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Abstract: The lipophilic and hydrophilic (LAA and HAA) 
antioxidant activities, lycopene, β-carotene and color values 
of four tomato cultivars (Rupali, Himsona, NDT, 1897) 
at different ripening stages (green, breaker, turner and 
ripe) were determined and their correlation with ascorbic 
acid, total phenolic, flavonoid, lycopene and β-carotene 
content were studied. The stages of ripening significantly 
influenced the β-carotene, lycopene and antioxidant 
activity. Beta carotene content increased until breaker and 
turner stages, decreasing afterwards. In contrast amount 
of lycopene accumulated through the ripening stages. The 
LAA followed the same pattern as lycopene and has good 
correlation with FRAP assay. The HAA of studied tomato 
cultivars were also significantly influenced by ripening 
stages, at the red ripe stage cultivar Rupali showed the 
highest amount of lycopene whereas cultivar Himsona 
showed highest total phenol, flavonoid, reducing power 
and ascorbic acid content.
Keywords: Lycopene; β-carotene; Antioxidant; Tomato.

1. Introduction
Tomato (Lycopersicon esculentum) is one of the most important worldwide 
agricultural crops, rich in plethora of natural antioxidant compounds. The 
ripening of tomato fruits involves various morphological, physiological, 
biochemical and molecular changes including chlorophyll degradation, 
synthesis and storage of carotenoids, particularly lycopene. Lycopene is a 
powerful natural antioxidant. It exhibits the highest physical quenching rate 
constant with singlet oxygen among dietary carotenoids. The amount of 
important antioxidants, such as ascorbic acid and phenolics, is also variable 
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during tomato ripening, thus varying the nutritional value and the health 
properties of the fruit (Kaur et al. 2006).

The qualitative-quantitative analysis of different antioxidants, as well as 
their variation during ripening, is of great relevance both to human health and 
to commercial purposes. Along with carotenoids, other antioxidant compounds 
of tomato fruits, such as ascorbic acid and phenolics, play a determinant role 
in disease prevention (Robards et al. 1999; Karakaya et al. 2001). It has been 
reported that the levels of the health promoting bioactive compounds and of 
the antioxidant activity of tomato extracts are strongly influenced by several 
cultural practices and agronomic aspects, particularly the varietal genotype and 
ripening stage of the fruit (Cano et al. 2003; Dumas et al. 2003; George et al. 2004; 
Garcia and Barrett, 2006). Moreover, it is widely recognized that the protective 
role of tomato consumption is due to the synergistic effect among the different 
classes of antioxidants (Pastori et al. 1998; Amir et al. 1999). Recently, the 
attention has been given to antioxidant compounds and antioxidant activities 
in fruits and vegetables. In fact, their estimation is becoming an important 
evaluation parameter for the nutritional quality of food and its quantification 
allows a real evaluation of this nutritional value rather than the analysis of 
each single antioxidant compound (Lenucci et al. 2006; Pellegrini et al. 2007). 

In this study changes in major antioxidant compounds and antioxidant 
activities of four tomato cultivars (cvs) harvested at four different stages 
of ripening were investigated. The hydrophilic and lipophilic antioxidant 
activities (HAA and LAA, respectively) and their correlation to different classes 
of antioxidants were also examined.

2. Materials and Methods
Four tomato cultivars Himsona, Rupali, NDT and 1897 were selected for the 
current study and it was procured from Krishi Vigyan Kendra, Karachchna 
Naini, Allahabad. All cultivars under investigation were subjected to identical 
cultural and agronomic practices as described by Eldridge et al. (2016) and of 
course, environmental conditions in order to minimize the influence of pre- 
and post-harvest factors.

2.1.	 Lycopene	and	β-carotene	Determination
Carotenoids was extracted after homogenisation with pestle and mortar 
from tomato (0.3 g). The homogenate was mixed and extracted with 
hexane:methanol:acetone (2:1:1) containing 2.5% butylated hydroxyl toluene 
(BHT), the solution was allowed to separate the polar and non-polar layers. 
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Lycopene and β-carotene was analyzed using HPLC system (Agilent 1200 
Infinity series). The separation was done by C-18 column (ZOBOX eclipse 
plus, particle size 4.6 µm, 150 mm, 2.0 mm). The mobile phase comprised of 
isocratic mixture of 80% methanol in water at flow rate of 1 mL/min, 35oC. The 
concentration of standard solution was calculated using the molar extinction 
coefficient of 17.2 X 104 for lycopene and 13.9 X 104 for β-carotene. Peaks were 
analyzed at 472 nm and 453 nm for lycopene and β-carotene, respectively. The 
results were reported as mg/kg, wet weight (wb) (Kotikova et al. 2011).

2.2.	 Flavonoid	Determination
The flavonoid content was determined as described by Zhishen et al. (1999) on 
triplicate aliquots of the homogenous suspension (0.3 g). The absorbance was 
taken at 510 nm using a UV-Vis spectrophotometer. The linear reading of the 
standard curve was from 0 to 250 mg quercetin per mL and flavonoid content 
was expressed as mg of quercetin equivalent per kg of wb (mg QE/kg wb).

2.3.	 Phenolic	Content	Determination
In phenolic estimation, total phenols were extracted from tomato fractions and 
measured quantitatively. Five hundred mg of tomato samples were extracted 
using 5 mL of methanol and diluted 1:5 (v/v) with distilled water. The extract 
was diluted to 125 µL and mixed with 0.5 mL of distilled water, followed by 
the addition of 125 µL of Folin-Ciocalteu reagent and allowed to stand for 
6 min. Then 1.25 mL of 7.5% sodium carbonate solution was added and the 
final volume was made up to 3 mL with distilled water. The samples were 
then allowed to stand for 90 min at room temperature and the absorbance was 
measured at 765 nm. The linear reading of the standard curve was from 0 to 
500 mg of gallic acid/ mL (Singh et al. 2016).

2.4.	 Antioxidant	Activity	Determination
The measurement of HAA and LAA was performed using the ferric reducing 
antioxidant power (FRAP assay). Different solvents for the preparation of the 
hydrophilic and lipophilic fractions, (methanol and hexane) determinations 
according to Benzie and Strain, (1996) to FRAP assay.

2.4.1. Ferric Reducing Antioxidant Power (FRAP) Assay
Hydrophilic and lipophilic antioxidants were extracted from 0.3 g of 
homogenate (three replicates) with absolute ethanol or hexane at 4oC under 
constant shaking (300 rpm) overnight. Samples were centrifuged at 10,000 
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RPM. The supernatants were used for antioxidant activity measurement. 50 
mL of hydrophilic and lipophilic tomato extract was added to 1.5 mL of FRAP 
reagent 1 mM 2,4,6-tripyridyl-2-triazine (TPTZ) and 20mM ferric chloride in 
0.25M sodium acetate buffer, pH 3.6 and mixed thoroughly. After 4 min at 
4oC, absorbance at 593 nm was read against a blank of water. A calibration 
curve was prepared using freshly prepared ammonium ferrous sulphate. The 
linear reading of the standard curve was from 0 to 1200 µM FRAP. Values were 
obtained from three replicates as mM FRAP/g of tomato wb (mM FRAP/g wb).

2.5.	 Color	Value
Color space and values L* (degree of lightness), a* (degree of green a*<0, red 
a*>0), b* (degree of blue b*<0, yellow a*>0) was determined using Hunter 
Color lab (Hunter Associates Laboratory, Reston, VA, USA, 45°/0° geometry, 
10° observer). For each sample at least three measurements were performed at 
different positions. Hue angle was calculated from arctan (b*/a*) and chroma 
by using formula (a*2 + b*2)1/2.

3. Statistical Analysis
The experimental design was a randomised complete block with four factors 
(cvs) and results were estimated in triplicates. The data were subjected to 
one-way analysis of variance using SPSS statistical software version 20.0. 
Duncan test was applied to establish significant differences between means 
with a confidence level of 95%. Correlations were estimated using Pearson’s 
correlation coefficient (R).

4. Results and Discussion

4.1.	 Lycopene	and	β-carotene
The amount of lycopene and β-carotene in tomato cultivars, harvested at four 
successive stages of fruit development and ripening corresponding to the 
unripe green, breaker, turner and red ripe colour of the fruit are reported in 
table 1. For all the investigated tomato cultivars, the amount of lycopene and 
β-carotene, expressed on wet weight (wb) basis, markedly increased during 
fruit ripening. The highest rate of synthesis and accumulation of lycopene 
in chromoplasts was detected in the transitional phase between the breaker 
and ripe stage. This may possibly be due to a progressive activation of the 
molecular mechanisms involved in carotenogenesis regulation during the 
transition between the breaker and ripe ripening stages, followed by a feedback 
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inhibition pathway by end products towards the end of fruit ripening (Egea 
et al. 2011). These mechanisms may include regulation at the transcriptional 
and/or post transcriptional level, metabolite flux into the carotenoid pathway 
and carotenoid sequestration has been found in tomatoes (Bramley, 2002). 
Difference among the cultivars were also evidenced at the ripe stage, where 
the highest amount of lycopene was detected in cv Rupali (58.62±2.02 mg/
kg wb) followed by cv NDT (42.32±3.24 mg/kg wb), 1897 (38.99±3.81 mg/kg 
wb) and Himsona (34.40±3.08 mg/kg wb). The lowest amount of β-carotene 
was found at the green stage in cv 1897 (0.92±0.10 mg/kg wb). The highest 
amount of β-carotene content was analysed in cv Rupali (3.77±0.23 mg/kg wb) 
at ripe stage followed by cv 1897 (3.28±0.23 mg/kg wb), cv NDT (3.11±0.18 mg/
kg wb) and cv Himsona (3.02±0.24 mg/kg wb). The result clearly showed that 
the lycopene and β-carotene content followed the similar pattern of increases 
from green to fully ripe stage of fruit ripening. The percentage increase in cv 
Rupali was nearly 612.27% and 148.02% in case of lycopene and β carotene 
respectively. The carotenoid content increased linearly at increasing maturation 

Table 1: Lycopene, β-carotene, total phenols, flavonoids, and ascorbic acid contents in 
tomato cultivars harvested at four different ripening stages

Cultivars Lycopene 
(mg/kg wb)

β-carotene 
(mg/kg wb)

Phenolic content 
(mg GAE /kg wb)

Flavonoids (mg 
QE/kg wb)

Ascorbic acid (mg/
kg wb)

Himsona
Green ND 1.22±0.09ab 292.63±12.32def 158.63±10.98gh 189.58±14.27cd

Breaker 6.44±1.18a 2.01±0.19c 342.23±12.73g 171.11±14.92h 302.62±14.20i

Turner 27.28±2.50c 2.76±0.29d 314.82±16.45e 125.53±10.66bcde 252.68±10.26ghi

Ripe 34.40±3.08d 3.02±0.24de 281.32±10.12cde 147.85±8.34efg 231.21±15.31efg

1897
Green ND 0.92±0.10a 232.39±12.77a 132.87±11.76cde 145.94±16.63a

Breaker 6.09±1.22a 2.04±0.30c 294.07±11.13ef 154.55±16.56fgh 247.28±18.28efgh

Turner 22.70±2.47b 2.85±0.25d 270.80±11.28bcde 118.38±14.54abc 230.29±20.65efg

Ripe 38.99±3.81e 3.28±0.23e 229.38±14.58a 109.61±8.76ab 211.72±12.99de

Rupali
Green ND 1.52±0.13 b 269.11±17.14bcd 136.19±11.58cde 164.49±9.88ab

Breaker 8.23±1.20 a 2.21±0.28 c 314.54±12.07e 161.43±16.74gh 271.42±8.82i

Turner 32.45±1.81d 3.02±0.22 de 291.74±15.07def 124.84±7.88bcd 241.21±13.39efg

Ripe 58.62±2.02g 3.77±0.23f 248.58±9.89ab 113.88±11.96abc 222.53±11.65ef

NDT
Green ND 1.12±0.17 a 249.16±8.67ab 124.48±10.26bcd 172.17±10.58bc

Breaker 6.52±1.16a 2.22±0.22 c 287.87±12.53cde 146.47±7.44defg 259.52±10.31hi

Turner 32.20±1.56d 2.76±0.15 d 264.68±8.65bc 109.79±9.54ab 241.69±9.58efg

Ripe 42.32±3.24f 3.11±0.18de 237.24±12.74a 98.73±15.91a 210.93±15.79de
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stages. Cultivar Rupali showed highest content of lycopene at each ripening 
stage followed by NDT (Table 1). A study was done by Kotikova et al. (2011) on 
different varieties of tomato at different maturity supports the current findings 
of lycopene and carotene increment during the ripening of fruit. Gonçalves et 
al. (2019) reported an increase in lycopene content from 17.00-69.98 mg/100g 
in the reddish tomato at complete maturation. Similar results were reported 
by Gorecka et al. (2020) in tomatoes at different harvesting periods and the 
lycopene content ranges from 2.54-59.97 mg/kg and there was significant 
difference was found between the harvesting periods of cultivations. 

4.2.	 Total	Phenolics
Phenolic compounds, as secondary metabolites, are a large group of molecules 
widely distributed in fruits and vegetables. They are considered the main 
factors for the antioxidant capacity of plants and have also many benefits on 
human health, as free radical scavenger (Minatel et al. 2017). Recently, universal 
importance is given to identify the maturity stages with the best levels of 
polyphenols targeting increased functional properties of fruits and vegetables. 
But it is hard to estimate the real contents of phenolic compounds, due to the 
fact that the phenolic content of fruits and vegetables are largely influenced 
by many factors such as biotic and abiotic stress, senescence, and cultivar, 
tissue, harvesting time, post harvest treatment and also extraction techniques 
(Periago et al. 2009). Moreover, the content of phenolic compounds has varied 
significantly during fruit maturation, which collaborates with other researchers 
who suggested that phenolic compounds vary significantly between stages of 
maturity (Sukrasno and Yeoman 1993; Kondo et al. 2002). The accumulation of 
phenolic compounds was noticed in the intermediate stage of ripening. The 
highest phenolic content was found in cv Himsona (342.23±12.73 mg GAE/kg 
wb) at the breaker stage followed by cv Rupali (314.54±12.07 mg GAE/kg wb), 
cv 1897 (294.07±11.13 mg GAE/kg wb) and cv NDT (287.87±12.53 mg GAE/kg 
wb). The present results were higher than the earlier reported by (Periago et 
al. 2009) and i.e. phenolic compounds ranged between 66.66-235.00 mg GAE /
kg and lower than results reported by Valverde et al. (2013) i.e total phenolic 
content ranged between 186.92-558.63 mg GAE/kg WB, corresponding to cv 
Ronaldo at green stage and cv Cherry Pera at red stage of ripening, respectively. 
Giudice et al. (2015) worked on three stages of tomato i.e. green, breaker and 
mature and reported the phenolic content between 212.30 mg/kg wb, 268.90 
mg/kg wb, 169.70 mg/kg wb, respectively, which was similar to the current 
finding. As the results showed that maximum phenols was found at breaker 
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stage of ripening. Between the cultivars similar pattern of change in phenolic 
content were observed i.e. a peak in the amount of phenols was reached at 
the orange-red ripening stage (breaker) followed by turner. While Ilahy et al. 
(2011) reported variation among the cultivars some cultivar shows maximum 
phenols at orange-red ripening stage and some of them at green and green-
orange stages of ripening. 

4.3.	 Flavonoids
It is well known that flavonoids endow wide range of pharmacological and 
biochemical properties, such as antimicrobial activities, anti-inflammatory and 
inhibition of platelet aggregation (Kang et al. 2010). There was a significant 
variation in the accumulation of the total flavonoids. The maximum of flavonoid 
content was detected in the breaker stage in cv Himsona (171.1±14.92 mg QE/
kg wb), cv Rupali (161.43±16.74 mg QE/kg wb), cv 1897 (154.55±16.56 mg QE/
kg wb) and cv NDT (146.47±7.44 mg QE/kg wb) while low level was detected 
in the mature stages (98.73±15.91, 109.61±8.76, 113.88±11.96 and 147.85±8.34 mg 
QE/kg wb), in NDT, 1897, Rupali and Himsona, respectively). Flavonoid content 
follows the similar pattern of total phenolic compounds (Table 1). This result was 
in agreement with other authors who suggested that flavonoid content decrease 
with advanced maturity (Sukrasno and Yeoman 1993; Menichini et al. 2009). The 
flavonoid content decrease during ripening may be due to metabolic production 
of other phenolic compounds or degradation via enzyme action (Conforti et al. 
2007). While, according to Ilahy et al. (2011) cv Rio Grande follow the similar 
pattern as decreasing the flavonoids at the ripening but other cvs showed 
contradictory results i.e. flavonoids increased at stages of ripening. Periago et 
al. (2009) reported flavonoid content of three cultivars and maturity stages of 
tomato ranged from 15.04-45.09 mg/kg which is lower than the current findings. 

4.4.	 Ascorbic	Acid
The ascorbic acid content showed the similar pattern as in phenolic and 
flavonoid content. Ascorbic acid contents were significantly different between 
the studied ripening stages (p<0.05). Such variability in ascorbic acid content 
during ripening was genotype. The highest amount of ascorbic acid was recorded 
at the breaker stage in cv Himsona (302.62±14.62 mg/kg wb), cv Rupali (271.42 
±8.82 mg/kg wb), cv NDT (259.52±10.31 mg/kg wb) and cv 1897 (247.28±18.28 
mg/kg wb). The results account for the decrease of approximately 15-23 % from 
breaker to ripe stage of ripening in all selected cultivars. Results showed that, 
the ascorbic acid content were comparable to that reported by Kotikova et al. 
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(2011) and Ilahy et al. (2011) i.e. 217.00-258.00 mg/kg wb and 131.00-333.00 mg/
kg wb, respectively. Table 1 shows that breaker stage of ripening has highest 
ascorbic acid content and all the cultivar follow same pattern. According to 
Nour et al. (2014) during the maturity of fruit ascorbic acid content increased 
continuously while at ripening ascorbic acid content continues to increase as 
maturity progressed from mature green to pink or light red stage and decreased 
afterward. The decrease in ascorbic acid could be attributed to its susceptibility 
to oxidative destruction as impacted by the ripening environments. While, 
according to Ilahy et al. (2011) only one cultivar Lyco 2 follow this pattern, 
while rest of the other cultivar showed that orange red or turner has highest 
amount of ascorbic acid content. Similar results were reported by Nour et al. 
(2015) that the ascorbic acid content increases with maturity and maximum 
value showed at deep red tomatoes. According to Dumas et al. (2003) changes 
might be seen due to environmental and agronomical factors. While Davey 
et al. (2000) explained that the ascorbic acid content is known to depend on 
factors such as cultivar, ripeness, and size, position on plant, light, soil type 
and indoor or outdoor cultivation. Periago et al. (2009) reported the lower 
values of ascorbic acid content ranges from 50.50-154.10 mg/kg wb at different 
ripening stages and ripe tomatoes have high ascorbic acid content as compared 
to others which is conflicting to the current results. Comparison with the values 
reported in the literature showed that the ascorbic acid content obtained here 
were somewhat in the range described by Nour et al. (2013) i.e. 91.90-329.70 
mg/kg.

4.5.	 Antioxidant	Activity	of	Tomato	Extracts
The HAA and LAA determined by FRAP assay in tomato cvs at the four 
different ripening stages are shown in Table 2. Disregarding the analytical 
method used, for all tomato cvs, the higher HAA value was estimated in 
tomato fruits at the green stage of ripening and the lowest value was recorded 
at the red-ripe stage. Thus, the HAA exhibited a significant decrease during 
fruit ripening. Although Raffo et al. (2002) reported a similar trend for the 
HAA during fruit maturation of the cherry tomato cv Naomi, grown under 
green house conditions, different results were reported by Cano et al. (2003) 
who found that the HAA remained practically unchanged during ripening 
(ranging from 195-218 mM trolox100g wb) in the greenhouse grown tomato 
cv Marmande-Cuarenteno. Simultaneously to the reported decrease of 
HAA, an increase of LAA was evident in all tomato cvs as ripening process 
proceeds. This increase was in average slightly higher than 50% in red-ripe 
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tomato fruits compared to the green stage when LAA were measured with 
the FRAP assay. All the studied tomato cvs similarly exhibited a decline in 
HAA and an increase in LAA during a ripening process, it should be noted 
that at the red ripe stage of ripening both HAA and LAA values of cv 1897, 
Himsona, Rupali were respectively 5.2%, 12.0%, 80.0% and 2.2 %, 28.0%, 
56.0% higher than NDT cv. This aspect could be considered as an indication 
of the superior antioxidant composition of such tomato cvs which suit the 
consumer requirement for nutritive and health foods. Many authors have 
studied correlations between bioactive compounds and antioxidant activities 
in numerous fruits and vegetables particularly tomatoes (Giovanelli et al. 1999; 
Raffo et al. 2002; Lenucci et al. 2006). In the present study, after considering data 
from all tomato cvs (Table 3), no significant correlation between HAA values 
measured by FRAP and total vitamin C (R= -0.137; p<0.01), phenolics (R= 0.536; 
p<0.01) were obtained, whereas they well correlated with flavonoids (R= 0.469; 
p<0.01). Although, it is likely that HAA depend upon synergistic effects among 
all hydrophilic antioxidants and there interaction with other constituents of 
the fraction (Diplock et al 1998; Lenucci et al 2006). Moreover, the test reaction 
used for antioxidant activity measurement might be differentially influenced 
by other compounds involved in the complex antioxidant system of tomato 
fruits, such as glutathione and enzymatic components (Jimenez et al. 2002). The 

Table 2: Hydrophilic and lipophilic antioxidant activity of tomato cultivars 
harvested at four different ripening stages

Cultivars Ripening stages FRAP assay (mm FRAP/g wb)
Hydrophilic Lipophilic

Himsona Green 2.64±0.02d 1.31±0.02a

Breaker 2.52±0.04c 1.43±0.02a

Turner 2.29±0.03b 1.69±0.01b

Ripe 2.07±0.03a 2.13±0.03c

1897 Green 2.29±0.03d 0.62±0.02a

Breaker 1.74±0.05c 0.84±0.01a

Turner 1.42±0.01b 1.06±0.01b

Ripe 1.21±0.01a 1.39±0.02c

Rupali Green 2.37±0.04d 1.03±0.02a

Breaker 1.98±0.04c 1.30±0.01b

Turner 1.62±0.02b 1.49±0.03b

Ripe 1.29±0.03a 1.74±0.02c

NDT Green 2.21±0.01d 0.52±0.02a

Breaker 1.72±0.02c 0.91±0.02b

Turner 1.48±0.03b 1.03±0.01b

Ripe 1.15±0.02a 1.36±0.01c
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LAA of tomato fruits has been mainly attributed to the presence of carotenoids 
particularly lycopene (Raffo et al. 2002; Cano et al. 2003; Toor and Savage 2005). 
After considering data from all tomato cvs, the significant correlations between 
FRAP values and both β-carotene(R=0.469; p<0.01) and lycopene (R= 0.442; 
p<0.01) contents were obtained during ripening (Table 3). It has been reported 
that antioxidants detected by FRAP are limited to water-soluble ones and 
that carotenoids, having no ferric reducing ability, should not react with this 
method (Apak et al. 2007). It should be underlined that no correspondence was 
found between the approximate increase in carotenoid contents in watermelon 
fruits (averaged across cultivars), when red-ripe compared to the white stage of 
ripeness, and the increase in LAA. This may probably be due to the presence of 
other lipophilic antioxidant compounds in the watermelon fruits which could 
account for most of the LAA at the white stage.

Table 3: Correlation coefficient and related significance between antioxidant 
content and antioxidant activity

Compounds FRAP assay
R P

Hydrophilic fraction
Vitamin C -0.137 <0.01
Phenolics 0.259 <0.01
Flavonoids 0.503 <0.01
Lipophilic fraction
β-carotene 0.469 <0.01
Lycopene 0.442 <0.01

3.6.	 Color	Values
The values color parameters (L*, a*, b*) and hue angle and chroma indexes of 
tomato fruits at different ripening stages given in table 4. During fruit ripening 
color parameter a* had a sharp increase, changing from negative to positive or 
green to red color, the highest increase being recorded between mature green 
and turning stages of ripening, evolution which is related to the beginning of 
carotenoids synthesis Nour et al. (2015). In the last three stages of ripening the 
color lightness (L*) decreased, indicating darkening of the tomato red color. 
The lowest ratio of the red and green color with a negative value (–6.01) was 
recorded in the green fruits of the cv Rupali while the highest value of color 
parameter a* (32.47) was recorded in completely ripe tomatoes of the cv NDT. 
Similar pattern was found with b* value and lowest ratio of blue and yellow 
color was recorded in the green fruit of the cv NDT (17.57) while highest value 
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of b* was reported in cv Rupali (36.57). Chroma is a color index representing 
the quantitative attributes of colorfulness, so that as chroma increases, color 
becomes more intense. Chroma index increases at during fruit ripeness stages 
of the cultivars. The lowest chroma value was detected in the green fruits of 
the cv NDT (18.21) and highest was recorded in same cv i.e. (48.13). Hue angle 
of all investigated cultivars significantly decreased during ripening. Similar 
results were reported by Kaur et al. (2006) and Nour et al. (2015) in tomato cvs 
at different maturity stages.

Table 4: Color values L*, a*, b* and hue angle and chroma indexes of tomato 
fruits at different ripeness stages

Cultivars L* a* b* Hue angle Chroma
Himsona
Green 57.71±1.07fg -5.15±0.55a 20.46±1.36abc -1.32±0.02a 21.10±1.34b

Breaker 55.73±1.10ef 5.47±0.93b 21.89±1.89bcd 1.32±0.05f 22.58±1.63bc

Turner 51.36±2.96c 15.32±1.55e 24.02±1.94de 1.00±0.06cd 28.52±1.51e

Ripe 45.35±1.80b 27.36±1.40f 26.96±1.85ef 0.78±0.02b 38.41±2.21gh

1897
Green 59.57±1.15g -4.54±0.59a 20.20±1.79ab -1.35±0.02a 20.71±1.90ab

Breaker 54.77±1.2de 6.62±1.07bc 23.15±1.91bcd 1.29±0.04f 24.08±1.13cd

Turner 50.47±1.03c 15.44±1.00e 28.78±2.08fg 1.08±0.04d 32.68±1.99f

Ripe 45.88±1.86b 27.00±2.24f 30.32±2.39g 0.84±0.06b 40.65±2.19h

Rupali
Green 55.97±1.27ef -6.01±0.11a 21.34±1.06bcd -1.29±0.01a 22.16±1.05bc

Breaker 50.48±1.73c 8.63±0.76cd 30.65±3.02g 1.30±0.01f 31.84±3.09f

Turner 45.17±2.04b 13.64±1.49e 34.26±1.99h 1.19±0.05e 36.91±1.68g

Ripe 41.70±1.55a 26.12±3.25f 36.57±3.00h 0.95±0.09c 45.06±1.84i

NDT
Green 58.98±1.81g -4.76±0.60a 17.57±1.83a -1.30±0.04a 18.21±1.74a

Breaker 52.61±1.79cd 9.46±1.98d 23.75±2.12cd 1.19±0.10e 25.65±1.24d

Turner 46.93±1.49b 28.41±1.93f 28.24±1.56fg 0.78±0.03b 40.07±1.40h

Ripe 41.11±1.52a 32.47±1.9g 35.32±1.63h 0.83±0.01b 48.13±1.78j

5. Conclusions 
Data of this study highlight the important role played by genetic background 
and ripening stage in determining the antioxidant potential of tomato. The 
stages of ripening strongly influenced the bioactive compounds and antioxidant 
activity in selected tomato cultivars. The amount of lycopene and β-carotene, 
as well as the LAA, markedly increased in all the studied tomato cultivars 
with ripening, whereas the contents of total phenols, flavonoids, total ascorbic 
acid and HAA were affected by fruit ripening in a cultivar-dependent way. 
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The bioactive compounds namely lycopene, β-carotene in tomato cv Rupali 
was found to be higher in comparison to other cultivars. These compounds 
show the significant increase during ripening stages. Whereas the flavonoid, 
phenolics and ascorbic acid contents was found to be higher in cv Himsona 
during breaker stage followed by green, ripe and turner stages of ripening. The 
highest HAA value was estimated in tomato cv Himsona at the green stage of 
ripening and the lowest value was recorded at the red-ripe stage. Thus, the HAA 
exhibited a significant decrease during fruit ripening whereas the LAA exhibit 
a significant increase during ripening stages. Highest positive correlation is 
found between FRAP and flavonoids (R=0.503; p<0.01). Whereas β-carotene 
(0.469; p<0.01) show positive correlation with FRAP values but lesser than 
HAA. Hence, the increase of antioxidants during tomato fruit ripening must 
not be generalized; rather, their contents reach levels leading to the maximum 
nutritional quality depending on their genotypic differences. The study of 
changes in bioactive compounds and antioxidant activity during ripening is 
of great relevance both to human health and commercial purposes. In fact, it 
provides valuable information to understand the synthesis of these compounds 
and for evaluating the best harvesting period to reach the highest antioxidant 
potential. These data are useful to plant breeders and food scientists working 
to maximize the nutritional value and antioxidant contents of fresh tomato 
cultivars. Furthermore, they confirm that this fruit represents a nutritionally 
balanced source of dietary antioxidants for the population because of its 
availability and high consumption.
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