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ABSTRACT 
 

In 2014 and 2015 growing seasons, tomato fruits cv. Alisa were transplanted in 25 February 
and 6 March and harvested in 13 and 25 May in the first and second seasons, respectively and 
subjected to the following post-harvest treatments: 1) control (packaging in net), 2) packaging in 
perforated (0.4%) low density polyethylene (LDPE) bags, 3) packaging in sealed low density 
polyethylene (LDPE) bags, and 4) packaging in sealed stretch bags. Fruits of all treatments were 
stored for five weeks at 10±1ºC and 90-95% relative humidity (RH). Samples of each treatment were 
randomly taken at weekly intervals to evaluate the effect of storage periods and the tested treatments. 
Sample from each treatment were kept for 5 days at 20ºC±2 and 62-70% RH±2 to observe the effect 
of treatments on fruit shelf life. The tested packaging treatments tended to increase fruits firmness and 
Vitamin C as compared with the control during both cold storage and shelf life periods. On the 
contrary, packaging treatments tended to decrease fruits weight losses, fruits decay, TSS and lycopene 
during both cold storage and shelf life periods. The advance of storage period from one to five weeks 
caused progressive increments in fresh weight losses and fruits decay of the successive weekly 
samples taken during cold storage and shelf life as compared with the control. On the contrary, the 
advance in cold storage period depressed fruits firmness and fruits contents of Vitamin C.  
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Introduction 
 

Tomato fruit (Solanum lycopersicum L.) is one of the most important supplementary source of 
mineral, vitamins and lycopene in the human diet along with its derivatives (Carvalho et al., 2005) 
because they have strong antioxidant action that helps prevent degenerative and heart diseases and 
certain types of cancer. Also, botanically tomato fruit is known as berry and considered a climacteric 
fruits in which ripening is accompanied by a peak in respiration and a concomitant sharp increase in 
ethylene production, which accelerates quality loss through the physicochemical changes related to 
this process, such as softening, color evolution, aroma development and among others (Giovannoni, 
2002; Alexander and Grierson, 2002 and Zapata et al., 2008). In addition, ethylene induces an 
increase in fruit pathogen susceptibility and physiological disorders with a net reduction in 
postharvest life. These effects depend on a number of variables with the most important being tissue 
sensitivity to ethylene duration of exposure, and concentration, atmospheric composition and 
temperature (Saltveit, 1999). Several means have been used to prolong fruit storability during 
postharvest, such as cold storage. The choice of packaging materials is a key factor to obtain optimum 
modifications of the atmosphere and to avoid extremely low levels of O2 and /or high levels of CO2 
which could induce anaerobic metabolism with the possibility of off-flavor generation and/or the risk 
of anaerobic microorganism proliferation (Beaudry, 1999 and Watkins, 2000). One of the most 
successful techniques is using modified atmosphere, with plastic films, that represents a barrier to the 
exit of water vapor and gas exchanges and reduces the respiratory activity of the fruit (Kader et al., 
1989). The permeability of the films to gases allows the increment carbon dioxide concentration 
resulting from the fruit respiration while the oxygen concentration decreases from its consumption in 
the respiratory process. Thus the fruit metabolism goes through biochemical and physiological 
alterations, leading to a considerable increase in its life after harvest (Day, 2002).The atmospheric 
composition inside the package depends on the permeability characteristics of the plastic film material 
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on the number of fruits in each bag and the storage temperature (Gorris and Peppelenbos, 1992; 
Mosca et al., 1999). Using packaging can favor fruit conservation, ensuring the maintenance of 
characteristics such as color, aroma, flavor and firmness. 

Several studies have been carried out using plastic films associated or not with other post-harvest 
storage technologies in tomatoes, where use of films based on polyethylene and polypropylene has 
been emphasized to maintain the quality attributes related to the fresh mass and peel coloring (Vanndy 
et al., 2008; Sabir and Agar, 2011; Akbudak et al., 2012). In addition, Sualeh et al. (2016) found that, 
the highest weight loss was recorded for tomato stored in ambient atmosphere without packaging 
(control). 

Therefore, the present investigation was carried out to study the effect of packaging in different 
types of bags for extending fruits life and improving quality of tomato fruits during cold storage (at 
10°C ± 1 and 90-95 RH)  after 5 days shelf life(at 20°C ± 2 and 62-70 RH±2)  of tomatoes harvested 
at pink stage of maturity.  

 
Materials and Methods 

 

This study was carried out during 2014 and 2015 seasons on tomato fruits (Solanum 
lycopersicum L.) cv. Alisa. The fruits were harvested in 13 and 25 May in the first and second 
seasons, respectively from a Private tomato Farm at Sharkia governorate. The plants were received 
the standard horticultural care adapted in the area. At the pink stage (red color 30-60% of the total 
surface area) according to USDA (1991) tomato fruits were picked, packed in carton boxes and 
transported directly to Post-Harvest Laboratory in Hort. Depart., Fac. Agric., Zagazig University. 
Fruits with any insect infestation or defects (sunburn, crack, bruise and cuts) were discarded. All fruits 
were dipped in aqueous solution of 0.1% imazalil for 2 minutes according to Spalding (1980) as a 
disinfectant, then, air dried. A final sorting was done to recheck the fruits for any defects which were 
not detected at first discarding.  

The experiment was done to study the effect of packing materials, cold storage periods and their 
interactions on physical and chemical properties of tomato fruits during cold storage for five weeks 
and after five days shelf life. This experiment included 24 treatments arranged in a split plot design 
with three replications. The four packaging materials were randomly distributed in the main plot, 
while the six storage periods were randomly distributed in the subplot as follows: 
 

A. Packing materials: 
 

1. Storing fruits in net at 10±1°C as control.  
2. Storing fruits in perforated (0.4%) low density polyethylene (LDPE) bags at 10±1°C. 
3. Storing fruits in sealed low density polyethylene (LDPE) bags at 10±1°C. 
4. Storing fruits in sealed stretch bags at 10±1°C. 

 
B. Storage periods: 
 

Ten tomato fruits (about 1 kg) were placed in carton boxes covered with the previous packaging 
materials types and stored at 10±1°C and 90-95 RH. Then, observations samples were taken at 0, 7, 
14, 21, 28 and 35 days. 

The number of fruits required for each replicate were 10 fruits ×3 replicate = 30 fruits for each 
sampling dates × 6 sampling period= 180 fruits × 4 packaging materials= 720 fruits. 

After each cold storage period, the fruits were subjected to the ambient conditions of 20±2°C and 
62-70% ± 2 RH for 5 days as a shelf life.  
 
Data recorded: 
 
Weight loss (WL %): 
 
 The fruits were weighed before cold storage to obtain the initial weight and then weighed after 
each period of cold storage as well as after shelf life period. WL % was calculated according to the 

following equation:   �� % =
�����

��
 × 100 



Middle East J. Agric. Res., 4(4): 687-700, 2016 
ISSN 2077-4605 

689 

Where, Wi = fruit weight at initial date.  Ws = fruit weight on day of sampling observation. 
 

Fruit decay percentage: 
 
 Decay of fruit was recorded as soon as fungal mycelia appeared on the calyx or peel of the fruit 
and it was calculated as a percent of the number of decayed fruits to the total number of fruits at each 
sampling date and shelf life. 
 
Fruit firmness (kg/cm2): 
 
 It was determined on five fruits per each replicate and measurements were taken from each fruit 
using a Push Pull dynamometer (Model FD 101). The values were expressed as kg/cm2. 
 
Juice (TSS ºBrix): 
 
 It was determined using a hand refractometer as ºBrix. 
 
Ascorbic acid (mg/100ml juice): 
 
 It was determined by titration in the presence of 2,6 dichlorophenol-indophenol dye as an 
indicator and against 2% oxalic acid solution as substrate. Ascorbic acid was calculated as milligram 
L-ascorbic acid per 100 ml of juice according to  the method described by A.O.A.C.(2000). 
 
Lycopene content (mg/100g fruit fresh weight): 
 
It was determined according the method reported by (Anthon and Barrett, 2007). 
 
Statistical analysis: 
  

The recorded data were analyzed according to Snedecor and Cochran (1980). The means were 
compared using L.S.D test at 0.05 level of probability.   

 
Results and Discussion 

 
Fruit firmness (F.F) kg/cm2: 
 
During cold storage periods: 

 
Data in Table 1 reveal that, packaging material types affected (F.F) significantly in both tested 

seasons. The highest values of F.F (1.03 and 0.96 kg/cm2 in the first and second seasons, respectively) 
were recorded by low density polyethylene (LDPE) bags. While, the control (net) recorded the lowest 
values (0.90 and 0.88 kg/cm2 in the first and second seasons, respectively) without significant 
differences with those packed in perforated polyethylene bags (PPE). In this respect, fruits packed in 
sealed stretch recorded in between values.  

Moreover, F.F values were significantly decreased with advancing in cold storage periods in 
both seasons. The highest values of F.F (1.35 and 1.19 kg/cm2 in the first and second seasons, 
respectively) were recorded at initial sampling date. While, the lowest F.F values (0.70 and 0.74 
kg/cm2 in the first and second seasons, respectively) were recorded after 35 days cold storage.  

In addition, the interaction between the tested packaging material types and cold storage periods 
was significant in the two tested seasons. The highest values of F.F were recorded with all tested 
packaging material and zero samples. While, the lowest values of F.F, were recorded with all tested 
packaging material and 35 days cold storage. 
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Table 1: Effect of some packaging materials treatments on fruit firmness of tomato fruits during cold storage 
and after shelf life periods during 2014 and 2015 seasons 

Storage periods 
 

Packaging material 

Firmness   (Kg/cm2) 
Cold storage periods (days) P.M.  

(Average) 0 7 14 21 28 35 
                              First season (2014) 

Control (net) 1.29ab 0.98cf 0.90dh 0.83fj 0.76hj 0.65j 0.90C 
Perforated (0.4%) LDPE 
bags 

1.33ab 1.05ce 0.97cg 0.83fj 0.78gj 0.69ij 0.94BC 

LDPE bags 1.43a 1.29ab 1.07cd 0.88di 0.81fj 0.74hj 1.03A 
Sealed stretch 1.35ab 1.15bc 1.04ce 0.87ei 0.79gj 0.72hj 0.99AB 
S.P. (Average) 1.35A 1.12B 0.99C 0.85D 0.78DE 0.70E - 

                                   Second season (2015) 
Control (net) 1.13ac 0.95cg 0.90eh 0.85fi 0.78gi 0.71i 0.88B 
Perforated (0.4%) LDPE 
bags 

1.18ab 0.97cf 0.91eh 0.85fi 0.79fi 0.73hi 0.90B 

LDPE bags 1.25a 1.10ad 0.94dg 0.89eh 0.84fi 0.78gi 0.96A 
Sealed stretch 1.21ab 1.03be 0.92eg 0.87ei 0.80fi 0.74hi 0.92AB 
S.P. (Average) 1.19A 1.01B 0.91C 0.86CD 0.80DE 0.74E - 
 
Table 1: Cont. 

Storage periods 
 

Packaging material 

                                      Firmness   (Kg/cm2) 
5 days shelf life P.M.  

(Average) 0 7 14 21 28 35 
                            First season (2014) 

Control (net) 0.96ac 0.83cf 0.76dg 0.70fk 0.61hl 0.50l 0.72C 
Perforated (0.4%) LDPE bags 1.00ab 0.87be 0.80df 0.73ei 0.62hl 0.56kl 0.76BC 
LDPE bags 1.04a 0.91ad 0.83cf 0.76eh 0.68fk 0.60il 0.80A 
Sealed stretch 1.04a 0.91ad 0.82cf 0.73ei 0.62gl 0.58jl 0.78AB 
S.P. (Average) 1.01A 0.88B 0.80C 0.73D 0.63E 0.56F - 

                                   Second season (2015) 
Control (net) 0.98ac 0.87bg 0.83ci 0.73gl 0.68il 0.59l 0.78B 
Perforated (0.4%) LDPE bags 1.02ab 0.91af 0.84ch 0.76fk 0.70hl 0.61kl 0.80AB 
LDPE bags 1.05a 0.94ad 0.84ch 0.79dj 0.72gl 0.67jl 0.83A 
Sealed stretch 1.04a 0.93ae 0.84ch 0.77ej 0.71hl 0.61kl 0.81AB 
S.P. (Average) 1.02A 0.91B 0.83BC 0.76CD 0.70D 0.62E - 
Values having the same alphabetical letter(s) did not significantly different according to L.S.D at 0.05 of probability. 
P.M. = Packaging Material.,  S.P. = Storage Periods (days).,   LDPE = Low Density Polyethylene. 

 
During shelf life periods: 

 
Data in Table 1 also show that, the values of F.F were significantly affected by the tested 

packaging materials in both seasons. Whereas, the highest F.F (0.80 and 0.83 kg/cm2 in the first and 
second seasons, respectively) were recorded by LDPE bags, while, the lowest values of  FF (0.72 and 
0.78 kg/cm2 in the first and second seasons, respectively) were recorded by the control (net) without 
significant differences with those packed in perforated polyethylene bags. In this respect, fruits 
packed in sealed stretch came in between.  

Moreover, F.F during shelf life was significantly decreased as cold storage period was advanced. 
The highest values of F.F were recorded at zero samples (1.01 and 1.02 kg/cm2 in the first and second 
seasons, respectively) whereas, the lowest values (0.56 and 0.62 kg/cm2 in the first and second 
seasons, respectively) were recorded after 35 days cold storage. The other periods, recorded in 
between values. 

In addition, the interaction between packaging materials and shelf life after cold storage periods 
was significant in both seasons. The highest values of F.F were recorded by all packaging materials at 
zero samples without significant differences between them, while, the lowest F.F values were 
recorded by all packaging materials after 35 days cold storage without significant differences between 
them.  
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Generally, the data clarify that LDPE bags maintained fruit firmness (F.F)at high values as 
compared with the control, while, F.F was decreased with the advance in cold storage period. This 
was true either after cold storage or after shelf life periods.   

The obtained data are in accordance with those stated by Themman et al. (1982) they found that, 
polygalacturanase (PG) and pectinestarese are the important enzymes which involved in fruit 
softening by solubilizing the polygalacturonic acid in the pectin fraction of the cell walls. Moreover, 
Grierson and Tucker (1983) reported that, during storage, PG activity increased, while firmness 
decreased with progressive stage of maturation and its synthesis only occurs in response to ethylene.  
It was reported that elevated CO2 atmosphere slow down the softening rate of fruits (Kader, 1986), 
and also, Herner (1987) found that, as high CO2 concentration inhibited ethylene production during 
tomato ripening .Moreover, tomato fruits cv. ’Liberto’ harvested at the pink stage and stored  at 13°C 
for 60 days in a plastic packaging system. Batu and Thompson (1998) found that, all fruit softened 
progressively during storage but those sealed in plastic film softened significantly more slowly than 
those stored unwrapped. In addition, with the onset of tomato ripening, pectin degrading enzymes 
starts to accumulate and contribute to softening the cell walls (Shama and Alderson, 2005). As such, 
Firmness of tomato generally decreases with increasing in the duration of storage (Moneruzzaman et 
al. 2008 and Gharezi, et al., 2012).  

 
Weight losses percentage (WL %): 
 
During cold storage periods: 

 
Data in Table 2 showed that, the control treatment was significantly raised WL (%) during the 

two seasons, as compared with all other tested packaging materials. The lowest values in WL (%) 
were recorded in LDPE bags treatments (0.90 and 1.89 % in the first and second seasons, 
respectively) followed by sealed stretch then perforated (0.4%) LDPE. 

Moreover, the data also clarified that fruit WL (%) was markedly increase as cold storage period 
prolonged. The highest values of WL (%) after 35 days were 2.16 and 4.25 % in the first and second 
seasons, respectively.  

The interaction between packaging materials and cold storage period was significant in both 
seasons of study and confirm the effect of each individual factor on WL percentage. The highest WL 
percentage was recorded for control treatment (net) at the end of cold storage period (35 days) and 
recorded 2.65 and 5.67 % in the first and second seasons, respectively. Moreover, all tested packaging 
materials after one week cold storage recorded the least WL (%) values in the two seasons without 
significant differences between them, except LDPE bags in the two seasons.  

 
During shelf life periods: 

 
Data in Table 2 revealed that the highest weight loss was recorded by the control (6.70 and 8.13 

% in the first and second seasons, respectively). Whereas, the other tested packaging treatments came 
in the second rank without significant differences between them in both tested seasons. 

Moreover, fruit WL percentage were significantly increased gradually with the advance in cold 
storage period in the two seasons. The highest values were observed at 35 days; i.e., 8.64 and 9.24% 
in the first and second seasons, respectively, while, the least values were recorded after one week cold 
storage; i.e., 4.94 and 5.42 % in first and second seasons, respectively. The other cold storage periods, 
recorded in between values. 

The interaction between packaging materials and cold storage periods (after five days shelf life) 
was significant in both seasons. The control treatment after 35 days recorded the highest values of WL 
in the two seasons (9.01 and 11.57 % in the first and second seasons, respectively. 

Generally, the present results revealed that, weight losses were prolonged as cold storage period 
increased and the control treatment raised WL% compared with the other packaging materials during 
cold storage and after shelf life periods. 
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Table 2: Effect of some packaging materials treatments on weight losses (%) of tomato fruits during cold 
storage and after shelf life periods during 2014 and 2015 seasons 

                      Storage periods 
 
Packaging material 

Weight losses (%) 

Cold storage periods (days) 
P.M. 

(Average) 
0 7 14 21 28 35  

                                           First season (2014) 

Control(net) 0.00m 0.87jk 0.87jk 1.44fh 1.92cd 2.65a 1.29A 
Perforated (0.4%) LDPE bags 0.00m 0.79jk 0.85jk 1.34gh 1.65df 2.24b 1.14B 

*LDPE bags 0.00m 0.34l 0.71k 1.06ij 1.53eg 1.76ce 0.90C 

Sealed stretch 0.00m 0.66k 0.71k 1.22hi 1.64df 2.01bc 1.04B 

S.P. (Average) 0.00E 0.67D 0.78D 1.26C 1.69B 2.16A - 

                                        Second season (2015) 

Control(net) 0.00i 1.97fh 2.64ef 3.17ce 3.51cd 5.67a 2.83A 
Perforated (0.4%) LDPE bags 0.00i 1.84gh 2.62ef 2.88de 3.21ce 4.54b 2.51B 

LDPE bags 0.00i 1.56h 2.04fh 2.06fh 2.65ef 3.05ce 1.89C 

Sealed stretch 0.00i 1.75h 2.53eg 2.63ef 3.16ce 3.74c 2.30B 

S.P. (Average) 0.00E 1.78D 2.46C 2.68C 3.13B 4.25A - 
 
Table 2: Cont. 

                Storage periods 
 
Packaging material 

Weight losses (%) 

5 days shelf life 
P.M. 

(Average) 
0 7 14 21 28 35  

                                        First season (2014) 

Control(net) 3.83jk 5.13hi 7.00df 7.40ce 7.84bd 9.01a 6.70A 
Perforated (0.4%) LDPE bags 3.82jk 5.12hi 5.85gh 7.40ce 7.65bd 8.90a 6.46AB 

*LDPE bags 3.37k 4.67ij 5.83gh 6.57eg 6.97df 8.10ac 5.92C 

Sealed stretch 3.56k 4.84i 6.32fg 7.07df 7.44ce 8.57ab 6.30B 

S.P. (Average) 3.64E 4.94D 6.25C 7.11B 7.47B 8.64A - 

                                    Second season (2015) 

Control(net) 4.61h-j 5.91f-i 7.92b-e 8.93bc 9.86ab 11.57a 8.13A 
Perforated (0.4%) LDPE bags 4.02ij 5.32g-j 7.48c-f 8.02b-e 8.27b-e 9.03bc 7.02AB 

LDPE bags 3.90j 5.20g-j 5.86f-j 6.80d-g 7.51c-f 7.99b-e 6.21B 

Sealed stretch 3.95ij 5.25g-j 6.35e-h 6.92d-g 7.83c-f 8.38b-d 6.45B 

S.P. (Average) 4.12E 5.42D 6.90C 7.67BC 8.37AB 9.24A - 
Values having the same alphabetical letter(s) did not significantly different according to L.S.D at 0.05 of probability. 
P.M. = Packaging Material. ,   S.P. = Storage Periods (days). ,   LDPE = Low Density Polyethylene. 

 
These results fall in line with Batu and Thompson (1998) who found that sealed pack tomatoes 

showed less weight loss after 60 days of storage, in addition, Wills et al. (1981), Thompson (1994) 
and Roth (1999) found that, water accumulated in packs created a high humid environment retarding 
transpiration and water loss. The decrement in weight loss percentage might be due to the 
permeability of the packaging materials which generates a modified atmosphere around the fruits 
(Anon., 2003). This permeable nature of packaging materials changes the relative humidity inside the 
sealed packs leading to lower moisture loss and transpiration rate. In addition, Sammi and Masud 
(2007) reported that, weight loss percentage increased significantly as the ripening proceeded. Control 
treatment not only displayed rapid increase in weight loss (%), but also, showed the highest weight 
loss percentage at the end of storage period as compare to all other packaging materials which showed 
a sudden increase in ethylene production and respiration rate, this causes higher transpiration of water 
from the fruit surface which led to increase in percentage of weight loss (Anon., 2004). The reduction 
in WL% with packaging materials was in agreement with Gharezi et al.(2012) who found that WL% 
in cherry tomato was increased with increasing storage period. In addition, Domínguez et al. (2016) 
studied the effect of packaging on fruit quality attributes of tomatoes (cvs. Delizia and Pitenza) stored 
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at 13 °C and then 48 h in air at 20 °C. they found that, Delizia tomatoes, recorded the highest weight 
loss (5.22%) in control (unpackaged) samples after 9 days, whereas, weight loss was (3%) in 
packaged tomatoes. Also, Sualeh et al. (2016) found that, the highest weight loss was recorded for 
tomato stored in ambient atmosphere without packaging (control)  

 
Fruit decay percentage: 
 
During cold storage periods: 

 
Data in Table 3 reveal that, the tested packaging materials failed to show any significant 

differences regarding fruits decay percentage in both tested seasons. However, fruit decay percentage 
was significantly increased with the advance in cold storage period in both tested seasons. As such, 
the highest fruit decay percentage (1.67 and 2.50 % in the first and second seasons, respectively) was 
recorded after five weeks, while, all other periods came in the second rank with any decayed fruit in 
both seasons. 
 

Table 3: Effect of some packaging materials treatments on fruit decay (%) of tomato fruits during cold storage 
and after shelf life periods during 2014 and 2015 seasons 

                 Storage periods 
 
Packaging material 

Fruit decay (%) 
                      Cold storage periods (days) P.M. 

(Average) 0 7 14 21 28 35 
                                                First season (2014) 

Control(net) 0.00b 0.00b 0.00b 0.00b 0.00b 3.33a 0.56A 
Perforated (0.4%) LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 3.33a 0.56A 
LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
Sealed stretch 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
S.P. (Average) 0.00B 0.00B 0.00B 0.00B 0.00B 1.67A - 

                                           Second season (2015) 
Control(net) 0.00b 0.00b 0.00b 0.00b 0.00b 6.66a 1.11A 
Perforated (0.4%) LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 3.33ab 0.56A 
LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
Sealed stretch 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
S.P. (Average) 0.00B 0.00B 0.00B 0.00B 0.00B 2.50A - 
 
Table 3: Cont. 
                   Storage periods 
 
Packaging material 

                                           Fruit decay (%) 
         5 days shelf life P.M. 

(Average) 0 7 14 21 28 35 
                                            First season (2014) 

Control(net) 0.00b 0.00b 0.00b 0.00b 0.00b 6.66a 1.11A 
Perforated (0.4%) LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 3.33ab 0.56A 
LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
Sealed stretch 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
S.P. (Average) 0.00B 0.00B 0.00B 0.00B 0.00B 2.50A - 

                                         Second season (2015) 
Control(net) 0.00b 0.00b 0.00b 0.00b 3.33ab 6.66a 1.66A 
Perforated (0.4%) LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 6.66a 1.11A 
LDPE bags 0.00b 0.00b 0.00b 0.00b 0.00b 3.33ab 0.56A 
Sealed stretch 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b 0.00A 
S.P. (Average) 0.00B 0.00B 0.00B 0.00B 0.83B 4.16A - 
Values having the same alphabetical letter(s) did not significantly different according to L.S.D at 0.05 of probability. 
P.M. = Packaging Material. ,   S.P. = Storage Periods (days). ,   LDPE = Low Density Polyethylene. 
 

The  interaction  between  packaging  materials  and  cold  storage  period  was  significant  in  
both seasons.  The  highest  values  (3.33  and  6.66%  in  the  first  and  second  seasons,  
respectively) were recorded  by  the  control  (net)  at  35  days  cold  storage,  without  significant  
differences  with  those packed in perforated (0.4%) LDPE bags at the same period in both seasons. 
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During shelf life periods: 
 

The interaction between packaging materials and cold storage period was significant in both 
seasons. The highest values (3.33 and 6.66% in the first and second seasons, respectively) were 
recorded by the control (net) at 35 days cold storage, without significant differences with those 
packed in perforated (0.4%) LDPE bags at the same period in both seasons.  

Data in Table 3 also reveal that the tested packaging materials failed to show any significant 
differences regarding fruits decay percentage in both tested seasons. However, fruit decay percentage 
was significantly increased with the advance in cold storage period in both tested seasons. As such, 
the highest fruit decay percentage (2.50 and 4.16% in the first and second seasons, respectively) was 
recorded after five weeks, while, all other periods came in the second rank without significant 
differences between them in both seasons. 

The interaction between packaging materials and cold storage period was significant in both 
seasons. The highest values (6.66 and 6.66% in the first and second seasons, respectively) were 
recorded by the control (net) at 35 days cold storage, without significant differences with those 
packed in perforated (0.4%) LDPE bags at the same period in both seasons. 

Generally, data in Table 3 show that tomato fruits did not suffer from any decay along the whole 
cold storage period with all tested packaging materials, except for a few decayed fruits after 35 days 
in both seasons. The lower fruit decay in the present study might be due to a better fruits disinfection 
before the onset of the cold storage.  

Present results are in agreement with Batu and Thompson (1998) on tomato fruits (cv’Liberto’) 
which harvested at the pink stage and were stored at 13°C for 60 days in a plastic packaging system. 
They found that decay was first observed on fruit after 40 days storage, this was on one fruit out of 60 
and all treatments showed some rotting after 50 days of storage which increased again after 60 days.  

 
Ascorbic acid (vitamin C) content (mg/100ml juice): 
 
During cold storage periods: 

 
Data in Table 4 clarifies that, the tested packaging materials had significant effect on ascorbic 

acid content in tomato fruits juice in both tested seasons. As such, the uppermost values of ascorbic 
acid 15.97 and 15.54 mg/100 ml juice were detected in sealed stretch in the first and second seasons, 
respectively, without significant differences with those packaged in perforated (0.4%) LDPE or 
LDPE. In addition, the lowest values were observed with control (14.25 and 14.75 mg/100 ml juice in 
the first and second seasons, respectively). 

Moreover, ascorbic acid content showed continuous and sharp reduction with the advance in 
cold storage periods in both seasons. As such, the highest values of ascorbic acid content were 
recorded at zero time 19.18 and 19.43 mg/100 ml juice then significantly decreased with increasing in 
storage duration to reach the least values of 10.92 and 10.93 mg/100 ml juice after 35 days cold 
storage in the first and second seasons, respectively.  

The interaction between packaging materials and cold storage period was significant in both 
seasons. The highest values (20.00 and 19.88 mg/100 ml juice in the first and second seasons, 
respectively) were recorded by sealed stretch at zero time, without significant differences with all 
treated packaging materials at the same zero time. Whereas, the least values were recorded by the 
control (net) treatment, at 35 days cold storage without significant differences with those treated by 
perforated (0.4%) LDPE or LDPE bags in both tested seasons. 
 
During shelf life periods: 

 
The data in Table 4 reveal also that all tested packaging materials failed to show any significant 

differences regarding ascorbic acid content in the juice of tomato fruits during the both tested seasons. 
Moreover, in both seasons, ascorbic acid content during shelf life shows continuous and sharp 

reduction with the advance in storage period. As such, the highest ascorbic acid content (14.56 and 
17.66 mg/100 ml juice were recorded at zero time in the first and second seasons, respectively), while, 
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the least ascorbic acid content (7.57 and 9.20 mg/100 ml juice were recorded at the 5th week in the 
first and second seasons, respectively). 

In addition, the interaction between the tested packaging materials and cold storage periods was 
significant in both seasons and confirm the previous trend of each individual factor on ascorbic acid 
content. 
 

Table 4: Effect of some packaging materials treatments on ascorbic acid content of tomato fruits during cold 
storage and after shelf life periods during 2014 and 2015 seasons 

  Storage periods 
 
Packaging 
material 

Ascorbic acid content (mg/100 ml juice) 
          Cold storage periods (days) 

P.M. 
(Average) 0 7 14 21 28 35 

                      First season (2014) 
Control(net) 18.81ab 16.42dg 14.94hj 13.76k 11.69mn 9.91o 14.25B 
Perforated 
(0.4%) LDPE 
bags 

18.81ab 17.18ce 15.70fi 13.92jk 12.45lm 10.96no 14.84AB 

LDPE bags 19.11ab 17.48cd 16.00eh 14.52ik 12.44lm 10.96no 15.08AB 
Sealed stretch 20.00a 18.37bc 16.59df 15.40gi 13.63kl 11.85mn 15.97A 
S.P. (Average) 19.18A 17.36B 15.81C 14.40D 12.55E 10.92F - 

                            Second season (2015) 
Control(net) 19.44ab 17.30ef 15.02hi 14.08ij 11.82lm 10.82mn 14.75B 
Perforated 
(0.4%) LDPE 
bags 

19.39ab 17.86ce 16.40fg 14.46i 11.73lm 10.53n 15.06AB 

LDPE bags 18.99ac 17.46df 15.80gh 14.33ij 13.26jk 11.46ln 15.22AB 
Sealed stretch 19.88a 18.53bd 17.20ef 14.40ij 12.33kl 10.93mn 15.54A 
S.P. (Average) 19.43A 17.79B 16.10C 14.32D 12.28E 10.93F - 

 
Table 4: Cont. 
  Storage periods 
 
Packaging 
material 

Ascorbic acid content (mg/100 ml juice) 
5 days shelf life 

P.M. 
(Average) 0 7 14 21 28 35 

                  First season (2014) 
Control(net) 14.35ab 12.63ce 11.42fg 10.45hi 8.75kl 7.05m 10.77A 
Perforated 
(0.4%) LDPE 
bags 

14.32ab 12.60ce 11.39fh 10.18ij 8.72kl 7.51m 10.78A 

LDPE bags 14.43ab 12.71cd 11.98ef 10.53gi 9.31jk 7.86lm 11.14A 
Sealed stretch 15.29a 13.57bc 12.11df 10.66gi 9.45jk 7.99lm 11.51A 
S.P. (Average) 14.56A 12.84B 11.69C 10.42D 9.03E 7.57F - 

               Second season (2015) 
Control(net) 17.12ac 15.28df 13.35gi 11.68jk 10.75km 9.48mn 12.94A 
Perforated 
(0.4%) LDPE 
bags 

17.84ab 16.00cd 14.20eg 11.86jk 10.33lm 8.93n 13.19A 

LDPE bags 17.30ac 15.46de 14.00fh 12.73ij 10.80km 8.86n 13.19A 
Sealed stretch 18.37a 16.53bd 14.46eg 12.80hj 10.93kl 9.53mn 13.77A 
S.P. (Average) 17.66A 15.82B 14.00C 12.27D 10.70E 9.20F - 
Values having the same alphabetical letter(s) did not significantly different according to L.S.D at 0.05 of probability. 
P.M. = Packaging Material.,   S.P. = Storage Periods (days).,  LDPE = Low Density Polyethylene 

 

Ascorbic acid content retained significantly higher with packaging treatments, while, it was 
decreased with the advance of storage periods. These findings were in line with Gharezi, et. al. (2012) 
who found that ascorbic acid contents in cherry tomato was significantly decreased during cold 
storage at (10°C ± 2) up to 14 days, among all treatments, control showed the lowest ascorbic acid 
contents, also, Famurewa et.al.(2013) and Joseph et. al. (2015) found that vitamin C decreased 
significantly with storage time. Moreover, Lee and Kader (2000) reported that, vitamin C content in 
fruits and vegetables can be influenced by various factors such as genotypic differences, preharvest 
climatic conditions, cultural practices, fruit maturity, harvesting methods, and postharvest handling 
procedures, also, temperature management after harvest is the most important factor to maintain 
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vitamin C of fruits and vegetables; losses are accelerated at higher temperatures and with longer 
storage durations. In addition, Alejandra et al. (2009) reported that higher availability of O2 
throughout the storage of the product is believed to dramatically degrade the ascorbic acid by 
oxidation. As modified atmosphere (MA) storage maintains lower O2 than non-MA storage, may help 
in better retaining ascorbic acid in the fruits. Antioxidants are negatively affected by the respiration 
rate of the samples, in this respect, Abdulnabi et al. (1997) showed that concentration of ascorbic acid 
of tomatoes decreased with increasing rate of respiration because of the antioxidant function of 
ascorbic acid.  

 
Lycopene content (mg/kg fruit fresh weight): 
 
 During cold storage periods: 

 
Data in Table 5 clarify that control treatment (net) achieved significantly highest juice lycopene 

content (87.41 and 74.25 mg/kg fruit fresh weight in the first and second seasons, respectively). 
Whereas, sealed stretch, recorded the lowest juice lycopene content (77.62 and 64.62 mg/kg fruit 
fresh weight in the first and second seasons, respectively).While, those packed in perforated 0.4% 
LDPE and LDPE bags recorded in between values in both seasons.   
 

Table 5: Effect of some packaging materials treatments on lycopene content of tomato fruits during cold storage 
and after shelf life periods during 2014 and 2015 seasons 

           Storage periods 
 
Packaging material 

Lycopene content (mg/kg fruit fresh weight) 
Cold storage periods (days) P.M. 

(Average) 0 7 14 21 28 35 
                                              First season (2014) 

Control(net) 65.89l 75.44j 86.45g 93.80cd 99.10b 103.78a 87.41A 
Perforated (0.4%) LDPE bags 64.90l 76.60j 81.07i 85.19gh 91.38ef 93.49ce 82.10B 
LDPE bags 64.35l 68.87k 76.00j 83.35h 91.24f 94.07c 79.64C 
Sealed stretch 64.73l 69.25k 74.90j 79.16i 86.02g 91.69df 77.62D 
S.P. (Average) 64.96F 72.53E 79.60D 85.37C 91.93B 95.75A - 

                                           Second season (2015) 
Control(net) 54.65mn 65.11i 70.71g 78.36e 84.79b 91.91a 74.25A 
Perforated (0.4%) LDPE bags 54.90mn 61.06k 65.89i 70.60g 77.17e 82.08c 68.61B 
LDPE bags 54.21mn 58.38l 63.20j 68.20h 74.63f 80.24d 66.47C 
Sealed stretch 53.51n 55.90m 60.72k 66.43hi 72.86f 78.30e 64.62D 
S.P. (Average) 54.31F 60.11E 65.13D 70.89C 77.36B 83.13A - 

 
Table 5: Cont. 
           Storage periods 
 
Packaging material 

Lycopene content (mg/kg fruit fresh weight) 
5 days shelf life P.M. 

(Average) 0 7 14 21 28 35 
                                             First season (2014) 

Control(net) 73.48ij 84.49g 93.85e 101.78c 107.56b 111.89a 95.50A 
Perforated (0.4%) LDPE bags 71.84j 82.50g 89.61f 97.29d 103.40c 110.19a 92.47B 
LDPE bags 71.85j 76.48h 83.47g 90.78f 98.07d 103.27c 87.32C 
Sealed stretch 72.73j 75.36hi 82.67g 89.10f 96.29d 103.11c 86.54D 
S.P. (Average) 72.48F 79.71E 87.40D 94.74C 101.33B 107.12A - 

                                        Second season (2015) 
Control(net) 57.43m 71.39i 77.06g 83.51de 89.82b 97.01a 79.37A 
Perforated (0.4%) LDPE bags 58.94m 67.05k 71.57i 76.43g 82.31e 88.64b 74.15B 
LDPE bags 58.97m 64.86l 69.38j 74.49h 80.28f 86.42c 72.40C 
Sealed stretch 57.40m 64.20l 68.72jk 74.46h 79.47f 84.28d 71.42D 
S.P. (Average) 58.18F 66.87E 71.68D 77.22C 82.97B 89.08A - 
Values having the same alphabetical letter(s) did not significantly different according to L.S.D at 0.05 of probability. 
P.M. = Packaging Material.,   S.P. = Storage Periods (days).,   LDPE = Low Density Polyethylene. 

 
Moreover, the data also indicate that juice lycopene content was progressively increased with the 

advance in cold storage period. As such, the lowest values (64.96 and 54.31 mg/kg fruit fresh weight 
were recorded for zero sample in the first and second seasons, respectively).While, the highest values 



Middle East J. Agric. Res., 4(4): 687-700, 2016 
ISSN 2077-4605 

697 

(95.75 and 83.13 mg/kg fruit fresh weight were recorded after 35 days in the first and second seasons, 
respectively). 

In addition, the interaction between packaging materials and cold storage period was found to be 
significant in both seasons. Whereas, the highest lycopene content (103.78 and 91.91mg/kg fruit fresh 
weight were recorded by control (net) at 35 days, while all tested interaction treatments at zero sample 
recorded the lowest values in this respect without significant differences among them.  

Generally, there was a gradual increase lycopene content in fruit in all tested treatments with 
increasing in storage period. In addition, all packaged materials especially in sealed stretch registered 
lower values of lycopene content in the two seasons as compared to control which recorded the 
highest values in this regard. 

 
During shelf life periods: 

 
Data in Table 5 also show that the control treatment (net) recorded significantly highest juice 

lycopene content (95.50 and 79.37 mg/kg fruit fresh weight in the first and second seasons, 
respectively). Whereas, fruits which packed in sealed stretch recorded the lowest values (86.54 and 
71.42 mg/kg fruit fresh weight in the first and second seasons, respectively). While, those packed in 
perforated 0.4% LDPE and LDPE bags recorded in between values in both seasons.   

Moreover, lycopene content after shelf life showed continuous increase with the advance in 
storage period in both seasons. As such, the lowest values (72.48 and 58.18 mg/kg fruit fresh weight) 
were recorded for zero sample in both first and second seasons, respectively).While, the highest 
values (107.12 and 89.08 mg/kg fruit fresh weight) were recorded after 35 days in the first and second 
seasons, respectively. 

In addition, the interaction was significant in the two seasons. As such, lycopene content reached 
the highest values (111.89 and 97.01 mg/kg fruit fresh weight with control (Net) after 35 days storage 
period. Whereas, the lowest values were recorded with zero samples at all packaging materials 
without significant differences among them. 

Generally, the data of the present work reveal that juice lycopene content was increased as cold 
storage period increased and the control treatment (net) raised lycopene content as compared with 
packaging materials during cold storage and after shelf life period. The reduction in lycopene content 
with packaging materials was in agreement with Yang et al. (1987) who reported that higher CO2 and 
lower O2 inhibited further ripening by inhabitation lycopene formation in packaged tomato fruits. 
 

 Total soluble solids (T.S.S ºBrix): 
 
During cold storage periods: 

 
Data in Table 6 reveal that the tested packaging materials failed to show any significant 

differences regarding T.S.S in both tested seasons. However, T.S.S was gradually increased with the 
advance in cold storage period in both tested seasons. As such, the highest TSS (4.50 and 4.50%) and 
lowest T.S.S (3.29 and 3.50%) were recorded after 35 days and zero sample of cold storage period in 
both seasons, respectively.  

Moreover, the interaction between packaging materials and cold storage periods was significant 
in both seasons and support the effect of each individual factor on TSS values. As such, all tested 
packaging materials recorded the highest T.S.S values after 35 days cold storage without significant 
differences between them in both seasons. While, the lowest T.S.S values were recorded at zero time 
sample without significant differences among them. 

   
During shelf life periods: 

 
Data in Table 6 reveal also that the tested packaging materials failed to clear any significant 

differences in T.S.S in both tested seasons. However, T.S.S was gradually increased with the advance 
in the cold storage period in both tested seasons. Moreover, the interaction between packaging 
materials and cold storage periods was significant in both seasons and support the effect of each 
individual factor on T.S.S values.  
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Changes in T.S.S content were natural phenomenon occurred during ripening and is correlated 
with hydrolytic changes in starch concentration during ripening in post harvest period. In tomatoes, 
conversion of starch to sugar is an important index of ripening (Kays, 1997).During ripening the 
degradation of cell wall polysaccharides (hemicellulose and pectins) occurred releasing of 
oligosaccharins.That known oligosaccharides with biological activity and potential intercellular 
signaling role (Albersheim and Darvill , 1985; Ryan and Farmer, 1991). 
 
Table 6: Effect of some packaging materials treatments on TSS of tomato fruits during cold storage and after 

shelf life periods during 2014 and 2015 seasons 
    Storage periods 
 
Packaging 
material 

                                                               TSS (Brixº) 
      Cold storage periods (days) 

P.M. (Average) 
0 7 14 21 28 35 

                  First season (2014) 
Control(net) 3.33fg 3.83ce 3.83ce 4.00bd 4.50a 4.50a 4.00A 
Perforated (0.4%) 
LDPE bags 

3.50eg 4.00bd 4.16ac 4.33ab 4.33ab 4.50a 4.13A 

LDPE bags 3.16g 3.66df 3.83ce 4.16ac 4.50a 4.50a 3.94A 
Sealed stretch 3.16g 3.66df 3.66df 4.16ac 4.50a 4.50a 3.97A 
S.P. (Average) 3.29D 3.79C 3.87C 4.16B 4.45A 4.50A - 

               Second season (2015) 
Control(net) 3.50f 4.00de 4.00de 4.00de 4.33bc 4.67a 4.08A 
Perforated (0.4%) 
LDPE bags 

3.50f 4.00de 4.00de 4.00de 4.33bc 4.50ab 4.05A 

LDPE bags 3.33f 3.83e 4.00de 4.00de 4.16cd 4.33bc 3.97A 
Sealed stretch 3.33f 3.83e 4.00de 4.00de 4.33bc 4.50ab 4.02A 
S.P. (Average) 3.50D 3.91C 4.00C 4.00C 4.29B 4.50A - 

 
Table 6: Cont. 
    Storage periods 
 
Packaging 
material 

TSS (Brixº) 
                       5 days shelf life 

P.M. 
(Average) 0 7 14 21 28 35 

              First season (2014) 
Control(net) 3.33g 4.00de 4.33bc 4.50ab 4.50ab 4.50ab 4.19A 
Perforated (0.4%) 
LDPE bags 

3.16g 3.66f 4.50ab 4.50ab 4.50ab 4.50ab 4.13A 

LDPE bags 3.33g 3.83ef 4.16cd 4.16cd 4.50ab 4.66a 4.11A 
Sealed stretch 3.16g 3.66f 4.50ab 4.50ab 4.50ab 4.50ab 4.13A 
S.P. (Average) 3.25D 3.79C 4.37B 4.41AB 4.50AB 4.54A - 

           Second season (2015) 
Control(net) 3.66fg 4.16de 4.50bd 4.66ac 4.83ab 4.83ab 4.44A 
Perforated (0.4%) 
LDPE bags 

3.66fg 4.16de 4.33ce 4.50bd 4.83ab 5.00a 4.41A 

LDPE bags 3.50g 4.00ef 4.16de 4.33ce 4.66ac 4.83ab 4.25A 
Sealed stretch 3.66fg 4.16de 4.33ce 4.50bd 4.66ac 4.66ac 4.33A 
S.P. (Average) 3.62D 4.12C 4.33B 4.50B 4.75A 4.83A - 
Values having the same alphabetical letter(s) did not significantly different according to L.S.D at 0.05 of probability. 
P.M. = Packaging Material.,   S.P. = Storage Periods (days).,  LDPE = Low Density Polyethylene. 
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