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Abstract

In this study, an analysis was made of how the variety and storage conditions influence the keeping of
tomatoes in the fresh conditions, in the post-harvest period. The fruits of three varieties of tomatoes were
stored in different technological conditions: at ambient temperature (20-22 °C), with and without air
ionization; at a temperature of 10-12 °C, with and without modified atmosphere; and at a temperature of 3-5
°C. The firmness of the pulp and some biochemical components were analysed, respectively the soluble dry
matter, the total sugar, the acidity and vitamin C. For the studied varieties the mass losses were appreciated and
losses due to rotten during the analysed period. The observations made during the storage of tomatoes in
different conditions confirmed that, in general, tomatoes are relatively easily alterable products, the storage
period being between 5 days and 15 days. The experimental research carried out showed the fact that the fresh
storage time of tomatoes varies significantly depending on the storage conditions but also depending on the
tomato variety investigated. The main problem was represented by the large volume of losses due to rotting
recorded in one of the varieties regardless of the storage conditions and also the very large differences in losses
due to rotting existing between the varieties within the same storage conditions.
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Introduction

Among the vegetable species, compared to the area cultivated with cabbage, the areas cultivated with
tomatoes in the field and in protected areas has the largest share in Romania. The importance of this crop lies
in the fact that tomatoes can be eaten both fresh and processed in different ways (Stan e 4l., 2003). Applied
cultivation technology must aim not only to obtain high yields, but also quality, and technological links must
take into account the destination of production (Alexe e /., 2013; Alexe ¢t al., 2015).

To assess the quality as well as the nutritional value of fruits, not only the physical and sensorial
characteristics (size, shape, colour, specific gravity, structure-texture firmness, aroma, taste, etc.) or
technological characteristics (storage capacity, resistance in transport and handling, the presence of disease or
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pest attacks, the remanence of some control substances, ctc.) but also the biochemical properties are taken into
account: water content, dry matter, sugar, acids, cellulose, vitamins, pigments, mineral salts, etc. (Salunkhe and
Kadam, 1998). The chemical composition of tomatoes depends, for each variety, on the soil chemistry (Neata,
2002; Anton et al., 2011; Cioroianu ez al., 2011; Alexe ez al., 2015) and the technological links applied to
culture. In addition, when creating new varieties and hybrids, it must be taken into account that they respond
differently both to environmental conditions and to the technological chains applied to the cultivation and
valorisation of the products (Draghici and Pele, 2012; Alexe ez 4l., 2015).

The storage capacity depends on the post-harvest quality of the products intended for storage and the
storage conditions. The chemical composition of tomatoes, which largely depends on soil chemistry, influences
the level of biochemical processes during storage and thus their storage capacity. In this paper are presented
some aspects regarding the influence of variety and storage technology, on the storage capacity of three varieties
of tomatoes usually used for tomatoes can production (‘Pontica’, ‘Viorica’, ‘Vipon’). Tomatoes were cultivated
at the Research and Development Institute for Vegetable and Floriculture Vidra, Romania.

Materials and Methods

The research protocol established a number of 15 experimental variants depending on the tomato
variety and storage conditions. The experimental variants are presented in Table 1.

Table 1. Experimental scheme for storing tomatoes

Variant Variety Storage conditions *)
V1 20-22°C
V2 20-22°C /IR
V3 ‘Pontica’ 10-12°C
V4 10-12°C/ MA
Vs 3-5°C
V6 20-22°C
v7 20-22°C /IR
V8 ‘Viorica’ 10-12°C
V9 10-12°C/ MA

V10 3-5°C
V11 20-22°C
V12 20-22°C /IR
V13 ‘Vipon’ 10-12°C
V14 10-12°C/ MA
V15 3-5°C

*) Legend: MA = modified atmosphere; IR = ionized radiation

Prior to storage, biometric measurements were performed, taking into account: average fruit weight,
height, diameter and shape index. During the experiments, the initial level and the evolution of some
biochemical components during storage were analysed, namely soluble dry matter, total sugar, acidity and
vitamin C. In Figure 1 it is shown the physical appearance of the three tomato varieties studied at the optimum
harvesting period.
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Figure 1. The aspect of tomatoes from the studied varieties
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Results

The biometric data of the three tomato varieties are presented in Table 2. It can be seen that they are
different for all the evaluation criteria, respectively: size, shape and weight of the fruits. The table shows that
for the ‘Viorica’ variety, the fruits were larger and heavier on average by 10.8 g/piece than the Pontica’ variety

and by 22.2 g/piece than the Vipon’ variety.

Table 2. Biometric data of three varieties of tomato

Length/height | Width/diameter Shape Average mass
No Variety g[m:n] ¢ [rilm] indfx [g/gpc]
1 ‘Pontica’ 56.1 55.5 1.01 99.5
2 ‘Viorica’ 63.3 56.7 1.12 110.3
3 Vipon’ 60.8 51.6 118 88.1

Data on the evolution of losses during storage of tomatoes are presented in Table 3. The storage periods
were, for all varieties, 5 days in the case of storage at 20-22 °C, 10 days for storage at 10-12 °C and 15 days ata
temperature of 3-5 °C. At ambient temperature, the tomatoes registered after 5 days of storage, mass losses of
2.66 to 4.48%, losses due to rotten of 8.94 to 36.72% and total losses of 11.60 to 41.20%, depending on the
variety. The V6 variant for ‘Viorica’ variety had the lowest values of mass losses, due to rotten and total (Figure
2), and the V1 variant of the ‘Pontica’ variety had the highest losses.

At ambient temperature with air ionized the tomatoes recorded after 5 days of storage, mass loss of 3.57
t0 7.52%, loss due to rotten of 11.16 to 29.13% and total loss of 15.23 to 36.65%, depending on the variety. In
the V2, V7 and V12, with air ionized variants, the mass losses were higher than in ambient conditions without
ionization. The level of losses due to rotten was also higher in the V7 and V12 variants of the Viorica’ and
‘Vipon’ varieties. However, the positive effect of air ionization was highlighted in the V2 variant of the ‘Pontica’
variety by lower losses due to rotten and total than in the case of storage at ambient temperature without
ionization.

At a temperature of 10-12 °C the tomatoes recorded after 10 days of storage, weight losses from 1.11 to
2.08%, losses due to rotten from 4.54 to 13.11% and total losses from 5.97 to 15.19%, in depending on the
variety. The V13 variant with tomatoes from the “Vipon’ variety presented the lowest mass losses, but the V8
variant with tomatoes from the ‘Viorica’ variety had the lowest losses due to rotten, being the best variant for
storing tomatoes by refrigeration (Figure 3). The worst refrigeration storage results were obtained by ‘Pontica’
tomatoes, which had the highest mass losses and losses due to rotten.
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Table 3. Losses during storage

Variant Variety Storage conditions S.toragc Mass losses Losses due to | Total losses
period [days] (%] rotten [%] [%]
Vi 20-22°C S 4.48 36.72 41.20
V2 20-22 °C +IR S 7.52 29.13 36.65
V3 ‘Pontica’ 10-12°C 10 2.08 13.11 15.19
V4 10-12°C+MA 10 0.30 14.20 14.50
V5 3-5°C 15 4.53 19.42 23.95
%4 20-22°C S 2.66 8.94 11.60
V7 20-22 °C +IR 3.57 11.66 15.23
V8 “Viorica’ 10-12°C 10 1.43 4.54 597
\% 10-12°C+MA 10 0.10 0 0.10
V10 3-5°C 15 2.29 7.20 9.49
V11 20-22°C 5 3.23 10.94 14.17
V12 20-22 °C +IR 3.89 27.26 31.15
V13 ‘Vipon’ 10-12°C 10 1.11 10.99 12.10
V14 10-12 °C+MA 10 0.08 0 0.08
V15 3-5°C 15 2.60 6.95 9.55

V7 with IR

VIORICA
Figure 3. Appearance of tomatoes V8 — refrigerated storage

(detail)

Figure 2. Appearance of tomatoes stored at room temperature (20-22 °C)

As a result of the increasing of CO, concentration, under conditions of modified atmosphere that was

achieved in airtight storage containers, containers which were then stored in spaces with a temperature of 10-
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12 °C, after 10 days there were mass losses of 0.08-0.30% and losses due to rotten of 0-13.11%, depending on
the variety.

The CO; concentration of the air in the storage containers was maintained at around 10% throughout
the storage period of the tomatoes. Under these conditions, all 3 variants, respectively V4, V9 and V14,
registered after a storage period of 10 days, extremely small mass losses (less than 1%). At the same time, the
losses due to rotten were among the lowest, being below the level of the other working variants. The lowest
values of mass losses and losses due to rotten were recorded for variants V9 and V14 of “Viorica’ and ‘Vipon’
varieties. The tomatoes of the two varieties kept very well under the given conditions, without any losses or

(Figure 4).
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Figure 4. Appearance of tomatoes — (10-12 °C) refrigerated storage + modified atmosphere

At a temperature of 3-5 °C, the tomatoes stored for 15 days had between 2.29% and 4.53% mass losses
and between 6.95% and 19.42% losses due to rotten, depending on the variety. Even in these conditions, the
‘Viorica’ and ‘Vipon’ varieties, respectively the V10 and V15 variants, presented lower losses than the V5 variant
of the ‘Pontica’ variety, a variety that registered the highest volume of mass losses and losses due to rotten in all

the storage conditions tested (Figure 5).

Figure 5. Appearance of tomatoes — (3-5 °C) refrigerated storage

The regression equation of the total losses on the storage options is shown in Figure 6, and that of the
losses due to rotten in Figure 7. The highest total losses were recorded in the V1 storage variant for the Pontica’
variety and the lowest in the V4 variant for the ‘Viorica’ and ‘Vipon’ varieties (see Figure 6). The equation that
most faithfully describes the variation of rotten losses depending on the storage variant, is the one for the
‘Pontica’ variety, the equation of regression being: y=3.0521x2-23.266x+58.74 (see Figure 7).
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The variation of total losses on the storage variants
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Figure 6. The regression equation of total losses on the storage variants

The variation of losses due to rotten on the storage
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Figure 7. The regression equation of losses due to rotten on the storage variants

The results regarding the initial level and the evolution of some chemical components during the storage
of tomatoes are presented in Table 4. Initially, at storage, the tomatoes had a content of 4.3-4.8% soluble dry
matter, 0.45-0.51% titratable acidity, 1.26-1.72% total sugar and 33.98 -37.78 mg/100 g vitamin C, depending
on the variety. The ‘Pontica’ variety had the highest content in titratable acidity and total sugar, and the
‘Viorica’ variety had the highest content of soluble dry matter and vitamin C.
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The dry matter content showed both decreases and increases during the storage of tomatoes depending
on the storage option. Thus, tomatoes of the ‘Pontica’ and ‘Vipon’ varieties showed especially increases, while
the tomatoes of the ‘Viorica’ variety registered mainly decreases of dry matter. The analysis of the variation of
indicators established by the research protocol shows that the dry matter content increased slightly for all
storage conditions, but in the case of refrigeration, the increase of dry matter content is more pronounced.
Tomatoes acidity decreased in all varieties, but in different proportions depending on the storage conditions,
all varieties generally maintaining the same evolution. The data show that the smallest decreases in acidity are
recorded for tomatoes stored with modified atmosphere, and the largest for those stored under non-modified
atmosphere refrigeration conditions.

The evolution of the total sugar content during storage was also different for each variety. Thus, if in the
‘Vipon’ variety, the sugar content increased in all storage variants, but in different proportions depending on
the storage conditions. For the other two varieties (‘Pontica’ and “Viorica’), it recorded both increases and
decreases, depending on the storage option. Increases were observed mainly in the ambient storage variants and
decreases in the cold storage conditions.

Table 4. Initial level and evolution of chemical components during storage

) : Stof'ajgc Selultlodlsy Acidity Total sugar Vitamin C
Variant Variety conditions matter (%] %] [mg/100 g]
[Cl [%]
- AT 4.3 0.51 1.89 33.98
V1 20-22°C 44 0.45 1.67 41.08
V2 . o, 20-22°C +IR 5.3 0.28 2.18 38.71
Pontica
V3 10-12°C 4.6 0.35 1.63 38.44
V4 10-12°C +MA 4.6 0.49 1.33 38.06
\% 3-5°C 4.8 0.32 1.57 42.74
- AT 4.8 0.45 1.72 37.78
V6 20-22°C 4.3 0.38 1.77 23.45
V7 - 20-22°C +IR 44 0.41 1.67 32.93
Viorica
A% 10-12°C 4.6 0.32 1.38 39.70
V9 10-12°C +MA 4.4 0.32 1.48 38.08
V10 3-5°C 5.4 0.29 143 40.01
- AT 4.3 0.51 1.26 35.25
V11 20-22°C 5.1 0.25 2.24 30.50
V12 ‘Vipon’ 20-22°C +IR 4.0 0.32 1.93 36.17
V13 10-12°C 4.4 0.32 1.48 39.19
V14 10-12°C +MA 4.9 0.42 1.94 37.33
V15 3-5°C 4.6 0.26 152 40.99

NOTE: AT = Ambient Temperature

The vitamin C content had a different evolution for each of the three tomato varieties. Thus, in the
‘Pontica’ variety it showed increases in all storage options, while in the “Viorica’ and “Vipon’ varieties there were
also increases and decreases depending on the storage option, keeping warm generally favouring the decrease of
vitamin C content. The reduction of the vitamin C content in case of storage at ambient temperature and its
increase in case of refrigeration or refrigerated storage are also highlighted by the average data obtained.

Regarding the variation of sugar content shown in Figure 8, it can be seen that the highest increase in
sugar concentration was recorded in the “Vipon’ variety V1 storage variant, followed by the ‘Pontica’ variety
stored in the V2 variant. Regarding the variation of the vitamin C content (Figure 9), it can be seen that the
biggest increase is in the case of storage in the V5 variant.
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Evolution of total sugar during storage
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Figure 8. Variation in total sugar content

Vitamin C evolution during storage
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Figure 9. Vitamin C content variation during storage

Regarding the firmness of the tomatoes (presented in Table 5), initially, in all three varieties there were
small differences between them, which indicated the existence of close degrees of maturity of the fruits
introduced in the experiments. The initial firmness was thus 85.95-100.30 penetrometric units, depending on
the variety, the Viorica’ variety having a slightly higher firmness compared to the other varieties studied. The
decrease in the firmness of the tomatoes was in the proportion of 8-48%, depending on the storage option. The
evolution of firmness was also different, from one variety to another. Thus, for the Pontica variety, the tomatoes
remained firm after 5 days of storage at ambient temperature, but in the presence of ionized air they softened
the most. In the ‘Viorica’ variety in which the tomatoes were initially firmer, there were decreases in firmness
with small variations (between 25-33%) depending on the storage conditions. Lower values were recorded for



storage variants V4 and V5. In the Vipon’ variety, the reduction in firmness was lower for storage at higher

temperatures and greater for storage at low temperatures.

Table 5. The evolution of tomato firmness during storage
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.. . . Decrease in
) . Storage conditions Storage period Firmness .
Variant Variety . . firmness
[°C] [days] (PU] .
[%]
- AT - 100.30 -
\%! 20-22°C 108.33 -8
V2 . o, 20-22°+IR 145.36 -45
Pontica
V3 10-12°C 10 119.72 -19
V4 10-12°C +MA 10 113.60 -13
A% 3-5°C 15 123.15 -23
- AT - 85.95 -
Vi1 20-22 °C 114.31 -33
V2 - 20-22°+IR 109.56 27
Viorica
V3 10-12°C 10 112.65 -31
V4 10-12°C +MA 10 108.45 -26
A5 3-5°C 15 107.50 -25
- AT - 98.30 -
V6 20-22°C 100.81 -3
V7 - , 20-22°+1IR 110.88 -13
Vipon
V8 10-12°C 10 124.95 27
V9 10-12°C +MA 10 145.25 -48
V10 3-5°C 15 128.90 -31

*PU-penetrometric unit = 0.1 mm

Conclusions

From the observations made during the storage of tomatoes in different conditions, it emerged that in
general tomatoes are easily perishable vegetables during fresh storage, the maximum storage time being from 5
to 15 days, depending on the storage conditions. The main problem during storage was the large volume of
losses caused by rotting, In one of the varieties, high losses were recorded regardless of the storage conditions.
It was also found that there were very large differences in losses due to rot between varieties stored under the
same conditions. At the same time, it was found that in almost all storage conditions, ‘Viorica’ tomatoes proved
to be the most resistant, presenting the lowest level of mass losses and losses due to rotting, The “Vipon’ variety
recorded similar results to the ‘Viorica’ variety under modified atmosphere refrigeration conditions and at low
temperatures. During storage, a decrease in firmness was found in all variants, but in different proportions
depending on the storage variant. Among the varieties studied, it turned out that in almost all storage
conditions, the Viorica’ variety proved to be superior to the other varieties, presenting a low level, especially of
losses due to rotting,
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