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Abstract. It is proposed to use dried sea buckthorn berries in the form of
their oil extract for mayonnaise production with the aim to increase their
nutritive value. Applying the method of IR spectroscopy, the features of the
qualitative chemical composition of dried sea buckthorn berries, as well as their
oil extract and mayonnaises prepared with the use of oil extract of dried sea
buckthorn berries were determined. It is established that IR spectrums of dried
sea buckthorn berries, as well as their oil extract and sauces prepared with the
use of oil extract of dried sea buckthorn berries include the same set of
absorption bands, which belong to the following types of vibrations: stretching
of hydroxyl groups into the molecules of acids, carbohydrates, flavonoids,
tocopherol at the level between 3365 cm*and 3400 cm™ v (OH); at the level of
3009, 1418 cm™® and 723 cm™ — stretching and bending vibration of —CH
double bond of cis-isomers of polyunsaturated fatty acids; at the level of 2926,
2855, 1467 cm™— asymmetric and symmetric, scissor stretching v (C—H) of the
carbon skeleton into—CH,; at the level of 1746 cm™— v (C=0) stretchingof
carboxylic and fatty acids; stretchingof v (C—O) ester bonds and triglycerides
are characterized by three peaks with maximums of 1238, 1163 and 1099 cm™.
The viscosity of mayonnaises prepared with the use of oil extract of dried sea
buckthorn berries of amount of 5.0 and 10.0% of the weight of raw materials
was studied. It was found that the effective viscosity of mayonnaise prepared
with the use of oil extract of dried sea buckthorn berries of amount of 10.0% of
the weight of raw materials is 2.2 times higher than that of the reference sample
while its stability matches as closely as possible to the reference sample.
According to the results of laboratory testing of the recipes of mayonnaises
prepared with the use of oil extract of dried sea buckthorn berries, the high
quality of sauces according to sensory parameters and their compliance with the
requirements of current regulations have been established. The obtained results
testify to the expediency and prospects of using of dried sea buckthorn berries
in the form of their oil extract of amount of 10.0% of the weight of raw
materials for mayonnaise production in order to increase its nutritive and
biological value, specifically the content of carotenoids, tocopherol, flavonoids,
polyunsaturated fatty acids. Besides, dried sea buckthorn berries could be used
as a stabilizer and emulsifier of food systems, especially of emulsion sauces.

Key words: emulsion sauce, mayonnaise, dried sea buckthorn berries, sea
buckthorn fruit oil extract, emulsion, IR spectroscopy, effective viscosity.

Introduction. Formulation of the problem

The fast pace of modern life has led to the fact that
a significant amount of consumers are forced to choose
fast food, which, in turn, leads to the formation of poor
diets with a pronounced deficiency of many vital
nutrients. Against the backdrop of steady stress and
lack of physical activity, this causes a decrease in the
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body's protective functions, the contraction of a
number of diet-related diseases, premature loss of
productivity and so on. Therefore, an extremely
important task today is to find ways to fill human diets
with so called funclional products contained a
significant amount of deficient nutrients and
biologically active substances [1,2].
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According to statistics [3], one of the products of
daily consumption of many people who prefer fast
food are emulsion-type sauces, including mayonnaise,
which over the past 100 years has been considered one
of the most used sauces in the world [4-6] due to its
high sensory characteristics, ease of preparation and
significant nutritional value. It is well known that
modern enterprises use phospholipids in the production
of sauces, which are used in chemically modified form
(for instance, compositions of mono- and diglycerides
with food phospholipids). Chronic consumption of
such products can lead to deterioration of health and
contraction of a number of serious diseases, such as
cancer, cardiovascular, gastrointestinal, allergic,
etc. [7]. Considering this, finding of the ways of
process improvement in emulsion-type sauce
productions with the use of natural raw materials is an
important scientific and practical task of the modern
food and restaurant industries.

Systematic consumption of such products can lead to
deteriorating health and a number of serious diseases —
cancer, cardiovascular, gastrointestinal, allergic, etc.

Analysis of recent research and publications

A lot of researches conducted in Ukraine and
abroad aimed to solve the problem of process
improvement in mayonnaise production as well as raise
their nutritive value and quality. Hydrocolloids and
protein-polysaccharide complexes, plant extracts,
vitamin-mineral complexes, dietary fiber,
polyunsaturated fatty acids (PUFA) are used as
functional ingredients for the production of emulsion
products of high customer value [8-10]. The use of
new ingredients in the recipes of sauces during the
development of their technologies requires a
comprehensive study of the impact of new components
on the functional and technological properties of the
main raw materials as well as justification of the
viability of their applicatiion [11].

Scientific and practical interest is the development
of low-calorie sauces. Meiners Mary D. and co-authors
proposed recipes and technologies for low-calorie
mayonnaise sauces with the use of whey protein
concentrate, egg whites, polydextrose, modified starch,
gums, microcrystalline cellulose, water and auxiliary
ingredients such as dyes, aromatics, shugar, vinegar
and oils [12]. At the same time, most of the modern
consumers prefer food products and dishes that do not
contain food additives and have functional
properties [13,14]. That’s why development of the
technologies for sauces with the use of natural raw
materials is taken for more preferable in the modern
world.

Industrial enterprises of different countries
traditionally use sunflower, soybean and corn oils as a
fat base for mayonnaise production [4,15-17]. At the
same time, the scientific substantiation of the use of
alternative to traditional lipids, such as flaxseed oil,
olive oil [18], coconut oil [19], as well as their
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mixtures, for the production of mayonnaises is in
progress. The interest of scientists and practitioners in
this area is due to the fact that this approach allows in
addition to obtaining special purpose products, more
efficient use of natural resources [20].

Indeed, Dyakonova A.K. and Stepanova V.S.
proposed to use a mixture of flaxseed, olive and corn
oils as a fat phase and skim soy flour in combination
with a decoction of the muscular membrane of
cucumaria and skimmed milk powder as
emulsifiers [21] for the mayonnaises production. As
reported by authors, high sensory characteristics,
balanced composition of PUFA, high selenium content
and absence of cholesterol reside in new product.

Belal J. Muhialdin and co-authors investigated the
possibility of the use of cold-pressed coconut oil for
the production of mayonnaises in order to obtain
products with high antioxidant properties [19]. The
authors found that the replacement of traditional
coconut oils in mayonnaises recipes can significantly
increase the antioxidant activity of the product and its
resistance to fat oxidation during storage. At the same
time, sauces made with complete replacement of
traditional oils to coconut oil are inferior in sensory
and rheological quality.

The search for alternative to traditional emulsifiers,
consistency stabilizers and preservatives is an
important direction in the development of the
technology of mayonnaises production. Thus, Choni
I.V. and Sutkovich T. Yu. substantiated the possibility
of using hydrothermally processed oatmeal and pearl
barley flour in the amount of 5-13% as an emulsifier in
the technology of mayonnaise sauces [22], this results
in a high quality product. Yurchenko S.O. and co-
authors [23] proposed to use cranberry juice in
mayonnaises production, and dogwood in sweet and
sour sauces production with the aim to improve
microbiological stability of products during the storage
and increase the content of antioxidants [24].

Many researchers have studied the possibility of the
use of spices variety (such as garlic, rosemary, cloves,
cumin, oregano, ginger, ginger, turmeric, ginger,
turmeric, turmeric, turmeric thyme, dill, parsley, etc.)
in mayonnaises production with the aim to increase
their taste, microbiological stability and antioxidant
activity [5,11,25,26].

Deynychenko G.V. and co-authors have proved the
feasibility of the use of different types of wild raw
materials, including sea buckthorn berries and
seaweed, for the production of sweet and sour sauces
of high biological value. According to the results of
studies the use of of kelp, fucus and undaria pinnate in
the amount of 8; 5 and 3%, respectively, allows to
obtain sauces with high iodine content [27].

Sea buckthorn in terms of throughput heads the list
of wild crops with valuable nutrient composition [28].
Due to this it appears as one of the advanced types of
raw materials for emulsion-type sauces production. It
contains a range of biologically active substances,
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including fat-soluble vitamins and ascorbic acid,
flavonoids, folic acid, carotenoids, betaine, choline,
coumarins, glucose, fructose and phospholipids, a large
number of organic acids (malic, citric, citric, coffee)
and tannins. Due to this, sea buckthorn has a powerful
antioxidant effect. Consumption of sea buckthorn
berries helps to strengthen the walls of blood vessels
and reduce their permeability, improve metabolism,
rapid wound healing and tissue repair in case of
inflammation [29]. The absence of the ascorbinoxidase
enzyme in sea buckthorn berries helps to preserve
vitamin C as much as possible during their
processing [30]. It is also known that sea buckthorn
powder has bactericidal properties [31], and food
products with its addition are characterized by
improved microbiological stability [32].

Thus, research aimed at substantiating the use of
sea buckthorn in the technology of products, in
particular emulsion-type sauces, is of scientific and
practical interest.

The purpose of the research is to substantiate the
use of sea buckthorn berries in the technology of
emulsion-type sauces production. To achieve this goal,
the following objectives were formulated:

— to analyze the chemical composition of dried sea
buckthorn berries, oil extract of dried sea buckthorn
berries, as well as emulsion-type sauces made with the
use of oil extract of dried sea buckthorn berries using
the method of IR spectroscopy;

— to study the rheological properties of emulsion-
type sauces made with the use of oil extract of dried
sea buckthorn berries;

— to carry out a comparative analysis of sensory
quality indicators of emulsion-type sauces made by
known technology and with the use of oil extract of
dried sea buckthorn berries.

Research materials and methods

Ddried sea buckthorn berries produced by sole
proprietor Panchuk .M. (Vinnytsia, Ukraine)
according to the technical specifications TU U 82.9-
3041714518-001: 2020, sunflower oil (refined and
deodorized) produced by Novo-Vodolazhsky Qil and
Fat Plant LLC (Ukraine) according to the national

standard of Ukraine DSTU 9442, chicken egg
produced by enterprise "Interbusiness” (Ukraine)
according to to the national standard of Ukraine
DSTU 5028: 2008, food acetic acid of 9%
concentration produced by sole proprietor Gorodysky
O.M. (Ukraine) according to the technical
specifications TU U 15.8-2362600968-002: 2005,
white crystalline sugar obtained from sugar beets
produced by ATB-Market LLC (Ukraine) according to
to the national standard of Ukraine DSTU 4623 /
GOST 31361 were used in the research.

Dried sea buckthorn berries before the
application were ground to a powder with the use of a
laboratory mill Miller-800 during 2-60 s. A powder
obtained was similar to white flour namely the
average size of their particles was 40 pm and there
were also particles with the size up to 240 um. Ground
sea buckthorn berries were used to prepare oil extract
and mayonnaises with the use of oil extract.

Sea buckthorn oil extract was prepared by
mixing 10.0 g of sea buckthorn powder with 100 g of
refined deodorized sunflower oil at the speed of the
working body of the laboratory magnetic stirrer
LMM-2 1000 rpm for one hour.

After mixing, the oil extract was subjected to
filtration under normal pressure in two stages. At the
first stage oil extract was filtered through the 4 layers
of medical gauze of type 17 (national standard of
Ukraine DSTU EN 14079: 2009). At the second stage
filtration was performed with the use of a folded filter
made from the filter paper.

To obtain emulsion-type sauces, all prescription
ingredients were emulsified in a Braun MR 530
household blender in turbo mode for 1-2 min to form
a product of homogeneous semi-thick consistency.
Test samples of mayonnaises were prepared by
replacing 5.0 and 10.0% of the prescribed amount of
refined deodorized sunflower oil with sea buckthorn
oil extract obtained as described above. Mayonnaise
made without the use of sea buckthorn oil extract was
used as a reference sample [33]. Recipes according to
which mayonnaises were prepared are given in
Table 1.

Table 1 — Recipes of mayonnaises

Net weight of raw materials (g) for the preparation of test samples of mayonnaises
. with the use of sea buckthorn oil extract in the amount of:
Raw materials without addition
5.0% 10.0%
(reference sample)
Sunflower oil 750 700 650
Sea buckthorn oil extract — 50 100
Chicken egg 90 90 90
White sugar 20 20 20
Acetic acid 9% 120 120 120
Outcome 1000 1000 1000
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The chemical composition of the chopped dried sea
buckthorn berries, oil extract and mayonnaises was
determined by Perkin-Elmer SpectrumOne FTIR
Spectrometer with the use of potassium bromide in the
range of 500 cm™ to 4000 cm™. The spectra of the test
samples were recorded in a thin layer between the plates
with zincum selenide [32]. Sunflower oil (refined and
deodorized) was used as a reference sample in the study
of the IR spectra of sea buckthorn oil extracts.

Rheological  properties of sauces were
determined by the effective (dynamic) viscosity,
which was determined with the use of a rotary
viscometer Brookfield DV-II + PRO in stand-alone
mode in the range of spindle speed (shear rate) 0.3—
100 rpm. The calculation of the coefficient of
consistency and the rate of destruction of the structure
of the emulsion was performed in the MathCad system
by the method of least squares by minimizing the
composed function

— N -m 2
J= Zi:]_(B)/i -m)"
obtained from the formula:

My =By ™" @)
where 7., is effective (dynamic) viscosity, mPa-s;
B is coefficient of consistency proportional to

viscosity, Pa-s;
y is shear rate, s;
m is the rate of destruction of the structure, s°.

The thixotropy coefficient, which characterizes the
ability of the macroscopic system to self-repair the
structure after its destruction [34], was calculated by
the formula

B3

-100 2

A=
n
where A is thixotropy coefficient, %;
V, is the value of the coefficient of consistency,
proportional to the viscosity, in reverse, Pa-s;

V, is the value of the coefficient of consistency,
proportional to the viscosity, in a straight line, Pa-s.

The influence of the content of oil extract of dried
sea buckthorn fruit in the recipe on the effective
(dynamic) viscosity of mayonnaise sauces was
described by a statistical model of simple regression

B= bo + bl °C,
where by and b; are coefficients of regression,
c is the content of oil extract of dried sea buckthorn
berries, %.

Coefficients of regression by i by determined by the
method of least squares.

Sensory characteristics of emulsion-type sauces
(appearance, color, odor, taste, consistency) were
evaluated in view of their compliance with national
standart of Ukraine DSTU 4560: 2006.

Statistical processing of experimental data was
performed with the use of MathCad.

@)

Results of the research and their discussion

Chemical composition of raw materials determines
not only nutritive and biological value of food products
manufactured from them, but also defines the
peculiarities of behavior of semi-products during the
processing as well as sensory and physiochemical
quality characteristics of finished products. In this
view, at the first stage of research it was considered
expedient to study the qualitative chemical
composition of dried sea buckthorn berries, their oil
extract and sauces made with the use of oil extract of
dried sea buckthorn berries.

It was found that the IR spectra of the powder
obtained from dried sea buckthorn berries is
characterized by the presence of specific absorption
bands at 3400, 2925, 2854, 1746, 1651, 1457, 1379,
1235, 1163, 1056, 722, 608 cm™ (Fig. 1).
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Fig. 1. IR spectra of sea buckthorn powder
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This indicates that the chemical composition of
dried sea buckthorn berries is represented primarily by
oil rich in carotenoids, tocopherols, phospholipids,
essential fatty acids, vitamins of different groups (C,
B1, B,, PP), organic acids, sugars, flavonoids, amino
acids, tannins and other biologically active substances
(BAS), which correlates with the results obtained by
Tudoret C. and co-authors [10], as well as Seglina D.
and co-authors [30]. Against this background, it could
be predicted that the use of dried sea buckthorn berries
in formulations of food emulsion systems will serve to
increase their antioxidant resistance, nutritional and
biological value, including adjusting the fatty acid
composition of the lipid component for omega-6 and
omega-3 fatty acids.

The absorption bands specific to the aromatic part
of flavonoids can be distinguished in the IR spectra of
dried sea buckthorn powder: 3400 cm™ (phenolic oxy
groups with intermolecular hydrogen bonds),
1651 cm™ (carbonyl group of y-pyrone), 1457 cm™
skeletal vibrations of aromatic rings). A maximum at
2925 cm™ proves the presence of methoxyl groups.
The presence of carbohydrates in the composition of
sea buckthorn powder is evidenced by absorption
bands: provided by asymmetric and symmetric valence
vibrations of -CH, groups at frequencies 2854 and 2925
cm'™; vibrations associated with groups C-O-H and R-O-
H at 1457, 1235 cm™, 722 cm™ and -OH groups at
3300-2500 cm™. Vibrations of carboxylic acid groups
and their esters: valence vibrations of C=0 groups at
1746 cm™ and C-O vibrations at 1379 and 1235 cm™
bonds.

The analysis of the IR spectra of sea buckthorn oil
extract (line 1, Fig. 2) and sunflower oil, refined and
deodorized (line 2, Fig. 2), revealed characteristic
bands of valence vibrations of the carbonyl group
(C=0 bonds), in particular a strong band at 1746 cm™,
which confirms the presence in the test samples of
esters of higher carboxylic acids. In addition, esters of
higher carboxylic acids are also characterized by
valence vibrations of the -C-O bond at the region of
1200-1170 cm™. Valence vibrations C-O are evident
as three peaks specific for triglycerides with maximum
at 1238, 1163 and 1099 cm™. In addition, the peak at
1378 cm™ is associated with fluctuations of the methyl
group. The bands of vibrations 2923, 2854 and
1464 cm™ can be attributed to asymmetric, symmetric
and scissor vibrations of the groups -CH,-. Since
fragments of higher aliphatic acids are present in the
test samples, vibrations at the region of 723 cm™
appear in the spectra, which correspond to the
pendulum vibrations of several related -CH, groups,
and the band at 1163 cm™ belongs to the same type of
vibrations.

Unsaturated hydrocarbon chains that are part of
triglycerides can be detected by the valence vibration
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at 3009 cm™ of the group -CH = CH- for cis-isomers.
The bands of deformation vibrations of the CHR =
CHR' type bonds are usually located for the trans-
isomers at the range of 1310-1290 cm™, and for the
cis-isomers at the range of 1420-1400 cm™. The
valence vibration bands are located for both trans-
isomers and cis-isomers at the range 3040-3010 cm’1.
The presence of bands of 1418 and 3009 cm™ at the
spectrum of both oil samples allows to estimate the
presence of unsaturated bonds mainly in the cis-
configuration. The higher intensity of these bands
could be attributed to the high content of unsaturated
fatty acids in sea buckthorn berries, in particular: oleic,
linoleic and linolenic, as well as retinol [35].

For carboxylic acids, the vibrations of the
carbonyl group are at the range of 1725-1700 cm™
(acid dimers) or 1760 cm™ (acid monomers). Besides,
acids are characterized by vibrations of the free or
bound hydroxyl group lying at the range of 3550-
3500 cm-1 (free group), 3300-2500 cm-1 (wide weak
band of the bound hydroxyl group), 955-890 cm-1 (any
hydroxyl group). Since the characteristic bands of the
hydroxyl group are absent in both oil samples, the
presence of free carboxylic acids in the oil samples can
be safely denied. The absence of a wide absorption
band at the region of 3400-3200 cm™, specific for
polyassociated hydroxyl groups, excludes the presence
of free glycerol in the oil samples. A distinctive feature
of sea buckthorn oil extract is the presence of bands
2679 (valence vibrations of —CH groups (OCH3
flavonoids), 2323 (extraplanar deformation vibrations
of C=0 group in aromatic flavonoid rings) and
2030 cm™ (valence vibrations of C=C aromatic rings of
flavonoids, tocopherol, carotene), that correlates with
the results obtained by Martinez-Valdivieso D. and co-
authors [36].

According to the interpretation of the IR spectra of
emulsion-type sauces prepared with the use of the oil extract
of dried sea buckthorn fruits in the amount of 5.0 and 10.0%
of the prescribed amount of ingredients, it was found they
contain proteins, lipids, including unsaturated and saturated
fatty acids, vitamins E and A (Table 2, Fig. 3).

According to the results of comparison of the IR
spectra of emulsion-type sauces (Fig. 3), it can be
noted that in all samples there was approximately
the same set of bands: 3399, 3009, 2926, 2855,
2139, 1746, 1647, 1548, 1465, 1378, 1240, 1163 ,
1099, 723 cm™. However, with an increase of the
part of the oil extract of dried sea buckthorn in
sauces from 5.0 to 10.0% there has been observed an
increase in bands 3009, 2923, 2853, 1746 cm™,
which may indicate an increase of unsaturated fatty
acids in sauces, such as oleic, palmitoleic,
linoleic, linolenic, which were previously found in
dried sea buckthorn berries and their oil extract
(Fig. 1-2).
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Fig. 2. IR spectra: 1 — sunflower oil, refined and deodorized (reference sample)

2 —sea buckthorn oil extract

Table 2 — Interpretation of the IR spectra of emulsion-type sauces prepared
with the use of oil extracts of dried fruits of sea buckthorn

No| v,em® Interpretation Major contributions
1] 3399 Phenolic hydroxyl in intermolecular hydrogen bonds, valence Flavonoids, water, proteins, carbohydrates,
vibrations of the amide group tocopherols
N . _ PUFA*, MUFA**: oleic, linoleic,
2| 3009 Cis orientation —CH = CH-— linolenic, palmitoleic; retinol, carotene
Asymmetric valence vibrations of C-H bonds on saturated . .
3| 2926 carbohydrates, asymmetric valence vibrations of C-H bonds in t(é)irci)ohhe);g:ates, lipids, proteins, a-
-CH,- and -CHjs groups P
Lipids, carbohydrates, fatty acids: oleic,
4| 2855 Symmetric valence vibrations of groups — CH,— linoleic, linolenic, palmitoleic, palmitic,
stearic; a-tocopherol
5] 2139 Symmetric and asymmetric vibrations of C-O valence bonds | Protein
. . _ PUFA, MUFA: oleic, linoleic, linolenic,
1746 Vibrations of the carbonyl group C=0 palmitoleic; saturated fatty acids
Deformation vibrations of HOH free and bound water,
7| 1647 vibrations of C=C bonds in six-membered hydrocarbon rings;| Water, protein, a-tocopherol
carbonyl group of y-pyrone; deformation vibrations (NH5")
Deformation II (NH; ") ;
8 1549 . s Protein
Deformation vibrations 11 (NHz")
Deformation vibrations of O-H and C-H bonds in CH,0OH -
9| 1465 groups; asymmetric deformation vibrations of groups -CH,- Carbohydrates, lipids
. o B , . PUFA, MUFA: oleic, linoleic, linolenic,
10| 1418 Deformation vibrations of CHR=CHR' bonds of cis-isomers palmitoleic; retinol
11| 1378 Deformation vibrations of C-H bonds Carbohydrates, a-tocopherol, carotene
Deformation vibrations of O-H and C-H bonds in saturated
1211240 1 G membered rings and in CH,OH end groups Carbohydrates, o-tocopherol
Valence vibrations of —-C—O- bonds of the esters of higher
carboxylic acids in acylglycerides; valence vibrations of C-O— | . .
13} 1163 bonds in saturated six-membered rings and hydroxyl groups; Lipids, carbohydrates
pendulum vibrations of several bonded groups -CH,-
14| 1099 Valence vibrations of the C-O bond in CH,OH end groups Carbohydrates, a-tocopherol
15| 914 ;/Sz:éigce vibrations of C-O-C bond in conjugation tube of Lipids
CH deformation vibrations (pendulum vibrations) in saturated| . . e
16| 723 six-membered rings and pendulum vibrations of several bond ngbhehr %“pthat'c acids in lipids;
groups — CH,— carbohydrates
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PUFA* — polyunsaturated fatty acids; MUFA** — monounsaturated fatty acids
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Fig. 3. IR spectra of samples of emulsion-type sauces prepared with the use of sea buckthorn oil extract in the amount
of: 1 —without oil extract (reference sample); 2 — 5% of the prescribed amount of raw materials; 3 —-10% of the
prescribed amount of raw materials

The presence of egg protein in mayonnaises is
indicated by two main absorption bands — amide |
(1647 cm™) and amide 11 (1549 cm™), due to valence
vibrations of C=0-bond (amide 1) and deformation
vibrations of NH-bond (amide II). In addition, the
protein content in the test samples of sauses was
confirmed by the presence at the IR spectrum of
mayonnaises absorption band at ~ 3399 cm™.

The presence of lipids in oils and mayonnaises is
confirmed by the presence of intense bands of
valence vibrations of -CH groups at 2800-3000 cm™,
bands at 1746 cm™ (valence vibrations of C=0
groups), valence vibrations of C=0 groups of esters
in the form of intense bands at 1163 cm™ with two
weaker bands at 1240 and 1099 cm™.

Therefore, with the use of IR spectroscopy it is
confirmed that implementation of the oil extract of
dried sea buckthorn berries for mayonnaises
production in the amount of 5.0 and 10.0% of the
prescribed amount of ingredients contributes to
increase the content of natural antioxidants such as
retinol, tocopherol and carotenoids as well as
polyunsaturated fatty acids (oleic, linoleic,
linolenic, palmitoleic) and their esters in sauses.
Increasing of the number of molecules of diphilic
structure in the oil extracts of dried sea buckthorn
berries leads to the acquisition of its emulsifying
properties. This allows to consider the studied
mayonnaises as an additional source of deficient
nutrients, as well as to predict possible changes in
sensory and physiochemical parameters of the
quality of sauces, including changes in color,
texture, viscosity.

One of the important indicators of the quality of
emulsion-type sauces is their consistency, which can
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be quantified by a number of rheological
parameters. In this regard, at the next stage of
research the effect of oil extract of dried sea
buckthorn berries on the viscosity of emulsion-type
sauces was studied (Fig. 4-5, Tables 3-5).

The analysis of the data presented in Fig. 4 (a),
allows us to establish that all the experimental samples
of sauces are characterized by a decrease in the value
of effective viscosity under the increase in shear rate,
while at the same shear rate, the zone of avalanche
destruction in the samples, made from the oil extract of
sea buckthorn, occurs under higher values of shear rate
than those of the reference sample, which is the
evidence of a higher density and better stability of
sauces, made with the addition of the oil extract of sea
buckthorn. Moreover, the experiments proved that in
case the sauce is made with the addition of oil extract
of dried sea buckthorn fruit in the amount of 15.0% of
the prescribed amount of ingredients, the density of the
emulsion increases considerably, and the technical
capabilities of the device do not allow to obtain reliable
information on the values of effective viscosity of such
samples. The effect obtained may be due to the higher
content of polyunsaturated fatty acid esters in the oil
extracts of sea buckthorn, which have emulsifying
properties (Fig. 2, Table 2), that correlates with the
data presented in [14]. In view of the above, it is
possible to draw an important practical conclusion that
while developing new sauce technologies one should
focus on the target effective (dynamic) viscosity of
about 450 Pa‘s, as further increase in this indicator
indicates the formation of uncharacteristic consistency
for this product type.
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Fig. 4. Effective viscosity of emulsion-type sauces in a straight line (a) and in reverse (b)

Table 3 — The result of mathematical processing of experimental data under a forward stroke

The value of the coefficient for the experimental sample of the sauce made using
Coefficient the oil extract of dried sea buckthorn fruit in the amount of:
0% (reference sample) | 5.0% | 10.0%
The statistics for the samples of sauces under the forward stroke
B, Pa's 215.5 350.6 464.3
m 0.822 0.706 0.667
Coefficient of determination R’ 0.99 0.99 0.99
The statistics for the samples of sauces under the return stroke
B, Pa‘s 154.1 297.8 396.7
m 0.754 0.707 0.698
Coefficient of determination R’ 0.99 0.99 0.99
The statistical processing of the obtained viscosity of the sauce samples studied, the obtained

experimental data (Table 3) revealed that with the
increase in content of sea buckthorn oil extract in
emulsion-type sauces there is, on the one hand, a
natural increase in the index “The coefficient of
consistency, proportional to viscosity" (B), and, on the
other — a decrease in the index “The rate of destruction
of the structure” (m). At this rate, the first index
increases by 2.2 times, the second one decreases by
1.2 times compared to the values of these indices for
the reference sample, which confirms the previously
offered hypothesis of the property of oil extract of
dried sea buckthorn fruit to stabilize the structure of
emulsion-type sauces. To ascertain the quantitative
effect of the oil extract of dried sea buckthorn fruit on
the characteristic features of effective (dynamic)

data were subjected to linear regression analysis by the
method of least squares (Table 4, Fig. 5). As a result of
the analysis it has been found that the increase in the
content of the oil extract of dried sea buckthorn fruit in
the recipe of mayonnaise sauces by 1% causes, at least
in the studied area of factor space, the increase in the
analytical index “The coefficient of consistency,
proportional to viscosity” by 25 Pa-s (or by 2 times).
At the same time, the value of the analytical index
“The rate of destruction of the structure” decreases by
1,6-1072 units (or by 2%). The calculated values of the
coefficients of determination (R?) are the evidence of
high reliability of the analytical equations that describe
the behavior of each of the samples.

Table 4 — The result of linear regression analysis of the experimental data

Index Coefficients of equation (3) Coefficient of
b, b, determination R?
Coefficient of consistency, proportional to viscosity (B) 217 25 0.99
The rate of destruction of the structure (m) 0.810 -0.016 0.92
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Fig. 5. Dependence of the indices of effective viscosity of emulsion-type sauces
on the concentration of sea buckthorn extract

In order to ascertain the effect of the oil extract of
dried sea buckthorn fruit on the ability of macroscopic
systems to self-repair the structure after its destruction,
a series of experiments were held to determine the
effective viscosity of the experimental samples of
sauces by the method of “return stroke” (Fig. 4, b,
Table 3). It has been found that the properties of the
studied samples in case of the return stroke remain
similar to the properties determined in case of the
forward stroke, and the calculated values of the
coefficients of determination (R?) are the evidence of
high reliability of analytical equations, which describe
the behavior of each sample. Thus, even after partial
destruction of the structure of sauces under the action
of rotation of the working body of the viscometer there
is a tendency to improve the indices, which indirectly
indicate the consistency and stability of emulsions in

case of using the oil extract of dried sea buckthorn fruit
in the technology of mayonnaise sauces. As a result of
calculating the thixotropy coefficient (Table 5) it has
been found that with the increase in the content of the
oil extract of dried sea buckthorn fruit in mayonnaise
sauces, the value of the index “Thixotropy coefficient”,
which characterizes the ability of emulsions to self-
repair the structure after its destruction, increases by
13.4-15.9% compared to the control sample.

Thus, the use of the oil extract of dried sea
buckthorn fruit in the recipe of emulsion-type sauces in
the amount of 5.0... 10.0% of the recipe amount of
ingredients allows to improve their rheological
properties.

At the final stage of research, the quality of
emulsion-type sauces has been evaluated by sensory
parameters (Table 6).

Table 5 — The result of calculating the thixotropy coefficient

The experimental sample of the sauce made using the oil Index
extract of sea buckthorn and the amount of: V,, Pa's V; Pa's A, %0
without addition (reference sample) 154.1 215.5 71.5
5.0% 297.8 350.6 84.9
10.0% 396.7 464.3 85.4

Table 6 — Sensory parameters of the quality of emulsion-type sauces

Characteristics of the experimental sample

Index

Reference sample

Sauces made with the addition of the oil
extracts of sea buckthorn

Appearance and consistency

Homogeneous creamy product without delamination and impurities

Taste and smell

The taste is slightly sour, the smell is characteristic of mayonnaise

Colour

White or cream tint

White or cream tint
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It has been found that sauces made using the oil
extract of dried sea buckthorn fruit in the amount of 5.0
and 10.0% equal analog products in quality, and in
terms of colour and consistency are even better. The
addition of additives in the range covered does not
affect the parameters of smell and taste. Thus,
according to sensory parameters, mayonnaise sauce
made with the addition of the oil extract of dried sea
buckthorn fruit, meets the regulations, namely State
Standard of Ukraine 4560:2006

Conclusion

As a result of the research, the possibility of using
dried sea buckthorn fruit in the form of oil extract in
the technology of emulsion-type sauces has been
experimentally  substantiated.  Using the IR
spectroscopy, it has been proven that dried sea
buckthorn berries contain oil rich in carotenoids,
tocopherols, phospholipids, essential fatty acids,
vitamins, organic acids, sugars, flavonoids, amino
acids, tannins. As the content of the oil extract of dried
sea buckthorn fruit in mayonnaise sauces increases
from 5.0 to 10.0%, the content of such nutrients as
tocopherols, phospholipids, essential fatty acids,
organic acids, vitamins C, group B, PP in sauces

increases. Based on the analysis of experimental data
and their mathematical processing, it has been found
that the use of sea buckthorn extract in the technology
of mayonnaise sauces increases their effective
viscosity compared to the control sample more than
twice due to the content of polyunsaturated fatty acids
in the oil extracts of dried sea buckthorn fruit, which
have emulsifying properties. At this rate, the value of
the index  “Thixotropy  coefficient”,  which
characterizes the ability of emulsions to self-repair the
structure after its destruction, increases by 13.4-15.9%
compared to the control sample and indicates the
improved rheological properties of mayonnaise sauces
with the addition of the oil extract of dried sea
buckthorn. The analysis of sensory parameters of the
quality of emulsion-type sauces with the addition of
the extract of dried sea buckthorn fruit indicated that
the new products are characterized by high quality
indicators, which meet the regulations, as well as have
improved consistency and attractive colour. Thus, the
possibility of producing emulsion-type sauces using
5.0-10.0% of the oil extract of dried sea buckthorn
fruit from the prescribed amount of ingredients without
adding structure-forming agents of synthetic origin has
been proved.
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AHoTauis. 3anponoHOBaHO BUKOPHCTOBYBATH OJIIHHMN EKCTPAaKT CYIICHHWX IUIOAIB OOJINMXH B TEXHOJIOTI COYCIiB
e€MYJIbCIHHOTO THUILy U MiJBHIIEHHS IXHBbOI XapuoBoi wiHHOCTI. Metomom [Y-cmekTpockomii BH3HaYeHO OCOOIMBOCTI
SIKICHOTO XIMIYHOTO CKJIQy CYIIEHHX IUIOJIB OOJIIMHUXH, a TAKOX IXHBOTO OJIIHHOTO €KCTPAKTy Ta COYCiB eMYJIbCIHHOTO THITY,
BUTOTOBJIEHHX 3 BHKOPHUCTAHHSAM OJIIHHOTO EKCTPaKTy OONIMMXH. YCTaHOBIEHO, mo B [Y-cmekTpax CyIIEHHX IUIOIIB
o0Iinuxu, OMIHHOTO eKCTPAKTy Ta COYCaxX, BUTOTOBJIEHHX 3 HOTO BMICTOM, CIOCTEpITacThCs HPHOAH3HO OJHAKOBUH Habip
CMYT NOTJIMHAHHS, SKi HaJIeXKaTh 0 TaKUX THIIB KOJIWBAHb: BAICHTHI KOJIMBAHHA T'iIPOKCIIIBHUAX I'PYH y MOJEKyJIax KHCIOT,
BYIJICBOJIB, (IIAaBOHOINIB, TOKo(epony i3 MakcuMymamu 3a 3365 em? mo 3400 o’ v(OH); 3009, 1418 em? i
723 emt — BanentHi Ta nedopManiiini komuBamms —CH TOBIMHOTO 3B°53KY LHC-i30MEpiB MOTIHEHACHUIEHHX KIPHHX KHCIIOT;
2926, 2855, 1467 cM™ — acuMeTpuuHi i cHMeTpHUHi, HOXHIUHI BanenTHi kKomuBanns v (C—H) Byrmenesoro ckenera B -CHy;
1746 cv* — v(C=0) BanenTHi KoIHBaHHS KapOOKCHIIBHUX 1 )KUPHUX KHUCIIOT: BaeHTHI konuBaHHA V(C—O) ecTepHUX 3B’ S3KiB 1
XapaKTepHi U8 TPHUIMILEpHAIB TP ImikM 3 Makcumymamm 1238, 1163 i 1099 cm™. JlocmimkeHo B’S3KiCTH cCOyciB
€MyJIbCIHHOTO THITY, BUTOTOBIEHUX 3 JOJABaHHAM OJIMHOTO €KCTPaKTy CyHIEHHMX IUIOJiB oOuinuxu B Kinbkocti 5,0 1 10,0%
BiZl Macu cUpOBMHU. BusBieHo, mo eheKTuBHA B A3KICTh COYCIB eMYNbCIHHOTO THUITy, BUTOTOBIEHUX 3 BUKOpUcTaHHIM 10,0%
OJIIHHOTO EKCTPAaKTy CYIIEHHMX IUIOAIB oOminuxu, y 2,2 pa3u Oinbplna, HDK y 3pa3ka MOPIBHSAHHA. 3HAYCHHS MOKa3HHKa
cTaOUIBHOCTI 3a3HAYEHOTO COYCY MAaKCUMAalbHO HaONMKEHI 10 3pa3ka MOPIBHAHHA. 3a pe3ylbTaraMHu JabopaTopHOTO
BIANIPAIFOBAaHHS PELENTYpP COYCiB eMyJILCIHHOTO THITY, BUTOTOBJIEHHUX 3 BUKOPHUCTAHHSIM OJIHHOTO €KCTPAKTy CYIICHUX IJIOMIB
00JIiNKXN, BCTAHOBICHO BHCOKY SIKICTh COYCIB 32 OPraHOJISITHYHHMH ITOKa3HHKAaMH Ta 1X BIANOBIIHICTH BUMOTaM YHHHOI
HOpMaTuBHOI JoKyMeHTauii. Oxep)kaHi pe3ysbTaTH CBiTYaTh MPO JIOLUIBHICT i IMEPCIIEKTHBHICTh BUKOPHUCTAHHS CYIICHUX
wroniB obminuxu y BUrisiai 10%-ro omifiHoro excrpaxry B Kinbkocti 10,0% Bix penentypHoi Macu iHIpeli€HTIB B TEXHOJIOTIT
COYCIB eMyJbCIHHOTO THUITy 3 METOIO MiJBUIIEHHS iX Xap4yoBoi i Oi0JOTIYHOI HIHHOCTI, a caMe 30aradyeHHs] KapOTHHOiJaMHu,
ToKo(deposioM, (IIAaBOHOINAMHU, IMOJIHEHACHYCHUMH JKUPHHUMH KHCIOTAMH, a TaKOX SK cTablmizatopa Ta eMmyiabraropa
Xap4OBUX CHCTEM.

KiouoBi cioBa: coyc eMynbCiifHOTO THITy, CYIICHI IUIOAM OONIMUXH, ONIMHUI EKCTPaKT IUIOAIB OONIMHXH, eMYJbCis,
[Y-criexTpockomist, eheKTHBHA B’ SI3KICTb.
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