
Journal of Postharvest Technology 
  03 (03): 074-081, July’ 2015 

 www.jpht.info 

*Email: ericarthur.arthur@gmail.com             ISSN 2348-4330 

Effect of Maturity Stage and Postharvest Calcium Chloride Treatment on the 
Quality and Storage Life of Tomatoes (Lycopersicon esculentum Mill) 

Eric Arthur1*, Ibok Oduro 1 and Patrick Kumah 2 
 

1 Department of Food Science and Technology, Kwame Nkrumah University of Science and Technology, 
Kumasi-Ghana 

2 Department of Horticulture, Kwame Nkrumah University of Science and Technology, Kumasi-Ghana 
 

 
Received :  24.12.2014 
Revised   :  08.04.2015 
Accepted : 10.05.2015 
 
 
 
 
 
 
 
Keywords 
 
Maturity stages 
postharvest 
quality 
storage life  
 

Abstract 
The general purpose of this study was to determine the postharvest quality and 
storage life of tomato fruit harvested at 3 maturity stages (breaker, pink and 
light red stage) and dipped in different concentrations of CaCl2 (0%, 2% and 
6% CaCl2) for 30 minutes. Fruits harvested at the pink stage retained 
significantly (P < 0.05) greater weight, higher amount of titratable acidity and 
vitamin C than fruits harvested at the light red stage at day 12. All calcium 
chloride treated fruits showed a significant (P < 0.05) delay in the changes of 
weight loss, firmness, decay, titratable acidity and vitamin C as compared to 
the control. Tomatoes harvested at the pink stage and dipped in 6% CaCl2   
maintained significantly (P < 0.05) lower weight loss and decay, and as well 
retained higher firmness and vitamin C content of the fruits leading to the 
extended storage life of the tomato fruit. Therefore, farmers and marketers of 
tomato fruits could extend the storage life and reduce weight loss, vitamin C 
loss and fruit softening by harvesting at the pink stage and dipping in 6% 
CaCl2. This will enhance the flexibility of farmers and traders as to when and 
where to market their fresh tomatoes in order to make the maximum profit. 

INTRODUCTION 

Tomato (Lycopersicon esculentum Mill) is widely 
cultivated in Africa and the world at large 
(Norman, 1992) with the world’s cultivated area of 
more than 5 million hectares and its production of 
about 129 million tons (FAO, 2010). It is also 
consumed in larger quantities compared to other 
vegetable in the world. In Ghana, it is regarded as 
an obligatory ingredient in the daily meal of the 
majority of the people, since one will hardly go 
through the day without eating tomato product 
(Ellis et al., 1998). Tomato is used in both local 
and continental dishes and can be consumed fresh 
as in salad or cooked as in sauces and soups, fresh 
tomatoes may also be processed into purees, juices 
and ketchup (Siddiqui et al., 2014, 2015a). 
According to Babalola et al. (2010), tomato is one 
of the important sources of vitamin C, carotenoids 
and other minerals such as iron and phosphorous 
necessary for healthy growth.  

Despite these applications and benefits of tomatoes, 
Mutari and Debbie (2011) reported that, various 
factor such as physical injuries, high storage 
temperature, high moisture content and high 
ethylene production limit its storage life. Power, a 
cultivar of tomatoes has been reported to be the 
most perishable cultivar of tomato in Ghana, even 

though it is widely cultivated in Ghana (Nyamah, 
2011). The perishable nature of this cultivar 
(Power) and its associated consequences 
necessitate an exploration into appropriate 
postharvest technologies to extend the storage life 
without compromising the quality. 

One other approach to maintain quality and extend 
the storage life of tomato is to treat the whole fruit 
with calcium chloride solution. However, there had 
been disparities in the recommended concentrations 
of calcium chloride (CaCl2) for maintaining quality 
and prolonging storage life of fruits. Whilst 
Nirupama et al. (2010), recommended lower 
concentration such as 1.5% CaCl2, Senevirathna 
and Daundasekera (2010) recommended higher 
concentration such as 6% CaCl2. Extending the 
storage life of tomatoes may enable growers, 
wholesalers and retailers of tomatoes to have a 
relatively longer period of time to transport and 
market their produce before losses occur, thus 
culminating in higher income returns for growers 
and country (Olayemi et al., 2010, Siddiqui et al., 
2015b). 

The overall objective of this study therefore, was to 
determine the effect of harvesting tomato fruits at 3 
different stages of maturity and dipping in different 
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concentrations of CaCl2 on the quality and storage 
life. 

MATERIALS AND METHODS 

Tomato fruits (Power cultivar) were harvested at 
different stages of maturity (breaker, pink and light 
red) based on the colour of the pericarp (USDA, 
2010). Fruits were harvested with the calyx 
attached from a tomato field at Kumawu in the 
Ashanti Region of Ghana. The harvesting was done 
7 weeks after transplanting. After sorting and 
grading, fruits from each of the three stages of 
maturity were packed into separate wooden boxes 
with ventilation holes. The tomatoes were then 
transported within 3 hours to the laboratory of the 
Department of Horticulture-KUNST, Kumasi-
Ghana. This study was carried out during the 
period of July and August, 2013 after a preliminary 
experiment in June 2013 at the same location. The 
average temperature and relative humidity were 
31±2 oC and 83±3%. 

The first stage of the study was a preliminary stage, 
which involved dipping tomato fruits in 2% and 
6% CaCl2 aqueous for 30, 40 and 60 minutes. The 
fruits were monitored for skin injuries. Fruits 
dipped for 40 and 60 minutes showed signs of skin 
injuries. Therefore, the 30 minutes dip time was 
selected for the next stage of the study. The second 
stage involved harvesting tomato fruit at different 
maturity stages (breaker, pink and light-red stage) 
and dipping in different concentrations of calcium 
chloride (2% CaCl2, 6% CaCl2 and Control). Fruits 
harvested at each stage of maturity were dipped in 
different concentrations of CaCl2 for 30 minutes. 
All treated fruits were then allowed to air dried 
under ambient conditions with the aid of a ceiling 
fan to ensure that all treatments were completely 
dried. The CaCl2 treated samples and the control 
were all stored in a well-ventilated storage box in 
the laboratory. The following postharvest qualities 
were monitored during the storage period. 

Parameters Monitored: 

Mechanical Damage of fruits from each stage of 
maturity was determined by assessing for the 
presence of cut, bruises and compression damage. 
Mechanical damage was assessed only upon arrival 
of the samples from the farm. The value was 
expressed in percentage of the total number of fruit 
in that stage of maturity (Appiah et al., 2012).  

Weight loss was determined by weighing fruits 
daily and the difference in weight loss were 
expressed as a cumulated percentage of weight loss 
from the initial weight of the fruit (Nirupama et al., 
2010) 

Decay was determined by visual observation. 
Decay was expressed as accumulated percentage of 
the total fruit decay divided by the initial fruit 
number stored and the results expressed in 
percentage (Nirupama et al., 2010; Nasrin et al., 
2008). 

TSS was determined by the use of digital 
refractometer (Reed MT-032 Brix Refractometer, 
Taiwan) and the value reported as Degree Brix 
(Nirupama et al., 2010). 

Firmness of fruits was measured by the use of 
penetrometer (FT 327, Effegi, Italy) and the value 
was expressed in Newton (Kumah et al., 2011). 

Titratable Acidity measurement: 10ml of juice 
from the various samples were titrated with 0.1M 
NaOH and the result is expressed in percentage 
citric acid (Mohammadi-Aylar et al., 2010). 

Vitamin C was determined by using the 2, 6-
Dichloroindophenol Titrimetric method and the 
results reported as mg/100g of tomato fruit 
(AOAC, 2006).  

Storage Life was determined by monitoring, the 
period taken for decay symptoms to commence 
(Kumah et al., 2011). 

EXPERIMENTAL DESIGN AND 
STATISTICAL ANALYSIS 

A 3x3 factorial Complete Randomized Design 
(CRD) with 3 replications was used. The data 
generated were subjected to analysis of variance 
(ANOVA) using GenStat statistical software 
version 12. Significant differences were assessed at 
5% (p ≤ 0.05) level of significance and the mean 
was separated using least significant difference 
(LSD) procedure. Correlation analysis was carried 
out to determine the association between the 
quality parameters using GenStat statistical 
software version 12. 

RESULTS AND DISCUSSIONS 

Mechanical Damage 

The results on mechanical damage from this study 
are shown in Figure 1. From the results, fruits 
harvested at the breaker stage recorded the lowest 
percentage of physical injuries (7.25%) followed 
by fruits harvested at pink stage (9.04%) and light 
red (17.56%) as indicated in Figure 1. The level of 
mechanical injuries (%) recorded by the light red 
stage were significantly higher (P < 0.05) than 
fruits harvested at pink and breaker stage. 
However, there was no significant difference (P ≥ 
0.05) in mechanical damage between fruits 
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harvested in breaker and pink of maturity. The 
higher level of mechanical damage recorded in the 
fruits harvested at the light red stage could be 
attributed to the softening of tomato skin which is 
associated with the ripening of tomato fruit. 
Physical injury serves as the entry point to the 
spoilage organisms and the opening areas also 
promote the release of moisture from the damage 
fruit, this eventually accelerate the rate of weight 
loss, shrinkage and decay (Adah, 2012).  

Figure 1: Influenced by stage of maturity on the 
% mechanical damage of tomato fruits 

 

Mohammadi-Aylar et al. (2010) reported positive 
correlation between percentage of physical injury 
and the development of ripening stage, which 
means that as the fruit ripens, its susceptibility to 
physical injuries also increases. Babarinsa and Ige 
(2012) also stated that, fruit harvested at the 
advanced stage of ripening were more vulnerable to 
compression damage. Injuries in the form of cuts, 
compression, split or bruises may destroy the 
physical integrity of the fruit. If this skin barrier is 
broken through physical injuries, then the fruit’s 
physical protection is compromised and thus makes 
the fruit more susceptible to decay. Therefore, 
harvesting tomato fruit at the breaker and the pink 
stage has the potential to reduce mechanical 
injuries compared to light red stage, and controlling 
the amount of mechanical injury is one of the ways 
to increase food safety by lowering the potential for 
microbial infestation. 

Weight Loss 

There was a significant (P < 0.05) increase in 
weight loss in all the treatments from day 1 to day 
12. Within the same stage of maturity, tomato fruits 
dipped in CaCl2 solution recorded a significantly 
lower weight loss compared to fruits without CaCl2 
treatment (control) during the storage period. 
Tomato fruits harvested at the breaker or pink stage 
and dipped in 6% CaCl2 recorded a significantly 
lower weight loss during the storage period as 
shown in Table 1. 

Table 1: Effect of maturity stage and 
postharvest CaCl2 concentrations on the weight 
loss (%) of tomato fruits stored for 12 days at 
temperature and relative humidity of 31±2 oC 
and 83±3% 

 

*Means with the same letters within a column 
are not significantly different at 5% using LDS 

There was a general increase in weight loss in all 
the treatments from day 1 to day 12. The calcium 
treated fruits recorded significantly (P < 0.05) 
lower weight than the control as indicated in Table 
1. The differences in weight loss among the three 
stages of maturity were not significant (P > 0.05). 
The significantly higher weight loss recorded by 
the fruits without CaCl2 treatment (control) as 
compared to fruits treated with 2% and 6% calcium 
chloride could be attributed to the network 
formation of calcium with the pectin in the fruit 
cell wall to restrict moisture loss (Genanew, 2013). 
The calcium might have also reduced physiological 
processes in the treated samples which retarded the 
rate of moisture loss. Transpiration is the main 
process that account for weight loss in most fresh 
produce. In tomato fruit, about 92-97% of the 
weight loss is attributed to transpiration (Zhiguo et 
al., 2011). Therefore, the significantly lower 
weight loss in the calcium treated samples may be 
due to the lower transpiration rate which leads to 
less water loss. According to Genanew (2013), 
weight loss is mainly due to water loss from the 
fruit and may also imply loss of saleable weight 
and volume. The higher weight loss in the control 
samples led to shrinkage, metabolic stress and 
eventually decay which reduced their storage life. 

Firmness 

The results shown in Table 2 indicated consistent 
decrease in fruit firmness in all the stages of 
maturity from day 1 to day 12. However, the 
firmness of both the breaker and the pink stage 
fruits was significantly (P < 0.05) higher than that 
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of fruits harvested at the light red stage. In all the 
stages of maturity, fruits dipped in 6% CaCl2 
recorded a significantly higher level of firmness 
than fruits dipped in 2% CaCl2 and the control at 
day 9 and 12 as shown in Table 2. This may be 
attributed to the difference in the fruit cell wall 
strength. Generally as fruit ripens it becomes soft 
and the fruit cell wall is firmer in the breaker and 
the pink stage than in the light red stage at day 12. 
Manganaris et al. (2007) stated that, ripening of 
fruit is generally associated with softening and the 
softening results from the cell wall disruption. 
According to Ranatunga et al. (2009), when both 
ripe and unripe fruit are subjected to the same level 
of damage, usually the ripe tomato is more 
vulnerable to mark losses in firmness.  

Table 2: Effect of maturity stage and 
postharvest CaCl2  concentrations on  the 
firmness (N) of  tomato fruits stored for 12 days 
at temperature and relative humidity of 31±2 oC 
and 83±3% 

*Means with the same letters within a column 
are not significantly different at 5% using LDS 

From the study, the firmness of fruit treated with 
6% CaCl2 was significantly higher than fruits 
treated with 2% CaCl2 and the control. There was a 
general decrease in firmness in all treatment; 
however the light red control had a significantly (P 
< 0.05) lower firmness as compared to pink fruits 
dipped in 6% CaCl2 at day 12 as shown in Table 2 . 
The lower firmness in the control may be attributed 
to the rapid metabolic processes in the control 
compared to the treated samples. According to 
Nirupama et al. (2010), the decrease in firmness of 
fruit may be as a result of cell wall carbohydrate 
metabolism during storage which further increases 
the susceptibility of the fruit to decay. A study by 
Anthon et al. (2005) also indicated that, the 
calcium salt binds to block the free carboxylic acid 
group along the polygalacturonic acid back of the 
pectin to form cross-link between pectin chains. 
Therefore, the firmer texture is as a resulted from 
increased cross-linking in the middle lamella which 
led to greater adhesion between cells. Thus, the 
calcium eventually inhibited the activities of 
polygalacturonase resulting in much firmer texture 

compared to tomato that received no calcium 
treatment. 

Total Soluble Solids (TSS) 

At day 0, fruits harvested at the red stage had a 
significantly higher TSS followed by fruits 
harvested at the pink stage with breaker stage 
recording the lowest level of TSS. The results from 
the study also showed a general increase in TSS in 
all the stages of maturity during storage as 
indicated in Table 3. At day 4 and 8, fruits 
harvested at the breaker stage and dipped in 2% 
and 6% CaCl2 recorded significantly lower TSS 
than the light red without CaCl2 treatment as shown 
in Table 3. However, at day 12, there were no 
significant differences in all the treatment. In a 
similar study by Helyes et al. (2006), they stated 
that, the amount of soluble solid in the fruit was 
known to increase with maturation. This could be 
attributed to the conversion of starch to sugar 
during ripening. According to Getinet et al. (2008), 
fruit harvested at the matured green stage had the 
lowest TSS level, whilst fruit harvested at light red 
stage had the highest TSS. 

Table 3: Effect of maturity stage and 
postharvest CaCl2 concentrations on the TSS 
(oBrix) of tomato fruits stored for 12 days at 
temperature and relative humidity of 31±2 oC 
and 83±3% 

 

*Means with the same letters within a column 
are not significantly different at 5% using LDS 
 
 Titratable Acidity  
 
As indicated in Table 4, there was a general 
decrease in titratable acidity during storage. A day 
0, fruits harvested at the breaker stage recorded the 
highest titratable acidity followed by the pink and 
light red fruits in that order. Considering fruits 
from the same maturity stage, fruits dipped in 6% 
CaCl2 retained a significant higher level of 
titratable acidity than fruits without CaCl2 treatment 
at day 4, 8 and 12. Tomato fruits at the breaker or 
pink stage and dipped in 6% CaCl2 recorded 
significant higher of titratable acidity than the other 
treatments. 
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Table 4: Effect of maturity stage and 
postharvest CaCl2  concentrations on  the 
titratable acidity (%) of  tomato fruits stored for 
12 days at temperature and relative humidity of 
31±2 oC and 83±3% 

 

*Means with the same letters within a column 
are not significantly different at 5% using LDS 

There was a significant difference (P < 0.05) 
between the Titratable acidity of fruits treated with 
2% CaCl2 and the control. The Titratable acidity of 
tomato fruits harvested at the pink and beaker stage 
had higher amount of starch and acid and these are 
converted to sugar during ripening followed. A 
study conducted by Moneruzzaman et al. (2008) 
revealed that, immature fruit has lower content of 
acids as compared to the matured fruit. Moreover, 
the acid content is usually highest at the half ripe or 
the pink stage. This is followed by rapid decrease 
at the later stage of ripening. There was a general 
decrease in titratable acidity in all the treatments 
during storage. However, the pink stage had the 
maximum acidity but it falls subsequently. This 
implied that, the Titratable acidity of the samples 
actually increased with ripening of fruit until a 
peak stage reached after which it started to decline. 

During ripening, there is conversion of starch to 
sugar and the oxidation of organic acids to sugar 
(Genenew, 2013) which rapidly reduced the 
titratable acidity of the control as indicated in Table 
4. According to Helyes et al. (2006), a rapid 
decrease in the content of acidity may reduce 
desirable quality of the fruit, since the interaction 
of the TSS and the acid are very important 
component of sweetness, sourness and flavour 
intensity in tomato. 

Vitamin C  

According to Table 5, there was a continuous drop 
in vitamin C content in all treatment from day 0 to 
day 12. At day 0, vitamin C content of tomato 
fruits harvested at the pink (24 mg/100g) and light 
red (22 mg/100g) stage were significantly higher 
than that of fruits harvested at the breaker stage (18 
mg/100g). Within the same stage of maturity, fruits 

dipped in 6% CaCl2 had the highest level of 
vitamin C which was significantly higher than 
fruits dipped in 2% CaCl2 and the control in day 8 
and 12 as shown in Table 5.  

Table 5: Effect of maturity stage and 
postharvest CaCl2  concentrations on  the 
vitamin C (mg/100g) of  tomato fruits stored for 
12 days at temperature and relative humidity of 
31±2 oC and 83±3% 

 

*Means with the same letters within a column 
are not significantly different at 5% using LDS 

At day 12, fruits harvested at the pink stage 
recorded significantly higher (P < 0.05) vitamin C 
content (16.10 mg/100g) than fruits harvested at 
Breaker (13.47mg/100g) and light red stage, whilst 
tomato fruits harvested at the red stage without 
CaCl2 treatment also recorded the lowest vitamin C 
content (12.60 mg/100g) at day 12 as shown in 
Table 5. This also suggests that, the vitamin C 
content of tomatoes increased with ripening of the 
fruit until a peak stage is reached after which it 
started to decline (Moneruzzaman et al., 2008). 
Tomato fruit ripens with increasing ascorbic acid 
content until a stage is reached when it starts to 
decrease, thus harvesting fruit at the proper 
maturity has a great influence on the nutrient 
content as well as storage life of any fruit 
(Moneruzzaman et al., 2008). 

The decrease in vitamin C content of tomato fruit 
during storage may be attributed to the biochemical 
processes that the fruit undergo before and after 
harvest. Ullah (2009) reported that, respiration and 
transpiration are the two main physiological 
processes that lead depletion of nutrients and 
deterioration. Besides, harvested fruits still 
continue their life processes meanwhile there is no 
longer the transfer of food material and water to the 
fruit, therefore it has to depend on its stored food 
reserves for survival. Eventually the reserves such 
as vitamin C are depleted, thus the produce 
undergo an aging processing resulting in 
breakdown due to natural decay.  
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Decay 

Among the stages of maturity, fruits harvested at 
the light red stage recorded a significantly (P < 
0.05)   higher level of decay compared to fruit 
harvested at the breaker and pink stage as indicated 
in Table 6. This may be due to softer skin tissues 
which made the light red fruits more susceptible to 
decay. Helyes and Pek (2006) reported that, 
harvesting tomato fruit at the later stage of maturity 
makes the fruit much more vulnerable to damage 
and decay. As a result, the first measure to extend 
the storage life of tomato is to harvest at the right 
stage of maturity. CaCl2 treated fruits also recorded 
a significantly lower percentage of decay than 
fruits without CaCl2 treatment at day 8 and 12. 
Besides, fruits dipped in 6% CaCl2 recorded a 
significant lower (%) of decay than fruits dipped in 
2% CaCl2. Within the same stage of maturity, 
tomato fruits without CaCl2 treatment (control) 
recorded about twice the amount (%) of decay as 
that recorded by fruits dipped in 6% CaCl2 as 
shown in Table 6. 

Table 6: Effect of maturity stage and 
postharvest CaCl2  concentration on  the decay 
(%) and storage life (days) of  tomato fruits 
stored for 12 days at temp. and relative 
humidity of 31±2 oC and 83±3% 

*Means with the same letters within a column 
are not significantly different at 5% using LDS 

n all the stages of maturity, fruits dipped in 6% and 
2% CaCl2 had significantly (P < 0.05) lower levels 
of decay than the control as shown in Table 6. The 
lower levels of decay recorded by the CaCl2 treated 
fruits may be attributed to the reduced respiration 
and transpiration rate which have been reported to 
be the two main physiological processes that lead 
to deterioration (Ullah, 2009). According to Ullah 
(2009), the respiration process makes use of the 
stored starch as long as they are available, in this 
process carbohydrate are broken down through 
oxidation resulting in the production of CO2, water 
and heat. The higher level of decay recorded in the 
light red control (74%) at day 12, could be 
attributed to the faster rate of softening facilitated 
by the action of polygalacturonase. 

A study by Wang et al. (2005) indicated that, 
polygalacturonase is a notable enzyme that is well 
associated with ripening and softening of ripe fruit. 
The reduction in the activity of polygalacturonase 
enzyme has a positive correlation with enhanced 
structural integrity of tomato fruit especially during 
postharvest storage. Therefore, the calcium 
treatment might have inhibited the activities of 
polygalacturonase resulting in much firmer texture 
and delayed rotting in the treated samples as 
compared to tomato fruits with no calcium 
treatment. 

Storage Life 

Tomato fruits harvested at the breaker and pink 
stage recorded significantly longer storage life than 
fruits harvested at the light red stage. Comparing 
tomato fruits from the same stage of maturity, fruits 
dipped in 6% CaCl2 recorded a significantly longer 
storage life than fruits dipped in 2% CaCl2  and the 
control. The light red fruits without CaCl2 treatment 
stay for significantly shorter storage days (4.30 
days) compared to the other treatments as indicated 
in Table 6. The longer storage life recorded by the 
fruits at the breaker and the pink stage may be 
attributed to their firmer fruit skin which 
minimized physical injury, weight loss and fruit 
decay.  

The higher level of decay recorded in the fruit 
harvested at the light red stage may be attributed to 
its high level of mechanical injuries facilitated by 
its soft skin. Some of the injuries cannot be seen, 
yet served as a gate way for microorganism to 
destroy the fruit (Sergeant et al., 1998). The 
significant (P < 0.05) differences observed in fruits 
storage life between the levels of calcium treatment 
as shown in Tables 6 may be attributed to the 
ability of the calcium to maintain firmness and also 
minimize respiration rate, weight (water) loss and 
other factors which affect fruits storage life 
negatively.  

CONCLUSION 

Tomato fruits harvested at the breaker and the pink 
stage helped in minimizing mechanical injuries. 
The reduced mechanical injuries enhanced 
retention of firmness and minimize decay during 
storage. In addition, tomato fruits harvested at the 
pink stage retained significantly higher amount of 
titratable acidity and vitamin C after 12 days of 
storage compared to fruit harvested at the breaker 
and light red stage. Dipping tomato fruits in 6% 
CaCl2 was more effective than the 2% CaCl2 and 
the control in reducing weight loss and decay as 
well as maintaining firmness, titratable acidity and 
vitamin C. Therefore, tomato fruits harvested at the 
breaker or pink stage and dipped in 6% CaCl2 for 
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30 minutes facilitated the extension of storage life 
and also retained significant amount of firmness, 
weight, vitamin C and titratable acidity. 
Maintaining postharvest quality and prolonging of 
storage life by harvesting tomato fruits at the 
breaker or pink stage and dipping in 6% CaCl2 
solution could be an important postharvest tool to 
enhance the profit and livelihood of farmers and 
traders of tomato fruits. 
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