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Abstract
As a climacteric nature and fresh produce, tomato is highly perishable that needs smooth postharvest handling,
technologies and treatment methods to maintain its quality and extend shelf life. The aim of the study was to
explore the influence of different maturation stages and storage duration. The experiment was conducted in
Dilla University from April to May 2021 which consisted of five maturation stages and five storage duration
with three replications arranged in CRD factorial combination. Fifty fruits for each maturity stage were taken
and packed inside boxes and stored in refrigeration at 12◦C temperature and 95% relative humidity. Fruits
were evaluated for firmness, pH value, total soluble solids, titratable acidity and shelf life. The interaction
effects of maturation stage and storage period were highly significant in fruit firmness, titratable acidity, pH
value and shelf life. The highest firmness was observed in fruits harvested at full green stage (0% coloration)
during the initial storage period and declined when fruits get ripened and stored for prolonged period of
time. Total soluble solids and pH value increased simultaneously with advancing maturation stage and
storage duration. However, the content of titratable acidity increased up to half ripening stage and the second
week, followed by a diminishing trend when fruits fully ripened and stored for prolonged time. Therefore,
harvesting at the right maturation stage and proper postharvest handling of tomato fruits is vital to maintain
physicochemical quality and extend storability potential with obvious commercial interest.
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1 Introduction

Tomato (Solanum lycopersicum L.) is one of the
popular horticultural crops in Ethiopia (Yusufe et
al., 2017) and ranked first among all vegetables in
terms of its nutritional contribution with high biolog-
ical activity in the human diet (Suarez et al., 2018).
The issue of post-harvest losses is of high impor-
tance in the efforts to combat hunger, raise revenue
and improve food security in the world’s poorest
countries like Ethiopia. One-third of food produced
for human consumption is lost or wasted globally,
which amounts to about 1.3 billion tons per year

(Gustavsson et al., 2011) due to post-harvest losses.
In Ethiopia the highest postharvest loss (45.3%) is
recorded in tomato fruit (Kasso and Bekele, 2018).

Tomato as a climacteric fruit, its ripening process is
a genetically programmed of events that terminates
with senescence (Al-Dairi et al., 2021; Tiwari et al.,
2020). Postharvest factors such as transpiration, fun-
gal infection, acceleration of the ripening process
and senescence could affect the quality parameters
of tomato fruit. Preservation treatments (Alyousuf
et al., 2021; Chavan and Sakhale, 2020), posthar-
vest handling technologies (Dyshlyuk et al., 2020;
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Aghadi et al., 2020; Changwal et al., 2021) and low
temperature are the effective mechanisms to reduce
ethylene production (Riudavets et al., 2016).

The main features of tomato such as rapid ripening
rate and high perishability shortened the shelf life
and rapid loss of qualities (Paul and Pandey, 2013;
Opara et al., 2011). Ethylene hormone is considered
as trigger of a wide range of physical, physiological
and biochemical changes in tomato. The ripening
process is accelerated by ethylene and this endoge-
nous production of that hormone results in short
postharvest life (Tiwari et al., 2020). The effect
of the ripening stage on the postharvest quality of
tomatoes can further be compounded by sub-optimal
handling such as rough handling, poor sanitation and
warm storage temperatures, which provide opportu-
nities for huge losses (Al-Dairi et al., 2021; Abera et
al., 2020; Chavan and Sakhale, 2020; Gatahi, 2020).

Tomato fruits are harvested at different ripening
stages from mature green to red coloured depending
on the market requirements (Njume et al., 2020) and
consumer preferences (Tolasa et al., 2021). When
fruits are harvested at early maturity stages, they
may not have developed the ability to produce much
flavour. On the other hand, if fully ripened fruits

were harvested, they would have a very short posthar-
vest life (Changwal et al., 2021).

Even though there are several research findings in
tomato pre and postharvest handling and process-
ing technologies, there is limited information on the
influence of maturity stages and storage duration
on retaining the postharvest physicochemical qual-
ity properties and extending shelf life. Therefore,
the purpose of this study was to mitigate the huge
postharvest loss between producer and consumer
mainly aimed to evaluate the response of tomato
fruit quality and shelf life, harvested at different ma-
turity stages and cold stored for prolonged periods.

2 Materials and Methods

2.1 Experimental Site Description

The experiment was carried out from April to May
2021 at Dilla University, which is located at 6◦25′25′′

N latitude and 38◦16′45′′ E longitudes. Dilla has an
altitude of 1434 meters above sea level and found
in 361km south of Addis Ababa, the capital city of
Ethiopia. The temperature and relative humidity of
the storage refrigerator were 12◦C and 95%, respec-
tively.

Figure 1. Research site (Blue color: SNNPRS; Green color: Dilla Zuria wereda)
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2.2 Experimental Design and Treatments

The treatments were comprised of tomato fruit (plum
variety) harvested at five maturity stages (0, 25, 50,
75, 100% colourations) and stored for four weeks
(0, 1, 2, 3 and 4 weeks) under cold storage at 12◦C
temperature and 95% relative humidity. The treat-
ments were combined in complete randomized de-
sign (CRD) factorial experiment, resulting in a total
of 25 treatment combinations with three replications
and 75 total observations (5*5*3). Each treatment
consisted of fifteen fruits per replication packed in
card board boxes for storage.

2.3 Experimental Procedures

Fruits of tomato were harvested from greenhouse in
different maturity stages determined in the field by
fruit colouration guide plus days from anthesis. The
fruits were harvested manually with care to minimize
mechanical injuries or damage at 0% colouration
(full green), 25% colouration, 50% colouration (half
ripened), 75% colouration, and 100% colouration
(completely ripened). After harvest, tomato fruits
were immediately transported using plastic crates
and held at 12◦C temperature and 95% relative hu-
midity. Fruits with bruises, sign of infection or those
different from the group were discarded from the
samples. The fruits were also washed with tape
water, surface dried with soft cloth and subdivided,
sorted, weighed and stored in three refrigerators as
technical replication. All fruits were packed using a
card board box for all treatments separately.

2.4 Data Collection Procedures

Samples of tomato fruits were randomly taken from
each treatment for physicochemical quality assess-
ments. First, data were measured at the initial stage
of storage period and subsequent records were taken
each week. Fruit quality data were collected for firm-
ness, total soluble solids, titratable acidity, pH value
and determined the storability potential of tomato
fruits.

2.4.1. Fruit Firmness

Fruit firmness was measured using texture analyzer
according to Xie et al. (2009). The firmness
measurement was carried out using a cylindrical
stainless-steel probe of 2mm in diameter. The speed
of the probe was set at 1mm.s−1. Puncture tests were
carried out on rectangular fruit pieces taken from
the two opposite equatorial sides of the same fruit.
Three tomato fruits were analyzed per replication
and results were expressed in Newton per pod.

2.4.2. Total Soluble Solids (TSS)

Juice of tomato fruits was extracted from three fruits
in a blender as described by Cherono et al. (2018).
The homogenized sample was filtered using funnel
with filter paper in a beaker. The filtrate was taken
for TSS determination using digital refractometer in
oBrix by placing a few drops of clear tomato juice
on the prism surface. Between samples, the prism
of the refractometer was cleaned thoroughly, rinsed
with distilled water and dried using soft tissue paper.

2.4.3. Titratable Acidity (TA)

10ml juice of tomato fruit was extracted from three
fruit samples, 90ml of distilled water was added and
then homogenized in a blender. The homogenized
sample was filtered by funnel with filter paper in a
beaker. The titratable acidity of tomato was mea-
sured by titration instrument using NaOH (0.1N) as
a standardized titration solution (Teka, 2013). The
NaOH was slowly titrated into the juice-water solu-
tion. When the point of neutrality or the end point
of titration was reached at pH of 8.2, the amount of
NaOH used on the burette read off and recorded to
calculate the TA using the following formula.

TA(g) = (Titre ∗ 0.1N NaOH ∗ 0.67)
1000

∗ 100

2.4.4. pH Value

10ml juice of tomato was extracted from three fruits
and 90ml distilled water was added and homoge-
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nized in a blender as described by Cherono et al.
(2018). The homogenized sample was filtered using
funnel with filter paper in a beaker and the pH value
of the filtrate was measured using pH meter with the
application of the electrode directly in to the blended
pulp. The electrode was removed and rinsed in dis-
tilled water to make it ready for the next sample test.

2.4.5. Shelf Life

The shelf life of tomato fruits was evaluated by count-
ing the number of days required to attain the last
stage, but up to the stage when fruits remained still
acceptable for marketing as described by Pila et al.
(2010). It was decided based on the appearance and
spoilage of fruits. When 50 percent of fruits showed
symptoms of shrinkage or spoilage due to pathogens
and chilling injury, that lot of fruits was considered
to have reached end of shelf life.

2.5 Statistical Analysis

The experiment was subjected to two-way analysis
of variance in complete randomized design and data
were analysed using R program (version 4.1.4, 2021).

Analysis of variance was performed to determine the
effect of independent variables (maturity stage and
storage duration) on the dependent variables (TSS,
TA, pH value, firmness and shelf life) at a 5% signif-
icance level (P < 0.05). To determine the significant
differences between treatment means, fisher’s range
test was applied. Correlation analysis was also com-
puted to see the relationship between the principal
components.

3 Results and Discussion

3.1 Fruit Firmness

The interaction effect of maturity stage and storage
duration on tomato fruit firmness shown high signifi-
cance (P < 0.001). The highest firmness (82.89 N)
was observed in fruits harvested at 0% maturation
stage (full green) during the initial storage period,
followed by fruits harvested at 0% maturation stage
stored for one week (74.14 N) and 25% maturation
stage at the initial storage period (73.74 N). On the
other hand, the minimum values of tomato fruit firm-
ness were recorded at 100% maturation stage (fully
ripened) during the fourth (16.49 N) and third (22.46
N) weeks, respectively (Figure 2).

Figure 2. Response of tomato fruit firmness to maturity stage and storage duration
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Fruit firmness was in an increment trend with declin-
ing maturity stages and storage duration (Figure 2).
Fruits harvested at the full green stage were firmer
by 46.31% than fruits harvested at complete ripened
stage. The finding of this study is incoherence with
several research results (Tolasa et al., 2021) who
stated that fruit firmness is deteriorated with increas-
ing ripening stages. The apparent decline in fruit
firmness with increased maturity stage might be due
to cell wall softening directly influencing the levels
of fruit firmness. It is also in agreement with the
result of Pila et al. (2010) who reported that de-
crease in texture is due to the activity of softening
enzymes such as pectin methyl esterase (Chuni et
al., 2010). This could also be due to the presence
of hemicelluloses and pectin substances that lead to
disruption and loosening of the cell walls (Paul and
Pandey, 2013).

Tomato fruit firmness reduced throughout the stor-
age periods. The highest value of fruit firmness was
reported at the initial storage time and the lowest
value during the fourth week. This result is in agree-
ment with several research findings (Tolasa et al.,
2021; Chavan and Sakhale, 2020; Moneruzzaman
et al., 2008). The decline in firmness of tomato
fruits during increase storage periods could be due
to high respiration rate, weight loss and enzymatic
changes (Cantwell et al., 2009). It was indicated
that the high-water content of fruits might have pro-
vided high turgidity and resulted in high fruit firm-
ness at the initial storage period (Tolasa et al., 2021).
Tomato fruit firmness had very strong negative cor-
relation (r =−0.97∗∗∗) with total soluble solids and
pH value (r =−0.95∗∗∗) while positive correlation
(r = 0.56∗∗) with titratable acidity (Figure 3).

Figure 3. Correlation between firmness and total soluble solids of tomato fruit

3.2 Total Soluble Solids (oBrix)

The main effect of maturity stage and storage period
in tomato total soluble solid shown highly significant
difference (P < 0.001); while the interaction effect
was non-significant (P > 0.05). The data presented
in figure 4 vividly depicts that TSS of tomato was
influenced by maturity stage and storage duration.

TSS content increased with advancing in maturity
stages. The mean TSS of tomato fruit harvested at
0, 25, 50, 75 and 100% maturation stages were 2.60,
3.60, 4.65, 5.62 and 6.59 oBrix, respectively. The
maximum TSS value recorded at fully ripened stage
was higher by 39.45% compared to fruits harvested
at full green stages.
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The TSS content in this study is in alignment with
several research findings (Tolasa et al., 2021) who
reported an increasing trend in TSS content as the
maturity stages increased. The increment in TSS
might be due to disassociation of some molecules
and structural enzymes to soluble compounds, which
directly influence the levels of total soluble solids

(Dyshlyuk et al., 2020; Chuni et al., 2010). The in-
crease in TSS during successive stages of maturation
could also be due to the degradation of polysaccha-
rides to simple sugars thereby causing a rise in the
level of TSS (Tolasa et al., 2021; Moneruzzaman et
al., 2008; Zapata et al., 2008).

Figure 4. Response of tomato fruit total soluble solid to maturity stage and storage duration

Like maturity stages, TSS of tomato fruits was also
influenced by storage duration. TSS content in-
creased alongside storage duration. This result is
in line with reports of Al-Dairi et al., 2021, Tolasa
et al., 2021, Pila et al., 2010; Cantwell et al., 2009)
who found that an increase in total soluble solids dur-
ing prolonged storage periods. The increment in the
TSS content for stored fruits was probably due to in-
creasing of respiration and metabolic activity. In this
regard Pila et al. (2010) found that higher respiration
also increases the synthesis and use of metabolites
resulting in higher TSS due to the higher change
from carbohydrates to sugars. It could also be due to
fruit senescence, degradation and high weight loss
(Cantwell et al., 2009) and the hydrolytic changes
in starch concentration (Gyanendra, 2012) during
storage which may lead to higher concentration of
sugars in fruits.

3.3 Titratable Acidity (%)

There was a highly significant (P < 0.001) differ-
ence in the interaction effects of maturity stage and
storage duration on titratable acidity (TA) of tomato
fruits (Figure 5). The maximum (1.51%) and min-
imum (0.27%) TA values of tomato fruit were ob-
served at 50% maturation stage stored for one week
and 100% maturation stage at the fourth week of
storage time, respectively. TA values increased from
full green to 50% maturation stages followed by a
gradual declining when fruits ripening to the com-
pletely coloured stage throughout all storage dura-
tion. This result is in line with Al-Dairi et al. (2021),
Zapata et al. (2008), Moneruzzaman et al. (2008)
and Cantwell et al. (2009) who reported that TA
increased with increasing in storage time; and the
highest TA values were found in fruits harvested at
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maturation stage than green fruits. In addition, To-
lasa et al. (2021) stated that tomato fruit titratable
acidity decreased with advancing in maturity stages,
and the maximum acidity was found in half-matured
tomato and declined in fully ripened fruits. The re-

duction in titratable acidity during storage might be
due to the fruits undergoing the ripening process
which diminished its malic acid and favoured the
formation of sugars (Moneruzzaman et al., 2008).

Figure 5. Response of tomato titratable acidity to maturity stage and storage duration

Regarding to the storage duration, there was an in-
crement in titratable acidity until the first week fol-
lowed by a decreasing trend with increasing storage
period. This finding agrees with reports of Tolasa
et al. (2021) and Anthon et al. (2011) who ob-
served that titratable acidity of fruits increased to
some extent and then decreased with prolonged stor-
age periods. As confirmed by Anthon and Barrett
(2012), this could be due to higher rate of respira-
tion and fruit senescence during increasing storage
period that might have utilized titratable acids as a
substrate for catabolic process. This is in line with
the work of Chavan and Sakhale (2020) who stated
that the decrease in TA value during prolonged stor-
age period is due to the rise in respiration rate that
might necessitate using more organic acids in the
respiration process. In accordance with the reports
of Dyshlyuk et al. (2020), fruits might utilize the
acids during the storage so that the acid in the fruits

during prolonged storage periods decreases. This
fact has been further substantiated by Tolasa et al.
(2021) who observed that the change in titratable
acidity during prolonged storage was mainly due to
the metabolic activities of living tissues which takes
place depletion of organic acids.

3.4 pH Value

The interaction effect of maturity stage and storage
duration on pH value of tomato fruits shown highly
significant (P < 0.001) difference (Table 1). The
pH of tomato fruits progressively increased with
increasing in storage duration. The highest (7.34)
and lowest (2.87) pH values of tomato fruit were
observed at 100% maturation stage stored for four
weeks and 0% maturation stage at the initial storage
period, respectively. pH values increased from full
green to full maturation stages throughout all storage
duration.
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Table 1. Interaction effect of maturity stage and storage duration on tomato pH-value (mean ± sd)

Maturity Stage Storage Duration (Weeks)
Mean

(%) 0 1 2 3 4

0 2.87±0.05r 3.36±0.02p 3.89±0.08n 4.17±0.11kl 4.49±0.05 j 3.74±0.06
25 3.16±0.05q 3.76±0.08o 4.24±0.05k 4.48±0.12 j 5.02±0.10h 4.13±0.08
50 3.70±0.02o 4.08±0.06lm 4.81±0.05i 5.07±0.06h 5.55±0.08 f 4.64±0.05
75 4.03±0.06m 4.48±0.12 j 5.18±0.05g 5.57±0.05 f 6.31±0.14c 5.11±0.08
100 4.59±0.12 j 5.86±0.09e 6.20±0.11d 6.86±0.08b 7.34±0.06a 6.17±0.09

Mean 3.67±0.06 4.30±0.07 4.86±0.07 5.23±0.08 05.74±0.09

P-Value ***
LSD 0.11

CV (%) 1.69

This finding is in agreement with Tolasa et al. (2021)
who reported that pH content increased with advanc-
ing in ripening stages of tomato fruit. The rise in pH
value during increasing fruit ripening stage was prob-
ably due to the decline of titratable acidity. This is in
line with Anthon et al. (2011) who reported that the
increase in pH value was paralleled by a decrease
in titratable acidity, due to loss of respiratory citric
acid. In contrast, Fawole and Opara (2013) reported
that there was no significant difference in pH values
during maturity stages of tomato fruits.

The highest pH value of tomato fruit was observed

on the fourth week while the lowest pH value was
recorded in the initial storage time. This result is in
line Tolasa et al. (2021) who reported that days of
storage induced to increase pH of fruit juice. It was
also confirmed by Al-Dairi et al. (2021) who found
that there is an increment in pH value of tomato
fruit during advancing in storage duration. The in-
crease in the pH of stored fruits might be due to
decreasing in acidity of the fruit and metabolic ac-
tivity. Tomato pH value had a very strong positive
correlation (r = 0.90∗∗∗) with total soluble solids
(Figure 6).

Figure 6. Correlation between pH value and total soluble solids of tomato fruits
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3.5 Shelf Life

The interaction effects of maturity stage and storage
duration on shelf life of tomato fruits shown highly
significant difference (P < 0.001) (Table 2). The
maximum shelf life was recorded at 50% matura-
tion stage (30.65 days) followed by 25% maturation

stage (27.62 days) stored for four weeks while the
minimum shelf life was observed at full green stages
during the initial storage period (12.27 days) and
week one (14.46 days). At the initial storage periods,
fruits harvested at 0% and 100% coloration stages
end their shelf life due to rotting, wilting, chilling
injury and development of spots on the fruit skin.

Table 2. Interaction effect of harvesting stage and storage duration on mean shelf life (days)

Maturity Stage Storage Duration (Weeks)
Mean

(%) 0 1 2 3 4

0 12.27k 14.46 j 15.26i 16.76h 18.51g 15.45
25 18.41g 22.98e 24.34d 25.63c 27.62b 23.80
50 21.15 f 24.35d 25.85c 27.41b 30.65a 25.88
75 16.52h 18.87g 22.65e 24.43d 25.65c 21.62
100 15.26i 16.73h 17.17h 21.24 f 23.56e 18.79

Mean 16.72 19.48 21.05 23.09 25.20

P-Value ***
LSD 0.69

CV (%) 11.27

The results are in line with the findings of several
researchers (Changwal et al., 2021; Tolasa et al.,
2021; Pila et al., 2010), who reported that tomato
fruits harvested at half ripened stage had a better
shelf life than the unripe and full red tomato fruits.
This could be due to the high weight loss percentage
and respiration rate of completely ripened fruits and
lack of a well-developed fruit cuticular wax layer at
full green stage which in turn might have resulted in
lower shelf life. Moreover, the increasing trend in
overall shelf life of fruits during prolonged storage
period might be due to the presence of refrigeration
storage equipment. This reality is supported by Cha-
van and Sakhale (2020) who found that refrigeration
is used to reduce spoilage and extend the shelf life
of fresh fruit and vegetables by slowing down the
metabolism and reducing fruit deterioration.

4 Conclusion

In the investigation of the effect of maturity stages (0,
25, 50, 75 and 100% fruit colouration) and storage

duration (0, 1, 2, 3 and 4 weeks) on fruit firmness,
total soluble solids, titratable acidity, pH value and
shelf life of tomato fruits, there was a significant dif-
ference in the main or interaction effects. The inter-
action effect of maturity stage and storage duration
was highly significant (P < 0.001) in titratable acid-
ity, pH value, fruit firmness and shelf life. The main
effects of maturity stage and storage duration on to-
tal soluble solids shown highly significant difference
(P< 0.001). TSS and pH value increased while fruit
firmness and the storability potential of tomato fruits
declined with advancing maturity stages. Fruits har-
vested at 50% and 25% colouration stages had the
highest titratable acidity and shelf life across all stor-
age duration which could be used for long distance
marketing.
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