gum is — 56.9%, with starch — 64%, with
Laminaria — 78.0%, with Undaria pinnatifida — 82.0%. The use
of seaweed improves the structural properties of pasteurized
objects, which is confirmed by a decrease in the value of the
coefficient of consistency, proportional to the viscosity of the
sauce samples compared to non-pasteurized samples — for
samples with Undaria pinnatifida by 0.84 Pa-s, with Laminaria
by 0,20 Pa-s. Addition of up to 8% Laminaria and 3% Fucus and
Undaria pinnatifida to hydrated algae does not have a negative
effect on organoleptic and rheological parameters.

Conclusions. The possibility of production of berry sauces
without additional addition of structure forming agents to the
recipe is proved.
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Introduction

It is necessary to pay special attention to the structure and mechanical properties of the
finished product when developing a quality sauce technology [2], in particular on vegetable raw
materials [3]. As practice shows, in order to get a sauce with certain rheological properties, it is
necessary to use structure-forming agent [1]. In the technologies of fruit and berry sauces,
thickeners, for the most part, starches, gums etc., are the structure-forming agents [4]. Although
most of them have a positive effect on the structural and mechanical properties of sauces and are
widespread [5], they also have high calories and low digestibility [6]. Therefore, adding them only
increases calories and does not increase the nutritional value of the product [7].

Currently, there are a number of developments of replace traditional thickeners in the
production of sauce products [8]. Works on the use of modifications of starches [9-12] and
composite mixtures have become the most widespread [13]. In addition, there are a number of
developments that prove the feasibility of using thickeners of non-starch nature [15-19] and pectin
substances [20] as structure forming agents.

However, during the analysis of existing developments, no studies were found that would
confirm the possibility of not using additional thickeners in the production of berry sauces. Thus,
the question of the possibility of producing sauces only on a natural basis remains unresolved.

It is known that the berry raw material contains a significant amount of pectin
substances [21], which are able to have a structure-forming effect [22]. Therefore, it can be
assumed that the additional introduction of thickeners in the formulations of berry sauces is not
necessary. In this way, a product will be obtained that is characterized by naturalness and easily
digestible.

The analysis of recent research and the relevance of the development of technology of sauces
from wild and cultivated berries with the addition of iodine-containing additives has been
described and proven in previous studies [23-25].

The purpose of the research: to establish the influence of the addition of seaweed raw
materials and the absence of structure-forming agent on the rheological parameters of sauces.

To achieve this purpose, a number of tasks were formulated, namely:
Development of sauce technology with high sensory quality indicators,
To determine the effect of thickener on the viscosity,

To determine the effect of thickener on the restoration of the structure,
The effect of pasteurization on the viscosity of the objects of research.

Materials and methods

Materials of researches were samples of blueberry-cranberry sauce with guelder rose juice
and control samples.

As the control samples, sauces of industrial production were used, namely blueberry sauce
based on modified corn starch and cranberry sauce based on xanthan gum.

The technology of production of blueberry-cranberry sauce with guelder rose juice consists
in mechanical culinary processing of initial raw materials, crushing of berries, preparation of
seaweed raw materials, connection of components of mix, mixing before uniform distribution of
components, thermal processing and pasteurization at a temperature of 98...100°C. The ratio of
the main prescription components after mechanical culinary processing is bilberry puree:
cranberry puree: guelder rose juice: sugar = 1:1:1/5:1. It should be noted that the developed
technology does not use additional structure forming agent. The proposed sauce technology
involves the use of dry seaweed. Since the hygroscopicity of seaweed is not the same, the optimal
hydromodules are established: for Laminaria — 1:5-1:6, for Undaria pinnatifida — 1:8-1:9, for
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Fucus — 1:3-1:4. Namely, previous studies [26], which relied on iodine content in seaweed raw
materials established the possibility of adding hydrated seaweed in quantities of 3, 5 and 8% of
the original recipe mass. The estimated amount of iodine in the finished sauces is 0.1-1.0 mg per
100 g of the finished sauce, depending on the type of seaweed used. This sauce is completely
natural and do not contain any additional structure forming components.

Samples were studied without the addition of seaweed raw materials and with the addition
of Laminaria, Fucus and Undaria pinnatifida, which in the context of the studies can be
conditionally taken into account by thickeners.

Even at the initial stage of rheological studies, it became apparent that sauce samples to
which hydrated Laminaria was added to the composition showed a dependence of effective
viscosity on the sliding velocity similar to the control samples. At the same time, the curves of the
dependence of the effective viscosity on the sliding velocity of the test samples, to which 5 and
8% hydrated Fucus and Undaria pinnatifida seaweed were added, have a different dynamics
compared to the control specimens. Thus, due to the expediency of detecting the maximum
amount of seaweed raw material that can be added to the sauce recipe, a series of studies with the
content of hydrated seaweed Fucus and Undaria pinnatifida—3% and Laminaria — 8% are further
described.

Order of research consisted of two main stages — sensory quality assessment and
rheological research.

Sensory researches of sauces were performed on a five-point scale based on the weighting
factor [27]. During the organoleptic analysis, the appearance, consistency, color, taste and smell
were determined. For a more detailed study, each group of indicators was divided into segments.
When assessing the appearance and consistency of the sauce, homogeneity, absence of inclusions,
fluidity and density were determined. When assessing color — homogeneity, expressiveness,
naturalness and intensity; taste — expressiveness, balance, speed of release, purity, naturalness;
smell — expressiveness, compliance with the type of raw materials used, stability, purity.

The next stage of the research was to conduct rheological researches that would confirm
the assumptions about the non-use of structure forming agent.

The research of rheological properties was carried out by an experimental method using
«Reotest-2» rotational viscometer [28]. During the experiments for the sauce samples, the
dependencies between the viscosity and the shear rate were recorded for different values of the
strain rate from 0.3333s to 437.4s at 20 °C. All dependencies were recorded with increasing
and decreasing velocity gradient, i.e. with forward and reverse strokes of the viscometer. The
experimental conditions were as close as possible to the production conditions [29].

The effective (dynamic) viscosity of the test samples is generally described by the equation
of the following form [30]:

Ty =57 o

where 7 — effective viscosity, Pa-s, B — coefficient of consistency proportional to the viscosity,
Pa-s, y —sliding velocity, m — rate of destruction of the structure.
The thixotropy coefficient was calculated by the formula:

A, = % 1100
n (2)

where An — thixotropy coefficient, %; B, — value of the coefficient of consistency proportional to
the viscosity at reverse course, Pa-s; B, — value of the coefficient of consistency proportional to
the viscosity at forward course, Pa-s.
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Results and discussion
Determination of sensory properties

The first stage of the study was the conduct of sensory analysis, which allowed
determining the patterns of formation of sensory indicators, as it is on these indicators that
potential consumers, in the first place, evaluate the product.

Taking into account the influence on sensory quality indicators, the possible percentage
of added hydrated seaweed to the prescription composition was investigated. In previous
studies, we have identified that the addition of 3-8% hydrated Laminaria, Fucus and Undaria
pinnatifida does not worsen the sensory parameters [26]. The results of sensory analysis are
shown in Table 1.

Table 1
Sensory analysis of sauces
Indicator | Weighting Weighting Characteristic Score, points
factor factor of Bilberry- | Bilberry | Cranberry
characteristic cranberry | sauce sauce
sauce with with
with Starch xanthan
guelder gum
rose juice
Appearance 0,2 0,83 Homogeneity 4,80 4,80 4,90
0,17 Absence of 4,80 4,70 4,70
nclusions

[Total score on the indicator 0,96 0,95 0,96
Consistency 0,25 04 Fluidity 4,90 4,70 4,80
0,3 Density 4,70 4,80 4,70
[Total score on the indicator 1,20 1,19 1,19
Color 0,15 0,3 Homogeneity 4,80 4,70 4,80
0,2 Expressiveness 4,90 5,00 4,90
0,2 Intensity 5,00 5,00 5,00
0,3 Naturalness 5,00 4,90 4,90
[Total score on the indicator 0,74 0,74 0,74
Taste 0,25 0,1 Expressiveness 5,00 4,70 4,80
0,2 Balance 4,90 4,00 4,10
0,1 Speed of release 4,80 4,00 3,90
0,3 Purity 5,00 3,90 4,00
0,3 Naturalness 5,00 3,90 3,80
[Total score on the indicator 1,24 1,03 1,03
Smell 0,15 0,3 Expressiveness 4,90 4,80 4,90
0,2 Compliance with 4,90 3,70 4,90

the type of raw

materials used
0,2 Stability 5,00 4,70 4,80
0,3 Purity 5,00 4,00 3,90
[Total score on the indicator 0,74 0,65 0,65
ICommon score 4,88 4,57 4,57
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The sauce recipe, which is made according to the proposed technology, does not
include flavorings. Sauces are made only on a natural basis, which has a positive effect on
sensory characteristics. As can be seen from the table, industrial samples of sauces, which
include a significant number of additives, are almost not inferior to the developed sauces in
terms of appearance, but significantly inferior in terms of taste and smell.

Influence of the type of thickener on the viscosity of berry sauces

The first series of research identified the effect of the type of thickener on the viscosity
of the objects of research. The curves of the dependence of the effective viscosity of the test
samples on the sliding velocity are shown in Figure 1.

The results of mathematical processing of the experimental data from Figure 1 are
shown in Table 2.

The calculated values of the coefficients of determination (R?) indicate the high
reliability of the analytical equations that describe the behaviour of each of the test samples.
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Figure 1. Dependence of the effective viscosity of the samples on the sliding velocity
1 — Sauce with Xanthan gum, 2 — Sauce with Starch, 3 — Sauce Without thickener,
4 — Sauce with Laminaria, 5 — Sauce with Undaria pinnatifida, 6 — Sauce with Fucus
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Table 2
Equation coefficients (1)

Sample B, Pas| m |R?

Sauce with Xanthan gum 7,22 0,60 | 0,99
Sauce with Starch 10,39 0,56 | 0,99
Sauce Without thickener 4,09 0,59 | 0,96
Sauce with Laminaria 5,00 0,62 | 0,99
Sauce with Undaria pinnatifida | 4,19 0,64 | 0,98
Sauce with Fucus 7,32 0,68 | 0,98

According to the decrease in the value of the coefficient of consistency proportional to
the viscosity, the test samples can be arranged in the following ranked row: Sauce with Starch
— Sauce with Fucus — Sauce with Xanthan gum — Sauce with Laminaria — Sauce with
Undaria pinnatifida — Sauce Without thickener. As can be seen from the above data, the
lowest coefficient of consistency is observed in the test samples without thickener and with
Undaria pinnatifida. The largest is in samples with starch and Fucus. The values of the
consistency coefficients of other samples occupy an intermediate position. It should be noted
that using as a thickener Fucus increases the viscosity of the target products compared to
Xanthan gums (the control sample).

According to the decrease in the value of the rate of destruction of the structure, the test
samples can be arranged in the following ranked row: Sauce with Fucus — Sauce with
Undaria pinnatifida — Sauce with Laminaria — Sauce with Xanthan gum — Sauce Without
thickener — Sauce with Starch. Samples with starch and Without thickener are characterized
by the lowest rate of structure destruct ion. The structure of samples with Fucus and Undaria
pinnatifida is most rapidly destroyed.

The results obtained can be primarily explained by the chemical composition of berry
and seaweed raw materials. It is known that the viscosity of products, in addition to pectin,
is significantly affected by other polysaccharides, including alginates [31]. According to the
literature, the highest content of alginate among these algae is in fucus, the lowest — in
Undaria pinnate [32, 33]. In addition, the viscosity can be affected by fucoidans, the content
of which in Fucus is 9-11% on dry matter [34], in Laminaria — 2-4% [35], in Undaria
pinnatifida — 5-16% [36].

Effect of thickener type on the restoration of the structure of berry sauces

The second series of experiments was aimed at determining the effect of the type of
thickener on the ability of macroscopic systems to self-restore the structure after its
destruction. For this purpose, the viscosity of the samples was investigated using the "reverse
course” method.  The curves of the dependence of the effective viscosity of the test
specimens from the sliding velocity at reverse course are shown in Figure 2.
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Figure 2. Dependence of the effective viscosity of the samples on the sliding velocity at reverse

course

1 — Sauce with Xanthan gum, 2 — Sauce with Starch, 3 — Sauce Without thickener,
4 — Sauce with Laminaria, 5 — Sauce with Undaria pinnatifida, 6 — Sauce with Fucus

The results of mathematical processing of the experimental data from Figure 2 are
shown in Table 3.

Table 3
Equation coefficients at reverse course

Sample B,Pas | m R?

Sauce with Xanthan gum 4,11 0,52 | 0,99
Sauce with Starch 6,65 0,48 | 0,99
Sauce Without thickener 3,22 0,56 | 0,93
Sauce with Laminaria 4,10 0,61 | 0,99
Sauce with Undaria pinnatifida | 3,27 0,60 | 0,98
Sauce with Fucus 4,14 0,60 | 0,98

The calculated values of the coefficients of determination (R?) indicate the high
reliability of the analytical equations that describe the behavior of each of the test samples.
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According to the decrease in the value of the coefficient of consistency proportional to
the viscosity, the test samples can be arranged in the following ranked row: Sauce with Starch
— Sauce with Fucus — Sauce with Xanthan gum — Sauce with Laminaria — Sauce with
Undaria pinnatifida — Sauce Without thickener. As can be seen from the above data, the
properties of the samples at reverse course remain similar to those identified at forward
course.

According to the decrease in the value of the rate of destruction of the structure, the test
samples can be arranged in the following ranked row: Sauce with Laminaria — Sauce with
Undaria pinnatifida — Sauce with Fucus — Sauce Without thickener — Sauce with Xanthan
gum — Sauce with Starch. As can be seen from the above data, the properties of the test
samples at reverse course have changed compared to the data obtained at forward course.
The structure of samples with Laminaria and Undaria pinnatifida is most rapidly destroyed.

The data obtained are shown in Table 4.

Table 4
Thixotropy coefficients (2)

Sample B;, Pa:s | Bs, Pa:s | im %
Sauce with Xanthan gum 4,11 7,22 56,9
Sauce with Starch 6,65 10,39 64,0
Sauce Without thickener 3,22 4,09 84,5
Sauce with Laminaria 4,10 5,00 78,0
Sauce with Undaria pinnatifida | 3,27 4,19 82,0
Sauce with Fucus 4,14 7,32 56,6

According to the decrease in the value of the thixotropy coefficient, the test samples can
be arranged in the following ranked row: Sauce Without thickener — Sauce with Undaria
pinnatifida — Sauce with Laminaria — Sauce with Starch — Sauce with Xanthan gum —
Sauce with Fucus. It should be noted that the use of seaweed thickeners instead of traditional
thickeners improves the ability of macroscopic systems to self-repair the structure after its
destruction.

The obtained results are in complete agreement with the data of parallel studies by IR-
spectroscopy to determine the chemical composition of raw materials, sauces and structural
changes that occur with raw materials under the influence of technological factors. During
these studies, it was found that seaweed raw materials contain amine and hydroxyl polar
groups, which under the influence of technological factors interact and form intermolecular
hydrogen bonds [37]. These groups of bonds have a positive effect on the structural properties
of sauces.

Influence of pasteurization on the viscosity of the developed sauces
In the third series of exams, the effect of pasteurization on the viscosity of the sauces

developed was researched. The curves of the dependence of the effective viscosity of the test
samples on the shear rate after pasteurization are shown in Figure 3
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Figure 3. Dependence of the effective viscosity of the samples on the sliding velocity under the
influence of pasteurization
1 — Sauce Without thickener, 2 — Sauce with Undaria pinnatifida,
3 — Sauce with Laminaria, 4 — Sauce with Fucus

The results of mathematical processing of the experimental data from Figure 3 are
shown in Table 5.

The calculated values of the coefficients of determination (R?) indicate the high
reliability of the analytical equations that describe the behavior of each of the test samples.

Table 5
Effective viscosity of the test samples (n-10-3, Pa-s)

Sample B,Pas | m R?

Sauce Without thickener 7,82 0,59 | 0,96
Sauce with Undaria pinnatifida | 3,99 0,64 | 0,98
Sauce with Laminaria 4,16 0,64 | 0,98
Sauce with Fucus 7,32 0,69 | 0,98

According to the decrease in the value of the coefficient of consistency proportional to
the viscosity, the test samples can be arranged in the following ranked row: Sauce with Fucus
— Sauce Without thickener — Sauce with Laminaria — Sauce with Undaria pinnatifida.
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According to the decrease in the value of the rate of destruction of the structure, the test
samples can be arranged in the following ranked row: Sauce with Fucus — Sauce with
Undaria pinnatifida — Sauce with Laminaria — Sauce Without thickener. Sample Without
thickener is characterized by the lowest rate of structure destruction.

To establish the qualitative and quantitative effect of pasteurization on the viscosity of
the test samples, the indicators the coefficient of consistency proportional to the viscosity and
the rate of destruction of the structure were summarized in Table 6. The visualization of the
analytical data is shown in Figure 4.

Table 6
Influence of pasteurization on the viscosity of the test samples
B, pa:s M
c c c c
2 2 2 2
o R | U8 o T | . T S
Sample s N & .N c sN | gN c
Y= = = © Y= = = ]
32|1<2| 6 |82 |%38| ©
< 3 3 3
o o o o
Sauce Without thickener 10,39 7,82 -2,57 0,56 0,58 0,02
Sauce with Laminaria 4,19 3,99 -0,20 0,64 0,64 0,00
Sauce with Undaria pinnatifida 5,00 4,16 -0,84 062 | 0,64 | 0,02
Sauce with Fucus 7,32 7,32 0,00 0,68 | 0,68 0,01

12

10

Consistency index, Pa-s
[e0]

6
4
2
0
Without
thickener

Undaria
pinnatifida (3 %)

Laminaria (8 %)

Fucus (3 %)

Figure 4. Effect of pasteurization on the coefficient of consistency proportional to the viscosity:
m — Before pasteurization; o — After pasteurization
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As can be seen from the above data, pasteurization causes a decrease in the consistency
ratio of the viscosity for all test specimens except for Fucus sample. At the same time, the
largest changes were set for samples without thickener — by 2.57 Pa-s (or by 25%). Samples
with Undaria pinnatifida and Laminaria lost 17 and 5%, respectively. No change was
observed for the sample with Fucus.

The increase in the values of the rate of destruction of the structure in the range of 1-
4% is set for all experimental samples, except for the sample with Undaria pinnatifida. When
using Laminaria as a thickener there is an increase of this indicator by 3%, Fucus — by 1%.
No change was observed for the sample with Undaria pinnatifida.

The data obtained undoubtedly indicate that the use of seaweed as thickeners improves
the structural properties of pasteurized objects of research. These changes can be explained
by structural changes that occur with alginates under the action of elevated temperatures [38].

Conclusions

1. Samples of sauces, made by the developed technology without the addition of special
structure-forming agents, have rheological dependencies, similar to analog samples,
made with the addition of the most common structure-forming agents.

2. The use of some seaweed may increase the viscosity of the target products compared to
the control samples

3. The use of seaweed thickeners instead of Xanthan gum improves the ability of
macroscopic systems to self-repair the structure after its destruction.

4. The use of seaweed as thickeners improves the structural properties of pasteurized
objects of research.

5. The possibility of producing berry sauces with iodine-containing additives without the
addition of structure-forming agents to the formulation was proved.
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