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Nowadays, the demand for healthy and quality products has increased
Article History: among consumers, and the use of selenium nanoparticles has

beneficial effects in delaying aging and maintaining the quality of
Received:2024/5/4 horticultural products due to its antioxidant properties. This research
Accepted:2025/1/2 was carried out with the aim of investigating the effect of selenium

nanoparticles on the quality and shelf life of cherry tomato fruit in a
Keywords: factorial experiment in the form of a completely random statistical

design with three replications. First, cherry tomato seeds were
Antioxidant, cultivated in pots containing perlite and vermiculite (1-2) after
Shelf Life, disinfection. Then, the seedlings were sprayed with selenium
Selenium, nanoparticles (2, 4, 6 and 8 mg 1'") at flower formation 3 times with
S(,)lubl.e solids, an interval 10 days. After harvesting, the containers containing 5 fruits
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were placed in a refrigerator with a temperature of 4+1°C and a
humidity of 85-90%. Sampling and evaluation of traits were done on
the day of the experiment, 7, 14 and 21 days after harvesting. The
results showed that the highest percentage of fruit relative fresh
weight and cell membrane stability index, amount of soluble solids
and titratable acidity, total carotenoid and chlorophyll content,
amount of vitamin C and total antioxidant activity in the treatment of
selenium nanoparticles was 4 mg 1! and the highest amount pH and
total phenol were obtained in the treatment of selenium nanoparticles
of 2 mg I'!. Also, the maximum and minimum storage life of fruits
were observed with 29.5 and 18.3 days respectively in the treatment
of selenium nanoparticles 4 mg 1! and 8 mg I'". According to the
results obtained from this research, the use of selenium nanoparticles
with concentrations of 2 mg 1! is an effective treatment for
maintaining the quality and shelf life of Roma cherry tomatoes.
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1-Introduction

Tomato (Lycopersicon esculentum) is a plant that
belongs to the Solanaceae family and is native to
Central and South America. It is one of the most
valuable sources of minerals. Cherry tomatoes are
particularly rich in vitamins C, A, K and
antioxidant compounds such as lycopene [1]. This
product is also consumed fresh or processed due
to its appealing appearance, and it plays a crucial
role in the human diet due to its nutritional and
medicinal benefits [2]. The consumption of
tomatoes and their derivatives has been shown to
reduce the risk of developing gastrointestinal,
cardiovascular  diseases, osteoporosis, and
prostate cancer [3]. Tomatoes are a climacteric
fruit, and due to their ability to produce
significant amounts of ethylene, resulting in a
limited storage period. A substantial portion of
this produce is lost after harvest due to inadequate
preservation methods [4].

Today, researchers are exploring innovative
techniques to enhance plant performance.
Nanoparticles, due to their unique physical
properties, can significantly improve plant
metabolism. By penetrating the leaves and cells,
these particles facilitate the transfer of chemical
substances to the DNA and plant cells, resulting
in morphological and physiological changes in
the plants. The effects of nanoparticles on plants
are  influenced by their = composition,
concentration, size, and physical and chemical
properties, as well as the specific plant species
involved [5]. Selenium (Se) is a micronutrient
known for its antioxidant, anti-cancer, and
antiviral properties, and it is recognized as an
essential element for human and animal health
[6]. While selenium can be toxic to plants at high
concentrations, it offers beneficial effects at lower
levels and is considered a non-essential element
for plant growth. Nevertheless, it plays a crucial
role in promoting growth, enhancing the
enzymatic antioxidant system, and improving
plant tolerance to environmental stresses [7].
Selenium mitigates the levels of reactive oxygen
species by converting superoxide anions into
hydrogen peroxide or through the action of
antioxidant enzymes such as glutathione
peroxidase and glutathione S-transferase [8].

In a study, Aftab et al. (2023) reported that the
application of selenium to strawberry plants
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(Fragaria x ananassa Duch) reduced weight loss
and fruit decay percentages compared to the
control, while simultaneously increasing fruit
moisture content, peroxidase and catalase enzyme
activity, phenol content, total antioxidant activity
(DPPH), and shelf life [9]. In tomato
(Lycopersicum esculentum L, cv. Foria.), the
application of selenium also enhanced relative
water content, chlorophyll and carotenoid levels,
peroxidase and catalase enzyme activity, root
volume, and the number of leaves, while reducing
the cell membrane stability index [10]. Mohebbi
et al. (2019) investigated the effects of crown
spraying with sodium selenate on maintaining the
quality of Starking Delicious apple fruits during
storage. The results indicated that treating the
fruits with different levels of selenium
significantly reduced ethylene production and
helped maintain flesh firmness, pH, titratable
acidity, total soluble solids, vitamin C, and
anthocyanin content compared to the control
fruits [11].

Given the nutritional value and economic
significance of tomatoes, the need to reduce high
post-harvest losses, and the beneficial role of
selenium in enhancing the post-harvest quality of
horticultural products, this research was
conducted. Previous studies have explored the
impact of selenium on increasing the yield and
quality of other fruit crops. However, no research
has been conducted on the effects of selenium on
preserving the quality and shelf life of Roma
cherry tomatoes. Therefore, this study aimed to
investigate the effect of selenium nanoparticles on
the quality and shelf life of cherry tomato
(Solanum lycopersicum L., cv Roma).

2- Materials and Methods
2.1. Sample Preparation

Initially, seeds of the cherry tomato variety Roma
were sown in pots containing perlite and
vermiculite after sterilization. During the
flowering stage, the seedlings were sprayed with
selenium nanoparticles (2.5, 5, 7.5, and 10 mg 1'!)
in three instances at 10-day intervals. After
harvesting, the fruits were sorted by size and
uniformity, with soft, damaged, and non-uniform
fruits being discarded. Then, healthy, similarly
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sized, and colored fruits were selected and placed
in containers containing five fruits each, stored in
a refrigerator at a temperature of +4 degrees
Celsius and 85 to 90 percent humidity. Sampling
and evaluation of the traits were conducted on the
day the experiment started, as well as 7, 14, and
21 days after harvest.

2.2. Relative Fresh Weight of Fruits

The fresh weight of the fruits was measured using
a digital scale with a precision of 0.01 grams. The
relative fresh weight was calculated using
equation (1) and expressed as a percentage [12].

(1) Equation

Fresh Weight on /Fresh Weight on Day 0 )x 100
Relative Fresh Weight (%) = (Target Day

2.3. Weight Loss of Fruits

To evaluate the percentage of weight loss of the
fruits, the weight of the samples was measured
before and after storage using the following
equation (2) [13].

(2) Equation

Secondary Fresh ) / Initial Fresh Weight]x 100
Weight = [(Initial Fresh Weight - Weight
Loss(%)

2.4. Cell Membrane Stability Index

Initially, one gram of the fruits were placed in
falcon tubes containing distilled water and stored
in a water bath at 30 degrees Celsius for 60
minutes. After removing the samples from the
water bath, the EC; (1:1) was read using an EC
meter (Model 7310, Mehama Ozma). The Falcon
tubes were then placedin an autoclave at 120
degrees Celsius with 2.1 atm pressure for 20
minutes and then cooled. The EC, (1:3) was read,
and the cell membrane stability index was
calculated using equation (3) and expressed as a
percentage [14].
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(3) Equation
Cell Membrane Stability ={1 - (EC; ,EC3)}x100

2.5. Soluble Solids Content

The percentage of soluble solids content in the
fruits was measured using a digital refractometer
(RA-620/RA-600, KEM, Kyoto, Japan) [15].

2.6. Titration Acidity

The acidity percentage in the fruits was measured
using a titration method with 0.IN sodium
hydroxide and calculated as the percentage of
citric acid [3].

2.7. pH

The pH of the fruit juice was measured using a pH
meter (METROHM-632, Brinkmann, Geneva,
Switzerland) [15].

2.8. Carotenoid Content

To extract the extract from the cherry tomatoes,
one gram of fruit was ground with 5 mL of 80%
ethyl acetate and then stored at 4 degrees Celsius
for 24 hours. The absorbance of the extract was
measured using a spectrophotometer (Visible
UV, Spectro Flex 6600) at wavelengths of 480
and 510 nm. The carotenoid content was
calculated using equation (4) and expressed as mg
gl of fresh weight [4].

Car (mg/g FW)= 7.6(A480) - 1.49(A510) x V/1000 x
w (4) Equation

2.9. Total Chlorophyll Content

To measure the total chlorophyll content of the
fruits, the absorbance of the samples at
wavelengths of 645 and 663 nm was measured
using a spectrophotometer. The total chlorophyll
content was calculated using equation (5) and
expressed as mg g of fresh weight [4].

Chlo total (mg/g FW)= 20.2(A645) + 8.02(A663) x
V/1000 x W (5) Equation

2.10. Vitamin C Content
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To measure the vitamin C content of the fruits, a
two-stage oxidation-reduction titration method
was used, and the results were expressed as mg
(ascorbic acid) 100 g of fresh weight [16].

2.11. Total Phenol Content

To measure the total phenol content of the fruits,
a Folin-Ciocalteu reagent was used, and the
absorbance of the samples at a wavelength of 765
nm was measured using a spectrophotometer. The
results were then expressed as mg (gallic acid) g
[12].

2.12. Antioxidant Capacity

To evaluate the total antioxidant capacity of the
extracts (DPPH), 5 mL of the extracted samples
were mixed with 1 mL of a methanolic solution
of 1 mM DPPH and stored in the dark at room
temperature for 30 minutes. The absorbance of
the samples was measured at a wavelength of 517
nm using a spectrophotometer, and the
antioxidant activity was calculated as a
percentage using equation (6) [17]

DPPH radical-scavenging activity % = [(A control —
A sample) / A C()ntr()l)] X 100 (6) EquathIl

2.13. Storage Life

The cherry tomatoes were stored in the
refrigerator at a temperature of 441 degrees
Celsius and a relative humidity of 85 to 90%. The
storage life of the fruits after harvest was
determined based on signs such as senescence,
mold, softening, and breakage, and was expressed
in days [2].

2.14. Statistical Analysis

This experiment was conducted as a factorial in a
completely randomized design with 3 replicates
and 5 fruits per replicate, resulting in a total of 75
cherry tomatoes. The data was analyzed using
SPSS software and the means of the data were
compared using a Duncan’s multiple range test at
a significance levels of 1 and 5 %.
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3-Results and Discussion

The variance analysis of the data showed that the
effect of selenium nanoparticles as a treatment on
the relative fresh weight, weight loss of the fruits,
soluble solids content, titratable acidity,
carotenoid content, total phenol content,
antioxidant capacity, and storage life of cherry
tomato fruits was significant at the 1% level, and
the cell membrane stability index, pH, total
chlorophyll content, and vitamin C content at the
5% level. The effect of time was significant at the
1% level for the relative fresh weight, cell
membrane stability index, and carotenoid content
of the cherry tomato fruits, and at the 5% level for
weight loss, soluble solids content, titratable
acidity, pH, total chlorophyll content, total phenol
content, and antioxidant capacity. The interaction
between selenium nanoparticles and time was
also significant at the 1% level for relative fresh
weight, weight loss, cell membrane stability
index, soluble solids content, titratable acidity,
carotenoid content, and total phenol content, and
at the 5% level for pH, total chlorophyll content,
and vitamin C content (Table 1).
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Table 1. Analysis of variance of selenium nanoparticles on quality and shelf life of Solanum lycopersicum L., cv Roma

Mean square

Cell

Sou'rCE_: of DF Rte}l:;il:/e Weight memk_)r_ane Solubl Titr_atgble pH Carotenoi chﬂllﬂ(())rtg;h Vitami Phenol anfi?)fil da Sl}elf
variation . loss stability e solid acidity d nC life
weight index yll nt
Treatment o P gne s 80 e 10T oast war o osar OO0 nar s1e
Time 300 0 sy amas Y a0 Y s osas B0 mie
TreatmzmxT‘m 12 2573 1314 23.16" 4'2 0.82" 509" 612" 079" 486" ° 8:56 437"
Error 40 0.81 0.137 0.785 0.041 0.008 0';)7 0.081 0.012 0.089 0.775 0.075 0.042
CV (%) - 11.19 10.25 9.42 10.37 9.58 12'4 10.74 11.08 10.21 11.56 9.46 10.32
* and ** are significant at the 5% and 1% levels, Respectively
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3.1. Relative Fresh Weight of Fruit

The results indicated that during the storage
period, a decrease in the relative fresh weight of
the fruits was observed in all treatments. After 21
days of harvest, the highest relative fresh weight
was recorded in the treatment with 4 mg 17!
selenium nanoparticles with 72.46% and the
lowest was noted in the treatment with 8 mg 1!
selenium nanoparticles, at 49.92% (Table 2). The
decline in relative fresh weight during storage

may be attributed to increased transpiration and
evaporation from the fruit's surface [18]. The
foliar application of selenium positively
influences chlorophyll synthesis, carbon fixation,
stimulation of cell division in meristematic cells,
and the synthesis and hydrolysis of starch, all of
which significantly contribute to fruit weight
[19]. Consistent with the findings of this
experiment, similar enhancements in fruit weight
have been reported by Wang et al. (2018) in
blueberry (Vaccinium spp) using selenium
application [20].

Table 2. Effect of selenium nanoparticles on physicochemical traits of Solanum lycopersicum L., cv Roma

Cell

Days Treamert frii?g%ﬁzm Weightloss  menbrane ?()?o B N
0 : 0

Control 100* 0.00* 11;‘(1)‘(3)"(%‘;) 0.52¢ 5.42¢ 5.49°

selenium nanoparticles 2 100? 0.00? 100.00* 0.56° 5.71° 5.69%

1 selenium nanoparticles 4 1002 0.00* 100.002 0.59? 5.872 5.61%
selenium nanoparticles 6 100* 0.00* 100.00? 0.51¢ 5.26¢ 5.38°¢

selenium nanoparticles 8 1002 0.00? 100.00* 0.48° 5.07% 5.31¢

Control 80.36° 9.67¢ 86.16° 0.48° 5.13¢ 5.07¢

selenium nanoparticles 2 86.31° 6.12°¢ 92.45b 0.51¢ 5.374 5.38¢

7 selenium nanoparticles 4 88.47° 5.31° 90.37° 0.54¢ 5.51¢ 5.35¢
selenium nanoparticles 6 75.25% 12.45° 80.254 0.45f 4.82f 4,841

selenium nanoparticles 8 70.16" 15.79¢ 76.59°¢ 0.38¢ 4.64¢ 4.57¢%h

Control 73.19¢ 14.83¢ 74.32°F 0.32" 4.32h 4.51¢

selenium nanoparticles 2 77.62F 9.31¢ 80.67¢ 0.39¢ 4.64' 4.86f

14 selenium nanoparticles 4 83.274 11.06° 81.594 0.42% 4.61¢ 4.67'
selenium nanoparticles6 66.45 18.82 69.83f 0.26 4.081 3.920

selenium nanoparticles 8 63.38l 19.941 62.43¢ 0.20% 3.76% 3.61

Control 57.38 17.35" 68.57° 0.21% 3.86i 4.13

selenium nanoparticles 2 65.151 15.41¢ 73.32¢f 0.26 4,031 4.65%

21 selenium nanoparticles 4 72.46" 13.26¢f 76.41¢ 0.32h 425! 4.420
selenium nanoparticles 6 54.74% 21.97 62.518 0.17" 3.59! 3.79

selenium nanoparticles 8 49.92! 24.82% 57.68" 0.11™ 3.10m 3.35%
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Values marked by different letters are significantly different (P< 0.05).

3.2. Fruit Weight Loss

Comparative analysis of the mean data results
revealed that the highest weight loss of the fruit,
observed after 21 days of harvest was observed in
the treatment with 8 mg 1! selenium
nanoparticles, with 24.82%, and the lowest was
recorded in the treatment with 4 mg 1! selenium
nanoparticles, with 13.26% (Table 2). The
findings indicate that the increase in weight loss
percentage of the fruits can be attributed to water
loss resulting from respiration and transpiration
processes during the storage period. The reduced
percentage of weight loss at lower concentrations
of selenium nanoparticles may be related to their
antioxidant properties and the role of selenium in
delaying aging by decreasing ethylene
production. In contrast, the increased weight loss
at higher concentrations of selenium is likely due
to enhanced water loss and elevated respiration
rates [21]. Additionally, in guava fruit (Psidium
guajava L), the application of selenium has also
been shown to delay weight loss after harvesting
[22].

3.3. Cell Membrane Stability Index

The experimental data presented in Table 2
indicate that the percentage of the cell membrane
stability index decreased during the storage
period in all treatments. After 21 days of harvest,
the highest and lowest cell membrane stability
indices were recorded in the treatments with 4 mg
I and 8 mg I selenium nanoparticles,
respectively, with values of 76.41% and 57.78%.
The cell membrane is composed of
phospholipids, and since fatty acids and lipids are
highly sensitive to oxygen, their reaction with
oxygen can lead to membrane degradation.
Consequently, the application of selenium
enhances the activity of antioxidant enzymes,
facilitating the detoxification of active oxygen
and reducing lipid peroxidation, thereby
preserving the cell membrane stability index
throughout the storage period [23]. Additionally,
selenium improves membrane stability by
promoting potassium uptake in plant cells [18].
The results of this experiment are consistent with

127

those of Mozafarian et al. (2016) and Razi et al.
(2020) on two tomato cultivars (Lycopersicum
esculentum L. cv. Foria and Solanum
lycopersicum L. cv. Login 935) [10, 24].

3.4. Soluble Solids Content

According to the results obtained from the
comparison of mean data during the storage
period, the content of soluble solids decreased,
with the highest level recorded at 4.25° Brix in
the treatment with 4 mg 1! selenium nanoparticles
and the lowest at 3.1° Brix in the treatment with
8 mg 1! selenium nanoparticles after 21 days of
harvest (Table 2). During this period, increased
respiration leads to the consumption of
respiratory substrates, such as carbohydrates,
resulting in a decrease in soluble solids content
[4]. Selenium positively influences the
production of photosynthetic pigments, thereby
enhancing the intensity of photosynthesis and
increasing soluble sugar levels. Conversely,
selenium also plays a significant role in reducing
the respiration rate, which helps to prevent the
consumption of soluble sugars and increases the
soluble solids content [25]. In one study, the
foliar application of selenium on Fakhri grape
(Vitis vinifera cv. Fakhri) resulted in an increase
in soluble solids content [26]. Furthermore, Yuan
et al. (2021) reported an increase in soluble solids
in pear (Pyrus Ussuriensis) with selenium
application [27].

3.5. Titration Acidity

The analysis of the data (Table 2) showed that
titratable acidity decreased during the storage
period. The highest titratable acidity recorded
was 0.32% in the treatment with 4 mg 1" selenium
nanoparticles, while the lowest was 0.11% in the
treatment with 8 mg 1" selenium nanoparticles
after 21 days of harvest. Organic acids
significantly influence the taste of fruits, and their
levels tend to decline during storage as they serve
as respiratory substrates [28]. The observed
increase in acidity with the application of
selenium nanoparticles is attributed to the role of
selenium in reducing the intensity of respiration
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in the fruits [11], This finding is consistent with
the research conducted by of Elham and
colleagues (2013) on Navel orange fruit [29].

3.6. pH

The results of the comparison of mean data
indicate that the pH of the fruits decreased during
the storage period. The highest pH of 4.65 was
observed in the treatment with 2 mg 1! selenium
nanoparticles, while the lowest pH of 3.35 was
recorded in the treatment with 8 mg ! selenium
nanoparticles after 21 days of harvest (Table 2).
In this study, the increase in pH at lower selenium
concentrations may be related to respiration and
the consumption of organic acids in the fruits.
This finding aligns with the research conducted
by Mohabbi et al. (2019) on the impact of sodium
selenate foliar application on Starking Delicious
apple fruit [11].

3.7. Carotenoids

As illustrated in Figure 1, the carotenoid content
of the fruits decreased over the storage period.
The highest carotenoid content recorded was 3.86
mg per gram of fresh weight in the treatment with
4 mg 1! selenium nanoparticles, while the lowest
was 1.90 mg in the treatment with 8 mg 1!
selenium nanoparticles, measured after 21 days
of harvest. The reduction in carotenoids, which
serve as non-enzymatic antioxidants, suggests
their degradation under conditions of high
oxidative stress [14]. Mozafari et al. (2020)
linked the increase in carotenoid content to
selenium's influence on mineral elements in
plants. Since the primary components of
photosynthetic pigments possess nitrogenous
structures, selenium enhances nitrogen levels,
thereby  promoting the production of
photosynthetic pigments and carotenoids [26].
The results of this experiment indicate that the
foliar application of selenium significantly
increased the carotenoid content in carrots [31].

=4&=—Control

== Selenium nanoparticles 2 mg/1
== Selenium nanoparticles 4 mg/l
== Selenium nanoparticles 6 mg/l
== Sclenium nanoparticles 8 mg/1

5.50 -
- 5.00 -
[=11]
o 4.50 -
g 400 -
=]
2 E 3.50 -
§ 3.00 -
S 250 -
«
O 2.00 -
1.50 : : : .

7 14
Days after harvest

21

Fig 1 Effect of selenium nanoparticles on carotenoid content of Solanum lycopersicum L., cv Roma

3.8. Total Chlorophyll

The changes in total chlorophyll content, as
shown in Figure 1, indicate that the total
chlorophyll content of the fruits decreased during
the storage period across all treatments. The
treatment with 4 mg 1" selenium nanoparticles
exhibited the highest total chlorophyll content at
0.54 mg g of fresh weight, while the treatment
with 8 mg 1! selenium nanoparticles
demonstrated the lowest total chlorophyll content
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at 0.21 mg g of fresh weight on day 21 after
harvest. The reduction in chlorophyll levels
during the storage period can be attributed to
three factors: a decrease in pH, oxidative stress,
and the activity of the enzyme chlorophyllase, all
of which occur more rapidly due to respiration
and the aging process [30]. The total chlorophyll
content in fruits treated with lower concentrations
of selenium nanoparticles increased, likely due to
the protective effect of selenium on chloroplast
enzymes and the enhanced absorption of
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magnesium and iron, which ultimately promotes
the biosynthesis of photosynthetic pigments [18].
Conversely, higher concentrations of selenium
can inhibit the enzymes responsible for
chlorophyll biosynthesis, adversely affecting

1.00 -

0.80 -

S

i

<
1

Total chlorophyll (mg
g' FW)
= =)
S s

0.00 . .

chlorophyll content [25]. An increase in
photosynthetic pigments due to selenium has also
been reported in blueberry fruit (Vaccinium spp.)
[20].

== Control

== Selenium nanoparticles 2 mg/1
=== Selenium nanoparticles 4 mg/1
=== Selenium nanoparticles 6 mg/1
== Sclenium nanoparticles 8 mg/1

7 14
Days aftr harvest

Fig 2 Effect of selenium nanoparticles on total chlorophyll content of Solanum lycopersicum L., cv Roma

3.9. Vitamin C

The results indicated that treatments with 4 mg ™!
selenium nanoparticles (5.11 mg 100g™!) and 8
mg 1" selenium nanoparticles (3.61 mg 100g™)
had the highest and lowest amounts of vitamin C,
respectively, after 21 days of storage (Figure 3).
In this study, the vitamin C content decreased
during the storage period because it is
significantly affected by the water loss from the
fruit and exhibits a positive correlation with fruit
weight loss [32]. After harvest, the vitamin C
content is hydrolyzed by the enzyme ascorbic
acid oxidase, leading to a decrease; furthermore,

7.00 -
6.50 -
6.00 -
5.50 -
5.00 -
4.50 -
4.00 -

Vitamin C (mg 100g™)

3.50 T T

ascorbic acid serves as a cofactor for ACC
oxidase in ethylene production, resulting in a
reduction of its levels over time during storage
[12]. Selenium, due to its antioxidant properties
and its ability to activate mechanisms that reduce
oxidative activity, helps preserve antioxidant
compounds such as vitamin C throughout the
storage period [11]. Zhou et al. (2018) attributed
the increased vitamin C levels in tomatoes to
selenium’s effect on reduced glutathione, which
plays a role in the vitamin C synthesis cycle [25].
Additionally, Lu et al. (2022) reported an
increase in vitamin C levels in strawberries
(Strawberry cv. Sweet Charlie) with the
application of selenium [32].

== Control

== Selenium nanoparticles 2 mg/l
== Selenium nanoparticles 4 mg/1
== Selenium nanoparticles 6 mg/1

== Sclenium nanoparticles 8 mg/l

14

21

Days after harvest

Fig 3 Effect of selenium nanoparticles on vitamin C of Solanum lycopersicum L., cv Roma
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3.10. Phenols

According to the results of the mean comparison,
the treatment with 2 mg 1-1 selenium
nanoparticles demonstrated the highest total
phenol content at 22.71 mg g-1 of dry weight,
while the treatment with 8§ mg 1-1 selenium
nanoparticles exhibited the lowest content at
11.46 mg g-1 of dry weight after 21 days of
harvesting (Figure 4). The degradation of cellular
structures due to fruit aging has led to a decrease

40.00 -
35.00 -
30.00 -
25.00 -
20.00 -

15.00 -

Phenol (mg g'! DW)

in phenol content during the storage period [33].
Additionally, phenols serve as substrates for the
enzyme polyphenol oxidase, resulting in a
reduction of their levels post-harvest [34]. The
increase in phenol content in fruits may be linked
to the role of selenium in enhancing
phenylalanine ammonia-lyase, a key enzyme in
the synthesis of phenolic compounds [35].
Research conducted by Gros et al. (2021)
reported the impact of selenium on phenolic
compounds in apples (Malus domestica) [36].

=4&=—Control

== Selenium nanoparticles 2 mg/1
=== Selenium nanoparticles 4 mg/1
=>¢=Selenium nanoparticles 6 mg/l
== Sclenium nanoparticles 8 mg/l

10.00 . .
1 7

14

21

Days after harvest

Fig 4 Effect of selenium nanoparticles on phenol content of Solanum lycopersicum L., cv Roma

3.11. Total Antioxidant Activity

Figure 5 demonstrates that total antioxidant
activity decreased after harvesting. The treatment
with 4 mg "' selenium nanoparticles exhibited
the highest antioxidant capacity at 4.19%, while
the treatment with 8 mg 17 selenium
nanoparticles showed the lowest capacity at
3.08%. Both enzymatic and non-enzymatic
activities contribute to the degradation of cell
membranes, the generation of reactive oxygen
species, and the involvement of these compounds
in cellular metabolism. Consequently, this leads
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to a decrease in total antioxidant activity in the
fruit during the storage period [37]. Furthermore,
selenium is a crucial component of the enzyme
glutathione peroxidase; low concentrations of
selenium significantly influence the metabolism
of plant cells. By enhancing the activity of
antioxidant enzymes and compounds such as
ascorbate peroxidase, glutathione peroxidase,
glutathione, ascorbate, and proline, selenium can
effectively reduce hydrogen peroxide levels in
plants [38]. The results of this experiment
regarding the effect of selenium on increasing
antioxidant activity align with studies on apple
fruit (Malus domestica) [3].
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Fig 5 Effect of selenium nanoparticles on total antioxidant of Solanum lycopersicum L., cv Roma

3.12. Shelf Life

The results indicated that the longest shelf life
(29.5 days) was observed in the treatment with 4
mg 1! selenium nanoparticles, while the shortest
shelf life (18.3 days) was noted in the treatment
with 8 mg 1! selenium nanoparticles (Figure 6).
Research conducted by Zhou et al. (2017) on
tomato plants demonstrated that selenium inhibits

the biosynthetic genes responsible for ethylene
production, thereby reducing both ethylene
production and respiration rate by increasing
antioxidant capacity, which ultimately prolongs
the shelf life of the fruit. This finding aligns the
results of this study [25]. Furthermore, Eslam et
al. (2018) reported an increased shelf life in
cherry tomatoes (Solanum lycopersicum cv.
Unicorn) with the application of selenium [40].

29.00
~
)
=
2 24.00
b
=
g 19.00
N

14.00

CO““ e\ Hele a(f\c\es o a{(\c\es ®
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Treatment (mg 1)

Fig 6 Effect of selenium nanoparticles on shelf life of Solanum lycopersicum L., cv Roma

4-Conclusion

Preserving the nutritional value, color, aroma,
flavor, and other factors that influence the
economic value and shelf life of this valuable
product is crucial. This can be achieved using
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natural compounds that promote consumer health
and environmental safety, such as selenium, a
rare and essential element for human health that
can be obtained through a balanced diet. In this
study, selenium nanoparticles were utilized to
enhance the quality and shelf life of tomatoes.
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The results indicated that treatment with 4 mg 1!
selenium nanoparticles resulted in the highest
percentages of relative fresh weight of the fruit,
cell membrane stability index, total soluble
solids, titratable acidity, carotenoid and total
chlorophyll content, Vitamin C levels,
antioxidant capacity, and shelf life. Furthermore,
the highest pH and total phenol content were
observed in the treatment with 2 mg 1" selenium
nanoparticles. Overall, the application of
selenium nanoparticles at concentrations of 2 and
4 mg 1! can significantly contribute to preserving
the quality and shelf life of cherry tomatoes
(Solanum lycopersicum L. cv Roma) for fresh
consumption and processing.
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