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Introduction 
 

Tomato (Solanum lycopersicum L.) is a 

second largest and important vegetable crop 

consumed worldwide. The area under 

cultivation has continuously increased which 

shown their economic significance throughout 

the world (Bodunde et al., 1993). Tomato is 

one of the significant parts of the human diet 

and is also an abundant source of large 

number of bioactive compounds such as 

carotenoids, phenolics, and ascorbic acid, 

these compounds having a protective effect 

against various forms of cancer and 

cardiovascular diseases (abushita et al., 1997;  

 

 

 

 

 

 

 

Kopsell et al., 2006). Bioactive compounds 

are non-nutritional constituents that are 

present in small quantities. Many of these 

compounds (mainly carotenoids, phenolics 

and some vitamins) have shown antioxidant 

activity. It is well established that the 

consumption of fruits and vegetables has been 

associated with reduced risk of developing 

chronic diseases (Holst and Williamson, 

2008; Vicente et al., 2009; Yahia 2010). The 

plant secondary metabolites, antioxidants and 

phenolics components commonly found in 

various vegetables provide a fruitful defence 
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Tomato is one of the most widely consumed vegetable crops and it is an important source 

of bioactive compounds like lycopene, phenolics, vitamins and ascorbic acid. The content 

of these bioactive compounds largely depends upon their post-harvest storage. In the 

present study, the influence of post-harvest temperature on the bioactive compounds was 

determined. During post-harvest of tomatoes (of two different variety hybrid and local) at 

two different temperatures 4°C in a refrigerator and at room temperature (max 28°C min 

19.2°C) in the laboratory conditions were maintained for 42 days and their activity were 

analyzed. On storage at room temperature exhibited significant high antioxidant activity in 

comparison to fruits stored at 4°C. The total phenol content in freshly harvested hybrid and 

local tomato fruits were near to 0.05 mg GAE/g fresh wt., which increased in both the 

variety after storage. The hybrid variety fruits have maximum total phenol content at room 

temperature while lowest in local fruits stored at 4°C.The hybrid variety tomato fruits had 

nearly 74 percent lycopene content more than local variety on the day of harvest. The 

lycopene concentration gradually increased on the storage for 42 days in both the varieties 

of tomatoes at both the temperature conditions. 
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against oxidative stress from oxidizing agents 

and free radicals (Matkowski, 2006; 

Sarikurkcu et al., 2009; Antolovich et al., 

2000).  

 

Lycopene is one of the most important 

constituents of tomato, plays a significant role 

in many diseases such as cardiovascular 

disease, diabetes, osteoporosis, liver disease, 

cataracts, and male infertility. It also reduces 

oxidative stress and inhibits tumor growth in 

the liver, lung, prostate, breast, and colon 

(Obermuller-Jevic et al., 2004; Solis et al., 

2013). The unique structural and chemical 

features of lycopene contribute to specific 

biological characteristics (Chauhan et al., 

2011). The antioxidant activity of lycopene is 

almost twice than beta carotene. In the human 

diet tomato can provide a significant 

proportion of the antioxidants (Martinez-

Valvercle et al., 2002). Lycopene, due to their 

unique structure protect tissues against 

oxidative and photo oxidative damage by free 

radicals or reactive oxygen species 

(Dembinska-Kiec 2005). 
 

Phenolics, an aromatic ring bearing 

compounds, are widespread groups of 

substances in flowering plants. They occur in 

most of vegetative parts of plants, as well as 

in flowers and fruits, vegetables, cereals, 

grains, seeds and drinks. Despite their 

structural diversity, the groups of compounds 

are often referred to as “polyphenols”. 

Phenolics are secondary metabolites derived 

from pentose phosphate, shikimate, and 

phenylpropanoid. Effect of polyphenols on 

human cancer cell lines, is most often 

protective and induced reduction in the 

number of tumors or their growth (Yang et 

al., 2001). Ascorbic acid is also known as 

ascorbate and vitamin C, is a basic compound 

that belongs to the group of water-soluble 

vitamins, it has the potential to react with 

almost all other oxidized free radicals. 

Therefore, it is used as an antioxidant to 

prevent diseases such as cancers and 

cardiovascular diseases (Ahmet et al., 

2016).The aim of this work was to determine 

the lycopene concentration, total phenol 

content and anti-oxidative properties of 

tomato fruits under two storage temperatures 

to know their activity and content of these 

bioactive compounds. 

 

Materials and Methods 

 

Collection of tomato fruits and storage 

 

The tomato fruit of hybrid and local varieties 

were isolated from the plants of tomato grown 

under natural conditions at Botanical garden 

of Banaras Hindu University, Varanasi, India 

(20
0
 18

’ 
N and 80° 36

’
 E, elevation 80.71m) in 

month of April 2016, in the morning (8 AM). 

 

The selected fruits were mostly reddish green, 

mature, tight and fresh and almost of same 

size. Thefruits were stored at room 

temperature (28°C max- 19.2°C min) and in a 

freeze (Model-VAE 183,Videocon) 4
0
C for 

42 days in the laboratory. 

 

Reagents and standards 

 

All the solvents and reagents used were of 

analytical grade and purchased from E. Merck 

(Bangalore, India), Standards Lycopene 

(>95% purity), Ascorbic acid, Gallic acid 

were purchased from Sigma Aldrich 

Chemical co. (USA). 

 

Preparation of standard solutions 
 

Standard solutions were prepared by 

dissolving, Gallic and ascorbic acids in 

methanol and pure lycopene in petroleum 

ether containing BHT (5ppm). The 

concentration of all standard solutions 10, 20, 

30, 40 and 50 μg/ml were prepared, 

respectively from 0.1mg/ml concentration of 

individual standard solutions. All solutions 

were stored at −20
0
C. 
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Lycopene extraction and estimation 
 

Lycopene was extracted from tomato fruits 

according the method described by Chen and 

Tang (1998). The intensity of color was 

measured in a UV- Vis Spectrophotometer 

(U-2600, Hitachi) at 503 nm using petroleum 

ether as blank. The maximum absorbance (λ 

peak) of lycopene was determined by 

absorption spectra between at 300-700 nm 

(Davis at al. 2003) (Figure 1). 

 

Formula for the estimation of lycopene 

concentration  

 

Lycopene (mg/ kg fresh weight) = (A503 × 

171.7) / W 

 

Where, W is the exact weight of tomato 

added, in grams. 

 

Extraction and analysis of antioxidant 

activity and total phenolics  

 

To determine the total phenol content and 

antioxidant activity, tomato fruits were cut 

into small pieces. Fresh fruit pieces of 5 gm 

weight with 50 ml methanol was crushed in 

mortar pestle and filtered with Whatmann 

paper No.1. The final volume of filtrate was 

maintained to 50 ml with methanol. 

 

Antioxidant activity 

 

Scavenging effect on 1, 1- diphenyl-2-picryl 

hydrazyl (DPPH) 

 

The DPPH assay is a quick and low cost 

method, which has been used for the 

evaluation of the anti-oxidative capacity of 

natural products (Soler-Rivas et al., 2000). 

Scavenging effect on DPPH radical was 

determined by the method reported by with 

minor modifications. The extracts (10, 20, 30, 

40, 50 mg in methanol) one ml was mixed 

with 4 ml of 0.004% methanolic solution of 

DPPH. The mixture was shaken vigorously 

and incubated for 30 min in dark at 25
0
C. The 

absorbance of the resultant was measured at 

517 nm against the corresponding control. 

The percent of DPPH de-colorization of the 

samples was calculated according to the 

formula 

 

I %= (A Blank–A sample/ A Blank) ×100 

 

Where, I% is percent of inhibition, A Blank is 

the absorbance of the control (without test 

compound), and A sample is the absorbance of 

the test compound. Standard solution of 

ascorbic acid was prepared by dissolving its 

10 mg in 100 ml of methanol (100 µg/ml 

stock solution). Lower concentrations of 

ascorbic acid, 10, 20, 30, 40, 50, 60 μg/ml 

were prepared by serially diluting stock 

solution in methanol and absorbance was 

taken at 517 nm in a spectrophotometer. 

(Kumar et al., 2016) (Figure 2).  

 

Estimation of total phenol content 

 

Total phenol content was estimated using 

Folin–Ciocalteu reagent as described by 

Singleton et al., (1999) using Gallic Acid as a 

standard. Fruit extract 1 ml was mixed with 1 

ml of Folin- Ciocalteu reagent followed by 

addition of 2 ml of 2% aqueous sodium 

carbonate. The mixture was vortexed in a 

homogenizer and after the addition 6 ml 

double distilled water, incubated for 20 

minutes at room temperature. The absorbance 

was taken at 650 nm and 760 nm in a UV -

spectrophotometer. The Gallic acid 

calibration curve was prepared by using 

different concentration of GA (Figure 1). The 

total phenolic content was calculated with 

reference to a gallic acid calibration curve 

(range 0 - 60 μg/ mL), and expressed as mg 

GA equivalents extract. Formula for 

estimation of total phenol is based on Gallic 

acid equivalent (Bray and Thorpe, 1954) 

(Figure 3). 
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       (μg) Gallic acid × V  

Phenol (mg/ g f. wt.) = --------------------------- 

            W × v × 1000  

 

Statistical analysis 

 

All the data were carried out using the Sigma 

Plotsoftware (Systat Software, Chicago), and 

Pearson correlation coefficient was 

established between absorbance versus 

concentration. 

 

Results and Discussion 

 

Effect of storage temperature on bioactive 

compounds of tomato fruits 

 

Lycopene content 

 

Lycopene content of tomato fruits stored at 

two different temperatures were determined at 

the interval of 6 days. On the day of harvest, 

before the storage, lycopene content (23.076 

mg/Kg) was high in hybrid variety tomato 

fruits compared to local variety 

(13.507mg/Kg). Post-harvest storage of 

tomatoes resulted in gradual increase in the 

lycopene concentration in both the varieties 

with the time of storage for 42 days at room 

temperature and in the freeze (4
0
C). On the 42 

day of storage the maximum seven times 

increase in lycopene content was in hybrid 

variety stored at room temperature, while the 

minimum increase of about three times was 

recorded in local variety at (4
0
C). The results 

presented in figure 4 revealed that storage of 

tomato fruits in dark gradually enhanced the 

lycopene content at room temperature (12.7- 

39.9
0
C) which resulted in high lycopene 

accumulation compared to storage in freeze 

(4
0
C) (Figures 4A and B).  

 

Total phenol content 
 

Phenolic compounds are responsible for 

colour, astringency and flavour (taste and 

aroma) of fruits and vegetables. The total 

phenol content was based on the absorbance 

values of the various extract solutions, reacted 

with Folin–Ciocalteu reagent and compared 

with the standard solutions of gallic acid 

equivalents. The concentration of phenol in 

hybrid and local varieties of tomato stored at 

room temperature and 4
0
C, for 42 days was 

determined and the results have been 

presented in figure 3. On the first day the total 

phenol content was near to 0.05 mg GAE/gm 

fresh wt. After the storage of fruits, the 

phenol content increased in both the variety, 

but in the hybrid tomato fruits stored at room 

temperature the total phenol content was 

highest (0.354 mg/g fresh wt.) whereas the 

lowest was recorded in local fruits stored at 

4
0
C (0.166 mg/g fresh wt.). Amount 

quantification is based on the linear equation 

obtained from the gallic acid standard curve. 

The results revealed variety specific phenol 

content increase and freezing temperature less 

favored phenol accumulation in tomato fruits 

(Figures 5 and 6). 

 

Antioxidant activity  

 

The antioxidant activity increased gradually 

from day of harvest at both room temperature 

and at 4
o
C.to the 42

th
 days of post-harvesting. 

Hybrid variety fruits stored at room 

temperature showed highest increased in 

antioxidant activity whereas the lowest 

increase was found in the local variety at4
o
C. 

The decreasing order of % free radical 

scavenging activity (FRSA %) with reference 

to ascorbic acid was in the order of -Hybrid 

room temperature > local room temperature > 

hybrid 4
o
C > local 4

o
C.  

 

The hybrid and local variety stored at 4
o
C 

showed slight increase, in comparison to 

antioxidant content of the day of harvest. This 

results revealed that antioxidant activity of 

tomato fruits depends on the variety and 

storage condition and room temperature is 
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favorable for increase in the activity measured 

in the terms of free radical scavenging activity 

(%) with reference to ascorbic acid 

equivalents (Figures 7). 

 

Antioxidants compounds are found in fresh 

fruits and vegetables, and evidence of their 

role in degenerative diseases prevention is 

continuously emerging (Jose et al., 2015). 

TheLycopene is a red-colored carotenoid and 

its content differs in tomato varieties and 

increases with ripening of the fruits. Next to 

ascorbic acid and β-carotene, lycopene is one 

of the main antioxidants in ripe tomatoes 

(Clinton, 1998; Sies and Stahl, 1998; Ilahy et 

al., 2011). 

 

Post-harvest storage of tomato fruits at room 

temperature, increased the lycopene 

concentration in both varieties of tomato with 

time. Maximum seven fold (157.13μg/ml) 

andlowest four times (54.56 μg/ml) of 

lycopene concentration in hybrid and local 

varieties respectively, was noticed. In 

contrast, increase in the lycopene content of 

fruit stored at 4
0
C was meagre in both the 

tomato verities. Storage of tomatoes between 

0 to 12
0
C induces chilling injury and 

temperature below 12
0
C resulted in lycopene 

loss in ripe-red tomatoes (King and Ludford, 

1983; Farneti et al., 2012).Results in the 

present study revealed that the hybrid variety 

is superior to local variety in terms of 

lycopene content and room temperature 

storage induced its content, This effect has 

also been observed earlier (Ajlouni et al., 

2001; Toor and Savage, 2007).The increase in 

redness of tomatoes during ripening is due to 

lycopene accumulation, in association with 

the internal membrane system (Grierson & 

Kader, 1986). Another point of attraction is 

that on post-harvest storage at two 

temperature conditions the amount of total 

phenol increasing in both varieties at room 

temperature. However, Local variety had 

highest amount of total phenol and minimum 

amount was present in hybrid tomato, stored 

at 4
0
C. The fresh tomatoes of hybrid variety 

probably could not tolerate the temperature 

stress continuously for 42 days which resulted 

in low phenol content. 

 

Fig.1 Linear curve of Absorbance vs. concentration of standard graph of Lycopene 
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Fig.2 Standard graph of Ascorbic acid 

 
 

Fig.3 Standard graph of Gallic acid 

 
Fig.4 (A) Lycopene concentration in local and hybrid tomato fruits at different temperatures 

(room temp. min12.7- max 39.9
0
C) and 4

0
C  
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Fig.4 (B) UV-Vis spectrum of lycopene in hybrid and local tomato fruits stored at room 

temperature. A. (hybrid, 0 day at room temp.) B. (Local, 0 day at room temp.), C. (hybrid, 7 days 

at room temp.) D. (Local, 7 days at room temp.), E. (hybrid, 42 days at room temp.), F. (Local, 

42 days at room temp.) 
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Fig.5 Phenotypic characteristic of hybrid and local tomato fruits under post-harvest storage at 

room temperature 

 

 

Fig.6 Variations in total phenol content with temperature in hybrid and local varieties tomato 

fruit stored at room temperature and 4
0
C 
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Fig.7 Antioxidant activity of hybrid and local variety fruits of tomato on 42 day, stored at 4
0
C 

temperature with reference to ascorbic acid 

 
 

Phenolics were the main antioxidant 

components, and their total contents were 

directly proportional to their antioxidant 

activity (Liu et al., 2009). An antioxidant, 

when present at low concentrations, 

significantly delays or prevents the oxidation 

of cellular components, such as proteins, 

lipids, carbohydrates, and DNA (Gupta and 

Sharma, 2014).The important objective of the 

research work was to estimate the antioxidant 

activity or percent free radical scavenging 

activity which also showed an increase in 

post-harvest storage from initial level of 

freshly harvested tomatoes. Antioxidant 

capacity of fruits was significantly correlated 

only to ascorbic acids. Room temperature 

storage favored the antioxidant activity in 

both the varieties however hybrid variety 

showed higher activity. This result also 

indicated that the antioxidant activity of local 

and hybrid variety stored at room temperature 

was many fold high but less than the ascorbic 

acid. From the above it is evident that the 

antioxidant property of tomatoes enhanced 

several fold on storage particularly at room 

temperature that is comparatively more but 

less than ascorbic acid. 

The result of this study demonstrate that Post-

harvest storage of tomatoes showed 

significant high lycopene content, antioxidant 

activity, and total phenolic content, which is 

of pharmacologically importance. The hybrid 

variety was superior in both the respects than 

local variety and room temperature storage 

was more beneficial than refrigerator 

temperature, for increase in lycopene, total 

phenol and antioxidant activity. 
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