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Abstract. The article analyses the biological value of secondary
products of tomato processing, namely tomato seeds, which are seldom
considered in the food industry as an object of processing. Tomato
seeds, a secondary raw material formed during manufacture of tomato
products, are suggested as a source of bioactive substances to be further
used in food technologies. The paper presents the results of theoretical
and experimental studies of the physicochemical composition of tomato
seeds. It has been confirmed that tomato seeds, due to their high content
of proteins, lipids, and carbohydrates, have high nutritional and
biological value that conforms to modern recommendations for creating
healthy diets. Tomato seeds contain 27-30% of fat, 25-35% of
nitrogenous extractives, 11-18% of nitrogen-free extractives, 2.5-5.8%
of minerals, and 12-25% of cellulose. They are also rich in
polyunsaturated fatty acids, phospholipids, macronutrients and trace
elements, vitamin E. However, their nutritional value is significantly
reduced by natural bioactive antialimentary substances that inhibit
proteinases. The experiments have allowed establishing the activity of
trypsin inhibitors — anti-nutrients contained in tomato seeds. Their
activity was 0.30mg trypsin/g protein for technically mature seeds, and
0.52mg trypsin/g protein for biologically mature seeds. To reduce the
activity of trypsin inhibitors, it has been suggested to use hydrothermal
treatment and micronisation of tomato seeds. Hydrothermal treatment
for 40min, with the temperature of the water 90-100°C, reduced the
trypsin inhibitory activity by 1-3%, as compared with the initial values.
Micronisation, too, allowed significantly reducing the activity of
inhibitors of tomato seed trypsin: keeping the samples for 60s in a
microniser reduced the activity of trypsin inhibitors in the technically
ripe tomato seeds by about 34%, and that in the biologically ripe ones
by 28.8%. This research is important and topical, because it extends the
range of possible applications of secondary raw materials obtained from
tomato processing, namely tomato seeds, in the technology of canned
products with high biological value.
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consumption of animal fats and easily digestible

Introduction. Formulation of the problem

Today, the structure of Ukrainian people’s
nutrition is far from the modern principles of rational
diet and practical dietary science [1-4]. Studies of the
actual state of nutrition in different regions of Ukraine
reveal serious violations of the nutrition structure and
the nutritional status of both children and adults. The
problems include the deficiency of complete proteins,
polyunsaturated fatty acids, vitamins C, E, and those of
group B, folic acid, retinol, 3-carotene; macronutrients
and trace elements (Ca, Fe, Zn, F, Se, I, and others),
dietary fibre. Conversely, there is an excessive
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carbohydrates [5]. Fresh fruit and vegetables in
Ukraine are consumed twice as little as the dietary
norm prescribes, and besides, they are mostly seasonal.
Today, Ukrainian people’s needs of vegetables and
fruit are only met by 35-45% of the recommended
consumption rate (50-53 instead of 110-120kg/year per
person) [1].

The current level of the food industry development
requires intensification and a sharp increase in the
production efficiency. One of the promising areas of
intensification of the food industry is expansion of its
raw material base. It includes the use of new raw
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materials containing vital substances, with which you
can enrich foodstuffs, expand their range, improve their
sensory and physicochemical parameters. The most
promising additional raw materials of practical interest
for the food industry include secondary resources from
processing tomatoes. Valuable food raw materials are
tomato seeds, which are formed as waste in the course of
manufacture of tomato juice and concentrated tomato
products. The existing technologies of processing
tomato raw materials are inefficient: they include a
number of production stages, require large amounts of
various extractants, and result in the loss of carotenoids
and tocopherols [6]. To solve the problem of complex
processing of tomatoes using secondary resources, it is
necessary to find new experimentally proved theoretical
ideas about the processes taking place in tomatoes
during their processing.

Analysis of recent research and publications

Food industry is one of the most developed
branches of material production in Ukraine, and at the
same time, it is one of the largest sources of waste.
Volumes of some kinds of waste are quite significant.
Thus, waste from the fruit, vegetable, and canning
industries, in the form of apple, berry, and vegetable
pomace, amounts to 0.5-0.9 million tonnes a year, and
besides, 0.1-0.12 million tonnes a year [7] are made up
by fruit kernels and nut shells.

If non-traditional plant raw materials are
comprehensively  processed, they can become
promising sources of bioactive lipids, proteins, and
trace elements. These raw materials include secondary
products of tomato processing, namely tomato pomace
and seeds, which contain valuable substances: proteins,
lipids, fat-soluble and water-soluble vitamins, trace
elements and macronutrients [8].

The composition of tomato waste includes (% of
raw materials): up to 4.9 of pulp, 0.6 of skins, 0.4 of
vascular fibres, peduncles, crushed seeds, and skins.
Tomato seeds (air-dried) contain 27-30% of fat, 25—
35% of nitrogen, 11-18% of nitrogen-free extractives,
2.5-5.8% of minerals, and 12-25% of cellulose.
Tomato skin contains up to 10% of moisture, about
70% of cellulose, 5% of pectin, 5.4% of protein, 3.3%
of fat, 6.5% of ash, and 2.5mg/100g of carotene [9,10].
The chemical composition is similar to that of oilseeds
and indicates the high biological value of tomato seeds.

Tomato pomace is a source of biologically active
lipids, namely polyunsaturated fatty acids, carotenoids,
and tocopherols, which have a positive effect on fat
metabolism and other important body functions. The
biological value of tomato pomace is enhanced by the
content of B-carotene, which has high biological
activity [3,8]. There is a tendency in the world to
produce dry tomato waste, because it is easy to
transport and store, and dry products from tomato
waste have rich chemical composition.

Tomato waste dried to the final humidity 8-14% is
used in the production of dry feed mixtures [8]. Drying
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different types of tomato waste mixed together is
possible, but studies have shown that separate drying is
more cost-effective. When drying the seeds, pure raw
materials are formed for oil production, and when
drying skin and coarse parts of the pulp, a dry residue
containing carotene is created and can be used as a
component for feed mixtures. Tomato seeds, separated
from the skin, are used in the oil and fat industry.
Tomato seed oil is in great demand in the perfumery
and cosmetics industry [11,12].

Ground tomato seeds are also used in baking.
Adding them to flour increases the freshness of
bread [13]. The United States has developed a method
of using tomato seeds to manufacture powdered dried
tomatoes; dried and ground tomato seeds are added to
dry tomato puree. The presence of tomato seed flour
prevents clumping in tomato powder [14].

Vegetable protein is obtained from tomato seeds
and oil cakes. The amino acid composition of tomato
seed proteins is similar to that of soya bean proteins.
Protein is contained in the range of 28.4-31.0%, lipids
canstitute about 37.5%, lysine makes up 5-6%. Tomato
seed proteins are poor in methionine and cysteine [15].
Vegetable protein is used in the diet mainly in the form
of supplements that increase the nutritional value of
food. It is used to produce pasta, soups, smoked meat,
sausages, meat and vegetable mixes, various vegetable
and vegetable-meat pastes, fillings and forcemeat, and
besides, can be components of bakery products [16].
Protein (35%) obtained from tomato seeds is also used
for the production of plastics [17].

Studying the mineral composition has shown that
tomato seeds are a rich source of minerals, especially
of potassium, calcium, magnesium, iron, and
phosphorus [18]. The mineral composition has a more
favourable ratio of calcium and phosphorus (1:2.3)
than, for example, soya has (1:3.1), which improves
the absorption of calcium and phosphorus [19-21].
Seventeen amino acids have been identified in tomato
seed proteins, including 33% of essential amino acids
and 7.11-7.43% of lysine, which proves the high
nutritional value of tomato seeds [22,23].

According to M. D. Dacherman, pressing of
tomato seeds yields 17-19% of oil, solvent extraction
with gasoline yields 26%, that with ether 25% [22].
The Ukrainian Institute of Nutrition researched tomato
oil and found it suitable for eating and for frying
vegetables and potatoes.

Digestibility of tomato oil is 97% [19]. It contains
80% of unsaturated bioactive fatty acids (34-53% of
linoleic, 25-38% of oleic, up to 2.5% of linolenic),
15-18% of saturated acids (9.5-12.5% of palmitic,
4.9-6% of stearic, 1% of myristic, 0.4-1.3% of
arachidonic), 0.9% of phosphatides, 0.06-0.07% of
carotenoids, and 0.180-0.190% of tocopherols. Tomato
oil is rich in tocopherol, which is added to creams and
various cosmetics [11,12]. Tomato oil is considered to
be one of the best edible oils. It is often added to
salads, pastries, etc. 97% of it is absorbed by the body,
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and its properties are close to those of soya bean oil. It
has antioxidant properties, retains its palatability and
physicochemical properties.

It has been found that addition of up to 4% of
tomato oil, which has anti-oxidant properties, proves
more  effective  than  addition  of  other
antioxidants [24-26]. It has also been found that tomato
oil is more suitable for stabilising B-carotene
concentrate than vitamin E concentrate used for this
purpose.

The existing technologies of processing tomato
raw materials include a number of production stages,
require large amounts of various extraction agents, and
result in loss of carotenoids and tocopherols [27].

Secondary products of tomato processing have
high nutritional and biological value, because their
composition includes a significant proportion of
complete dietary protein, fats, vitamins, and dietary
fibre. So far, using secondary raw materials is not
widely practiced at Ukrainian enterprises, which causes
significant losses of bioactive substances (BAS) during
the manufacture of canned products [19]. Possible
ways of solving this problem are considered in the
article.

The purpose of the article is to study the
possibilities of reducing the activity of anti-nutrients of
tomato seeds for their further processing in food
technologies. For this purpose, it is necessary to
achieve the following objectives:

1. to study the physicochemical and biochemical
composition of tomato seeds, which are a secondary
product of processing of tomato raw materials;

2. to establish the activity of anti-nutrient
components of tomato seeds;

3. to suggest ways to reduce the amount of anti-
nutrients.

Research materials and methods

The research involved using tomato varieties most
cultivated in the central regions of Ukraine (harvested
in 2015-2017) and by-products of tomato processing,
namely tomato seeds of the cultivar Alexia formed
along with obtaining tomato products. Tomato seeds
were washed three times with water, sieved, and used
for further research. Production tests were conducted in
Ukroptbakaliya in Chernihiv.

Technically ripe tomatoes wused for the
experimental studies included samples containing
tomatoes: green — no more than 5%, blanche — 10—
18%, brown — 25-35% pink — 50-62%. The degree of
ripeness of tomatoes was determined in accordance
with DSTU 2175:2017. Technically ripe tomatoes were
investigated in order to reduce the amount of unused
raw materials.

The experimental part of the work was performed
in the laboratories of the Department of Canning
Technologies and the Department of Food Chemistry,
NUFT (Kyiv), in the problem research laboratory of
NUFT (Kyiv), at the Palladin Institute of Biochemistry
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of the National Academy of Sciences of Ukraine
(Kyiv), in UkrSpetsAgroProduct Laboratory (Kyiv), in
the State Centre for Certification, ldentification, and
Quality of Plant Varieties (Kyiv).

The chemical compositions of technically and
biologically mature tomato seeds were studied
separately, and then compared and analysed. The
mass fraction of moisture in tomato seeds was
determined according to DSTU 1SO 751:2004, the
mass fraction of reducing substances was determined
by Schoorl’s iodometric method. The essence of the
method is that when boiling the exact amount of
Fehling’s liquid with the test solution containing
reducing sugars, the latter reduce the ions of divalent
copper (Cuz+) to copper (I) oxide. To determine the
amount of divalent copper reduced by sugar, a control
experiment is conducted, in which distilled water is
taken instead of the test solution containing sugar.
The next step is determining the amount of sodium
thiosulphate equivalent to the total amount of divalent
copper that participates in the experiment. To do this,
the difference is determined between the volumes of
sodium thiosulphate spent on titration of I, in the
reference and test solutions. According to the value
found (difference of the two volumes), expressed in
cm® of 0.IN sodium thiosulphate solution, the
equivalent amount of sugar in a certain volume of the
test solution is found [30].

Determination of lipids was performed by the
refractometric method, based on the removal of fat
from the product by the solvent and the determination
of its mass fraction by the difference between the
refractive indices of the solvent and the solution of fat
in the solvent.

The total content of dietary fibre in the products
studied was determined by enzymatic-gravimetric
method, the content of fibre (cellulose) was
performed according to DSTU ISO 6865:2004 by
Wende’s method, the mineral content by ashing [11],
pectin substances by the calcium-pectate method. To
hydrolyse the pectin substances to 50ml of the test
solution, an equal volume of 0.4% (1N) NaOH
solution was added and left for 8-10 h at room
temperature. After this, the solution was acidified
with the same volume of 1N acetic acid. The resulting
pectic acid was precipitated with 50 ml of a 10%
solution of CaCOs;. The obtained precipitate of
calcium pectate was filtered through a pre-dried to
constant weight and weighed with a paper filter.

The protein content of the tomato seeds was
determined by the modified Lowry method [30], total
protein by the Kjeldahl method [30], individual amino
acids were determined on an automatic amino acid
analyser T-339 (Mikrotechna, Czech Republic) by ion
exchange liquid column chromatography.

Anti-nutrients [32] in the tomato raw materials
were determined by I. I. Behnken’s modification of
M.L.Kakade’s caseinolytic method of determination
of trypsin inhibitory activity. The method is based on
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spectrophotometric determination at 280nm of the
optical density of the decomposition products of the
protein substrate (casein) under the action of an
enzyme (trypsin, chemotrypsin). The addition of
trypsin-binding or chemotrypsin-binding inhibitors to
inactive complexes is accompanied by a decrease in
extinction.

The fatty acid composition of the tomato seed
samples was determined by gas-liquid
chromatography. 1g of oil paste was added to a pear-
shaped flask, then 10-15cm® of 96% ethanol and
500 cm® of alkali (KOH) were added. The flask was
connected to a capillary refrigerator, through which
an inert gas was passed, and the mixture was
saponified at 90-100°C for 2h, being constantly
stirred. The contents of the flask were then cooled,
diluted 1:1 with water, neutralised with H>SO,
fixative to pH=7, acidified to pH=2-3, and extracted
with an equal volume of sulphur ether 2—3 times. The
sulphur extracts were combined, washed with water
2-3 times, dried over anhydrous Na;SO., then filtered
through a Schott filter, and washed with Na;SO4
1-2 times.

The dry extracts were evaporated to give lipid
residue of unsaponifiable matter, which was dissolved
in benzene. 200-300cm® of the lipid residue was
transferred to a glass ampoule, 2cm?® of a three-molar
solution of HCI in methanol was added, the ampoule
was sealed and boiled at 100°C for 1 h in a water
bath. The ampoule was then opened, the contents
dissolved in water at the ratio 1:1 and extracted with
hexane. The hexane was washed with water and dried
over Na,SQ,4, then evaporated to give fatty acid
methyl esters (FEM). Benzene was added to the
obtained substance and applied on glass plates for
cleaning. The obtained purée was injected into the
injector of a Sigma chromatograph. The percentage of
fatty acids was calculated according to the areas of
the peaks obtained [12].

Carotenoids were determined
spectrophotometrically according to the standard
method [8].

To determine the effect of hydrothermal
treatment on trypsin inhibitory activity of tomato
seeds, studies were conducted related to their pre-
treatment, which involved keeping in water with the
temperatures 70, 80, 90, and 100°C for 20, 30, and
40 min, using a rotary evaporator IKA RV10 control.

To micronise the tomato seeds, we used infrared
heating in a microniser MS-1. During this process,
the pre-washed seeds enter the conveyor in the area of
infrared radiation, the source of which is gas burners
made of special ceramics. When heated to a dark red
glow, the ceramics creates a flow in the wavelength
range 1.8-3.4 microns. Processing time is up to
90 seconds. The seeds are heated to 80-100°C. The
separated tomato seeds were treated in a microniser
MS-1, crushed, and used for further studies. To
determine the effect of micronisation treatment on
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trypsin inhibitory activity, the tomato seeds were
treated for 20, 40, and 60 seconds.

Results of the research and their discussion

The average chemical composition of tomato
seeds of the variety Alexia is given in Table 1.
Table 1 — Chemical composition of tomato
seeds, % dry matter (n=3, p<0.05)

Technically Biologically
Parameter ripe tomato ripe tomato
seeds seeds

proteins 38.07+0.5 36.26+0.5
lipids 36.44+0.2 38.30+0.2
carbohydrates 21.83+1 20.14+1
including fibre 16.92+0.5 17.52+0.5
minerals 3.35£0.5 3.28+0.5
carotenoids 0.18+0.05 0.19+0.05

Analysis of the chemical composition of tomato
seeds confirms the authors’ data [9-12,23,24] on the
protein content: 38.07% in the technically mature
tomato seeds and 36.26 in the biologically mature
ones. These values significantly exceed those of most
fruit and vegetable crops and determine the biological
value of tomato seeds.

At the same time, seeds of the technical stage of
maturity differ from biologically mature seeds in their
protein content (which is higher by 1.81%) and in the
level of carbohydrates (which is higher by 1.21%).
This can be explained by the processes of
redistribution and synthesis of organic compounds that
occur during maturation of plant raw materials.
However, it should be borne in mind that while
tomatoes are reaching their physiological maturity, the
content of nitrogenous substances, organic acids, and
reducing sugars increases [7].

It should be noted that the content of the oil
component of tomato seeds is close to that of flax
seeds (30-40%) and exceeds the fat content of grape
seeds (20-23%) [10]. The presence of 72.4% of
unsaturated fatty acids in the technically mature seeds
and of 75.63% in the biologically mature ones was
previously established. Of these, there was 47.72% of
polyunsaturated fatty acids in the technically mature
tomato seeds, and 50.96% in the biologically mature
ones. In the lipophilic fraction of the seeds, among the
saturated acids palmitic acid dominated: its content
was 21.56% in the technically mature, and 20.75% in
the biologically mature tomatoes [19].

It has been established that the seeds of the
technical stage of maturity differ from the biologically
mature seeds by a higher content of proteins, fibre, and
carbohydrates. which can be explained by the
processes of redistribution and synthesis of organic
compounds that occur during the maturation of plant
raw materials. The data obtained confirm that tomato
seeds, due to their high content of proteins, lipids, and
carbohydrates, have a high nutritional and biological
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value that conforms to modern recommendations for
creating healthy diets.
It is known that tomato seeds are high in

Table 3 — Amino acid content in the tomato seeds,
% to total protein (n=3, p<0.05)

nitrogenous substances. However, it should be noted Amino acid Technically ripe | Biologically ripe
that the literature does not provide data on their _ tomato seeds tomato seeds
qualitative and quantitative composition. Valine 3.7 4.8
To confirm the data from literature on the Isoleucine 3.4 5.3
transformation of organic compounds at different stages Leucine 7.0 7.2
of ripeness, it has been suggested to study the chemical Lf_'”e_ Ig ‘13'[11
composition of tomato seeds in more detail. Changes in Mrf]t 1onine 20 2
the fractional composition of tomato seed protein reonine ' '
- . - Tryptophan 1.4 1.8
substances have been studied based on their solubility. :
Th h It ted in Table 2 Phenylalanine 4.1 4.5
e research results are presented in Table 2. Arginine 9.0 85
Table 2 — Fractional composition of tomato seeds Alanine 4.9 6.1
protein (n=3, p<0.05) Asp_art_lc_ acid 10.1 10.2
Histidine 2.4 5.4
Content, % to total protein Glycine 5.5 4.2
Name of the Technically . - - Glutamic acid 19.6 16.5
fraction ripe tomato Biologically ripe Proline 4.4 5.2
tomato seeds -
seeds Serine 5.5 438
Albumins 20.29+0.2 19.20+0.2 Tyrosine 4.8 2.7
Globulins 39.46+0.2 36.96+0.2 Cysteine 2.3 1.5
Glutelins 15.68+0.2 18.44+0.2
Prolamines 12.21+0.2 11.88+0.2 Establishing the amino acid composition of
Insoluble technically and biologically ripe tomato seeds has
fraction 1236202 15.52¢0.2 shown that the total number of amino acids during

Analysis of the experimental data shows that the
main components of the protein complex of tomato seeds
are albumins and globulins, which are highly digestible
due to their physicochemical properties [23,24]. Their
content in the technically ripe tomato seeds is higher by
3.59% than in the biologically ripe seeds.

The data obtained indicate a decrease in the
amount of the globulin fraction by 3.5% and of the
prolamine fraction by 0.33% in the course of achieving
biological ripeness of the tomatoes. At the same time,
there is a 2.76% increase in the amount of gluten. This
redistribution of the fractional composition of proteins
can be explained by accumulation of low molecular
weight fractions of nitrogenous compounds. This can
occur due to the formation of amino nitrogen and is
characteristic of the maturation process in plant
materials, which manifests itself by a 3.16% increase
in the cleavage products and is confirmed by the data
on the determination of amino nitrogen. In the samples
of technically mature tomato seeds, the content of
amino nitrogen was 27.8 mg/100g, which exceeded by
3.3mg/100g the similar figure for the seeds of
biologically mature tomatoes (24.5 mg/100g). These
data confirm what the authors [24,29] say about
reducing the amount of protein compounds in tomato
fruits at the final stages of ripening. It has been
established that the biologically ripe tomato seeds are
characterised by some redistribution of protein
substances according to their solubility and
digestibility and transition to free amino acids.

Based on this, the amino acid composition of the
technically and biologically ripe tomato seeds has been
studied. The experimental data are given in Table 3.
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tomato ripening increases by 10.65%, which is due to
the plastic processes that take place in tomato tissues.
The content of essential amino acids in the technically
ripe tomatoes is 96.5mg, which is by 2.3% more than
in the biologically ripe tomatoes. The limiting amino
acid is valine, the rate of which is 55%.

Protein substances determine the nutritional and
biological value of food. The content of inhibitors in
some plants significantly reduces the nutritional value
of protein products. The presence of proteinase
inhibitors in animal and human diet leads to negative
physiological phenomena. It is known that the content
of trypsin inhibitory complexes causes intensive
synthesis of pancreatic enzymes. This leads to an
increase in the transformation of methionine into
cystine, which in turn increases the need for sulphur-
containing amino acids that cannot be compensated by
proteins that come with food [25]. Of the whole range
of antialimentary factors, trypsin inhibitors are of the
greatest interest due to their wide distribution and high
content in the storage substance of plants, i.e. seeds.
The physiological functions of these substances of
protein nature are studied quite well: they can serve as
reserve proteins, regulate the activity of proteolytic
processes, thus preventing premature breakdown of
reserve proteins, inhibit the activity of proteases of a
number of harmful insects and phytopathogenic
microorganisms, thereby protecting plants from
damage [24-26,28]. When a lot of these antialimentary
factors enter the body, this leads to a decrease in
hydrolysis of food proteins, reducing the efficiency of
their digestion. Analysis of the data shows that there is
a dependence between the amount of protein in tomato
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seeds and the presence of proteinase inhibitors. There
are also data [29] that accumulation of anti-nutrients is
of genetic nature.

However, the trypsin inhibitory activity (TIA) of
the technically ripe tomato seeds is by 57% lower than
that of the biologically ripe ones. This may be because
at the final stages of tomato ripening, the formation of
protein substances is completed and the protective
mechanisms of a plant, including trypsin inhibitors,
finish forming, too [30].

To reduce the activity of proteinase inhibitors in
tomato seeds, studies have been conducted to select the
parameters of pre-treatment of tomato seeds and
determine their effect on the content of bioactive
substances and on the trypsin-inhibiting activity of
tomato seeds.

An effective way to eliminate these factors is to
inactivate proteinase inhibitors caused by their
destruction [29]. It should be noted that in comparison
with other antialimentary factors, trypsin inhibitors can
resist inactivation quite well [27]. In this regard, the
data on a significant decrease in the content of trypsin
inhibitors in seed products indicate the destruction of
alkaloids [27].

During heat treatment, macronutrients and trace
elements are lost, so to check whether tomato seeds are
suitable for use, it is necessary to conduct research on
the quantitative content of essential components
according the selected parameters of pre-treatment.

It is known that a decrease in the activity of
proteases (~85%) can be achieved by the action of high
temperatures, especially in combination with high
pressure, which in this case is due to greater efficiency
of heat treatment [26].

The choice of temperature is determined by the
protein nature of proteolytic enzyme inhibitors and
their ability to be inactivated by high temperatures. The
results of the research are presented in Fig. 1 and 2.

0,295

0,29

mg of trypsin/ mg of protein

Processing time, min

0,285

70 80 90 100
Water temperature, °C

=40 =30 m20 %0
Fig. 1. Change in the activity of trypsin inhibitors

in the samples of technically ripe tomato seeds
after hydrothermal treatment

The data obtained show that hydrothermal
treatment of technically ripe tomato seeds for 20min
with the water temperature 70-100°C does not reduce
the trypsin inhibitory activity. Hydrothermal treatment
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for 40min, with the water temperature 70-100°C,
allowed reducing the trypsin inhibitory activity by 3%,
as compared with the initial values. The results of
hydrothermal treatment with these parameters are
consistent with other scientists’ data [26-29] on
reduction of the trypsin inhibitory activity in seeds and
legumes, and confirm the high resistance of the trypsin
inhibitor. This leads to the conclusion this method of
treating tomato seeds is of low efficiency.

<
i "
wn —_
— N

mg of trypsin / mg of protein
<
s 2
h N

Processing time, min

Water temperature, °C

m40 =30 m20 0

Fig. 2. Change in the activity of trypsin inhibitors
in the samples of biologically ripe tomato seed
after hydrothermal treatment

The results of hydrothermal treatment of
biologically ripe tomato seeds demonstrate a similar
dependence: after 20 min of treatment at the water
temperature 70-100°C, no decrease in the trypsin
inhibitory activity of the tomato seeds was observed.
Treating for 20-30min allowed reducing the trypsin
inhibitory activity by 1.7%. Hydrothermal treatment
for 40min, with the water temperature 90-100°C,
reduced the trypsin inhibitory activity by 3.3 times in
comparison with its initial level.

The data obtained indicate that hydrothermal
treatment of the tomato seeds using the above
parameters did not significantly reduce the trypsin
inhibitory activity, as compared to its initial level. So,
it is necessary to continue the search for ways to
reduce the trypsin inhibitory activity of tomato seeds.

The studies conducted confirm the data found in
the literature on the resistance of some types of
proteinase inhibitors due to their amino acid
composition [26-29].

One of the promising areas in the development of
tomato seed processing technologies is using new
physical methods of supplying heat to a product. The
use of infrared radiation intensifies internal processes
in a cell, improves quality, facilitates the control of
technological parameters. As a result of this treatment,
the processes of biochemical transformations in seeds
intensify [28].

The principle of micronisation used to treat tomato
seeds consists in changing the structure of proteins and
grain starch as a result of their intense heating with
infrared rays. It is known that heating with infrared rays
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causes vibration of a product’s molecules when heat is
released and the pressure inside the seed increases due to
rapid evaporation of moisture. In this case, the processes
of protein denaturation and starch destruction take place
[27].

The heat flux density is much higher than it is with
convective and conductive heat supply. Infrared radiation
heats the seeds and penetrates as deep as up to 46 mm
into the layer of the material. Due to thermodiffusion,
moisture flows away from the surface and turns into
steam. This creates internal pressure and loosens each
individual grain [31].

The research results are presented in Fig. 3.
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Fig. 3. Change in the activity of trypsin inhibitors
in the tomato seed samples after micronisation treatment

The obtained data show that micronisation treatment
allows achieving significant reduction in anti-nutrients of
the tomato seeds. Thus, when the technically ripe tomato
seeds were kept in the microniser for 60s, the activity of
trypsin inhibitors decreased by about 34%, and for the
biologically ripe seeds, this value was 28.8%. The chosen
method of processing tomato seeds allows achieving a
safe level of anti-nutrients and preserving the biological
value of the components of tomato seeds, as it provides
short-term  micronisation treatment. A significant
disadvantage of this method is the uneven heating of the

inner part of seeds, because they are heated with infrared
heat from above. Thus, micronisation of tomato seeds for
60s can be suggested as a method to pre-treat tomato
seeds for further processing into semi-finished food
products.

Conclusion

It has been found that tomato seeds contain 36-39%
of proteins, 36-38% of lipids, and 19-22% of
carbohydrates. The biological value of tomato seeds is
determined by the content of all essential amino acids,
which make up more than 50% of the total amino acid
content, and by the presence of 72.4-75.63% of
unsaturated fatty acids, which will allow its additional
processing.

Analysis of the chemical composition of the tomato
seeds has shown that though they are of high biological
value, their nutritional value is significantly reduced by
natural anti-nutrients — proteinase inhibitors. In order to
inactivate them to a safe level, the effect of pre-treatment
has been studied, namely the processes of micronisation
and hydrothermal treatment of tomato seeds. It has been
shown that the activity of trypsin inhibitors in the tomato
seeds is 0.51-0.62mg/g protein. Hydrothermal treatment
of the tomato seeds, with temperatures ranging 70-100°C,
reduces the activity of anti-nutrients by 1-2%. It has been
suggested to use micronisation processing of tomato seeds
for 60s, which allows reducing the content of trypsin
inhibitors by 34% without changing the properties of the
protein substances and the amino acid composition of
seeds.

The method of processing tomato seeds by
micronisation for 60s has proved highly effective in
reducing the activity of trypsin inhibitors, and allows
using tomato seeds to create semi-finished food products
of high biological value. The economic effect of this
technology consists in reducing the amount of unused
fruit and vegetable raw materials.
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SKadeapa TexHOIOril PeCTOPAHHOrO i 030POBYOr0 XapUyBaHHH,
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AHoTamisi. Y crarTi OpoBeNeHO aHaii3 OioJOrivHOi IHHOCTI BTOPHUHHHUX IIPOIYKTIB TOMATONEpepoOKH, a came
TOMATHOTO HACiHHS, [0, 3[cOUIBIIOr0 HE PO3MIINAEThCA B XapyoOBill MPOMHCIOBOCTI K 00’€KT MepepoOIeHHS.
3anpornoHOBaHO 3aCTOCYBAHHS BTOPUHHOI CHPOBHHH, IO YTBOPIOETHCS IPHU BUPOOHHMLTBI TOMAaTOIPOIYKTiB — TOMATHOIO
HACIHHS, — K JPKepera OTPUMaHHs 0i0JOTiYHO aKTUBHUX PEYOBHH 3 MOJAIBUINM X BUKOPHCTAHHSIM B TEXHOJOTISIX Xap4OBUX
npoAykTiB. HaBeneHo pe3ynbTaTy TEOPETUYHHMX Ta €KCIEPUMEHTATBHUX TOCIIKEHb (Pi3MKO-XIMIYHOrO CKJIaay TOMATHOTO
Hacinus. [ligTBep/pKeHO, 110 HACIHHS TOMATiB Ma€ BHCOKY Xap4oBY Ta OiOJOTiYHY I[iHHICTH, sSiKa OOYMOBIICHA ITiBUILCHHM
BMICTOM OiJIKiB, JIMiAiB, BYIJIEBOMIB Ta HAOMIMKEHa IO Cy4aCHHX DPEKOMEHMAIll, II0J0 CTBOPEHHS PAIliOHIB 30pPOBOrO
XapdyyBaHHS HaceneHHs. B HaciHHI TomariB mictutbes 27-30% oxupy, 25-35% asoructux i 11-18% Gezazorucrux
EKCTPaKTUBHUX pe4oBHH, 2,5-5,8% MiHepanbHux pedoBuH 1 12-25% wuemrono3u. Takok HaciHHS TOMartiB Oarare
MOTiHEHACHYEHUMHE JKUPHUMH KUCIOTaMH, (ocdornimigamMmu, Makpo- i MikpoeneMentamu, BitaminoM E. OnHak, #oro xapuoBy
LiHHICTh B 3HAYHIM Mipi 3HIKYIOTh NPUPOAHI OIONOriYHO AKTHUBHI aHTHAIMEHTApHI PEYOBMHHM — iHTIOITOpH MpOTEiHA3.
ExcrieprMeHTanbHO BCTaHOBJIEHO AKTHBHICTh AHTUNIOKMBHUX PEYOBHH TOMATHOTO HACIHHS — 1HTIOITOpIB TPHIICHHY.
AxTHBHICTH iHTiOITOpiB TpHIcHHY craHoBwia 0,30Mr TpuICHHY/T OUITKY [UIA HAciHHA TeXHi4HOi cruriocti Ta 0,52mr
TPUIICUHY/T ONKY sl HACIHHS Oioymoriunoi cruriocti. sl 3HIDKEHHsS aKTHBHOCTI 1HTIOITOPIB TPHIICHHY 3alpOIIOHOBAHO
3aCTOCYBaHHS TiJPOTEPMIYHOIO Ta MIKPOHI3aiiHHOrO O0O0poOIeHHsT TOMAarHOro HaciHHA. [igporepmiuHe 00poOIEHHS
Brpoaosxk 40 xB mpu Temmeparypi Boxu 90-100°C mo3BONMIO 3HU3HTH TPHUIICHH iHTiOyloWy akTuBHiCTH Ha 1-3% Bif
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MOYATKOBMX 3HaueHb. IIpm 3acrocyBaHHI MiKpOHi3amiHHOTO OOPOOJIEHHS IOCATHYTO 3HAYHOTO 3MEHIIEHHS AKTHBHOCTI
IHTi6ITOPIB TPUIICHHY TOMATHOTO HACIHHSA: IPH BUTPHMYBAaHHI TOMAaTHOTO HACiHHS TEXHIYHOI CTHIJIOCTI B MiKpOHi3aTopi
npotsiroM 60c¢ 3HIDKEHHS aKTHBHOCTI 1HT10ITOPIB TPUIICHHY CTaHOBMIIO OJu3bK0 34% Ta 1y1st HaCiHHS 010JIOT1YHOI CTHTIIOCTI —
28,8%. AKTyaJIbHICTh NPEICTAaBICHUX JOCIIIKEHb IOJSrae B PO3IMIMPEHHI MOXIMBOCTI 3aCTOCYBAHHS BTOPHHHOI TOMAaTHOI
CHUPOBHHH, & CaMe, — TOMATHOT'O HACIHHSI B TEXHOJIOTiSIX KOHCEPBOBAHUX MPOJIYKTIB 13 MiIBUIICHOIO 010JIOTYHOIO IIHHICTIO.
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