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Abstract 

The present investigation was conducted with a broad aim of increasing the shelf life of tomatoes using 

gamma irradiation as a pre-treatment. Tomatoes (Anand Tomato-3) at two different maturity stages i.e. 

breaker and light-red stage were exposed to different levels of gamma irradiation (1.00, 2.00, 3.00 and 

4.00 kGy) and stored at two different storage temperatures i.e. 28±1⁰C and 14±1⁰C. All the pretreated 

tomatoes were evaluated for its physico-chemical properties and shelf life. For breaker stage tomatoes, 

increasing dose level of gamma irradiation showed superior physico-chemical properties and increased 

shelf life than the control. Breaker stage tomatoes treated with 4 kGy dose and stored at 14±1⁰C showed 

highest i.e. 150 % increase in shelf life as compared to control tomatoes. Results for light-red stage 

tomatoes were antithetical than breaker stage tomatoes. Gamma irradiation of light-red stage tomatoes 

showed inferior physico-chemical properties and decreased shelf life than the control during storage. 
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Introduction 

Tomato (Solanum lycopersicum L.) is one of the most widely grown fruit crops in the world, 

with global tomato production exceeding 161 million tonnes per year (FAO, 2012) [1]. Tomato 

ranks third in priority after potato and onion in India but it is the second most important 

vegetable crop next to potato in the world (Luthria et al., 2006) [2]. However, tomato is a 

climacteric and very perishable fruit, susceptible to microbial infection as a result of rapid 

ripening at ambient conditions, which facilitates pathogen development (Pinheiro et al., 2013) 
[3].  

Different technologies have been used to extend the postharvest life of tomato. Low 

temperatures are effective in delaying of these physiological changes, but it is not possible to 

apply them since tomatoes are susceptible to chilling injury (Luengwilai et al., 2012) [4]. The 

chemicals such as chlorinated water have been used as disinfectant for horticultural crops 

(Tzortzakis, 2010) [5]. However, the use of chlorine has been associated with the formation of 

carcinogenic compounds; in addition, it has been shown that some pathogens gained resistance 

to these compounds (Bermudez and Barbosa, 2013) [6]. Heat treatments can also be used for 

prevention of chilling injury development and ripening process control (Luengwilai et al., 

2012) [4]. Heat treatment has been shown to induce many physiological changes in tomato 

fruits. The high temperature treatment (38⁰C) of tomatoes for duration of 3 days was shown to 

reversibly inhibit ethylene production, color development and fruit softening by decreasing 

expression of mRNAs related to ripening (Lurie et al., 1996) [7].  

Internationally, World Health Organization (WHO), the Food & Agriculture Organization 

(FAO), and the International Atomic Energy Agency in Vienna have considered food 

irradiation a safe and efficacious technology (El-Samahy et al., 2000) [8]. Ionizing radiations 

effectively damage the DNA, the basic genetic information for life. Therefore microorganisms, 

insect gametes, and plant meristems can no longer proliferate and continue their malignant or 

reproduce, resulting in various preservative effects as a function of the absorbed radiation 

dose. (Thayer, 1990) [9]. Furthermore, gamma irradiation could also be employed to restrain 

sprouting in potatoes, kill pests in grain, sensitization and to revamp physical-chemistry of 

food (Wang and Chao, 2002) [10]. Gamma irradiation has long been employed for 

decontamination and/or sterilization of dehydrated vegetables(Guo et al. 1993 [11] Zhou et al., 

1996 [12]), fruits  
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(Guozhu and Xiaoling, 1993 [13]; Shengfu et al., 1993 [14]; 

Zengzhi et al., 1993 [15]), seasonings (Qixun et al., 1993 [16]), 

and animal feed (Yang et al., 1993 [17]). 

Srividya et al. (2014) [18] evaluated the effect of packaging 

material on the shelf life of tomato fruits and reported that 

LDPE 300 gauge + 0.50% ventilation packaging material was 

found to be superior in retaining maximum TSS, titrable 

acidity and ascorbic acid content of tomato fruits even up to 

the end of storage period. Therefore LDPE 300 gauge bags 

with 0.50% ventilation was taken as packaging material. 

 

 
 

Fig 1: cross sectional view of gamma irradiator gc 5000 
 

Note: 1. Stirrer Motor; 2. Central Drawer; 3. Sample 

Chamber; 4. External Cabinet; 5. Removable Cover; 6. Lead 

Flask (Biological Shield); 7. Source Cage; 8. Mechanical 

Driving System; 9. Wire Rope; 10. Platform; 11. Concrete Pit 

Storage of tomato fruit treated by gamma irradiation for 

extended availability and minimization of market glut is very 

much important. Therefore, a systematic scientific study was 

undertaken to study the effect of gamma irradiation treatment 

on physicochemical properties and shelf life of tomato.  

 

Materials and Methods 

Materials 

Tomato variety “Anand Tomato-3” (an early variety, fruits are 

round, grooved or ungrooved, firm, medium-sized, uniform 

ripening) were grown at Vegetable Research Centre, Anand 

Agricultural University, Anand, Gujarat. Tomatoes were 

grown in continuous supervision of experts to avoid cross 

variety contamination. Tomatoes were picked from the fields 

at breaker stage (first appearance of external pink red or 

tannish yellow color) and light red stage (appearance of 

external red color) for the experiment. The fruits were sorted 

on the basis of size, color, and absence of external injuries. 

Selected tomatoes were brought to the College of Food 

Processing Technology and Bio-Energy for further studies. 

Low density polyethylene bags (300 × 200 mm) of 300 gauge 

with ZIP lock were procured from the local market. To make 

0.50% ventillation, 11 number circular holes of 6 mm 

diameter were punched on polyethylene bags at equidistance 

from each other. 

 

Experimental Procedure 

Breaker stage and light red stage tomatoes were packed in 300 

guage LDPE bags with 0.50% ventillation and gamma 

irradiated in Gamma Irradiator GC 5000 (College of Food 

Processing technology & Bio-Energy, AAU, Anand, Gujarat) 

(Fig 1) at four different gamma irradiation doses i.e 1.0, 2.0, 

3.0 and 4.0 kGy. After gamma irradiation, tomatoes in LDPE 

bags were stored at two different storage temperatures i.e 

28±1⁰C and 14±1⁰C for evaluation of effect of gamma 

irradiation on physico-chemical properties and shelf life of 

tomato.  

 

Physico-Chemical Analysis 

A. Spoilage 

Spoilage percentage were measured based on visual analysis 

(Behboudian and Tode, 1995) [19] of texture, firmness, surface 

moulds, shrinkage and presence of necrosis, development of 

undesirable patch (i.e. lesion and any obvious signs of 

deterioration) appear on the harvested fruits (Lange and 

Cameron, 1994) [20]. 

 

 
 

B. Physiological Weight Lossx  

The physiological loss in weight (PLW) in treated tomatoes 

was calculated according to the method described by Karki 

(2005) [21]. The PLW was determined by taking the fruit 

weight initially and at 3 days interval from each treatment 

during ripening and storage period. The difference in the 

weight was considered as the PLW and results were expressed 

as percent loss in weight. 

  

𝑃𝐿𝑊(%) =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
∗ 100 

 
C. Compression or Firmness Test 

A Texture Analyzer of Stable Micro System Ltd. (Make- TA-

HDi, UK), equipped with 75 mm compression platen (P/75) 

and 50 kg load cell, was used in order to measure the treated 

tomatoes response to compression. The operating conditions 

were compression speed of 1 mm/s and post-test speed of 5 

mm/s. Once a trigger force of 20 g has been achieved, the 

compression platen proceeds to move down onto the tomato 

and a rapid rise in force is observed until the tomato was 

compressed 10 mm in the equatorial zone. During this stage 

the sample deforms under applied force but there will be no 

apparent breakdown of the product. The compression force, 

the maximum force (N) needed to compress 10 mm of the 

tomato in the equatorial zone was obtained. (Arazuri et al., 

2007) [22].  

 

D. Skin resistance test or puncture test 

A Texture Analyzer of Stable Micro System Ltd. (Make- TA-

HDi, UK), equipped with a steel punch, 2 mm maximum 

diameter (P/2) was used in order to measure the skin 

resistance by puncture test. Puncture speed was 0.83 mm/s 

until punch penetrated 10 mm the tomato. The puncture test 

was performed on the equatorial zone of each fruit without 

skin removal. The measured variable was force (N) needed to 

puncture tomato skin (Arazuri et al., 2007) [22].  

 

E. Color 
The “a” value of color of tomatoes was measured in lovibond  

Colorimeter RT850i. Firstly the colorimeter was standardized  

with perfect black and perfect white object, and then “a” 

value for different tomatoes was evaluated 
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F. Titratable Acidity 

The titratable acidity of tomato samples was determined as 

per the procedure described by Ranganna (1986) [23]. A 10 g 

of the ground and filtered sample was diluted in 90 ml of 

distilled water. The volume was made up and aliquot was 

titrated with 0.1N NaOH using 1% phenolphthalein solutions 

as an indicator. The percent anhydrous citric acid was 

calculated as under; 

 

 
 

G. Lycopene Content 

Both peels and pulp of the tomato were analysed for lycopene 

content (Figure 3.17). Total lycopene was extracted by 

solvent extraction (SE) method using mixed solvents, hexane: 

methanol: acetone in 50:25:25 ratio (Sadler et al., 1990). 

Lycopene concentration in the extracting solvents was 

determined by spectrophotometric measurement at room 

temperature in the wavelength range of 350-600 nm. A 

double-beam UV-VIS spectrophotometer (make: Varian-

carry-50) and quartz cells of 1-cm path length were used.  

The absorption spectra of the extract, independently of the 

solvent used, displayed the three characteristic peaks of 

lycopene at around 445, 472 and 503 nm. To minimise 

interference from other carotenoids, measurements were made 

at 503 nm (Brandt et al., 2006 [24]; Olives et al., 2006 [25]; 

Lavecchia and Zuorro, 2008 [26]; Naviglio et al., 2008 [27]). 

The absorbance at 503 nm gives lycopene concentration of 

the sample. The data were recorded and the percent lycopene 

was calculated using the following formula: 

 

Lycopene (%) =
A503

a503

 x 
v

1000
 x 

100

w
 

 

Where, A503 = absorbance noted at 503 nm 

 a503 = specific extinction coefficient of lycopene in n-hexane  

 (i.e. 310.5) 

 v = total volume of the solvent and extract, ml  

 w = weight of the sample, g 

 

Shelf Life 

The shelf life of fruits was decided based on the appearance 

and spoilage of fruits. When 40 percent of fruits showed 

symptoms of shrinkage or spoilage due to pathogens or 

chilling injury, that lot of fruits were considered to have 

reached the end of shelf life (Rai et al., 2012) [28]. 

 

Statistical Analysis 

The mean values generated from analysis of each of quality 

attribute obtained from three replications during the 

experimentation were subjected to statistical analysis using 

completely randomized design (CRD). ANOVA tables were 

prepared and the significance of influence of each parameter 

on the specific characteristic was tested at 5% level of 

significance. 

 

 

Results & Discussion 

Spoilage 

For breaker stage and light red stage tomatoes stored at 

28±1⁰C and 14±1⁰C, significant (p-value<0.05) differences 

were observed among the treatments during storage. The 

interactions between the treatments and days of storage was 

also significant (p-value<0.05). 

As gamma irradiation dose was increased from 0 to 4 kGy, 

the spoilage (%) decreased for breaker stage tomatoes stored 

at 28±1⁰C and 14±1⁰C. Similar gamma irradiation caused 

delay in ripening and consequent enhancement of shelf life in 

bananas and plantains was also reported by Maxie et al. 

(1968) [29], Solanas and Darder (1968) [30] and Kao (1971) [31]. 

After 24 days, 40 % spoilage was observed in breaker stage 

tomatoes which were not irradiated (control) and stored at 

28±1 ⁰C. So breaker stage control tomatoes stored at 28±1⁰C 

were considered spoiled after 24 days. Breaker stage tomatoes 

stored at 28±1⁰C and gamma irradiated with 1, 2, 3 and 4 kGy 

dose got spoiled after 27, 30, 33 and 36 days, respectively. 

For tomatoes stored at 14±1⁰C, 40 % spoilage was observed 

after 30 days in breaker stage control tomatoes. Breaker stage 

tomatoes stored at 14±1⁰C and gamma irradiated with 1, 2, 3 

and 4 kGy dose got spoiled after 33, 36, 39 and 42 days, 

respectively. It was observed that the spoilage rate was slower 

in low temperature storage; while faster at room temperature 

storage condition. This results was in agreement with the 

study of Castro (2006) [32] which signifies that the temperature 

plays an important role in the spoilage of the fruits. 

For light red stage tomatoes stored at 28±1⁰C and 14±1⁰C, as 

gamma irradiation dose was increased from 0 to 4 kGy, the 

spoilage (%) increased. Control tomatoes showed lower 

spoilage compare to gamma irradiated tomatoes. In tomatoes 

gamma irradiated with 3 and 4 kGy dose and stored at 

28±1⁰C, 40 % spoilage was observed after 12 days. Similarly, 

light red stage tomatoes stored at 28±1⁰C and gamma 

irradiated with 1 and 2 kGy dose got spoiled after 18 and 15 

days, respectively. After 18 days, 40 % spoilage was observed 

in light red stage tomatoes gamma irradiated with 3 and 4 

kGy dose and stored at 14±1⁰C. Similarly, light red stage 

tomatoes stored at 14±1⁰C and gamma irradiated with 1 and 2 

kGy dose got spoiled after 24 and 21 days, respectively. This 

may be perhaps due to the fact that extent of delay of ripening 

is dependent on fruit maturity at harvest and on storage 

temperature (Aina et al., 1999) [33]. 

 

Physiological Weight Loss 
 

 
 

Fig 2: Effect of gamma irradiation on PLW (%) of breaker stage 

(BS) and light red stage (LRS) tomatoes after 24 days and 12 days 

respectively at 28±1⁰C and 14±1⁰C. 
 

Perishability of fruit is attributed to adverse physiological 

changes, mainly to, loss in weight due to respiration and 

transpiration. Hence physiological loss in weight is very 

important in deciding quality of fruit. Physiological loss in 

weight (PLW) of tomatoes both irradiated and non-irradiated, 
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were measured over storage period at 28±1⁰C and 14±1⁰C, at 

3 day interval subsequently. According to the analysis of the 

irradiated and non-irradiated samples, physiological loss in 

weight ranged between 2.05 % and 12.85 %. An overall 

analysis showed that gamma irradiation at all levels has 

significant effect (p-value<0.05) on the physiological loss in 

weight of the fruits. This was true for both maturity stages 

tomatoes stored both at 28±1⁰C and 14±1⁰C temperature and 

also during the entire storage period. For breaker stage 

tomatoes, tomatoes irradiated at a higher doses showed 

significant reduction in the physiological loss in weight (p-

value<0.05) at 28±1⁰C and 14±1⁰C as shown in fig. 2. After 

24 days, PLW for breaker stage tomatoes gamma irradiated at 

0 (Control), 1, 2, 3, and 4 kGy dose and stored at 28±1⁰C was 

11.78, 8.54, 7.82, 7.21 and 6.96 % respectively. While PLW 

for breaker stage tomatoes stored at 14±1⁰C was 9.32, 8.53, 

7.18, 6.98 and 6.01 % respectively. Tomatoes stored at 

14±1⁰C had lower physiological loss in weight as compared 

to tomatoes stored at 28±1⁰C during the entire storage period. 

These may be due to the fact that fruits stored at low 

temperature had low weight loss and increased water 

retention, as temperature affects the vapour pressure 

difference between fruit and surrounding air (Tasdelen and 

Bayindirli, 1998) [34]. On the other hand, for light red stage 

tomatoes, tomatoes irradiated at a higher doses showed 

significant promotion in the physiological loss in weight (p-

value<0.05) at 28±1⁰C and 14±1⁰C as shown in fig. 2. For 

light red stage tomatoes stored at 28±1⁰C, as gamma 

irradiation dose was increased from 0 to 4 kGy, the PLW of 

tomatoes increased from 8.56 to 11.11 % after 12 days of 

storage. Similarly, for light red stage tomatoes stored at 

14±1⁰C, PLW of tomatoes increased from 5.87 to 7.32 % 

within 12 days of storage. 

 

Compression or Firmness Tests 

 

 
 

Fig 3: Effect of gamma irradiation on Firmness of breaker stage (BS) and light red stage (LRS) tomatoes after 24 days and 12 days respectively 

at 28±1⁰C and 14±1⁰C. 

 

For fresh tomato fruit, the two quality attributes that are most 

important while referring to good texture are firmness and 

skin resistance of tomato. Tomatoes stored at 14±1⁰C had 

higher firmness as compared to tomatoes stored at 28±1⁰C 

during the entire storage period (Fig. 3). These data are in 

agreement with Vanegas (1987) [35], who demonstrated that 

tomato reaches the maturity sooner and then loses its firmness 

faster at ambient temperature than at lower temperatures. 

There was a gradual decrease in the firmness of all tomatoes 

as the storage time increased (Fig. 3). Breaker stage tomatoes 

which were gamma irradiated showed more firmness as 

compare to control tomatoes. This results were similar to 

results of Pimentel and Walder (2004) [36] who concluded that 

irradiation improve firmness of papaya fruit. For breaker 

stage tomatoes stored at 28±1⁰C and 14±1⁰C, as gamma 

irradiation dose was increased from 0 to 4 kGy, the firmness 

of tomatoes increased from 23.87 to 61.08 N and from 44.44 

to 75.03 N respectively after 24 days of storage. While on the 

other hand, light red stage tomatoes pretreated with gamma 

irradiation maintained significantly lower levels of firmness 

than control tomatoes stored at 28±1⁰C and 14±1⁰C with 

decreases in firmness from 51.38 to 22.75 N and from 61.10 

to 29.63 N respectively after 12 days of storage. This may be 

due to the fact that, fruits in which the rise in respiratory 

climacteric has already begun or that are in the post 

climacteric stage can or cannot tolerate higher radiation doses. 

Higher radiation dose can cause no delay in ripening, 

shrivelling, uneven ripening or softening in fruits depending 

on fruit maturity and storage conditions (Thomas 1986a) [37]. 
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Puncture or skin resistance test 

 

 
 

Fig 4: Effect of gamma irradiation on skin resistance of breaker stage (BS) and light red stage (LRS) tomatoes after 24 days and 12 days 

respectively at 28±1⁰C and 14±1⁰C. 

 

Gamma irradiation effect on skin resistance of tomato was 

similar to the effect of the same on firmness of tomato. As 

shown in fig. 4, breaker stage tomatoes pretreated with 

gamma irradiation maintained significantly higher levels of 

firmness than control tomatoes stored at 28±1⁰C and 14±1⁰C. 

Control sample was having lowest skin resistance, 3.44 N at 

28±1⁰C and 3.93 N at 14±1⁰C after 24 days of storage at 

14±1⁰C. Highest skin resistance was observed in samples 

treated with 4 kGy gamma irradiation dose i.e 5.13 N at 

28±1⁰C and 5.63 N at 14±1⁰C after 24 days of storage. This 

may be due to the fact that gamma irradiation can cause delay 

in ripening in fruits (Dharkar et al., 1966a) [38] and delay in 

ripening can cause increase in skin resistance in gamma 

irradiated tomatoes.  

Gamma irradiation had a negative effect on skin resistance of 

light red stage tomatoes as shown in fig. 4. Highest skin 

resistance was noted in control sample and stored at 28±1⁰C 

(3.04 N) and 14±1⁰C (3.06 N) after 12 days and 18 days 

respectively. Followed by sample treated with 1 kGy of 

gamma irradiation dose and stored at 28±1⁰C (3.04 N) and 

14±1⁰C (2.91 N) after 12 days and 18 days respectively.  

 

Color 

 

 
 

Fig 5: Effect of gamma irradiation on “a” value of color of breaker stage (BS) and light red stage (LRS) tomatoes after 24 days and 12 days 

respectively at 28±1⁰C and 14±1⁰C. 

 

“a” value of color is the numeric representation of difference 

in red and green (Plus = Redder and minus = Greener). The 

higher the “a” value, redder the object. “a” value of tomatoes 

gamma irradiated and stored at 28±1⁰C and 14±1⁰C are 

shown in fig. 5. As gamma irradiation dose was increased 

from 0 to 4 kGy, the “a” value of breaker stage tomatoes 

decreased. This indicated that gamma irradiation delayed 

development red color (ripening) in breaker stage tomatoes. 

Non gamma irradiated sample showed higher “a” value 

compared to gamma irradiated samples. Moreover, tomatoes 

stored at 14±1⁰C had lower “a” value as compared to 

tomatoes stored at 28±1⁰C during the entire storage period. 

These may be due to the fact that tomatoes ripen slowly at 

low temperature as compared to room temperature. Due to 

delay in ripening, color development is also slower at 14±1⁰C 

compared to 28±1⁰C. Irradiation delayed the color 

development by delaying the onset of the respiratory 

climacteric and the intensity of the respiratory peak, as 

evidence by CO2 evolution (Thomas et al., 1971) [39]. Delay 

in ripening and color development in fruits was also observed 

by Zaman et al. (2007) [40], Egea et al. (2007) [41], Pimentel 

and Walter (2004) [36]. The average initial “a” value for 
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tomato on the day of treatment (day 0) was -8.9 for breaker 

stage tomatoes and 3.90 for light red stage tomatoes. 

However, during storage, untreated breaker stage tomatoes 

lost their green colour much faster than gamma irradiated 

tomatoes. Highest “a” value was noted in control sample 

(36.14), followed by sample treated with 1 kGy of gamma 

irradiation dose (31.15) after 24 days of storage at 28±1⁰C. 

Lowest “a” value of color was observed in samples treated 

with 4 kGy gamma irradiation dose (21.14) and 3 kGy gamma 

irradiation dose (29.65) after 24 days of storage. While in case 

of light red stage tomatoes, during storage, gamma irradiated 

tomatoes lost their green colour much faster than untreated 

tomatoes. Lowest “a” value of color was noted in sample 

treated with 1 kGy of gamma irradiation dose (23.45), 

followed by control sample (24.65) after 12 days of storage at 

28±1⁰C. Highest “a” value of color was observed in samples 

treated with 4 kGy gamma irradiation dose (37.68) and 3 kGy 

gamma irradiation dose (36.68) after 12 days of storage.  

 

Titratable Acidity 

 

 
 

Fig 6: Effect of gamma irradiation on titratable acidity of breaker stage (BS) and light red stage (LRS) tomatoes after 24 days and 12 days 

respectively at 28±1⁰C and 14±1⁰C. 
 

The main organic acid accountable for the titratable acidity in 

tomato fruit is citric acid. Citric acid levels were significantly 

affected by storage time (p-value<0.05), irradiation doses (p-

value<0.05) and the interaction of storage time/treatment (p-

value<0.05). During storage, there was significant decrease in 

levels of citric acid in all treatments as illustrated in Fig. 6. 

Reported levels of citric acid in tomato have ranged from 

0.49-0.14 % citric acid during entire storage period. Citric 

acid was found to be more abundant in non-irradiated breaker 

stage tomatoes compared to significantly lower levels in 

untreated tomatoes. The decrease in citric acid with storage 

could be correlated to increases in ripening and senescence of 

tomato fruits. Tomatoes stored at 14±1⁰C had higher titratable 

acidity as compared to tomatoes stored at 28±1⁰C during the 

entire storage period. These results were in agreement with 

Maul et al., (1997) [42] who noticed the decrease in titratable 

acidity after 8 days of storage with increase in temperature. 

Rai et al., (2012) [28] also reported similar results in tomato. 

In untreated light red stage tomatoes, levels of citric acid were 

significantly lower compared to gamma irradiated light red 

stage tomatoes throughout the duration of storage (Fig. 6). 

Citric acid (%) decreased from 0.26 to 0.17 % citric acid and 

from 0.32 to 0.29 % citric acid after 12 days of storage in 

light red stage tomatoes stored at 28±1⁰C and 14±1⁰C. 

Similarly, for light red stage tomatoes stored at 14±1⁰C, as 

gamma irradiation dose was increased from 0 to 4 kGy, the 

titratable acidity of tomatoes decreased from 0.32 to 0.29 % 

citric acid after 12 days of storage as gamma irradiation dose 

was increased from 0 to 4 kGy. 

 

Lycopene Content 

 

 

 
 

Fig 7: Effect of gamma irradiation on lycopene content of breaker stage (BS) and light red stage (LRS) tomatoes after 24 days and 12 days 

respectively at 28±1⁰C and 14±1⁰C. 
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A number of changes occur when tomato fruit progress from 

the mature-green to red-ripe stage of ripeness. The most 

obvious external changes of tomato fruit during ripening are 

associated with the loss of chlorophyll and the accumulation 

of lycopene (Saltveit, 2005) [43]. Lycopene, the red pigment of 

tomato fruit, on average constitutes about 80–90% of the total 

carotenoids content (Shi and Le Maguer, 2000) [44]. Irradiation 

treatment and storage period significantly altered lycopene 

content of tomato. As gamma irradiation dose was increased 

from 0 to 4 kGy, the lycopene content of breaker stage 

tomatoes decreased at 28±1⁰C and 14±1⁰C. But with the 

increase of gamma irradiation dose, lycopene content of light 

red stage tomatoes increased at 28±1⁰C and 14±1⁰C as 

illustrated in fig. 7. In contrast to control, lycopene content in 

gamma irradiated tomatoes increased rapidly during early 

days of storage, but then decreased. The final content of 

lycopene in gamma irradiated tomatoes was comparable with 

that in control fruit (p value > 0.05). This suggests that 

gamma irradiation treatment significantly delayed the 

lycopene accumulation but did not affect its final content. 

Gamma irradiation delays ripening in tomato by reducing 

polygalacturonase activity as reported by Assi et al (1997) [45] 

 

Shelf Life  

 

  
 

Fig 8: Effect of gamma irradiation on shelf life of (A) Breaker stage tomatoes and (B) Light red stage tomatoes at 28±1⁰C and 14±1⁰C 
 

A clustered column chart, fig. 8 (A) shows the effect of 

gamma irradiation on shelf life of breaker stage tomato stored 

at 28±1⁰C and 14±1⁰C. Breaker stage tomatoes showed 

increase in shelf life with the increase in gamma irradiation 

dose. Control samples of breaker stage tomatoes had a shelf 

life of 24 days and 30 days at 28±1⁰C and 14±1⁰C, 

respectively. Breaker stage tomatoes gamma irradiated at 1, 2, 

3 and 4 kGy stored at 28±1⁰C showed increased shelf life of 

27, 30, 33 and 36 days, respectively and those stored at 

14±1⁰C showed increased shelf life of 33, 36, 42 and 45 days, 

respectively. Breaker stage tomatoes treated with 4 kGy and 

stored at 14±1⁰C dose showed maximum increase in shelf life 

of 15 days as compare to control. Several studies on various 

fruits have also shown that irradiation applied to 

preclimacteric fruits extended the shelf life by slowing down 

the rates of ripening and senescence (Loaharanu, 1971 [46]; 

Moy, 1971 [47]; Pablo et al., 1971 [48]; Cuevas et al., 1972 [49]; 

Ahmed et al., 1973 [50]; Khan et al., 1974 [51] et al.). 

Fig. 8 (B) shows the effect of gamma irradiation on shelf life 

of light red stage tomato stored at 28±1⁰C and 14±1⁰C. In 

light red stage tomatoes, decrease in shelf life with the 

increase in gamma irradiation dose level was observed. 

Control samples of light red stage tomatoes had a shelf life of 

18 days and 24 days at 28±1⁰C and 14±1⁰C, respectively. 

Gamma irradiated tomatoes showed lower shelf life of 15 

days (2 kGy) and 12 days(3 and 4 kGy) at 28±1⁰C, while 

gamma irradiated light red stage tomatoes stored at 14±1⁰C 

showed lower shelf life of 21 days (2 kGy) and 18 days (3 and 

4 kGy) than the control sample. This may be perhaps due to 

the fact that extent of delay of ripening is dependent on fruit 

maturity at harvest and on storage temperature (Aina et al., 

1999) [33]. In general, best results were obtained when fully 

mature fruits were treated while they were in the hard green 

pre climacteric state. Maximum delay of ripening has been 

observed with fruits of lower maturity (three-quarter to full 

three-quarters); as fruit maturity increased, a progressive 

decrease in ripening delay and shelf life occurred (Kahan et 

al., 1968 [52]; Thomas et al., 1971 [39]). 

 

Conclusion 

As a model climacteric fruit that undergoes ripening even 

after harvest, extension of shelf life of tomatoes is positively 

correlated with decreasing the rate of ripening activities. For 

breaker stage tomatoes, gamma irradiated and stored both at 

28±1⁰C and 14±1⁰C temperatures, gamma irradiation at 

increasing dose levels had significant lower physiological loss 

in weight, higher firmness, higher skin resistance, lower “a” 

value of color, lower spoilage, higher titratable acidity and 

lower lycopene content during storage. On the other hand, for 

light red stage tomatoes, gamma irradiated and stored both at 

28±1⁰C and 14±1⁰C temperatures, gamma irradiation at 

increasing dose levels had significant higher physiological 

loss in weight, lower firmness, lower skin resistance, higher 

“a” value of color, higher spoilage, lower titratable acidity 

and higher lycopene content during storage. Tomatoes stored 

at 14±1⁰C had lower physiological loss in weight, higher 

firmness, higher skin resistance, lower “a” value of color, 

lower spoilage, higher titratable acidity, and lower lycopene 

content as compared to tomatoes stored at 28±1⁰C during the 

entire storage period. Breaker stage tomatoes treated with 4 

kGy dose and stored at 14±1⁰C showed 150 % increase in 

shelf life as compared to control tomatoes. 
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