ISSN: 2347-467X, Vol. 13, No. (2) 2025, Pg. 733-748

Current Research in Nutrition and Food Science

~

www.foodandnutritionjournal.org

Evaluation of Phytochemical Composition of Tomato
Serum as a Promising Ingredient for the Production

of Healthy Food Products

IRINA MIKHAILOVNA ZHARKOVA'™, DANIL IVANCHIKOV', DMITRY PAVLOVICH
EFREMOV?, INESSA VIKTOROVNA PLOTNIKOVA', NATALYA MIKHAILOVNA
AGEEVA? and LARISA VLADIMIROVNA KOZHANOVA*

'Department of Technology of Bakery, Confectionery, Pasta and Grain Processing Production,
Voronezh State University of Engineering Technologies, Voronezh, Russia.
2LLC "AgroLen", Zhuravlikha village, Pervomaysky District, Altai Region, Russia.
3Scientific Center "Winemaking", North Caucasian Federal Scientific Center
of Horticulture, Viticulture, Wine-making, Krasnodar, Russia.
‘Department of Foreign Languages, Voronezh State University of Engineering

Technologies, Voronezh, Russia.

Abstract

In traditional methods of producing concentrated tomato products, excess
moisture is removed by evaporation at atmospheric pressure or under
vacuum. An alternative technology for processing tomatoes has been
developed that involves removing tomato serum (TS) by separating
tomato pulp. However, TS has not found wide commercial use at present,
probably due to insufficient study of its composition and biological effects
on the human body. As a result, a very limited number of studies of the
chemical composition of TS have been published to date. The objective
of this research is to analyze the phytochemical composition of TS with
varying colors to determine its suitability for innovative food technologies.
The analysis was performed using inductively coupled plasma mass
spectrometry (ICP-MS) and high-performance liquid chromatography
(HPLC). Serum of the red-fruited, dark-colored, yellow-fruited tomatoes
had an active acidity of 3.90-4.37 pH, contained 4.8-6.1% dry matter,
of which 811.9-847.8 mg/dm3 were amino acids (the share of essential
amino acids is 32.5-34.1%), mono- and disaccharides (3.48-6.50 %
FW), organic acids (13.01-16.55 % DW) with a predominance of citric
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and tartaric acids, vitamins B1+B2 (<1.0 mg/dm3), B6 (up to 1.2 mg/
dm3), PP (2.99-6.14 mg/dm3), C (20.32-22.51 mg/dm3). The sum of
phenolic compounds is 212-254 mg/dm3, flavonols and flavanones were
identified in TS. The antioxidant activity of TS was 139.11-168.58 mg/dm3
(reference quercetin). The ratio of the amount of Na to the amount of K
in all analyzed samples was in the range of 0.01-0.02, the ratio of Ca:Mg
and Ca:P was 1:1.6-1:1.8 and 1:1.3-1:4.3, respectively. The content of
the anti-nutritional component — oxalic acid in TS is 24.46-42.38 mg/dm3.
TS is safe in terms of toxic and potentially toxic elements. TS, with its
wealth of phytochemicals, represents a promising source of raw materials
for food manufacturers. The phytochemical composition of tomato serum
indicates its potential for the production of functional products, including
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for strengthening the health of the cardiovascular system.

Abbreviations

DCA Dark-Colored Tomatoes "Cherniy Aysberg"
DNA Deoxyribonucleic Acid

DW Dry Weight

FW Fresh Weight

GAE Gallic Acid Equivalents

M Mean Value

RNA Ribonucleic Acid

RSS Red-Fruited Tomatoes "Sibirskiy Skorospeliy"
SD Standard Deviation

TR CU Technical Regulations of the Customs Union
TS Tomato Serum

USDA United States Department of Agriculture

uv Ultraviolet Region of the Spectrum

YZR Yellow-Fruited Tomatoes "Zolotoye Runo"

Introduction

World production of major food crops increased by
54% between 2000 and 2021. At the same time,
the share of cereals in the total volume decreased
from 34% to 32%, and vegetables increased from
8% to 12%." According to Pathak et al.,?> tomatoes
are the second most produced fruit vegetable in the
world, accounting for about 16% of total vegetable
production.® China is recognized as the leader in
tomato production, followed by the United States.*
Other leading tomato-producing countries are India,
Turkey, and Egypt.®

Tomatoes are consumed fresh or processed, they
constitute an important part of the population diet
in almost all regions of the world, they are widely
implemented in the production food products.®”

The wide popularity of tomatoes is due not only to
their high taste and gastronomic qualities, but also
to the presence of biologically significant substances
in their composition, including minerals, vitamins,
polyphenolic compounds, pectin substances,
proteins, essential amino acids, monounsaturated
fatty acids, carotenoids, phytosterols.®® Dry matter
in tomatoes averages 8.8% FW, 100 g of which
contains 8.75+1.69 g of ash, 17.71+5.4 g of total
protein, 4.96+1.19 g of lipids, 5.96+1.37 g of starch,
35.84+4.57 g of reducing sugars and 11.441£9.31 g
of dietary fiber.®

It is known that the biochemical composition of
tomatoes depends on a number of natural factors:
varietal characteristics, growing region, climatic
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factors, soil composition, degree of fruit ripeness,
and the use of agrotechnical means.%'2

More than 33% of the total volume of tomatoes
produced are dried or cured (whole or chopped
tomatoes), processed into paste, juice, puree,
powder, sauce, ketchup.? According to data from
the Economic Research Service (ERS) of the U.S.
Department of Agriculture (USDA), approximately
30% of fresh tomatoes are processed into ketchup
and juices, while 35% are used for sauces. The
remaining volume is allocated to tomato paste (18%)
and canned tomatoes (17%).*

In traditional methods of producing concentrated
tomato products, excess moisture is removed by
evaporation at atmospheric pressure or under
vacuum.''* An alternative technology for processing
tomatoes has been developed that involves
removing TS (synonyms: clarified tomato juice,
pulpless juice, clear juice, cell juice, supernatant)
by separating tomato pulp (tomato mass or thick
juice).” Due to its composition — averaging 6-8%
soluble dry matter, comprising sugars, organic and
phenolic acids, polyphenolic compounds, water-
soluble vitamins, and macro- and microelements —
TS is potentially of commercial interest. It could be
used as an ingredient in the large-scale production
of diverse food products, such as beverages,'®
flavourings."” Studies indicate a correlation between
the inclusion of a TS and flaxseed combination in a
bread recipe and the observation of hepatoprotective
effects in rabbits consuming the bread daily."®
However, at present a very limited number of
studies of the chemical composition of TS have been
published. The lack of sufficient information on the
phytochemical composition of TS does not allow us
to explain the observed biological effects and predict
other possible biological effects when it is introduced
into food products. We believe that a detailed study
of the composition and properties of TS (biological,
technological) will help to reconsider the attitude
towards it: now it is a by-product of production, which
is not considered from the position of commercial
interest by food manufacturers. Our task is to study
the potential of TS as a valuable ingredient for the
food industry, capable of not only improving the
nutritional value of food products, but also, possibly,
giving them preventive properties in relation to a
number of alimentary-dependent human diseases.
In addition, in some regions of the world the problem
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of providing the population with food products
is relevant.” In other countries, the problems of
increasing the nutrient density of food rations are
being solved,?*?' and much attention is being paid
to the presence of antioxidants.??23 At the same
time, the potential of TS, which, if there is market
demand, can be produced by tomato processors in
large volumes, is practically not being used.

In connection with these facts, this study was aimed
at assessing the phytochemical composition of TS
to determine the prospects for its further use in food
technology, including functional ones.

Materials and Methods

Experimental Materials

The objects of the study were serum samples from
early ripening tomato fruits of the red-fruited "Sibirskiy
skorospeliy" (RSS), dark-colored "Cherniy Aysberg"
(DCA), and yellow-fruited tomatoes "Zolotoye Runo"
(YZR) (Fig. 1). Grown from seedlings in open fields
in Nikonovo, Voronezh Region, Russia, the tomatoes
were processed into serum. This tomato serum TS
was produced in the lab by first crushing and heating
the tomatoes, then centrifuging the resulting tomato
mass (Fig. 1).

Determination of Dry Substances and Minerals
Content

Arefractometric method was employed to determine
dry matter content. Active acidity (pH) was measured
using a pH-150MlI digital pH meter (LLC 'lzmeritelnaya
Tekhnika', Russia). Elemental composition analysis
was performed by inductively coupled plasma mass
spectrometry (ICP-MS) on a quadrupole NexION
300D mass spectrometer (Perkin EImer, USA) was
used to quantify mineral substances.

Determination of Free Amino Acids Amount

Determination of free amino acids was carried
out by high-performance liquid chromatography
method. The method is based on the conversion
of free amino acids into fluorescent compounds by
pre-column derivatization and quantitative analysis
of the obtained derivatives using high-performance
liquid chromatography (HPLC) on reversed-phase
chromatographic columns using a fluorometric
detector (chromatographic column C18 250 mm
long and 4.6 mm internal diameter, filled with
reversed-phase sorbent C18 with end capping with
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a particle size of less than 5 ym). The identification
of separated amino acid derivatives is carried out by

with a standard amino acid mixture.

(Cu Itivar "Sibirskiy Skorospeliy” N
The color of ripe fruits is bright red.
The shape of the fruit is flat-round and round.
The weight of the fruit is 65-114 g.
Originator — FSBSE «FSC of Vegetable Growing» (Moscow Region, Odintsovsky District,
settlement of All-Russian Research Institute of Selection and Seed Growing of Vegetable
(rops); LLC "Agrofirma Aelita" (Moscowy); LLC "Selection firm Gavrish" (Moscow). J

~

(Cu]tivar "Zolotoye Runo”

The color of ripe fruits is yellow.

The shape of the fruit is ovoid.

The weight of the fruit is 90-100 g.

QOriginators — LLC "Agrofirma Poisk" (Moscow region, Ramensky district, Vereya village);

Q_C "Tsentr-ogorodnik" (Moscow region, Ramensky district, Vereya village). J
~

(Cultivar "Cherniy Aysberg"

The color of ripe fruits is purple-brown.

The shape of the fruit is flat-round, medium-ribbed.
The weight of the fruit is 220-280 g.

@rlglnator— LLC "Agrofirma Aelita" (Moscow). J

—)lcuttmg tomatoes in half {large tomatoes cut into quarters

|Heating to 85-90 °C and exposure time 3-5 minutes l

Pomace

L7

(skintseads)

ISieve separation (mesh size 1.5-2.0 mm)}

Tomato mass

Pulp

Tomato serum

>| Centrifugation (5 min, 3000 rpm)

s

Heating (95-100 °C, 1-2 min) |

Filling into sterile glass jars with a capacity of 3 dm® and sealing |

v

Storing at a temperature of 16-25°C (6-9 months) |

v

Study (3-fold repetition with subsequent statistical data processing;
data is expressed as mean£SD (n=3)):

- dry matter content (refractometric . .
method) - free amine acids ‘
- active acidity (pH-meTpia) - otganic acids High-Performance
- quantify mineral substances - flavenoids Liguid
(inductively coupled plasma mass |- water-soluble vitamins Chromatography
spectrometry) (B1, B, Be) Method
- antioxidant activity (amperometric |- Mono and disaccharides
method)
- total content of polyphenols A Capillary
) . X - phenolic acids .
(colarimetric analysis) - orotic, caffeic, oxalic acids Ezﬁglo?horcms

Fig. 1: Characteristics of early ripening tomato fruits of different
cultivars used as objects and design of research

736

comparing retention times and retention coefficients

Determination of Organic and Phenolic Acids
Content

The content of ascorbic, citric, malic, succinic and
tartaric acids was determined by method of high-
performance liquid chromatography.

The analysis employed reversed-phase high-
performance liquid chromatography (RP-HPLC)

with isocratic elution for separation of organic acids.
Identification and quantification were performed
using UV spectrophotometric detection at 220 nm.

The content of chlorogenic, nicotinic, orotic,
caffeic and oxalic acids was determined using
"the Kapel 105M" device. Kapel 105M capillary
electrophoresis system. A variant of capillary band
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electrophoresis with negative voltage polarity
was used, as in the analysis of inorganic anions.
In this case, cetyltrimethylammonium bromide is
necessarily introduced into the composition of the
lead electrolyte in order to reverse the electroosmotic
flow towards the detector and diethanolamine to
form a pH of 5.1, necessary for acid dissociation.
An additional component of the lead electrolyte is
ethylenediaminetetraacetic acid, which makes it
possible to adjust the peak shapes of citric and oxalic
acids. Detection is carried out indirectly in the UV
region of the spectrum at 254 nm, therefore, the basis
of the buffer for the analysis of organic acids is an
anion with noticeable absorption at this wavelength
(benzoic acid is selected). The separation of acids is
based on the migration of their anionic forms under
the action of electrophoretic mobility.2*

Determination of The Total Content of
Polyphenols, Flavonoids

The total content of polyphenols was determined
using colorimetric analysis and the Folin-Ciocalteo
reagent method.? The qualitative and quantitative
profiles of individual polyphenols were analyzed
by high-performance liquid chromatography
(HPLC) employing an Agilent Technologies 1100
series chromatographic system equipped with a
diode array detector. Separation was achieved
using a Zorbax SB-C18 column (2.1 x 150 mm)
packed with octadecylsilyl-modified silica gel (3.5
pm particle size). The gradient elution program
utilized two mobile phases: (A) methanol and (B)
0.6% aqueous trifluoroacetic acid. The gradient
profile was established as follows (by component
B percentage): initial 8% (0 min), linear increase to
38% (0-8 min), subsequent rise to 100% (8-24 min),
and maintenance at 100% (24-30 min). The mobile
phase flow rate was maintained at 0.25 mL/min with
a 2 pL injection volume.

Determination of the Content of Water-Soluble
Vitamins, Mono- and Disaccharides

The content of vitamins B1, B2 and B6 was
determined by reversed-phase high-performance
liquid chromatography with postcolumn derivatization
and fluorimetric detection.

The mass concentration of monosaccharides was
determined by HPLC with a refractometric detector
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and a thermostatically controlled chromatographic
column. An analytical cation-exchange column (300
mm length x 6.5 mm i.d.) contained sulfonated
PS-DVB copolymer (Ca? form, 30 ym particles). A
solution of Ca-EDTA 0.03-0.1 mmol/dm3 was used
as the eluent. Column temperature: 80 °C - 90 °C,
refractometric detector. Eluent flow rate: 0.5 cm3/
min. Sample volume: 20 pl. Standard calibration
solutions of sugar mixtures (sucrose, glucose,
fructose) were prepared for simultaneous four-
point calibration from the main standard solution,
consisting of 1.60 g of sucrose, glucose, fructose
in a 50 cm?® volumetric flask, dissolved in 40 cm?
of water, transferred to a 100 cm3 volumetric flask
and brought to the mark with distilled water. The
discrepancy between two parallel determinations (as
a percentage of the mean value) did not exceed the
repeatability limit at a probability of P = 0.95.

Determination of The Antioxidant Activity of
Tomato Serum

Measurement of the antioxidant activity (total
determination of antioxidants) of tomato serum was
carried out by the amperometric method with a Tsvet
Yauza-AA-01 Instrument (reference quercetin).?

Statistical Analysis

Microsoft Excel 2010 and Statistika V.10.1 were
used for statistical data processing by the analysis
of variance. Data were statistically analyzed using
Student's t-test, with a predetermined significance
threshold of p < 0.05 for all comparisons. Quantitative
results are expressed as the mean (M) + standard
deviation (SD).

Results

The TS samples were clear liquids, each with a color
distinctive to its corresponding tomato variety. YZR
serum was bright yellow, RSS serum was pink, and
DCA serum was a light brown-pink. The active acidity
of the TS samples was in the range of 3.90-4.37 pH,
the minimum dry matter content of 4.8% was noted in
the TS of yellow-fruited tomatoes of the variety YZR,
in TS of the varieties RSS and DCA the values were
close (6.0% and 6.1%, respectively). The dry matter
of TS is represented by free amino acids, sugars,
organic acids, polyphenolic compounds, vitamins
and minerals (Fig. 2, 3, Tables 1, 2).
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Fig. 2: Content of free amino acids in serum from tomato fruits of different cultivars

TS contains all essential amino acids (Fig. 2), 32.5% (cultivar DCA) to 34.1% (cultivar RSS). The
their share of the total amino acids ranges from  maximum content of free amino acids was noted in
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the TS of the cultivar YZR (847.8 mg/dm?), of the  Glutamic acid is contained in the maximum amount
cultivars DCA and RSS the closest values were  (218.5-242.7 mg/dm?®), followed by asparagine (88.7-
(819.3 mg/dm?® and 811.9 mg/dm? respectively).  94.7 mg/dm?3).
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Fig. 3: Content of mono- and disaccharides in serum from tomato fruits of different cultivars

Table 1: Phytonutrient content of serum from tomato fruits of different cultivar

Phytonutrient Name Tomatoes serum content of the cultivar Content in Tomato Juice

RSS DCA YZR

Organic acids, mg/dm?:

- citric 6,453.0+874 7,099.0+961  4,458.0+604 2,000.0-5,100.0°

- malic 611181 62583 4801122 100-600°

- tartaric 1,489.0£197 8691115 1,230.0£163

- succinic 1,345.0+178 137+35 <50

- oxalic 34.25+1.22 42.38+1.48 24.46+0.96

%, mg/dm®/ % DW 9,932.3/16.6 8,772.4/14.4  6,242.5/13.0 4,000.0/8.0°

Vitamins, mg/dm3:

-B,+B, <1.0 <1.0 <1.0 0.2-1.28

-B, <1.0 1.0£0.3 1.240.3 0.6-1.25

-PP 6.14+0.28 2.99+0.10 4.75+0.19 0.5-11.5°

-B,, 0.26+0.01 0.59+0.02 2.25+0.08

-C 22.51+0.95 20.89+0.90 20.32+0.82 10-845; 180-220;%"
90.7-116.8%

Sum of Phenolic 21248 228+10 254+10 486 mgGAE/kg;*

Compounds, mg/dm?® 267.7-522.6 mg/kg;*°

272 mgGAE/dm;*!
36.3 mgGAE/100 g*
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- caffeic 12.4710.6 6.89+0.3 10.32+0.4 9.80 pg/g*

- chlorogenic 9.1940.3 8.111+0.3 15.04+0.4 7.7-37.7 mg/kg*®

Flavonols, mg/100 g:

- routine 3.28+0.04 2.82+0.03 3.650.03 12.37 pg/g*

- O-rutinoside 0.224+0.003 0.218+0.004  0.232+0.004 0.15-1.83 mg/100 g*°

- myricetin not found traces traces

- kaempferol 0.053+0.002 0.038+0.001  0.065+0.002 0.16-0.75 mg/100 g*°

- quercetin (mg/dm?) 0.088+0.003 0.122+0.002  0.124+0.006  0.44-1.59 mg/100 g;*°
2.95 ug/g*

Flavanones, mg/100 g: traces traces traces

- naringenin

Table 2: Ratio of Ca:P and Ca:Mg in tomato serum from different tomato
cultivars in comparison with other types of plant materials

Sample name

Ratio of Elements

Source of information

Ca:P Ca:Mg
Tomato serum of the following cultivars: Own research
-RSS 01:04.3 01:01.8
-DCA 01:04.3 01:01.8
-YZR 01:03.0 01:01.6
Cherry tomatoes 01:01.0 01:00.3 Oyetayo and Ibitoye*®
Tomato juice 1:1.7-1:1.8 not determined  Yilmaz et al.**
Premium wheat flour produced by: Zharkova et al.®
- JSC "Flour mill "Voronezh" 1:4.9 01:01.2
- JSC "Makfa" 01:04.4 01:01.3
Seeds: Pochitskaya et al.®
- white flax 01:02.4 01:01.6
- brown flax 01:06.4 01:03.0
- chia 01:01.2 01:00.5
- lentils 01:09.4 01:03.3
- mustard 01:01.0 01:00.6
- milk thistle 01:00.7 01:00.4
- white quinoa 01:04.3 01:02.1

The taste characteristics of tomatoes and, as a
consequence, TS, largely depend on the content
of sugars, organic acids and the balance between
them.®” Kurina et al.® reported that, according to the
results of the analysis of 64 varieties of cultivated
tomatoes with various fruit colors, the amount of
mono- and disaccharides in them is 1.5-5.65% with
an average value of 2.84%. The maximum content
of the sum of sugars (glucose, fructose and sucrose)
was noted in the TS of the variety RSS (6.50%
FW), and the minimum — in the TS of the variety
YZR (3.48% FW). At the same time, regardless of

the tomato variety, fructose prevailed in the serum
(45-48% of the total amount of sugars), glucose and
sucrose accounted for 30-38% and 14-24% of the
total amount of sugars, respectively.

According to Ivanova et al.,® the ratio of fructose
to glucose in most industrially produced tomato
juices is 1.2:1, and sucrose is practically absent.
In TS, the ratio of fructose to glucose turned out
to be somewhat higher: from the tomatoes of the
cultivars RSS and DCA - 1.3:1, YZR - 1.5:1, and
the sucrose content was in the range from 8.39 g/
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dm3 for the cultivar YZR to 9.12 g/dm? for the cultivar
DCA (Fig. 3). Taking into account the total amount
of sugars and the sweetness coefficient of each of
them, we can say that the serum of RSS tomatoes
is the sweetest.

Some organic acids, such as succinic and tartaric
acids, can act as flavor enhancers. Among the
analyzed samples, the maximum content of succinic
and tartaric acids was found in the serum from the
tomato cultivar RSS, with their ratio being 1:1.1. In
the serum from the tomato cultivars YZR and DCA,
the tartaric acid content is 1.2 and 1.7 times lower,
respectively, than in the cultivar RSS. The succinic
acid content in the serum from the tomato cultivar
DCA s 9.8 times lower than in the cultivar RSS with
the ratio of succinic to tartaric acids being 1:6.3.

In addition to the nutrients necessary for the human
body, tomatoes and TS contain anti-nutrients — oxalic
acid (Table 1). However, its amount in tomato serum
is 2-3 orders of magnitude less than other organic
acids. The highest content of oxalic acid was noted
in serum from the tomatoes of the cultivar DCA, while
in samples from the cultivars RSS and YZR it was
1.2 and 1.7 times less, respectively.

Fresh tomatoes are an important source of
ascorbic acid. The accumulation of ascorbic acid
in tomato fruits is significantly affected by weather
conditions during the growing season and varietal
characteristics. According to Ali et al.,° the vitamin C
content in fresh tomatoes ranges from 10.86 mg/100
gto 85.00 mg/100 g, and according to Kumar et al.3®
— from 83.12 mg/100 g to 339 mg/100 g. Despite
the heat treatment during the production of TS, it
retains 20.32-22.51 mg/dm3 of ascorbic acid and
contains B vitamins (Table 1). Vitamins B1 and B2
are contained in trace amounts — less than 1.0 mg/
dms3, the same amount of vitamin B6 is in the serum
from the tomatoes RSS cultivar. The serum from the
cultivars of DCA and YZR contains more vitamin B6
(1.0 and 1.2 mg/dm?® respectively). According to Ali
et al..? fresh tomatoes contain 0.04-0.98 mg/100 g
of vitamin B1, 0.02-0.81 mg/100 g of vitamin B2 and
1.29-1.72 mg/100 g of vitamin B6. Consequently, TS
contains only a small part of vitamins B1, B2 and B6
from theeir total content in fresh tomatoes.

The content of vitamin B13 in the TS of the cultivar
RSS is minimal (0.26 mg/dm?), while that of the

cultivars DCA and YZR is 2.3 and 8.7 times higher,
respectively. The importance of vitamin B13 for the
human body is determined by its active participation
in the urea cycle and in the synthesis of pyrimidines
for DNA and RNA replication; during physical
exertion, it improves and maintains the level of
adenosine triphosphate during glucose absorption.*

The range of vitamin PP content in TS is narrower:
the maximum content is in TS of the cultivar RSS,
and of the cultivars YZR and DCA it is 1.3 and 2.1
times less, respectively (Table 1). This vitamin
is important for the functioning of the antioxidant
protection of human cells, one of the components
of which is vitamin PP-dependent catalase.

We have established the presence of phenolic
compounds in TS, which makes it a valuable food
ingredient. The total content of polyphenols in the
analyzed samples of TS was in the range of 212-254
mg/dm? (Table 1), which is close to their content in
white wine (25050 mg/dm3).4°

In terms of quercetin content, serum samples of
tomatoes YZR and DCA were close (0.124 and 0.122
mg/dm?3 respectively), and of the cultivar RSS there
was 1.4 times less quercetin.

In terms of the amount of chlorogenic and caffeic
acids, the serum of the tomatoes cultivar YZR was
in the lead, while the minimum amount was found
in the serum of the tomatoes cultivar DCA (Table 1).
The rutin content in TS samples ranges from 2.82
to 3.65 mg/dm? (Table 1). The antioxidant activity of
TS from RSS, DCA and YZR tomato cultivars was
145.72 mg/dm?, 139.11 mg/dm? and 168.58 mg/dm?
(reference quercetin), respectively.

As a result of anthropogenic activities, cases of
contamination of agricultural soils with toxic metals/
metalloids are noted, the risks of their excessive
accumulation in food crops, including tomatoes,
are increasing. Four of the ten most dangerous
chemicals identified by the World Health Organization
— arsenic, cadmium, lead, and mercury — severely
impact public health. Their accumulation in the body
disrupts metabolism, weakens antioxidant defenses,
and causes fetal development abnormalities.

The comprehensive assessment of toxic elements
in TS samples, visualized in the histogram (Fig. 4),
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confirms their complete safety for consumption, with
all measured parameters being significantly below
the strict regulatory limits established by both TR
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CU 021/2011 (Customs Union Technical Regulation)
and EU Regulation 2023/915 on maximum levels of
contaminants in food products.
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Fig. 4: The content of toxic elements in tomato serum from various cultivars of tomatoes

Nickel, copper, manganese, cobalt, chromium, and
tin represent additional elements that warrant close
attention and regulation. These elements belong to
the group of trace elements that are necessary for
the implementation of normal vital functions and
homeostasis in the human body, but in high doses
they exhibit toxic properties. The maximum amount

of copper and manganese is noted in the serum from
yellow-fruited tomatoes of YZR cultivar, however,
when using even 1 kg of such serum, the dose
corresponding to the daily physiological needs of the
adult body for these elements will not be exceeded.
The maximum tin content was noted in the TS of RSS
cultivar, but even it is negligible — the dose of tin that
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has a toxic effect on the human body is 5-7 mg / kg,
which is 12-17 times higher than the tin content in 1
kg of TS. The physiological needs of an adult's body
in chromium and cobalt can be met by 25% when
consuming 0.31-0.48 kg and 0.25-0.83 kg of TS,
respectively. The maximum nickel content was noted
in the serum of YZR cultivar and it is 2.1-3.8 times
higher than in the serum of other analyzed tomato
cultivars. But even with the 1 kg use of serum from
YZR cultivar, the daily safe dose of nickel intake into
the human body will not be exceeded (according to
various sources, it ranges from 0.56 mg / day. up
to 1.0 mg/day).

Discussion

Ali et al.® summarized the available scientific and
technical information and indicated that seventeen
amino acids have been identified in tomatoes,
including essential ones, which account for ~ 40%
of the total protein, with glutamic acid containing
the largest amount (approximately 10.13 g/100 g
protein). We identified 19 amino acids in TS (with the
exception of the YZR tomato serum, which lacked
the amino acid cysteine), including & essential amino
acids. In terms of the amount of glutamic acid, our
data are consistent with those of Ali et al.® it prevails
over the rest of the amino acids. The asparagine
content is also high.

Although glutamic acid and asparagine are
replaceable amino acids, their intake with food is
important due to a wide range of properties. It is
involved in nitrogen metabolism, is transformed into
alanine in the cells of the intestinal mucosa, and into
glucose and lactate in the liver, and is an excitatory
neurotransmitter.*' Glutamic acid is found in almost
all food products of plant and animal origin and,
even in high doses, does not have a negative effect
on the human body, unlike industrially synthesized
L-glutamic acid.*'*2 Asparagine is important for the
normal functioning of the human brain, heart, and
nervous system. With a lack of asparagine, which
can occur due to disturbances in the synthesis of
amino acids in the human body, the central nervous
system is affected.*® In addition to biological effects,
individual amino acids perform a technological
function, for example, glutamic acid improves the
taste of food products; glycine, lysine, and cysteine
are able to protect vitamins from oxidation.
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The content of sugars and acids is one of the
criteria for assessing the identity and authenticity of
vegetable and fruit and berry juices. It is believed
that citric, malic and tartaric acids have the
greatest influence on the taste of plant materials.*”
In fresh tomatoes, the content of organic acids
(mainly citric and malic) accounts for 10-15% of
dry matter.** The concentrations of organic acids
change significantly during the ripening process:
the concentration of malic acid decreases, and citric
acid increases significantly, and in overripe fruits it
significantly exceeds the content of malic acid.* In
industrially produced tomato juices, the average
content of organic acids is 400 mg/cm?, citric acid
predominates, and the ratio of malic and citric acids
is approximately 1:10.6 The maximum content of
organic acids was noted in the serum from the fruits
of the tomato cultivar RSS (16.55% on dry basis),
and the minimum (13.01% on dry basis) from the
cultivar YZR (Table 1). In the TS from the tomatoes
of the cultivars YZR, RSS and DCA citric acid also
predominates, and the ratio of malic and citric acids
is 1:9.3; 1:10.6 and 1:11.4 (respectively).

It should be noted that due to the high content of
organic acids, tomatoes are acidic vegetables.
This limits or excludes the inclusion of fresh
tomatoes and tomato products in the diet of people
with certain diseases, such as bladder disease.
First of all, this applies to concentrated tomato
products, since when excess moisture is removed
by evaporation, food substances, including organic
acids, are concentrated. Removing the serum before
evaporation allows not only to shorten the duration
of this process, but also to reduce significantly the
acidity of the final product, and therefore to expand
the range of consumers.

The presence of succinic acid in TS is important,
although its amount varies significantly depending
on the tomato cultivar (Table 1). Succinic acid is an
intermediate product of the tricarboxylic acid cycle
and glutamine metabolism, therefore it is necessary
for the normal functioning of all human body
systems: it participates in the formation of adenosine
triphosphate in mitochondria.*¢ By improving the
ability of mitochondrial oxidative phosphorylation,
it has therapeutic effects (reduction of obesity,
improvement of insulin action/glucose tolerance)
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in mice with obesity caused by a high-fat diet;*"
it acts as a stress-induced signaling mediator that
enhances pro-inflammatory reactions for optimal
activation of the immune system.*®

For a more objective assessment of the fruits, berries
and vegetables taste, the sugar-acid index is used,
which is calculated as the ratio of the amount of
sugars to the amount of acids.?3” The sugar-acid
index of serum from the tomato cultivars DCA and
YZR is 5.18 and 5.30 (respectively), and that of TS
of the cultivar RSS is slightly higher (6.47), which
indicates its more harmonious taste. Comparison of
our results with the data of Kurina et al.® allows us to
characterize the sugar-acid index of serum from the
tomato cultivars YZR, DCA and RSS as low.

Phenolic compounds represent a major class
of bioactive phytochemicals exhibiting potent
antioxidant properties. These secondary metabolites
are ubiquitously distributed in plant-derived foods,
particularly in fruits, vegetables, cereals, and
beverages, where they contribute significantly to
health-promoting effects.*® Their quantity in fresh
tomatoes largely depends on farming methods,
genotype, growing and storage conditions. In
tomatoes, phenolic compounds are mainly presentin
cell wall-bound form.* The compositional profile and
concentration of phenolic compounds in tomatoes
largely depend on their cultivar.*® Cruz-Carrion et
al.*® obtained a detailed phenolic compound profile
of tomatoes grown in two locations in Spain, which
consists of 57 components.

In TS, we identified flavonols (quercetin, rutin,
O-rutinoside, myricetin and kaempferol), phenolic
acids (caffeic, chlorogenic), and traces of narigenin,
which belongs to flavanones (Table 1), which is
consistent with the data of Miklavéi¢ et al.*

Flavonoids mainly accumulate in the skin of
tomatoes, so they are present in TS in small
quantities. For example, the content of kaempferol
and quercetin in fresh tomatoes can reach 2 mg/
kg to 8 mg/kg, respectively, which is comparable
to the values in red cabbage (2 mg/kg to 6 mg/kg,
respectively).“’ In TS of the cultivar YZR, the content
of kaempferol did not exceed 0.065 mg/dm?, the
minimum value was noted in TS of the cultivar DCA.
Chlorogenic acid, a bioactive ester formed between
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caffeic and quinic acids, demonstrates multifaceted
pharmacological properties including broad-
spectrum antibacterial activity, potent antihistamine
effects, and significant anti-inflammatory action.
Current research confirms its hepatoprotective
capabilities through modulation of detoxification
enzymes, along with promising chemopreventive
potential via apoptosis induction in malignant cells.
The compound exhibits remarkable metabolic
benefits, particularly in glucose homeostasis -
effectively reducing fasting plasma glucose levels
and improving late-stage diabetic parameters
mechanisms. Its structural component, caffeic
acid, synergistically enhances biological activity
by elevating plasma vitamin E concentrations.
Of particular clinical relevance is chlorogenic
acid's cardioprotective efficacy, with demonstrated
reduction in myocardial infarction.® According to our
data, fluctuations in the content of caffeic acid in the
serum of different tomato varieties are 1.2-1.8 times,
and in the content of chlorogenic acid (1.6-1.9 times).
The presence of rutin in TS is important. Rutin
exhibits antioxidant properties and can serve as
a geroprotector, has an anti-inflammatory effect,
helps strengthen the walls of capillaries and blood
vessels, improves their elasticity, has a protective
effect on the nervous system and reduces the risk
of developing certain neurological diseases, in
particular, Alzheimer's and Parkinson's disease."

In terms of antioxidant activity, TS is comparable to
juice from nectarine, apricot, peach and celery root.?®

Tomatoes are a good source of minerals that have
an electrical charge, i.e. act as electrolytes. They
are essential for maintaining human health because
they participate in the body's homeostasis (regulate
blood volume, fluid levels, pH levels, and the proper
functioning of muscles, nerves, heart, and brain).*

The results of the study of serum mineral composition
of different varieties and colors tomatoes are
presented in detail in the article by Zharkova et al.®
The ratio of Na to K in all analyzed samples of TS
was in the range of 0.01-0.02, which is significantly
less than 1.0 and is important for the prevention of
high blood pressure. In the studied samples of TS,
the ratio of Na to K turned out to be more favorable
than the value of 0.38 in the samples of cherry
tomatoes analyzed by Oyetayo and Ibitoye.3*
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From the standpoint of "healthy" nutrition principles,
it is necessary to strive for the Ca:Mg and Ca:P ratio
in food products of 1:0.7 and 1:1.5, respectively.
From Table 2 it is clear that these ratios in TS differ
from the recommended values. In terms of the Ca:P
ratio, TS is close to premium wheat flour and white
quinoa seeds, and in terms of the Ca:Mg ratio, it is
close to white flax seeds and white quinoa. At the
same time, our data differ significantly from the data
obtained by Oyetayo and Ibitoye33 when analyzing
cherry tomatoes grown in Nigeria, as well as Yilmaz
et al.,* who studied freshly squeezed juices from
tomatoes grown in Turkey, which confirms the
significant influence of geographical and climatic
growing conditions on the tomatoes mineral
composition and, as a consequence, their processed
products. To bring the ratio of these elements closer
to a rational one, it is advisable to combine TS with
raw materials such as chia seeds, mustard seeds
or milk thistle.

Conclusion

The innovative aspect of this study is to obtain new
experimental data on the phytochemical composition
of tomato serum of different cultivars with red, yellow
and red-brown fruits. The obtained experimental data
indicate that tomato serum contains not only sugars
and organic acids, but also a comprehensive profile
of amino acids, encompassing all nine essential
amino acids (EAAs) - histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine,
tryptophan, and valine - as well as conditionally
essential and non-essential varieties), vitamins,
phenolic compounds, minerals (especially significant
is the presence of potassium, calcium, magnesium,
phosphorus), and exhibits antioxidant activity.

Tomato serum is an independent commercially
attractive product that can contribute to the
diversification of tomato processing enterprises.
The phytochemical composition of tomato serum
indicates its potential for the production of functional
products, including for strengthening the health of
the cardiovascular system. In this direction, it is
promising to conduct additional comprehensive
technological and dietetic studies. We hope
that the information we have obtained about the
phytochemical composition of tomato serum will
help to reconsider its treatment as a low-value
by-product of tomato processing, which will be the
beginning of the formation of a full-scale market for
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tomato serum as a full-fledged food ingredient for
multi-purpose use.
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