
Citation: Tsouvaltzis, P.; Gkountina, S.;

Siomos, A.S. Quality Traits and

Nutritional Components of Cherry

Tomato in Relation to the Harvesting

Period, Storage Duration and Fruit

Position in the Truss. Plants 2023, 12,

315. https://doi.org/10.3390/

plants12020315

Academic Editors: Miguel Ángel

Martínez-Téllez, Georgia

Ouzounidou and Miltiadis V.

Christopoulos

Received: 6 December 2022

Revised: 23 December 2022

Accepted: 5 January 2023

Published: 9 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

plants

Article

Quality Traits and Nutritional Components of Cherry Tomato in
Relation to the Harvesting Period, Storage Duration and Fruit
Position in the Truss
Pavlos Tsouvaltzis 1 , Stela Gkountina 1,2 and Anastasios S. Siomos 1,*

1 Department of Horticulture, Aristotle University, 54124 Thessaloniki, Greece
2 New South Wales Department of Primary Industries, Ourimbah, NSW 2258, Australia
* Correspondence: siomos@agro.auth.gr

Abstract: It is well known that the harvesting period and the storage duration have a significant
effect on the quality characteristics of cherry tomato fruits. On the other hand, the effect of the fruit
position in the truss has not been studied, as well as the relative contribution of each one of these
factors on fruit quality. For this purpose, cherry tomato (Genio F1) whole trusses were harvested at
the fruit red ripe stage during three periods. At each harvesting period, the first four (at the base
of the truss) and the last four (at the top) fruits from each truss that was previously trimmed to 10
fruits, were stored at 12 ◦C for 0, 4 and 10 days. At the end of each storage duration, the external
color, firmness, antioxidant capacity, pH and titratable acidity, as well as dry matter, soluble solid,
total soluble phenol, lycopene, total carotenoid and β-carotene content, were determined. Analysis
of variance (ANOVA) indicated that the harvesting period had the most significant effect on skin
color parameters L * and C * and β-carotene, as well as on antioxidant capacity, total soluble phenols,
dry matter and total soluble solids, while it also had an appreciable effect on titratable acidity. The
storage duration had a dominant effect on firmness, total carotenoids and lycopene, while it had
an appreciable effect on skin color parameter L * as well. On the other hand, the fruit position in
the truss exerted an exclusive effect on ho and a */b * ratio skin color parameters and pH and an
appreciable effect on titratable acidity.

Keywords: vegetables; color; firmness; antioxidants; carotenoids; lycopene; phenols

1. Introduction

The tomato (Solanum lycopersicum L.) belongs to the Solanaceae family and is one of
the most important vegetables both in terms of consumption and nutritional value. Several
epidemiological studies have proven that tomato consumption reduces the risk of some
chronic diseases [1,2]. The nutritional value of the tomato is attributed to components of
high antioxidant capacity, such as lycopene, β-carotene, total soluble phenols, etc., whose
content is affected by both pre- and post-harvest factors [3–6].

Carotenoids represent by far the most studied components of tomato fruits [7], given
that they are considered as the main dietary source of lycopene [8], one of the two dominant
components, along with β-carotene [9], which are responsible for the characteristic color
of the ripe fruits. From a nutritional point of view, lycopene is a powerful antioxidant,
and its intake has been linked to reduced incidence and severity of several types of cancer
and heart disease [10], and β-carotene exhibits strong chemoprotective functions and the
highest activity of provitamin A in human metabolism [11].

Color is the most important external trait for assessing the ripening stage and post-
harvest life of the fruits and, in turn, affects the decision of the consumer upon its pur-
chase [12]. The color changes from green to orange and then to red that are observed
during the ripening of the tomato fruits, are due to the synthesis of carotenoids, specifically
lycopene and β-carotene, as well as the breakdown of chlorophyll, due to the conversion
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of chloroplasts into chromoplasts [13]. The tomato fruit is characterized as climacteric,
a feature that enables its harvest at the mature green stage and its ripening even after
being detached from the plant. The fruits, which are usually harvested unripe, have a high
firmness initially, making them resistant to post-harvest handling but decreases during
their ripening [14]. The consumption of the tomato fruits occurs when they have acquired a
red color, but without having softened too much yet. This softening is due to the synergistic
action of several enzymes on the polysaccharides of the cell walls and results, therefore, in
the reduction in the post-harvest life of the fruits [15].

The external color of the tomato fruits is determined by colorimeters that measure the
lightness (L *), as well as the a * and b * parameters. According to Shewfelt [16], there is
variation in the color, which is perceived by humans, in relation to the one that is determined
by the colorimeters. In particular, humans perceive color with complex concepts, such as
intensity (hue angle, ho) and saturation (chroma, C *). During the ripening of the tomato
fruits, the parameter a * and the ratio a */b * increase, while the hue angle, the parameter
b * and the lightness (L *) decrease [17,18].

The firmness is one of the most important characteristics of the quality of the tomato
fruits and depends on the structure and integrity of the cell walls in the pericarp, as well
as on other changes that take place in the cell membranes on the stage of ripening, the
harvesting period and the storage duration [6,14,19,20]. During the ripening of the tomato
fruits, several changes take place in the structure of the polysaccharides of the cell walls
(pectins, hemicelluloses, celluloses), resulting in a decrease in the firmness [21]. These
changes are accelerated by the enzymes’ activity, such as of polygalacturonases, hydrolases
and lyases [22]. Although the firmness decreases during storage, fruits produced from
modern commercial tomato cultivars remain firm for several weeks after harvest [14]. This
ability has been attributed to the development of the pericarp, as well as to other changes
that occur in the skin of the fruit during storage [23].

Among the various types of tomatoes, the small-fruited (cherry) ones (Solanum lycop-
ersicum var. cerasiforme (Dunal) DM Spooner, GJ Anderson, RK Jansen) [24] have outper-
formed the others due to their advanced nutritional value. Cherry tomato varieties are
characterized by higher levels of soluble solid and dry matter content than the normal-sized
ones due to the negative relationship between fruit size and sugar content [25,26]. These
differences are related to the increased content of cherry tomato fruits in sugars (fructose
and glucose) and organic acids (citric and malic), which are the most important factors that
determine the sweetness, acidity and intensity of flavor [27].

Previous research has shown that the content of all these components in cherry tomato
fruits that determine their quality and nutritional value is influenced by genetic (such as
cultivar) and environmental factors, as well as by cultivation practices, temperature and
light levels in the growing environment, the harvesting period, the grafting on various
rootstocks, the irrigation method, the type of substrate, the composition of the nutrient
solution, the number of fruits per truss, the size of the fruit, the conditions and duration of
the storage, the postharvest treatments [28–44] and others.

However, the reported results are often contradictory, making it impossible to draw
solid conclusions about the overall effects of these factors on cherry tomato quality. This
is mainly attributed to the existing complex interactions involving genotype, growth
environment and storage conditions [36,39]. Moreover, apart from these, a factor that has
never been examined in all the above research [28–44] concerns the position of the fruit
within the truss, given that in all the published studies the fruits used for the determinations
were randomly selected from the harvested ones. Due to the different conditions of
exposure to light, as well as to the supply of photosynthetic products, water and nutrients,
the fruits located in different positions along the truss are likely to have different quality
and nutritional composition.

It is obvious that the harvesting period and storage period significantly affect the
quality traits and nutritional components of cherry tomato fruits. However, the effect of
the fruit position in the truss, as well as the relative contribution of each one of the above
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factors, is not known. Thus, the aim of the present study was to investigate the effect
(if any) of the fruit position in the truss and its relative contribution, in relation to the
harvesting period and duration of storage, on the quality traits and nutritional components
of cherry tomato.

2. Results
2.1. Skin Color Parameters L *, C *, ho and a */b * Ratio

The fruit skin color parameter L * was significantly affected by the harvesting period
and the storage duration, and their relative contribution was similar (η2 = 19 and 17,
respectively) (Table 1). As an average of the three storage durations (0, 4 and 10 days) and
the two positions of the fruit in the truss (base and top), the fruits had the lowest value
of the color parameter L * (37.8) in the May harvest, which increased significantly in the
following June harvest (39.0) but remained unchanged thereafter (39.3). On the other hand,
as an average of the three harvesting periods (May, June and July) and the two positions of
the fruit in the truss, the fruits had the highest value of the color parameter L * (39.6) at the
day of harvest, which decreased significantly after 4 days of storage (38.0) but remained
unchanged thereafter (38.5).

Table 1. ANOVA for color skin parameters lightness (L *), chroma (C *), hue angle (ho) and a */b *
ratio, as well as lycopene (Lyc, µg/g f.w.), total carotenoids (T-car, µg/g f.w.) and β-carotene (β-car,
µg/g f.w.), of cherry tomato fruits harvested in three dates during the period of May–July and stored
at 12 ◦C for 0, 4 and 10 days. The fruits were collected from two positions in the truss, the first four
fruits (base) and the last four ones (top).

L * C * ho a */b * Lyc T-Car β-Car

Source of Variance DF P η2 P η2 P η2 P η2 P η2 P η2 P η2

Harvesting period (A) 2 * 19 *** 30 5 5 *** 21 *** 19 *** 55
Storage duration (B) 2 * 17 6 2 2 *** 54 *** 55 0

Fruit position (C) 1 0 4 *** 39 *** 40 3 4 2
A × B 4 14 * 15 10 10 2 3 * 12
A × C 2 2 2 1 1 0 0 0
B × C 2 1 1 0 0 0 0 2

A × B × C 4 2 2 7 7 0 0 0
Error 36

Harvesting
period

May
June
July

37.8
39.0
39.3

b
a
a

30.2
34.8
33.2

b
a
a

48.6
48.5
49.8

0.89
0.89
0.85

20.0
24.0
21.8

c
a
b

41.5
48.0
45.7

b
a
a

15.8
18.6
18.2

b
a
a

Storage
duration

0
4

10

39.6
38.0
38.5

a
b
b

31.6
33.5
33.2

49.5
48.4
49.0

0.86
0.89
0.87

19.0
21.5
25.3

c
b
a

39.9
44.2
51.1

c
b
a

17.6
17.4
17.7

Fruit
position

Base
Top

38.7
38.7

33.4
32.1

47.5
50.4

b
a

0.92
0.83

a
b

22.4
21.4

46.1
44.0

17.7
17.4

May
0
4

10

38.3
38.0
37.1

bcd
cd
d

30.1
29.5
31.1

cd
d
cd

48.8
48.3
48.6

ab
ab
ab

0.88
0.89
0.88

ab
ab
ab

18.0
19.2
22.9

f
ef

bcd

38.0
40.5
45.9

c
c
b

16.0
15.8
15.6

c
c
c

June
0
4

10

39.7
38.7
38.6

abc
bcd
bcd

31.2
38.2
35.1

cd
a

ab

50.1
46.2
49.1

a
b
a

0.84
0.96
0.87

b
a
b

20.3
23.6
28.1

def
bc
a

41.9
46.4
55.8

bc
b
a

18.0
19.4
18.4

ab
a

ab

July
0
4

10

40.7
37.4
39.9

a
d
ab

33.5
32.7
33.4

bc
bcd
bc

49.5
50.8
49.3

a
a
a

0.86
0.82
0.87

b
b
b

18.8
21.1
24.9

f
cde
b

39.7
45.7
51.6

c
b
a

18.6
16.9
19.0

a
bc
a

DF, degrees of freedom; P, probability; η2, eta squared; * significant effect at the 0.05 level; *** significant effect at
the 0.001 level. Different letters following values within each column indicate significantly different values at
0.05 level according to the Duncan’s multiple range test.

The fruit skin color parameter C * was significantly affected only by the harvesting
period, while the interaction harvesting period × storage duration was also significant, and
their relative contribution was η2 = 30 and 15, respectively (Table 1). As an average of the
three storage durations and the two fruit positions in the truss, the fruits had the lowest
value of the color parameter C * (30.2) in the May harvest, which increased significantly
in the following (June) harvest (34.8) but remained at the same levels thereafter (33.2).
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Regarding the significant interaction harvesting period × storage duration, as an average
of the two fruit positions in the truss, only fruits harvested in June exhibited a significant
increase in the color parameter C * after 4 and 10 days of storage (38.2 and 35.1, respectively),
in comparison to the values on the day of harvest (31.2) (Table 1).

On the other hand, both the fruit skin color parameter ho and the a */b * ratio were
significantly affected only by the fruit position in the truss (Table 1). As an average of the
three harvesting periods and the three storage durations, the fruits at the base of the truss
had the lowest value of the color parameter ho (47.5) and the highest a */b * ratio (0.92)
compared to the fruits at the top (50.4 and 0.83, respectively).

2.2. Fruit Pigments

Both lycopene and total carotenoids of the fruits were significantly affected by the
harvesting period and the storage duration, but the relative contribution of the storage
duration was higher than that of the harvesting period (η2 = 54 and 21 for lycopene and
η2 = 55 and 19 for total carotenoids, respectively) (Table 1). As an average of the three
harvesting periods and the two fruit positions in the truss, the fruits at the day of harvest
had the lowest value of both lycopene (19.0 µg/g f.w.) and total carotenoids (39.9 µg/g f.w.),
which increased significantly after 4 (21.5 and 44.2 µg/g f.w., respectively) and 10 days of
storage (25.3 and 51.1 µg/g f.w., respectively). On the other hand, as an average of the
three storage durations and the two positions of the fruit in the truss, the highest value
of both lycopene (24.0 µg/g f.w.) and total carotenoids (48.0 µg/g f.w.) was observed
in the fruits harvested in June and the lowest in the ones harvested in May (20.0 and
41.5 µg/g f.w., respectively).

On the other hand, β-carotene of the fruits was only significantly affected by the
harvesting period, while the interaction harvesting period × storage duration was also
significant, and their relative contribution was η2 = 55 and 12, respectively (Table 1). As
an average of the three storage durations and the two positions of the fruit in the truss,
the fruits had the lowest value of β-carotene when harvested in May (15.8 µg/g f.w.),
which increased significantly in the following harvest in June (18.6 µg/g f.w.) but remained
unchanged thereafter (18.2 µg/g f.w.).

2.3. Fruit Firmness

The firmness of the fruits was significantly affected only by the storage duration
(Table 2). As an average of the three harvesting periods and the two fruit positions in the
truss, the fruit firmness significantly increased after 10 days of storage (1.76 from 1.59 kg).

2.4. Fruit Antioxidant Capacity

The fruit antioxidant capacity was only significantly affected by the harvesting period,
while the interaction harvesting period × storage duration was also significant, although the
relative contribution of the harvesting period was higher (η2 = 77) (Table 2). As an average
of the three storage durations and the two fruit positions in the truss, lowest antioxidant
capacity (26.1 mg AAE/100g f.w.) was found in the fruits harvested in May, and highest
in June and July harvests (44.4 and 52.8 mg AAE/100g f.w., respectively). Regarding the
significant interaction harvesting period × storage duration, only the fruits harvested
in June exhibited a significant decrease after 4 days of storage (48.4 mg AAE/100 g f.w.),
comparing to the value on the day of harvest (58.6 mg AAE/100g f.w.) (Table 2).

2.5. Fruit pH and Titratable Acidity

The fruit pH was significantly affected only by the fruit position in the truss, while
the interaction harvesting period × storage duration was also significant, the relative
contribution of which was equal (η2 = 23) (Table 2). As an average of the three harvesting
periods and the three storage durations, the fruits at the base of the truss had the highest
pH (4.59) compared to the ones at the top (4.53). Regarding the significant interaction
harvesting period × storage duration, as an average of the two fruit positions in the truss,
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only the fruits harvested in June showed a significant decrease after 4 days of storage (4.48)
compared to the day of harvest (4.62) (Table 2).

Table 2. ANOVA for firmness (F, kg), antioxidant capacity (AC, mg ascorbic acid equivalents/100 g
f.w.), pH, titratable acidy (TA, % citric acid), dry matter (DM, %), total soluble solids (TSS, %) and
total soluble phenols (TSP, mg gallic acid equivalents/g f.w.) of cherry tomato fruits harvested in
three dates during the period of May–July and stored at 12 ◦C for 0, 4 and 10 days. The fruits were
collected from two positions in the truss, the first four fruits (base) and the last four ones (top).

F AC pH TA DM TSS TSP

Source of Variance DF P η2 P η2 P η2 P η2 P η2 P η2 P η2

Harvesting period (A) 2 11 *** 77 7 ** 20 *** 51 *** 49 *** 68
Storage duration (B) 2 ** 24 0 2 0 2 3 2

Fruit position (C) 1 2 2 ** 23 * 15 1 6 2
A × B 4 11 * 6 ** 23 ** 23 * 14 8 * 9
A × C 2 0 0 3 2 0 2 0
B × C 2 1 0 1 0 1 0 1

A × B × C 4 5 0 2 1 0 1 1
Error 36

Harvesting
period

May
June
July

1.57
1.67
1.70

b
ab
a

26.1
44.4
52.8

c
b
a

4.59
4.56
4.54

0.098
0.108
0.114

b
a
a

8.13
9.82
9.97

b
a
a

7.62
9.19
9.08

b
a
a

0.28
0.39
0.45

c
b
a

Storage
duration

0
4

10

1.59
1.58
1.76

b
b
a

42.1
41.0
40.2

4.58
4.55
4.56

0.106
0.107
0.107

9.46
9.09
9.40

8.77
8.39
8.72

0.38
0.36
0.38

Fruit
position

Base
Top

1.62
1.67

42.6
39.7

4.59
4.53

a
b

0.102
0.112

b
a

9.41
9.23

8.84
8.42

0.39
0.36

May
0
4

10

1.58
1.45
1.67

bc
c
b

22.4
26.8
29.2

d
d
d

4.59
4.60
4.57

abc
ab
abc

0.100
0.095
0.098

cd
d
d

8.09
8.03
8.28

d
d
d

7.55
7.55
7.75

c
c
c

0.28
0.27
0.28

c
c
c

June
0
4

10

1.58
1.72
1.73

bc
ab
ab

45.4
47.8
40.0

bc
bc
c

4.62
4.48
4.58

a
d

abc

0.100
0.123
0.098

cd
ab
d

9.58
10.37
9.52

cd
bc
bc

9.15
9.37
9.05

ab
a

ab

0.37
0.42
0.38

b
b
b

July
0
4

10

1.62
1.58
1.90

bc
bc
a

58.6
48.4
51.5

a
b

ab

4.51
4.58
4.53

cd
abc
bcd

0.118
0.103
0.125

abc
bcd

a

10.71
8.86

10.41

ab
ab
a

9.60
8.27
9.37

a
bc
a

0.50
0.38
0.48

a
b
a

DF, degrees of freedom; P, probability; η2, eta squared; * significant effect at the 0.05 level; ** significant effect at
the 0.01 level; *** significant effect at the 0.001 level. Different letters following values within each column indicate
significantly different values at 0.05 level according to the Duncan’s multiple range test.

On the other hand, the fruit titratable acidity was significantly affected by both the
harvesting period and the fruit position in the truss, as well as by the interaction harvesting
period × storage duration (Table 2). The relative contribution of the interaction was higher
than that of the harvesting period and the fruit position in the truss (η2 = 23, 20 and 15,
respectively) (Table 2). As an average of the three storage durations and the two positions of
the fruits in the truss, the fruits harvested in May had the lowest acidity (0.098% citric acid),
which increased significantly in fruits harvested in June (0.108% citric acid) but remained
unchanged thereafter (0.114% citric acid). As an average of the three harvesting periods
and the three storage durations, the fruits at the base of the truss had the lowest acidity
(0.102% citric acid) compared to the ones at the top (0.112% citric acid). Regarding the
significant interaction harvesting period × storage duration, the fruits harvested in June
showed a significant decrease from the 4th to the 10th day of storage (from 0.123 to 0.098%
citric acid), while contrarily the ones harvested in July showed a significant increase from
the 4th to the 10th day of storage (from 0.103 to 0.125% citric acid) (Table 2).

2.6. Fruit Dry Matter, Total Soluble Solids and Total Soluble Phenols

All three of these parameters were only significantly affected by the harvesting period,
while the interaction harvesting period × storage duration was also significant for dry mat-
ter and total soluble phenol content. However, the relative contribution of the harvesting
period was higher (η2 = 51 and 68, respectively) than that of the interaction (η2 = 14 and 9,
respectively) (Table 2).
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As an average of the three storage durations and the two fruit positions in the truss, the
lowest dry matter and total soluble solid content was found in fruits that were harvested
in May (8.13 and 7.62%, respectively) and increased significantly in June (9.82 and 9.19%,
respectively) but remained unchanged thereafter (9.97 and 9.08%, respectively). Regarding
the significant interaction harvesting period × storage duration, only the fruits harvested in
June showed a significant decrease in the total soluble solid content after 4 days of storage
(8.27%), compared to the levels on the day of harvest (9.60%) (Table 2).

As an average of the three storage durations and the two fruit positions in the truss, the
fruits had the lowest total soluble phenol content (0.28 mg GAE/g f.w.) when harvested in
May, which increased significantly in the following harvests (0.39 and 0.45 mg GAE/g f.w. in
June and July, respectively). Regarding the significant interaction harvesting period × storage
duration, as an average of the two fruit positions in the truss, only the fruits that were
harvested in June showed a significant decrease in the total soluble solid content after
4 days of storage (8.27%), compared to the value on the day of harvest (9.60%) (Table 2).

3. Discussion

The effect of environmental conditions during the harvesting period and storage
on the quality characteristics of cherry tomato fruits have already been studied and dis-
cussed in detail [28–44]. In brief, it is well known that both temperature and irradiance
during the harvesting period affect biosynthesis pathways of primary and secondary
metabolites [6,28,43–45], and thus final fruit composition, with secondary metabolites hav-
ing antioxidant properties were the most sensitive [28,44,45]. On the other hand, the cherry
tomato fruit is characterized as climacteric, and thus undergoes many physiological and bio-
chemical processes during its postharvest life that affect most of the quality attributes [29].
In this context, storage conditions are critical factors to maintain quality of the cherry
tomato fruit in order to slow down the ethylene-driven ripening process [29,38,46].

The present study focuses on the quality evaluation of the cherry tomato fruits in
relation to the position of the fruit in the truss and the relative contribution of this factor.
When the three factors of harvesting period, storage duration and fruit position in the truss
were taken into simultaneous consideration, the ANOVA (Tables 1 and 2) indicated that
the harvesting period had the most significant effect on skin color parameters L * and C *
and β-carotene, as well as on antioxidant capacity, total soluble phenols, dry matter and
total soluble solids, since most of the variation in the data accounted for this factor while it
had an appreciable effect on titratable acidity as well. The storage duration had a dominant
effect on firmness, total carotenoids and lycopene while it had an appreciable effect on skin
color parameter L * as well. On the other hand, the fruit position in the truss exerted an
exclusive effect on skin color parameter ho and a */b * ratio and pH while it also had an
appreciable effect on titratable acidity. The most important and significant interaction was
exhibited between the harvesting period and the storage duration. Most of the variation in
pH and titratable acidity data were accounted for by this interaction.

The increased fruit dry matter, as well as total soluble solid and total soluble phenol
(both constituents of dry matter) content observed in the June and July harvests compared
to those in the May harvest is attributed to the higher temperatures and sunshine that
prevail during these periods. Similar results in cherry tomato have been reported by
other researchers [28,44]. It is hypothesized that higher temperatures, which enhance
transpiration and reduce fruit water content and indirectly increase dry matter content [44],
as well as total soluble solids and total soluble phenols, all of which were expressed on fresh
weight basis. Seasonal variation was also observed in fruit antioxidant capacity, as well as
in lycopene, total carotenoid and β-carotene (all three components that contribute to fruit
antioxidant capacity [10,11]) content, with fruits harvested in June and July having a higher
content compared to those harvested in May. This is probably due to the more favorable
environmental conditions (higher temperatures and irradiation) for the biosynthesis of
these secondary metabolites [28,43,44], and also to the increased availability of components
(carbohydrates) necessary for their biosynthesis [28]. However, it has been reported that
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the effect of environmental conditions on the secondary metabolites of cherry tomato fruits
is particularly complex compared to that on the primary metabolites, as it is also related to
plant management and fruit load, and thus the sink-source ratio [28].

It has been reported that a long storage period reduces fruit firmness of both the
normal-sized [14] and the small-fruited (cherry) [38] tomato fruits, but this fact was not
observed in the present study. This is probably a result of storing at the appropriate
temperature (12 ◦C) for a limited duration (10 d) and also of the characteristics of the variety
used, given that a strong effect of all these factors, as well as of the storage temperature x
genotype interaction on the firmness of the small-fruited tomato, has been reported [38]. In
addition, it has been suggested [38] that the ability of small-fruited cultivars to maintain
the firmness during their post-harvest life, apart from the special characteristics (ratio
between the volume of the fruit and its external transpiration surface), depends on other
factors and that multiple factors are involved in the processes related to the disassembly of
polysaccharides in the primary cell wall, making fruit softening a complex process.

The vivid red color of the skin of the tomato fruits is perceived as the main appearance
characteristic that is related to the ripening stage and is also associated with the quality,
given that it is a basic requirement of the quality standards of the European Union and
influences consumer preference during the purchase of the product [46]. The colorimeters
are used for its measurement providing specific values (L *, a * and b *), although the
a */b * ratio has been reported to correlate better with the human perception of color [47,48].
Indeed, according to the USDA-based color classification [49], the a */b * values in the
range of 0.60–0.95 indicate the recommended color at the marketable stage of the fruit [47].

In the present study, fruit sorting was performed based on color, visually perceived by
the human eye. However, it was concluded that differences in visual color are difficult to
be perceived with the human eye, given that in fruits visually classified as the same color,
deviations in the a */b * ratio were found after colorimeter measurement, and indeed they
were only significant between fruit positions in the truss (Table 1), with the ones at the base
having a higher value compared to those at the top. Similar differences were also reflected
in the color ho parameter (Table 1).

However, no corresponding differences were observed in the lycopene content of fruits
as it was not significantly affected by the position of the fruit in the truss (Table 1), despite
the fact that the ratio a */b * has been well correlated with lycopene content [17,50,51]. This
is apparently due to the fact that the color measurement is performed on the surface of the
skin fruit, while the determination of lycopene is on the whole fruit and, furthermore, it is
a given that the ratio of the skin to the flesh is very low.

The pH and titratable acidity are interrelated parameters, yet each of them is analyti-
cally determined in separate ways, and they additionally provide their own information
about tomato fruit quality, with titratable acidity being an indicator of acid content [52]
and, therefore, taste, especially relatively with sugars [49]. The pH is the negative log (base
10) of the hydrogen cations concentration (H+) in the juice of the fruit that dissociates from
acids, while titratable acidity measures total acidity (sum of H+ and undissociated acids)
by titrating them with a standard base (usually NaOH) and is expressed as the per cent of
the predominant organic acid [52].

The titratable acidity of tomato fruits is shaped by organic acids (citric, malic and
glutamic acid being the most common ones) [52–55], which are produced in the Krebs cycle
(along with their derivatives, fatty acids and amino acids) [52]. However, inorganic acids,
such as phosphate, often play an important role as well [50,54]. When the acidity of tomato
juice was calculated from the individually measured concentrations of citric, glutamic,
malic and phosphoric acids, the titrated values were equal to 86% of the measured one,
indicating that 14% of the titratable acidity is attributed to other acids that were not included
in the above ones (e.g., ascorbate and oxalate, as well as numerous amino acids, including
aspartic and γ-aminobutyric). In some tomato cultivars, these last two amino acids have
been shown to be present at levels comparable to those of glutamic acid in ripe fruit [55].
Malic acid is typically present at only one-tenth of the level of citric acid, although the ratio
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of malic to citrate can vary significantly between different tomato varieties [50,53,54]. Citric
is, therefore, clearly the dominant acid in tomato fruit [44,50] and the largest contributor to
titratable acidity, with typical content in large tomato fruit in the range of 0.2–0.6% [52].

Previous studies have already examined the effects of cultivar, fruit ripening and fruit
storage on pH and titratable acidity [50,53,56–63]. Tomato fruits are considered as low pH
fruits (<4.6) [64].

It has been indicated that pH increases as the fruit ripens while titratable acidity simul-
taneously decreases [50,53,57,59,61–63] and this reduction is mainly due to a degradation
of citric acid in the fruits [50], given that no changes during ripening have been reported in
glutamic and phosphoric acid [50,54]. During tomato fruit ripening, part of this change may
be due to the metabolic conversion of acids to sugars through gluconeogenesis [65] or en-
tirely to the respiration process [50], given that a loss of titratable acidity has been positively
correlated with a higher respiration rate when organic acids are used as a substrate [60].

In summary, although some cultivation practices (such as transplanting or direct seed-
ing, drip or furrow irrigation, organic or conventional cultivation) [50,66], environmental
factors [67] and the ripening process [50,51,61–63] decisively affect fruit pH, the higher
metabolic rate of the basal fruits could be the reason for the lower titratable acidity and
increased pH values compared to the top fruits observed in the present study.

All the determined parameters were compared with the corresponding range of values
reported in the literature for each one [28,29,31–41,43,44], and, as expected, exclusions
were observed, given that these parameters are influenced by several factors, but also the
interactions between them, as already mentioned at length in the introduction and in the
discussion sections.

4. Materials and Methods
4.1. Experimental Design and Fruit Sampling

The experiment was conducted at Agris S.A., in Northern Greece from 1st February–
30th July. Cherry tomato Genio F1 plants grafted onto Defensor rootstock were cultivated
hydroponically in rockwool slabs in a heated glasshouse. Throughout the cultivation, the
temperature in the glasshouse was maintained in the range of 15–28 ◦C (17.6 ± 1.76 ◦C
minimum and 27.1 ± 1.82 ◦C maximum), by activating the heating or shading system or
opening the top roof windows. Bumblebees (Bombus terrestris L.) were introduced for fruit
setting (20 hives/ha) while trusses were trimmed so that each one supported only 10 fruits.

Whole trusses at the red ripe stage of ripeness were harvested at three harvest times
27 May, 14 June and 1 July, transferred to the facilities of the Lab of Vegetable Crops of
the Aristotle University of Thessaloniki and were stored at 12 ◦C and 65–75% R.H. On
the day of harvest (day 0) and after 4 and 10 days of storage, the first four (1st-4th) and
the last four (7th–10th) fruits of each truss were grouped and the external color and the
firmness of each fruit were measured; fruits were then analyzed for the determination of
antioxidant capacity, pH and titratable acidity, as well dry matter, total soluble solid, total
soluble phenol, lycopene, total carotenoid and β-carotene content. In each treatment, three
trusses (replicates) were used.

4.2. Measurement of Fruit Skin Color

Skin color was measured at two diametrically opposite spots at the equator of the fruit
according to Mitsanis et al., 2021 [68]. Color changes were quantified in the L *, a * and b *
color space. Hue angle (h = 180 + tan−1 (b */a *) and chroma values (C * = (a *2 + b *2)1/2)
were calculated from a* and b* values. L* refers to lightness, ranging from 0 = black to
100 = white; hue angle (ho) value is defined as a color wheel, with red-purple color at an
angle of 0◦, yellow color at 90◦, bluish-green color at 180◦ and blue color at 270◦, and
chroma (C *) represents color saturation, which varies from dull (low values) to vivid (high
values) [69].
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4.3. Measurement of Firmness

Fruit firmness was measured at two diametrically opposite spots at the equator of the
fruit according to Mitsanis et al., 2021 [68].

4.4. Sample Preparation and Determinations

Sample preparation and determinations were performed, as described by
Mitsanis et al., 2021 [68].

4.4.1. Dry Matter, pH, Titratable Acidity, and Total Soluble Solids

Determinations were performed, as described by Mitsanis et al., 2021 [68]. The titrat-
able acidity was expressed as % of citric acid, given that the major organic acid was citric
acid [44,50,70].

4.4.2. Carotenoids

Lycopene, β-carotene and total carotenoid content were determined using the methods
of Lichtenhaler and Wellburn [71] and Fish [72] and described in detail by
Mitsanis et al., 2021 [68].

For the individual determination of the pigments, the following equations were used:

Lycopene (µg/g) = (3.521 × Abs503 − 0.587 × Abs450) × V/W (1)

β-carotene (µg/g) = (4.367 × Abs450 − 2.947 × Abs503) × V/W (2)

Total carotenoids (µg/g) = (1000 × Abs470 × V/W) − ((2.27 × Chl a) − (81.4 × Chl b)) × 227 (3)

where Abs = absorbance, V = extract volume and W = weight of homogenized tissue.

4.4.3. Total Soluble Phenols and Antioxidant Capacity

For the determination of total soluble phenolic compounds and antioxidant capacity,
5 g of homogenized tissue were mixed with 25 mL 80% methanol and filtered through a
Whatman No. 1 filter. Total soluble phenols were determined photometrically according to
the method of Scalbert et al. [73], using a standard curve of gallic acid (y = 211.573x − 2.604,
r = 0.9859) and total antioxidant capacity was determined according to the method of Brand-
Williams et al. [74], using a standard curve of ascorbic acid (y = 0.115x + 0.001, r = 0.9994).
Both determinations are described in detail by Mitsanis et al., 2021 [68].

For the determination of the total soluble phenols and the antioxidant capacity, the
following equations were used:

TSP (mg/g) = −7.732 + 214.81 Abs760 × V × 100/W (4)

AC (mg/100 g) = 0.001 + 0.115 ∆Abs518 × V × 1000/W (5)

where Abs = absorbance, V = extract volume and W = weight of homogenized tissue;
∆Abs = difference in the absorbance between the sample and the 0 mg/mL ascorbic acid
solution.

4.5. Statistical Analyses

A complete randomized factorial design (3 harvesting periods× 3 storage durations × 2 fruit
positions in the truss) was used, with three replicates per treatment. Data were subjected to
analysis of variance (ANOVA) using the statistical software SPSS v25. The effect size of
each factor was evaluated using η2 (eta squared) criterion calculated as follows: η2 = SS
factor/SS total, where SS = sum of squares. The means were separated with the Duncan’s
new multiple range test (p < 0.05).

5. Conclusions

The results of the present study indicated that quality traits and nutritional compo-
nents of cherry tomato fruits are dependent on several factors, including harvesting period,
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storage duration and fruit position in the truss, although the relative contribution of each
factor varied according to the component. The harvesting period had the most significant
effect on skin color parameters L * and C * and β-carotene, as well as on antioxidant capac-
ity, total soluble phenols, dry matter and total soluble solids, while it had an appreciable
effect on titratable acidity. The storage duration had a dominant effect on firmness, total
carotenoids and lycopene, while it had an appreciable effect on skin color parameters L * as
well. On the other hand, the fruit position in the truss exerted an exclusive effect on the
skin color parameter ho, a */b * ratio and pH while it had an appreciable effect on titratable
acidity as well. The differences in the color parameter ho and the a */b * ratio that were
significant only between fruit positions in the truss, which were, however, not visually
perceived by the human eye, indicate a different physiological maturity and, therefore, a
different metabolic activity and ripening stage, which is probably also the reason for the
differences in the pH and the titratable acidity of the fruits in the two positions of the truss.
That still needs to be clarified in the future.

Author Contributions: Conceptualization, P.T.; methodology, P.T.; project execution, S.G.; formal
analysis, P.T.; writing—original draft preparation, A.S.S.; writing—review and editing, A.S.S., P.T. and
S.G.; supervision, P.T.; project administration, P.T. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Agris S.A. (grant no. 89517) and Onassis Foundation
Scholarships (grant no. G ZI 036/2012-2013).

Data Availability Statement: Not applicable.

Acknowledgments: The authors wish to express their sincere gratitude to Associate Professor Athana-
sios Koukounaras for administrative and technical support of the project.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

References
1. Giovannucci, E. A Review of Epidemiologic Studies of Tomatoes, Lycopene, and Prostate Cancer. Exp. Biol. Med. 2002, 227,

852–859. [CrossRef] [PubMed]
2. Weisburger, J.H. Lycopene and Tomato Products in Health Promotion. Exp. Biol. Med. 2002, 227, 924–927. [CrossRef] [PubMed]
3. Buta, J.G.; Spaulding, D.W. Endogenous Levels of Phenolics in Tomato Fruit during Growth and Maturation. J. Plant Growth Reg.

1997, 16, 43–46. [CrossRef]
4. Giovanelli, G.; Lavelli, V.; Peri, C.; Nobili, S. Variation in Antioxidant Components of Tomato During Vine and Post-Harvest

Ripening. J. Sci. Food Agric. 1999, 79, 1583–1588. [CrossRef]
5. Abushita, A.A.; Daood, H.G.; Biacs, P.A. Change in Carotenoids and Antioxidant Vitamins in Tomato as a Function of Varietal

and Technological Factors. J. Agric. Food Chem. 2000, 48, 2075–2081. [CrossRef] [PubMed]
6. Dumas, Y.; Dadomo, M.; Di Lucca, G.; Grolier, P. Effects of Environmental Factors and Agricultural Techniques on Antioxidant

Content of Tomatoes. J. Sci. Food Agric. 2003, 382, 369–382. [CrossRef]
7. Martí, R.; Roselló, S.; Cebolla-Cornejo, J. Tomato as a Source of Carotenoids and Polyphenols Targeted to Cancer Prevention.

Cancers 2016, 8, 58. [CrossRef]
8. Story, E.N.; Kopec, R.E.; Schwartz, S.J.; Keith Harris, G. An Update on the Health Effects of Tomato Lycopene. Annu. Rev. Food Sci.

Technol. 2010, 1, 189–210. [CrossRef] [PubMed]
9. Liu, L.; Shao, Z.; Zhang, M.; Wang, Q. Regulation of Carotenoid Metabolism in Tomato. Mol. Plant 2015, 8, 28–39. [CrossRef]

[PubMed]
10. Peters, U.; Leitzmann, M.F.; Chatterjee, N.; Wang, Y.; Albanes, D.; Gelmann, E.P.; Friesen, M.D.; Riboli, E.; Hayes, R.B. Serum

Lycopene, Other Carotenoids, and Prostate Cancer Risk: A Nested Case-Control Study in the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial. Cancer Epidemiol. Biomarkers Prev. 2007, 16, 962–968. [CrossRef]

11. Gul, K.; Tak, A.; Singh, A.K.; Singh, P.; Yousuf, B.; Wani, A.A. Chemistry, Encapsulation, and Health Benefits of beta-Carotene—A
Review. Cogent Food Agric. 2015, 1, 1018696. [CrossRef]

12. Camelo, A.F.L.; Gómez, P.A. Comparison of Color Indexes for Tomato Ripening. Hortic. Bras. 2004, 22, 534–537. [CrossRef]
13. Fraser, P.D.; Truesdale, M.R.; Bird, C.R.; Schuch, W.P.; Bramley, M. Carotenoid Biosynthesis During Tomato Fruit Development.

Plant Physiol. 1994, 105, 405–413. [CrossRef]
14. De Ketelaere, B.; Lammertyn, J.; Molenberghs, G.; Desmet, M.; Nicola, B.; De Baerdemaeker, J. Tomato Cultivar Grouping Based

on Firmness Change, Shelf Life and Variance During Postharvest Storage. Postharvest Biol. Technol. 2004, 34, 187–201. [CrossRef]

http://doi.org/10.1177/153537020222701003
http://www.ncbi.nlm.nih.gov/pubmed/12424325
http://doi.org/10.1177/153537020222701014
http://www.ncbi.nlm.nih.gov/pubmed/12424336
http://doi.org/10.1007/PL00006973
http://doi.org/10.1002/(SICI)1097-0010(199909)79:12&lt;1583::AID-JSFA405&gt;3.0.CO;2-J
http://doi.org/10.1021/jf990715p
http://www.ncbi.nlm.nih.gov/pubmed/10888501
http://doi.org/10.1002/jsfa.1370
http://doi.org/10.3390/cancers8060058
http://doi.org/10.1146/annurev.food.102308.124120
http://www.ncbi.nlm.nih.gov/pubmed/22129335
http://doi.org/10.1016/j.molp.2014.11.006
http://www.ncbi.nlm.nih.gov/pubmed/25578270
http://doi.org/10.1158/1055-9965.EPI-06-0861
http://doi.org/10.1080/23311932.2015.1018696
http://doi.org/10.1590/S0102-05362004000300006
http://doi.org/10.1104/pp.105.1.405
http://doi.org/10.1016/j.postharvbio.2004.03.007


Plants 2023, 12, 315 11 of 13

15. Konozy, E.H.E.; Causse, M.; Faurobert, M. Cell Wall Glycosidase Activities and Protein Content Variations During Fruit
Development and Ripening in Three Texture Contrasted Tomato Cultivars. Saudi J. Biol. Sci. 2012, 19, 277–283. [CrossRef]

16. Shewfelt, R.L. Measuring Quality and Maturity. In Postharvest Handling: A Systems Approach; Shewfelt, R.L., Prussia, S.E., Eds.;
Academic Press: New York, NY, USA, 1993; pp. 99–124.

17. Arias, R.; Lee, T.; Logendra, L.; Janes, H. Correlation of Lycopene Measured by HPLC with L*, a*, b* Color Readings of a
Hydroponic Tomato and the Relationship of Maturity with Color Lycopene Content. J. Agric. Food Chem. 2000, 48, 1697–1702.
[CrossRef] [PubMed]
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37. Petrović, I.; Savic, S.; Jovanovic, Z.; Stikić, R.; Brunel, B.; Sérino, S.; Bertin, N. Fruit Quality of Cherry and Large Fruited Tomato
Genotypes as Influenced by Water Deficit. Zemdirb.-Agric. 2019, 106, 123–128. [CrossRef]

38. Distefano, M.; Arena, E.; Mauro, R.P.; Brighina, S.; Leonardi, C.; Fallico, B.; Giuffrida, F. Effects of Genotype, Storage Temperature
and Time on Quality and Compositional Traits of Cherry Tomato. Foods 2020, 9, 1729. [CrossRef]

39. Mauro, R.P.; Agnello, M.; Onofri, A.; Leonardi, C.; Giuffrida, F. Scion and Rootstock Differently Influence Growth, Yield and
Quality Characteristics of Cherry Tomato. Plants 2020, 9, 1725. [CrossRef]

40. Mustapha, A.T.; Zhou, C.; Amanor-Atiemoh, R.; Ali, T.A.A.; Wahia, H.; Ma, H.; Sun, Y. Efficacy of Dual-Frequency UltraSound
and Sanitizers Washing Treatments on Quality Retention of Cherry Tomato. Innov. Food Sci. Emerg. Technol. 2020, 62, 102348.

http://doi.org/10.1016/j.sjbs.2012.04.006
http://doi.org/10.1021/jf990974e
http://www.ncbi.nlm.nih.gov/pubmed/10820081
http://doi.org/10.1104/pp.117.2.337
http://doi.org/10.1016/0031-9422(90)80008-5
http://doi.org/10.1071/FP05234
http://doi.org/10.1104/pp.107.097477
http://doi.org/10.1021/jf000225t
http://doi.org/10.1021/jf020315t
http://www.ncbi.nlm.nih.gov/pubmed/12381148
http://doi.org/10.1002/jsfa.2060
http://doi.org/10.1111/j.1365-2621.2005.00977.x
http://doi.org/10.17660/ActaHortic.2009.807.71
http://doi.org/10.3390/horticulturae8010059
http://doi.org/10.1016/j.foodchem.2019.04.056
http://www.ncbi.nlm.nih.gov/pubmed/31054662
http://doi.org/10.14393/BJ-v35n5a2019-42345
http://doi.org/10.13080/z-a.2019.106.016
http://doi.org/10.3390/foods9121729
http://doi.org/10.3390/plants9121725


Plants 2023, 12, 315 12 of 13

41. Shabbir, A.; Mao, H.; Ullah, I.; Buttar, N.A.; Ajmal, M.; Lakhiar, I.A. Effects of Drip Irrigation Emitter Density with Various
Irrigation Levels on Physiological Parameters, Root, Yield, and Quality of Cherry Tomato. Agronomy 2020, 10, 1685. [CrossRef]

42. He, Z.; Li, M.; Cai, Z.; Zhao, R.; Hong, T.; Yang, Z.; Zhang, Z. Optimal Irrigation and Fertilizer Amounts Based on Multi-level
Fuzzy Comprehensive Evaluation of Yield, Growth and Fruit Quality on Cherry Tomato. Agric. Water Manag. 2021, 243, 106360.
[CrossRef]

43. Jiang, C.; Rao, J.; Rong, S.; Ding, G.; Liu, J.; Li, Y.; Song, Y. Fruit Quality Response to Different Abaxial Leafy Supplemental
Lighting of Greenhouse-Produced Cherry Tomato (Solanum lycopersicum var. Cerasiforme). Horticulturae 2022, 8, 423. [CrossRef]

44. Rosales, M.A.; Cervilla, L.M.; Sánchez-Rodríguez, E.; del Mar Rubio-Wilhelmi, M.; Blasco, B.; Ríos, J.J.; Soriano, T.; Castilla, N.;
Romero, L.; Ruiz, J.M. The Effect of Environmental Conditions on Nutritional Quality of Cherry Tomato Fruits: Evaluation of
Two Experimental Mediterranean Greenhouses. J. Sci. Food Agric. 2010, 91, 152–162. [CrossRef] [PubMed]

45. Brandt, S.; Pek, Z.; Barna, E.; Lugasi, A.; Helyes, L. Lycopene Content and Color of Ripening Tomatoes as Affected by Environ-
mental Conditions. J. Sci. Food Agric. 2006, 86, 568–572. [CrossRef]

46. Passam, H.C.; Karapanos, I.C.; Bebeli, P.J.; Savvas, D.A. Review of Recent Research on Tomato Nutrition, Breeding and Post-
Harvest Technology with Reference to Fruit Quality. Europ. J. Plant Sci. Biotech. 2007, 1, 1–21.

47. Batu, A. Determination of Acceptable Firmness and Colour Values of Tomatoes. J. Food Engin. 2004, 61, 471–475. [CrossRef]
48. Helyes, L.; Pek, K. Tomato Fruit Quality and Content Depend on Stage of Maturity. Hortscience 2006, 41, 1400–1401. [CrossRef]
49. USDA. United States Standards for Grade of Fresh Tomatoes; US Department Agriculture: Washington, DC, USA, 1976; Volume 41,

p. 205.
50. Anthon, G.E.; LeStrange, M.; Barrett, D.M. Changes in pH, Acids, Sugars and Other Quality Parameters During Extended Vine

Holding of Ripe Processing Tomatoes. J. Sci. Food Agric. 2011, 91, 1175–1181. [CrossRef]
51. Kasampalis, D.; Tsouvaltzis, P.; Siomos, A.S. Tomato Fruit Quality in Relation to Growing Season, Harvest Period, Ripening Stage

and Postharvest Storage. Emir. J. Food Agri. 2020, 33, 130–138. [CrossRef]
52. Tyl, C.; Sadler, G.D. pH and Titratable Acidity. In Food Analysis, 5th ed.; Food Science Text Series; Nielsen, S.S., Ed.; Springer:

Cham, Switzerland, 2017; pp. 389–406.
53. Stevens, M.A. Citrate and Malate Concentrations in Tomato Fruits: Genetic Control and Maturational Effects. J. Am. Soc. Hortic.

Sci. 1972, 97, 655–658. [CrossRef]
54. Paulson, K.N.; Stevens, M.A. Relationships Among Titratable Acidity, pH and Buffer Composition of Tomato Fruit. J. Food Sci.

1974, 39, 354–357. [CrossRef]
55. Boggio, S.B.; Palatnik, J.F.; Heldt, H.W.; Valle, E.M. Changes in Amino Acid Composition and Nitrogen Metabolizing Enzymes in

Ripening Fruits of Lycopersicon esculentum Mill. Plant Sci. 2000, 159, 125–133. [CrossRef] [PubMed]
56. Liu, Y.; Luh, B.S. Effect of Harvest Maturity on Free Amino Acids, Pectins, Ascorbic Acid, Total Nitrogen and Minerals in Tomato

Pastes. J. Food Sci. 1979, 44, 425–428. [CrossRef]
57. Garcia, E.; Barrett, D.M. Evaluation of Processing Tomatoes from Two Consecutive Growing Seasons: Quality Attributes,

Peelability and Yield. J. Food Process. Pres. 2006, 30, 20–36. [CrossRef]
58. Gautier, H.; Diakou-Verdin, V.; Benard, C.; Reich, M.; Bourgard, F.; Poessel, J.L.; Caris-Veyrat, C.; Génard, M. How Does Tomato

Quality (Sugar, Acid, and Nutritional Quality) Vary with Ripening Stage, Temperature, and Irradiance? J. Agric. Food Chem. 2008,
56, 1241–1250. [CrossRef]

59. Akbudak, B. Effects of Harvest Time on the Quality Attributes of Processed and non-Processed Tomato Varieties. Int. J. Food Sci.
Technol. 2010, 45, 334–343. [CrossRef]

60. Tigist, M.; Workneh, T.S.; Woldetsadik, K. Effects of Variety on the Quality of Tomato Stored Under Ambient Conditions. J. Food
Sci. Technol. 2013, 50, 477–486. [CrossRef]

61. Siomos, A.S.; Tsouvaltzis, P.; Gerasopoulos, D. Fruit Composition and Ripening Behaviour of ‘Santorini’ Tomatoes. In Proceedings
of the ‘Cherry tomato’ 1st International Conference, Santorini, Greece, 27–29 June 2002; Traka-Mavrona, E., Ed.; Heliotopos
Conferences: Athens, Greece, 2005; pp. 93–98.

62. Mellidou, I.; Siomos, A.S.; Gerasopoulos, G. Fruit Composition and Metabolism of ‘Santorini’, ‘Chiou’, ‘Limnou’ and ‘Aisla Craig’
Tomatoes. In Book of Abstracts of the ‘Cherry tomato’ 2nd International Conference; Abstract Number 7; Heliotopos Conferences:
Athens, Greece, 2005.

63. Mellidou, I. Physiology of Ripening of Small-Fruited Tomato Cultivars. Master’s Thesis, Aristotle University of Thessaloniki,
Thessaloniki, Greece, 27 February 2007.

64. Anthon, G.E.; Barrett, D.M. Tomato Product pH: Causes, Effects, Remedies. Report to the California League of Food Processors; CLFP:
Sacramento, CA, USA, 2009.

65. Halinska, A.; Frenkel, C. Acetaldehyde Stimulation of Net Gluconeogenic Carbon Movement from Applied Malic Acid in Tomato
Fruit Pericarp Tissue. Plant Physiol. 1991, 95, 954–960. [CrossRef]

66. Pieper, J.R.; Barrett, D.M. Effects of Organic and Conventional Production Systems on Quality and Nutritional Parameters of
Processing Tomatoes. J. Sci. Food Agric. 2008, 89, 177–194. [CrossRef]

67. Renquist, A.R.; Reid, J.B. Quality of Processing Tomato (Lycopersicon esculentum) Fruit from Four Bloom Dates in Relation to
Optimal Harvest Timing. N. Z. J. Crop Hortic. Sci. 1998, 26, 161–168. [CrossRef]

http://doi.org/10.3390/agronomy10111685
http://doi.org/10.1016/j.agwat.2020.106360
http://doi.org/10.3390/horticulturae8050423
http://doi.org/10.1002/jsfa.4166
http://www.ncbi.nlm.nih.gov/pubmed/20853276
http://doi.org/10.1002/jsfa.2390
http://doi.org/10.1016/S0260-8774(03)00141-9
http://doi.org/10.21273/HORTSCI.41.6.1400
http://doi.org/10.1002/jsfa.4312
http://doi.org/10.9755/ejfa.2021.v33.i2.2176
http://doi.org/10.21273/JASHS.97.5.655
http://doi.org/10.1111/j.1365-2621.1974.tb02893.x
http://doi.org/10.1016/S0168-9452(00)00342-3
http://www.ncbi.nlm.nih.gov/pubmed/11011100
http://doi.org/10.1111/j.1365-2621.1979.tb03803.x
http://doi.org/10.1111/j.1745-4549.2005.00044.x
http://doi.org/10.1021/jf072196t
http://doi.org/10.1111/j.1365-2621.2009.02140.x
http://doi.org/10.1007/s13197-011-0378-0
http://doi.org/10.1104/pp.95.3.954
http://doi.org/10.1002/jsfa.3437
http://doi.org/10.1080/01140671.1998.9514052


Plants 2023, 12, 315 13 of 13

68. Mitsanis, C.; Aktsoglou, D.C.; Koukounaras, A.; Tsouvaltzis, P.; Koufakis, T.; Gerasopoulos, D.; Siomos, A.S. Functional, Flavor
and Visual Traits of Hydroponically Produced Tomato Fruit in Relation to Substrate, Plant Training System and Harvesting Time.
Horticulturae 2021, 7, 311. [CrossRef]

69. Lancaster, J.E.; Lister, C.E.; Reay, P.F.C.; Triggs, M. Influence of Pigment Composition on Skin Color in a Wide Range of Fruit and
Vegetables. J. Am. Soc. Hortic. Sci. 1997, 122, 594–598. [CrossRef]

70. Selli, S.; Kelebek, H.; Ayseli, M.T.; Tokbas, H. Characterization of the Most Aroma-Active Compounds in Cherry Tomato by
Application of the Aroma Extract Dilution Analysis. Food Chem. 2014, 165, 540–546. [CrossRef] [PubMed]

71. Lichtenhaler, H.K.; Wellburn, A.R. Determinations of Total Carotenoids and Chlorophylls a and b of Leaf Extracts in Different
Solvents. Biochem. Soc. Trans. 1983, 11, 591–592. [CrossRef]

72. Fish, W.W. Refinements of the Attending Equations for Several Spectral Methods that Provide Improved Quantification of
β-Carotene and/or Lycopene in Selected Foods. Postharvest Biol. Technol. 2012, 66, 16–22. [CrossRef]

73. Scalbert, A.; Monties, B.; Janin, G. Tannins in Wood: Comparison of Different Estimation Methods. J. Agric. Food Chem. 1989, 37,
1324–1329. [CrossRef]

74. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a Free Radical Method to Evaluate Antioxidant Activity. LTW-Food Sci.
Technol. 1995, 28, 25–30. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/horticulturae7090311
http://doi.org/10.21273/JASHS.122.4.594
http://doi.org/10.1016/j.foodchem.2014.05.147
http://www.ncbi.nlm.nih.gov/pubmed/25038709
http://doi.org/10.1042/bst0110591
http://doi.org/10.1016/j.postharvbio.2011.08.007
http://doi.org/10.1021/jf00089a026
http://doi.org/10.1016/S0023-6438(95)80008-5

	Introduction 
	Results 
	Skin Color Parameters L *, C *, ho and a */b * Ratio 
	Fruit Pigments 
	Fruit Firmness 
	Fruit Antioxidant Capacity 
	Fruit pH and Titratable Acidity 
	Fruit Dry Matter, Total Soluble Solids and Total Soluble Phenols 

	Discussion 
	Materials and Methods 
	Experimental Design and Fruit Sampling 
	Measurement of Fruit Skin Color 
	Measurement of Firmness 
	Sample Preparation and Determinations 
	Dry Matter, pH, Titratable Acidity, and Total Soluble Solids 
	Carotenoids 
	Total Soluble Phenols and Antioxidant Capacity 

	Statistical Analyses 

	Conclusions 
	References

