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ABSTRACT

Background: Tomato breeding plays a crucial role in meeting the demands of the healthy food market and ensuring food
security. Modern agricultural approaches focus on improving the qualitative and functional characteristics of fruits.
Additionally, the development of new genotypes adapted to local growing conditions and enriched with biologically
active compounds is a key priority in agricultural science. Such plants serve as valuable genetic material for the creation

of domestic hybrids, reducing dependence on imported varieties.

Objective: To evaluate the morphological and biochemical characteristics of new Armenian tomato breeding lines — R-
Bf-04, R-St-13, R-Zd-02, R-Gr-12, and R-At-23 — under protected cultivation conditions, with the aim of identifying

promising genotypes for inclusion in hybridization breeding programs.

Methods: The research was conducted from 2022-2025 under winter-spring vegetation conditions in a greenhouse. The
morphological traits of the breeding lines were assessed in accordance with international descriptors. Biochemical
parameters of the fruits, including total sugar, phenolic compound, ascorbic acid, carotenoid, and lycopene content,
were determined using spectrophotometric methods. Statistical data analysis was performed using analysis of variance

(ANOVA) at a significance level of p < 0.05, as well as Pearson correlation analysis.

Results: The morphological and biochemical evaluation of the tomato breeding lines revealed a wide variability in the

studied traits. Fruit weight ranged from 182.3-255.2g, reflecting differences in morphological type and yield potential.

Ascorbic acid and total phenolic content varied from 19.64-22.76mg/% and from 32.4-48.4mg GAE/100g, respectively,
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indicating diversity in antioxidant activity among the lines. Total carotenoids ranged from 2.56-4.82mg/100g, while
lycopene content ranged from 2.36-4.44mg/100g, with lycopene accounting for up to 92% of the total carotenoids.

Significant differences were observed in organoleptic parameters, including sugar content, titratable acidity, and sugar—
acid ratio, all of which influence fruit flavor quality. Correlation analysis revealed strong positive relationships among
sugar content, dry matter, carotenoids, phenolic compounds, and ascorbic acid (vitamin C). The most balanced quality
parameters were demonstrated by the R-Bf-04 and R-At-23 lines, along with the control variety, Zvartnots, underscoring

their high value for further breeding aimed at improving fruit quality.

Novelty: For the first time, a comprehensive morphological and biochemical characterization of new Armenian tomato
breeding lines grown under protected cultivation was conducted. The obtained data reveal a wide range of genetically
determined variability in key fruit quality traits. Several lines were identified as having significant potential for inclusion
in breeding programs aimed at improving organoleptic properties and enhancing the content of biologically active

compounds.

Conclusion: The conducted evaluation revealed a significant genetic potential of the tomato breeding lines, each
exhibiting a unique combination of valuable traits that contribute to improved fruit quality. These lines may serve as
promising donors in hybridization programs aimed at developing tomatoes with enhanced functional value and the

ability to successfully compete with imported hybrids.

Keywords: tomato, breeding lines, morphological traits, biochemical composition, ascorbic acid, phenolic compounds,

carotenoids, lycopene, organoleptic qualities, sugars
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the leading
crops in global agriculture, ranking first in cultivation area
and production volume. Due to its high nutritional value
and versatile use, tomatoes are in high demand both in
fresh form and as processed products. According to FAO
data (2022), global tomato production reached 189.1
million tons in 2021, representing a 2% increase
compared to 2020 (184.8 million tons) and a 4% increase
relative to 2019 levels. The largest producers are China,
India, Turkey, the United States, and Egypt [1].

Tomatoes remain the most consumed vegetable
worldwide, with an average per capita consumption of
18.18kg per year [2]. Turkey is in first place, with 98.62kg
of tomatoes consumed per capita recorded in 2012—
2013, followed by Egypt (90.06kg), Greece (85.78kg),
Armenia (84.12kg), and Tunisia (83.91kg). In the United
States, per capita consumption stands at 37.74kg, while
the average European consumption is 22.58kg. In
Mediterranean regions, the average can reach up to
44.50kg [2].

Armenian tomato production has shown a steadily
increasing trend. This growth is supported by favorable
climatic conditions, the development of greenhouse
farming, the adoption of modern agrotechnologies, and
the diversification of varieties and hybrids. The main
cultivation areas are concentrated in the Armavir and
Ararat regions. According to preliminary estimates, in
2023, tomato yields in the country reached record levels,
enabling Armenia to rank 28th among 151 tomato-
exporting countries worldwide [3].

This progress has also been driven by the
implementation of the Government Strategy for
Agricultural Development of the Republic of Armenia for
2020-2030, which focuses on improving the efficiency of
agricultural production, enhancing infrastructure, and
promoting innovative approaches [4].

Despite the positive production trends, the range of

Armenian tomato varieties and hybrids, particularly for
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protected cultivation, remains limited. Greenhouse
production is dominated by imported hybrids — primarily
of Dutch origin [5] — which are not always optimally
adapted to local soil and climatic conditions. This
situation reduces plant resilience to local stress factors
and increases growers' dependence on external seed
markets. Therefore, a pressing challenge is the
development of competitive domestic tomato breeding
lines and hybrids that are well adapted to Armenian
growing conditions and meet current quality standards.

In recent years, tomato breeding has increasingly
focused not only on improving agronomic traits but on
enhancing the nutritional and functional value of fruits
[5]. Recent advances in the field of functional nutrition
highlight its significant role in disease prevention and
health promotion, as demonstrated in numerous
scientific studies [6-8]. Functional nutrition involves the
use of products enriched with biologically active
compounds that, when consumed regularly, can have a
beneficial impact on human health [9-13]. At the same
time, modern consumers are paying more attention to
product quality, including taste, structural
characteristics, nutritional content, and antioxidant
activity [14-18].

Genotypes combining high levels of biologically
active compounds with adaptability to local growing
conditions are especially important in breeding efforts.
The study of such breeding lines enables the
development of valuable genetic material for creating
hybrids tailored to the demands of the modern agro-
industrial complex and the functional food market.

The objective of the present study is to evaluate the
biochemical parameters of new Armenian tomato
breeding lines to identify genotypes with high nutritional
value for their subsequent inclusion in the breeding

program.

MATERIAL AND METHODS
Research material: The study was conducted at the SCVIC

MEofRA, located in the village of Darakert, Ararat region,
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Armenia (40.115018° N, 44.417768° E), in a glazed
greenhouse during the winter-spring growing cycles from
2022 to 2025. The research objects included the
Zvartnots variety as a control, and the breeding lines R-
Bf-04, R-St-13, R-Zd-02, R-Gr-12, and R-At-23, all of which

were developed at the Scientific Center.

Greenhouse conditions: The temperature regime in the
greenhouse was maintained at 25-28°C during the day
and 16-20°C at night. The relative humidity ranged from
75% to 85%. Forty-five-day old seedlings were
transplanted into the greenhouse soil following a spacing
scheme of (90+60) x 50 cm. The plant nutrition system
was developed based on agrochemical soil analysis,
accounting for the crop’s growth stages and physiological
needs. Agrochemical analyses were performed using a
colorimetric method with the Gallery Aqua Master
Discrete Analyzer (Thermo Fisher Scientific) in
accordance with 1SO 14001:2015 standard.

Integrated pest and disease management methods
were applied, including preventive treatments with
biopreparations.

The experiment was established wusing a

randomized block design with three replications.

Morphological evaluation of tomato fruits:
Morphological evaluation was performed according to
the international standard “Descriptors for Tomato
(Lycopersicon spp.)” [19]. Fruit shape index was
calculated as the ratio of longitudinal to transverse
diameter, measured using a caliper with 0.1 mm accuracy

[20].

Determination of ascorbic acid: Biochemical analyses
were carried out at the Laboratory of Plant
Biotechnology, Phytopathology, and Biochemistry of the
SCVIC. Ascorbic acid content was measured using a
spectrophotometric method with a Carry 60 UV-Vis
spectrophotometer (Agilent Technologies, USA). The

analysis followed a standard protocol involving 2,4-
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dinitrophenylhydrazine and measuring absorbance at a
wavelength of 520nm. Calibration curves were

constructed using L-ascorbic acid solutions [5].

Determination of total phenol: The total phenolic
content was determined spectrophotometrically using
the Folin—Ciocalteu reagent, measuring absorbance at a
wavelength of 765nm. Calibration solutions were
prepared with gallic acid (GA), and the results were

expressed as mg GAE/100g FW [21].

Determination of total carotenoids and lycopene:
Pigments were extracted using a hexane/ethanol mixture
(3:1, v/v) at a ratio of 10 mL per 1g of homogenized
sample. Extraction was carried out at room temperature
for 30 minutes. After centrifugation, the upper phase
containing the pigments was collected. Total carotenoids
were measured spectrophotometrically at 450nm and
expressed as mg of B-carotene equivalents per 100g fresh
weight (FW) [22]. Lycopene content was determined by
measuring absorbance at 470nm and calculating
concentrations using an extinction coefficient
€ = 3,450 (mg/mL)™"-cm™ Results were expressed as mg

of lycopene per 100g FW [22].

Determination of total sugar content: Total sugar
content was determined using spectrophotometry by
measuring the optical density at 490nm. Calibration

solutions were prepared based on L-glucose [23].

Titratable acidity (TA): TA was determined by acid-base
titration using a 0.1N NaOH solution and phenolphthalein
as an indicator. The endpoint of the reaction was
identified by the appearance of a stable pink coloration.
Results were expressed as a percentage of citric acid

equivalents, applying a conversion factor of 0.0064 [23].

Sugar/Acid ratio: Calculated as the ratio of total sugar
content to titratable acidity, the sugar/acid ratio

provided an assessment of the fruit’s taste quality.
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Determination of dry matter content: Dry matter

content was measured using a refractometer.

Correlation Analysis: To identify relationships among the
studied parameters, Pearson correlation analysis was
performed using Python software. The results were

visualized as a heatmap [24].

Statistical Data Analysis: Analysis of variance (ANOVA)
was applied for statistical processing of the data at a

significance level of p < 0.05. Values are presented as
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means + standard deviation (+SD).

RESULTS AND DISCUSSION

Morphological characteristics of fruits: Analysis of the
tomato breeding lines revealed that all samples produced
fruits with round or slightly flattened-round shapes, with
a shape index ranging from 0.95 to 1.03. All genotypes
exhibited bright red or deep red fruit coloration. The
number of seed locules varied from 4 to 7. Fruit weight

ranged from 182.3 to 255.2 g (Table 1).

Table 1. Morphological characteristics of fruits of the studied tomato lines

N Breeding line Shape

1 Zvartnots (Control) Round

2 R-Bf-04 Round, slightly flattened
3 R-St-13 Round

4 R-2d-02 Round

5 R-Gr-12 Round, flat

6 R-At-23 Round, flat

Ascorbic acid and total phenolic compounds: The
analysis of ascorbic acid and total phenolic content in
tomato breeding lines revealed significant genotypic
differences (Table 2). The highest ascorbic acid level was
found in the control variety Zvartnots (22.76 mg/%),
closely followed by R-At-23 (21.86 mg/%) and R-Bf-04
(21.62 mg/%). Moderate values were observed in R-St-13
(20.03 mg/%), and lower levels in R-Zd-02 (19.75 mg/%)

Color Number of locules  Fruit shape index Weight, g +SD
Red 4-6 0.98 184.5+3.8
Intense red 5-6 1.01 248.2+5.1
Red 4-5 0.97 211.4+4.7
Bright red 6-7 0.95 215.3+5.0
Bright red 6-7 1.01 255.2+5.6
Bright red 5-6 1.03 182.3+4.0

and R-Gr-12 (19.64 mg/%).

A similar pattern was observed for total phenolic
compounds. Zvartnots (48.4 mg GAE/100g), R-At-23
(47.6 mg GAE/100g), and R-Bf-04 (45.3 mg GAE/100g)
exhibited the highest levels. R-St-13 contained 36.7 mg
GAE/100g, while R-Zd-02 and R-Gr-12 showed lower
of 33.2

concentrations and 32.4mg GAE/100g,

respectively.

Table 2. Ascorbic acid and total phenolic content in the fruits of tomato breeding lines (p < 0.05)

N  Breeding line Ascorbic acid, mg/% SD (FW)

1 Zvartnots (Control) 22.76 £ 0.10
2  R-Bf-04 21.62£0.12
3  R-St-13 20.03 £0.10
4  R-Zd-02 19.75+0.13
5 R-Gr-12 19.64 £ 0.09
6 R-At-23 21.86+0.15

Overall, the highest total antioxidant activity was
observed in lines R-At-23 and R-Bf-04, as well as in the

control variety, Zvartnots, highlighting their potential

Total phenols, mg GAE/100g (FW) £SD
48.4+1.04
45.3 +1.05
36.7 £0.89
33.2+0.94
32.4+.1.02

47.6 +0.87

value for breeding programs focused on improving
nutritional quality.

According to literature, the accumulation of
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biologically active compounds such as ascorbic acid
(vitamin C) and phenolics is influenced by genotype and
agroecological factors, including season, light intensity,
and cultivation practices [25]. Reported vitamin C levels
in fresh tomatoes typically range from 14 to 27 mg/100g
[26], while total phenolics vary between 20 and
50 mg/100g [27]. Notably, the highest concentrations of
phenolics are located in the fruit skin [28]. Significantly
lower amounts are found in the pulp and seeds,
emphasizing the role of anatomical structures in
determining antioxidant potential [28].

Our findings are consistent with these data: under
winter—spring conditions, ascorbic acid content ranged
from 19.64 to 22.76 mg/% FW, and total phenolics from
32.4 to 48.4mg/100g FW. These results confirm

considerable genetic variety and the impact of
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environmental conditions on antioxidant levels in tomato

fruits.

Total carotenoids and lycopene: Carotenoids are key
natural pigments responsible for tomato fruit coloration
and possess strong antioxidant properties. Their content
level depends on many factors, with genotype playing a
decisive role [29]. Among carotenoids, lycopene is the
dominant pigment tomatoes, contributing to their red
color and light-absorbing properties. It is synthesized
through a series of desaturation and isomerization steps,
resulting in a structure with 11 conjugated double bonds
[30].

In this study, total carotenoid and lycopene

contents were analyzed in several tomato breeding lines

(Figure 1).
4T3
4f2
2.99
256 I 2.66
1 236 "
I
R-Zd-02 R-Gr12 R-At-23

Total carotenoids Lycopene

Figure 1. Quantitative content of total carotenoids and lycopene in the fruits of tomato breeding lines (p < 0.05).

The highest concentrations were found in R-Bf-04
(4.82 and 4.44 mg/100g, respectively), followed by the
control variety Zvartnots (4.79 and 4.26 mg/100g) and R-
At-23 (4.43 and 4.02 mg/100g), indicating their high
potential as sources of bioactive pigments.

Moderate levels were recorded in R-St-13 (3.65 and

3.15 mg/100g), while lower values were found in R-Gr-12

(2.99 and 2.66 mg/100g) and R-Zd-02 (2.56 and

2.36 mg/100g).

In all samples, lycopene accounted for 86.3-92.2%
of the total carotenoids, typical for fully ripe fruits. Of
particular interest is R-Zd-02. This line showed the
highest lycopene proportion (92.2%), despite lower
overall carotenoid content, indicating a genotype-

specific accumulation of trans-lycopene [18].
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The spectral curves (Figure 2) obtained with the
spectrophotometer  clearly  show  characteristic
absorption peaks at 445nm and 470nm, corresponding to
the maximum light absorption of carotenoids. The

445nm peak was used to estimate total carotenoids,

—
1.4+ 445nm

Abs
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while the 470nm peak was employed for lycopene
guantification. Variations in absorption intensity among
samples reflect differences in pigment concentrations,
supporting both the reliability of the biochemical

measurements and the genetic basis of these traits.

N1

Wavelength (nm)

Figure 2. Absorption spectra of extracts at 445 and 470 nm: 1. Zvartnots (Control); 2. R-Bf-04; 3. R-St-13; 4. R-Zd-02; 5. R-

Gr-12; 6. R-At-23

The results of the present study are comparable
with those reported in the literature. Lycopene content
in tomato fruits is largely determined by genetic factors
and varies depending on the cultivar and growing
conditions [31]. According to various authors, lycopene
concentration can range from 4.9-12.7mg per 100g FW or
from 3.5-6.9mg per 100g FW, depending on
measurement conditions [32].

In the study by Ayuso-Yuste et al. (2022), it was
established that traditional cultivars adapted to local
conditions show a significant increase in lycopene levels
during ripening, reaching up to 132.64 mg/kg fresh
weight. At later stages of maturity, traditional cultivars

contained more lycopene than commercial hybrids [33].

Furthermore, Kang et al. (2022) emphasized the crucial
role of genotype in the ability of tomatoes to efficiently
accumulate lycopene, which fully aligns with our findings

[34].

Total sugars, titratable acidity, and sugar-acid balance:
The organoleptic quality of tomatoes is largely
determined by the balance between sugar and acid
content, which shapes the fruit’s flavor perception.
According to the results obtained, the studied tomato
breeding lines exhibited significant variability in these
parameters. Sugar content among the breeding lines
ranged from 2.74% to 3.34%. The highest value was
recorded in the control variety, Zvartnots, at 3.41%.

Among the breeding lines, the highest sugar levels were
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noted in R-At-23 and R-Bf-04, at 3.34% and 3.15%,
respectively, highlighting their potential value from an
organoleptic standpoint (Table 3).

The study showed that TA ranged from 0.31% to

0.41%, with relatively low values recorded in the control,
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R-Bf-04, and R-At-23 lines. A decrease in acidity
combined with elevated sugar content resulted in high
sugar-acid ratio values for these genotypes: 7.75, 7.68,
and 7.11, respectively. These ratio values indicated fruits

with a sweeter taste.

Table 3. Total sugar content, titratable acidity, and their ratio in the fruits of tomato breeding lines (p < 0.05)

N Breeding line Total sugars, % +SD
1 Zvartnots (Control) 3.41+0.08
2 R-Bf-04 3.15 £ 0.07
3 R-St-13 2.86 £ 0.05
4 R-zd-02 3.05 £ 0.06
5 R-Gr-12 2.74 £0.05
6 R-At-23 3.34+£0.07

Sugar and acid content are largely determined by
the genetic background of the cultivar, which explains
the differences in flavor profiles. Non-volatile
compounds, such as sugars, acids, and soluble solids, are
critical for evaluating flavor and are widely used as
indicators of organoleptic quality [35].

All studied greenhouse-grown lines showed notable
variation in flavor balance. Genotypes R-Bf-04 and R-At-
23, along with the control, Zvartnots, had more favorable
sugar—acid ratios, bringing them closer to dessert-type
tomatoes. In contrast, R-St-13, R-Zd-02, and R-Gr-12 had

lower ratios (5.61-5.75), resulting in a sourer taste.

Dry matter content: Dry matter is a key trait of table
tomato cultivars, influencing fruit firmness, flavor, and
market suitability.

Significant variation in dry matter content among
the breeding lines in this study highlights the genetic
basis of this trait. The highest dry matter levels were
recorded in lines R-At-23 (6.12%), R-Bf-04 (6.03%), and
the control (6.08%), indicating their potential for

consumption in their fresh forms due to firmer fruit

Titratable acidity, % +SD Sugar/Acid Ratio
0.44+0.01 7.75
0.41£0.01 7.68
0.51 £0.02 5.61
0.53 £0.02 5.75
0.48 £0.01 5.71
0.47 £0.01 7.11

texture (Figure 3). Lower dry matter values were
observed in R-Zd-02 (5.79%), R-St-13 (5.57%), and R-Gr-
12 (5.50%), suggesting higher water content. These lines
had a juicier texture, which could be favored by
consumers seeking tender, juicy fruits.

Dry matter is a widely accepted indicator of both
eating quality and technological suitability. According to
the literature, dry matter in cultivated tomato varieties
generally ranges from 3.72% to 8.88%, while wild types
may reach 9.62-11.33% [36]. High dry matter content is
typically considered a positive trait, as it is associated
with increased levels of sugars, organic acids, and other
soluble solids, all of which enhance organoleptic quality.
Additionally, higher dry matter is linked to improved
taste, processing efficiency, transportability, and shelf
life.

In this study, tomato breeding lines adapted to
greenhouse conditions showed dry matter content
between 5.50% and 6.12%. It is important to note that
environmental factors such as light intensity, humidity,
and nutrient regimes significantly affect dry matter

accumulation. Excessive irrigation and high nitrogen
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input can reduce dry matter levels [37], which should be

considered in greenhouse management.
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These findings support the selection of tomato
breeding lines with optimal dry matter content for fresh-

market greenhouse production.

6.11
5'39 5.50
I i '
1L
R-Zd-02 R-Gr12 R-At-23

Figure 3. Dry matter content in the fruits of tomato breeding lines (p < 0.05)

Correlation analysis: To identify relationships between
morphological and biochemical traits in tomato breeding
lines, Pearson correlation analysis was performed (Figure
4). The analysis revealed statistically significant
associations reflecting the complex nature of fruit
quality.

A moderate negative correlation was found
between fruit weight and dry matter content (r = -0.53),
suggesting dilution of dry matter in larger fruits. Weak
negative correlations were also observed between fruit
weight and lycopene (r = —0.31) and sugar content (r =
-0.12), indicating that larger fruit size does not
necessarily improve taste or nutritional quality.

Conversely, a strong positive correlation existed
between sugar content and sugar/acid ratio (r = 0.84), as
sugars largely determine fruit flavor balance. An
extremely high correlation between sugar content and
dry matter (r = 0.96) confirms dry matter as a reliable
indirect indicator of taste maturity, consistent with

literature [38].

Dry matter content also correlated strongly with
carotenoids (r = 0.72) and lycopene (r = 0.74), reflecting
pigment accumulation during fruit ripening. Notably,
total carotenoids and

lycopene showed perfect

correlation (r = 1.00), confirming lycopene as the
dominant carotenoid in tomatoes [34].

Strong positive associations were also found
between dry matter and phenolic compounds (r = 0.90)
and ascorbic acid (r = 0.89), highlighting their role as
antioxidant indicators. According to Kang et al. (2022),
genotypes with high sugar and dry matter generally have
elevated phenolics (r = 0.89) and vitamin C (r =0.91) [34],
supporting the universality of these relationships for
tomato quality assessment.

Particular attention should be given to the near-
perfect correlation between ascorbic acid and phenolics
(r = 0.98) and the strong association between lycopene
and vitamin C (r = 0.92), possibly indicating a synergistic
accumulation in genotypes with high antioxidant
potential.

Thus, biochemical traits in tomato fruits are closely

interrelated and largely genetically determined.
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Figure 4. Heatmap of Pearson correlation coefficients for the tomato breeding lines

CONCLUSION

The results of this study demonstrate substantial
variability among newly developed Armenian tomato
breeding lines in terms of morphological and biochemical
traits. This research highlights the distinctive
characteristics of region-specific genetic material, which
have not been previously described in scientific
literature. The comprehensive evaluation allowed for the
identification of the most promising genotypes for future
breeding efforts. Lines R-At-23 and R-Bf-04, along with
the control variety, Zvartnots, showed high values in key
fruit quality parameters, including sugar, dry matter,
lycopene, phenolic compound, and ascorbic acid content.
The combination of elevated nutritional and antioxidant
content with balanced organoleptic characteristics
makes these genotypes particularly valuable for inclusion
in hybridization programs. Their use as parental lines will

contribute to the targeted development of new tomato

hybrids with improved flavor profiles and increased
concentrations of bioactive compounds.
List of abbreviations: SCVIC, Scientific Centre of

Vegetable and Industrial Crops; MeofRA, Ministry
Economy of the Republic of Armenia; SD, Standard
deviation; FW, Fresh weight; TA, titratable acidity;

ANOVA, analysis of variance; GAE, Gallic acid equivalent.

Competing interests: The authors declare no financial,
professional, or personal competing interests that could
have appeared to influence the work reported in this

manuscript.

Authors' contributions: Authors' contributions: GS and
AH designed the study. IV, ZH, HM and AH conducted the
biochemical analyses. AH conducted the morphological

analyses and interpreted all statistical results. AH, GM


https://www.ffhdj.com/

Functional Food Science 2025; 5(7): 302 - 314

and AA were responsible for the preparation of tables,
graphical materials, and references. GS and LT edited the
manuscript. All authors reviewed and approved the final

version of the manuscript.

Acknowledgement and funding: We gratefully
acknowledge the financial support from the RA Ministry
of Education, Science, Culture and Sports, Higher
Education and Science Committee under the basic

program.

REFERENCES
1.  Worldwide (total fresh) tomato production in 2021

[https://www.tomatonews.com/en/worldwide-total-fresh-

tomato-production-in

2021 2 1911.html#:~:text=According%20to%20data%20collect

ed%20and,of%20the%20previous%20three%20years%20]

2. Rivero, A.G.; Keutgen, A.).; Pawelzik, E. Antioxidant
Properties of Tomato Fruit (Lycopersicon esculentum Mill.)
as Affected by Cultivar and Processing Method.
Horticulturae 2022, 8, 547.

DOI: https://doi.org/10.3390/horticulturae8060547

3. Tomatoes in Armenia [https://oec.world/en/profile/bilateral-

product/tomatoes/reporter/arm]

4. The Strategy of the Main Directions Ensuring Economic

Development in Agricultural Sector of the Republic of
Armenia for 2020-2030

[https://mineconomy.am/en/page/1467]

5. Vardanian |., Sargsyan G., Sementchouk O., Martirosyan H.,
Khachatryan L., Tsereteli I., et al. Enhancing the content of
biologically active components in cluster tomatoes using
organic fertilizers. Bioactive Compounds in Health and
Disease 2024; 7(12): 609-622.

DOI: https://www.doi.org/10.31989/bchd.v7i12.1512

6. Son J., Martirosyan D. Salient Features for GRAS Status
Affirmation. Functional Food Science 2024; 4(8): 299-308.
DOI: https://doi.org/10.31989/ffs.v4i8.1417

7. Martirosyan, D. M., Stratton S. Quantum and tempus
theories of function food science in practice. Functional
Food Science 2023; 3(5): 55-62.

DOI: https://www.doi.org/10.31989/ffs.v3i5.1122

8.  Zhou J. V., Martirosyan D. Functional Foods for Cholesterol
Management: A Comparison Between the United States and
Japan. Functional Food Science 2024; 4(6): 228-250.

DOI: https://doi.org/10.31989/ffs.v4i6.1372

10.

11.

12.

13.

14.

15.

16.

17.

18.

FFS Page 312 of 314

Salman, I., Martirosyan, D. Migraine management: a review
of healthy diets and bioactive compounds. Functional Food
Science 2023; 3(8): 129-153.

DOI: https://www.doi.org/10.31989/ffs.v3i8.1149

Martirosyan D.M., Alvarado A. Functional Foods Regulation
System: Proposed Regulatory Paradigm by Functional Food
Center. Functional Food Science 2023; 3(11):275-287.

DOI: https://www.doi.org/10.31989/ffs.v3i11.1265

Williams, K., Oo, T., Martirosyan, D. M., Exploring the
effectiveness of lactobacillus probiotics in weight
management: A literature review. Functional Food Science
2023; 3(5): 42-54.

DOI: https://www.doi.org/10.31989/ffs.v3i5.1115

Avagyan A., Martirosyan G., Brindza J., Sargsyan G.,
Vardanian |., Harutyunyan Z., et al. Antimicrobial activity of
essential oils from introduced varieties of Dracocephalum
moldavica and Hyssopus officinalis. Functional Food Science
2025; 5(6): 194-204.

DOI: https://doi.org/10.31989/ffs.v5i6.1625

Martirosyan, D. M., Stratton S. functional food regulation.
Bioactive Compounds in Health and Disease 2023; 6(7): 166.
DOI: https://doi.org/10.31989/bchd.v6i7.1178

Tadevosyan T., Martirosyan G., Tsereteli ., Vardanian I.,
Zadayan M., Avagyan A. Dynamics of bioactive substances
accu-mulation during cauliflower maturation as a way to
ensure crop functional properties. Functional Foods in
Health and Disease 2023; 13(11): 584-594,

DOI: https://www.doi.org/10.31989/ffhd.v13i11.1197

Tadevosyan L., Avagyan A., Sargsyan G., Balayan R., Tsereteli
I., Harutyunyan Z., Vardanian ., Martirosyan G. Comparative
analysis of bioactive components across basil varieties.
Bioactive Compounds in Health and Disease 2024; 7(9): 386-
397. DOI: https://doi.org/10.31989/bchd.v7i9.1412

Martirosyan G., Sarikyan K., Adjemyan G., Pahlevanyan A.,
Kirakosyan G., Zadayan M., Avagyan A. Impact of green
technology on content of bioactive components in eggplant.
Bioactive Compounds in Health and Disease 2023; 6(12):
351-363. DOI: https://doi.org/10.31989/bchd.v7i9.1431

Vardanian |., Sargsyan G., Martirosyan G., Shirvanyan A.,
Tadevosyan L., Avagyan A., et al. Comprehensive
agrobiological and biochemical study of sweet pepper
(Capsicum annuum L.) varieties. Functional Food Science
2025; 5(6): 205- 222.

DOI: https://doi.org/10.31989/ffs.v5i6.1640

Vardanian |., Sargsyan G., Martirosyan G., Pahlevanyan A.,
Tsereteli 1., Martirosyan H., et al. Lycopene in tomatoes:
genetic regulation, agronomic practices and environmental

influence. Functional Food Science 2025; 5(4): 127 - 145.


https://www.ffhdj.com/
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-in%202021_2_1911.html#:~:text=According%20to%20data%20collected%20and,of%20the%20previous%20three%20years%20
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-in%202021_2_1911.html#:~:text=According%20to%20data%20collected%20and,of%20the%20previous%20three%20years%20
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-in%202021_2_1911.html#:~:text=According%20to%20data%20collected%20and,of%20the%20previous%20three%20years%20
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-in%202021_2_1911.html#:~:text=According%20to%20data%20collected%20and,of%20the%20previous%20three%20years%20
https://doi.org/10.3390/horticulturae8060547
https://oec.world/en/profile/bilateral-product/tomatoes/reporter/arm
https://oec.world/en/profile/bilateral-product/tomatoes/reporter/arm
https://mineconomy.am/en/page/1467
https://www.doi.org/10.31989/bchd.v7i12.1512
https://doi.org/10.31989/ffs.v4i8.1417
https://www.doi.org/10.31989/ffs.v3i5.1122
https://doi.org/10.31989/ffs.v4i6.1372
https://www.doi.org/10.31989/ffs.v3i8.1149
https://www.doi.org/10.31989/ffs.v3i11.1265
https://www.doi.org/10.31989/ffs.v3i5.1115
https://doi.org/10.31989/ffs.v5i6.1625
https://doi.org/10.31989/bchd.v6i7.1178
https://www.doi.org/10.31989/ffhd.v13i11.1197
https://doi.org/10.31989/bchd.v7i9.1412
https://doi.org/10.31989/bchd.v7i9.1431
https://doi.org/10.31989/ffs.v5i6.1640

Functional Food Science 2025; 5(7): 302 - 314

19.

20.

21.

22.

23.

24,

25.

26.

27.

DOI: https://www.doi.org/10.31989/ffs.v5i4.1617

International Plant Genetic Resources Institute (IPGRI)
Descriptors for tomato (Lycopersicon spp.). International
Plant Genetic Resources Institute 1996, 44 p.

DOI: https://hdl.handle.net/10568/73041

ZhangJ, Liu S, Zhu X, Chang Y, Wang C, Ma N, Wang J, Zhang
X, Lyu J, Xie J. A Comprehensive Evaluation of Tomato Fruit
Quality and Identification of Volatile Compounds. Plants
(Basel) 2023; 12(16):2947.

DOI: https://doi.org/10.3390/plants12162947.

Pérez M, Dominguez-Lopez |, Lamuela-Raventds RM. The
Chemistry Behind the Folin-Ciocalteu Method for the
Estimation of (Poly)phenol Content in Food: Total Phenolic
Intake in a Mediterranean Dietary Pattern. J Agric Food
Chem. 2023;71(46):17543-17553.

DOI: https://doi.org/10.1021/acs.jafc.3c04022.

Brezeanu, C.; Brezeanu, P.M.; Stoleru, V.; Irimia, L.M.; Lipsa,
F.D.; Teliban, G.-C.; Ciobanu, M.M.; Murariu, F.; Puiu, |.;
Branca, F.; et al. Nutritional Value of New Sweet Pepper
Genotypes Grown in Organic System. Agriculture 2022, 12,

1863. DOI: https://doi.org/10.3390/agriculture12111863

AOAC. Official Methods and Analysis, 14th ed.; Association
of Official Analytical Chemists: Airlington, VA, USA, 1990; p.
689. Available online:

https://law.resource.org/pub/us/cfr/ibr/002/acac.methods

.1.1990.pdf

Burgund, D.; Nikolovski, S.; Gali¢, D.; Maravi¢, N. Pearson
Correlation in Determination of Quality of Current
Transformers. Sensors 2023, 23, 2704.

DOI: https://doi.org/10.3390/s23052704

Vélez-Terreros, P.Y.; Romero-Estévez, D.; Navarrete, H.;
Yanez-Jacome, G.S. Nutritional Quality of Conventional,
Organic, and Hydroponic Tomatoes Commercialized in
Quito, Ecuador. Foods 2024, 13, 1348.

DOI: https://doi.org/10.3390/foods13091348

Collins EJ, Bowyer C, Tsouza A, Chopra M. Tomatoes: An
Extensive Review of the Associated Health Impacts of
Tomatoes and Factors That Can Affect Their Cultivation.
Biology (Basel). 2022; 11(2):239.

DOI: https://doi.org/10.3390/biology11020239.

Cadariu, A.l.; Cocan, I.; Negrea, M.; Alexa, E.; Obistioiu, D.;
Hotea, I.; Radulov, I.; Poiana, M.-A. Exploring the Potential

of Tomato Processing Byproduct as a Natural Antioxidant in

28.

29.

30.

31.

32.

33.

34,

35.

36.

FFS Page 313 of 314

Reformulated Nitrite-Free Sausages. Sustainability 2022, 14,

11802. DOI: https://doi.org/10.3390/su141911802

Milito, E.M.; De Luca, L.; Basile, G.; Calabrese, M.; Santini, A.;
Ambrosio, S.; Romano, R. Development of a New Tomato
Sauce Enriched with Bioactive Compounds Through the Use
of Processing By-Products and Vegetables. Foods 2025, 14,

2037. DOI: https://doi.org/10.3390/foods14122037

Yuan L, Gai W, Xuan X, Ahiakpa JK, Li F, Pingfei Ge. Advances
in improving tomato fruit quality by gene editing,
Horticultural Plant Journal 2024, DOI:

https://doi.org/10.1016/j.hpj.2024.04.008.

Wang YH, Zhang RR, Yin Y, Tan GF, Wang GL, Liu H, et al.
Advances in engineering the production of the natural red
pigment lycopene: A systematic review from a
biotechnology perspective, Journal of Advanced Research
2023; 46, 31-47,

DOI: https://doi.org/10.1016/j.jare.2022.06.010.

Baek, M.W.; Lee, J.H.; Yeo, C.E.; Tae, S.H.; Chang, S.M.; Choi,
H.R.; et al. Antioxidant Profile, Amino Acids Composition,
and Physicochemical Characteristics of Cherry Tomatoes Are
Associated with Their Color. Antioxidants 2024, 13, 785.

DOI: https://doi.org/10.3390/antiox13070785

Zharkova |., Pochitskaya 1., Efremov D., Plotnikova I.,
Chusova A., Pronkina A., Harutyunyan N. Assessment of
Vitamin -and Mineral- content Stability of Tomato Fruits as
a Potential Raw Material for the Production of Functional
Food. Functional Foods in Health and Disease 2023; 14(1):

14-32. DOI: https://doi.org/10.31989/ffhd.v14i1.1259

Ayuso-Yuste, M.C.; Gonzalez-Cebrino, F.; Lozano-Ruiz, M.;
Fernandez-Ledn, A.M.; Bernalte-Garcia, M.J. Influence of
Ripening Stage on Quality Parameters of Five Traditional
Tomato Varieties Grown under Organic Conditions.
Horticulturae 2022, 8, 313.

DOI: https://doi.org/10.3390/horticulturae8040313

Kang, D.-M.; Kwon, J.-M.; Jeong, W.-J.; Jung, Y.J.; Kang, K.K;
Ahn, M.-). Antioxidant Constituents and Activities of the
Pulp with Skin of Korean Tomato Cultivars. Molecules 2022,

27, 8741. DOI: https://doi.org/10.3390/molecules27248741

Tigist M, Workneh TS, Woldetsadik K. Effects of variety on
the quality of tomato stored under ambient conditions. J
Food Sci Technol. 2013; 50(3):477-86.

DOI: https://doi.org/10.1007/s13197-011-0378-0.

Kurina AB, Solovieva AE, Khrapalova IA, Artemyeva AM.

Biochemical composition of tomato fruits of various colors.


https://www.ffhdj.com/
https://www.doi.org/10.31989/ffs.v5i4.1617
https://hdl.handle.net/10568/73041
https://doi.org/10.3390/plants12162947
https://doi.org/10.1021/acs.jafc.3c04022
https://doi.org/10.3390/agriculture12111863
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://doi.org/10.3390/s23052704
https://doi.org/10.3390/foods13091348
https://doi.org/10.3390/biology11020239
https://doi.org/10.3390/su141911802
https://doi.org/10.3390/foods14122037
https://doi.org/10.1016/j.hpj.2024.04.008
https://doi.org/10.1016/j.jare.2022.06.010
https://doi.org/10.3390/antiox13070785
https://doi.org/10.31989/ffhd.v14i1.1259
about:blank
https://doi.org/10.3390/molecules27248741
https://doi.org/10.1007/s13197-011-0378-0

Functional Food Science 2025; 5(7): 302 - 314

37.

38.

Vavilovskii Zhurnal Genet Selektsii. 2021; 25(5):514-527.
DOI: https://doi.org/10.18699/VJ21.058.

Zhang, M.; Xiao, N.; Li, Y.; Li, Y.; Zhang, D.; Xu, Z.; Zhang, Z.
Growth and Fruit Yields of Greenhouse Tomato under the
Integrated Water and Fertilizer by Moistube Irrigation.
Agronomy 2022, 12, 1630.

DOI: https://doi.org/10.3390/agronomy12071630

Andelini, M.; Major, N.; I8i¢, N.; Kovacevi¢, T.K.; Ban, D.;
Palci¢, I.; Raduni¢, M.; Goreta Ban, S. Sugar and Organic Acid
Content Is Dependent on Tomato (Solanum Lycoperiscum L.)
Peel Color. Horticulturae 2023, 9, 313.

DOI: https://doi.org/10.3390/horticulturae9030313

m
bl
w

Page 314 of 314


https://www.ffhdj.com/
https://doi.org/10.18699/VJ21.058
https://doi.org/10.18699/VJ21.058
https://doi.org/10.3390/agronomy12071630
https://doi.org/10.3390/horticulturae9030313

