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ABSTRACT
Objective: The present study was aimed to evaluate the antioxidant activity and nutritional quality of tomato (Lycopersicum Esculentum), cherry
tomato (Solanum Lycopersicum var. cerasiforme) and watermelon (Citrullus Lanatus) fruits. Lycopene was extracted, purified and characterized.
Methods: Antioxidant evaluation was carried out using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay. Lycopene was extracted
with two extraction methods: acetone-petroleum ether and hexane extraction. Lycopene was purified on grade II alumina by column
chromatography, which was evaluated by TLC. Elucidation of functional groups in lycopene was done by FTIR Spectroscopy.
Results: The results showed variation in nutritional quality and antioxidant potential among these fruits. Tomato and cherry tomato exhibited high
antioxidant activity which was closely followed by watermelon. In DPPH assay, all fruit samples exhibited better antioxidant activity in water than
in methanol. Hexane extraction gave better yield of lycopene for all the three fruits. The highest lycopene content was recorded in cherry tomato.
The pure lycopene content was calculated to be 55.84mg/kg, 74.53mg/kg and 88.87mg/kg in tomato, watermelon and cherry tomato, respectively.
Elucidation of functional groups in lycopene was done by FTIR Spectroscopy.
Conclusion: The results of the study showed that tomato, watermelon and cherry tomato, possess significant antioxidant activity. These results
showed that the potential of these fruits should be used as medicine against the diseases caused by free radicals.
Keywords: Antioxidant activity, DPPH free radical scavenging assay, lycopene, TLC, FTIR Spectroscopy.

INTRODUCTION
Tomato (Lycopersicum Esculentum) is one of the world’s major
fruits. It is an excellent source of many nutrients and secondary
metabolites including folate, potassium, vitamins C and E,
flavonoids, β-carotene and lycopene which are essential for human
health [1].
Cherry tomato (Solanum Lycopersicum var. cerasiforme) is small in
size, has a sweeter taste and offers several significant nutritional
benefits. [2] noted that cherry tomatoes have intense color and
flavor, generally round in shape and weighing 10 to 30 g. Cherry
tomato (Solanum Lycopersicum) contains ascorbic acid, vitamin E,
flavonoids, phenolic acids and carotenoids [3]; also, is a major
source of vitamins, minerals and fiber, important for nutrition and
human health [4], and is the main source of lycopene [5]. Cherry
tomato contained significantly (p ≤ 0.05) higher nutrients including
fiber [6].
Watermelon (Citrullus Lanatus) is an important fruit vegetable in the
warmer regions of the world [7]. It has a juicy, sweet, usually red
interior flesh. [8] noted that red fleshed watermelons are an
excellent source of lycopene. Lycopene is the compound that is
responsible for red color of watermelon [9]. Watermelon is a key
source of lycopene [10].
The presence of carotenoids in the diet and their role in human
health has become a subject of extraordinary interest. Carotenoids
are beneficial in cardiovascular health [11]. The foods containing
lycopene may be beneficial in cardiovascular disease [12].
Carotenoids, due to their unique structure, protect tissues against
oxidative and photooxidative damage by free radicals or reactive
oxygen species produced as a result of the metabolic and
pathological processes [13].
Lycopene has unique structural and chemical features that
contribute to specific biological characteristics [14]. Carotenoids
have antioxidant properties and potential health benefits, selecting
varieties with high concentration of carotenoids is important for
breeding lines [9]. Carotenoids may be available from the diet and
absorbed, metabolized, or utilized by the human body [15].

Lycopene is a red-colored carotenoid with antioxidant properties
and potential health benefits [16]. Lycopene is a primary carotenoid
in human plasma, present naturally in greater amounts than βcarotene and other dietary carotenoids. This perhaps is an
indication of its biological importance in the human defense system
[17]. Lycopene is major carotenoid pigment found in ripe tomato
and watermelon fruit [18]. A diet containing whole tomato powder
and dietary restriction inhibited the development of prostate cancer,
however a diet containing pure synthetic lycopene supplement
could not [19]. Lycopene may inhibit growth of prostate tumor [20],
provide protecting effects to maintain prostrate health [21] and
lower the risk of lung cancer in human [22]. Lycopene is a bioactive
red colored pigment naturally occurring in plants. Lycopene-rich
food is inversely associated to diseases such as cancers,
cardiovascular diseases, diabetes and others diseases [23].
Lycopene, the predominant carotenoid found in tomatoes, showed
high antioxidant ability and may prevent cancer. In vivo studies have
revealed that lycopene inhibits tumor growth in the liver, lung,
prostate, breast, and colon. Clinical studies have shown that
lycopene protects against prostate cancer [24].
The higher level of antioxidants in the skin effectively reduces skin
roughness [25]. Tomato paste containing lycopene provides
protection against photo damage [26]. Diets rich in carotenoids can
prevent cell damage, premature skin aging, and skin cancer.
Topically applied antioxidants have shown an increase in radical
protection after VIS/NIR irradiation [27]. Lycopene is fat-soluble
[14] and well-absorbed if applied externally (e.g. in a cream or
lotion). Thus, lycopene is an essential nutraceutical compound that
provides significant health and medical benefits. Lycopene is
generally stable during processing as long as it is within the plant
tissue. The data about lycopene bioavailability, tissue distribution,
metabolism, and biological actions in experimental animals and
humans is being accumulated. However, much additional research is
still needed [14].
The extraction and purification of lycopene is essential to use it in
medicines, supplements, food ingredients and skin care creams etc.
The local varieties of tomato and watermelon are easily available in
the market. Keeping in view the nutraceutical importance of
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lycopene, this study was undertaken with the objective to evaluate
the contents and quality of lycopene in tomato, cherry tomato and
watermelon to generate useful information on qualitative and
quantitative aspects of lycopene from these fruits.
MATERIALS AND METHODS
Materials
2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and BHT were purchased
from Sigma Chemical Co (St Louis, MO, USA). All other chemicals
used, including solvents, were of analytical grade. Tomato and
watermelon were purchased from the local market. Cherry tomato
(imported from France) was also purchased from local market.
Preparation of samples
The fruit samples were chopped and homogenized in a laboratory
homogenizer to a paste-like consistency. To prepare powder,
samples were chopped and dehydrated in cabinet dryer (70oC) with
circulating hot air and ground in laboratory grinder.
Nutritional analysis
The nutritional analysis of samples were carried out for moisture
content, total ash, crude protein (nitrogen x 6.25), crude fat, crude
fiber, carbohydrate and energy value according to standard methods
of [28].
Antioxidant activity (DPPH assay)
The solubility of dehydrated samples (tomato, watermelon and
cherry tomato powders) was checked in distilled water, methanol
and distilled water-methanol solution (50% v/v). The samples were
more soluble in water and in methanol. So these were used for DPPH
assay. The purple colored DPPH is a stable free radical, which is
reduced to 2, 2-diphenyl-1-picrylhydrazine (yellow colored) by
reacting with an antioxidant [29]. A concentration of 1mg/ml was
prepared by adding 0.02 g sample in 20 ml distilled water or
methanol. This spectrophotometric assay uses the stable radical 2,
2-Diphenyl-1-picrylhydrazyl (DPPH) as a reagent [30]. Sample
(100μl) was added to 3 ml of DPPH solution. After 30 min incubation
period at room temperature, the absorbance was read against blank
at 517 nm. The percentage inhibition of free radical (DPPH) was
calculated as under:
Inhibition % (DPPH) = (Ablank -Asample/ Ablank) x 100
Where, A=Absorbance.
Acetone-petroleum ether extraction
Sample (1.0-1.5 g powder) was extracted with 10mL acetonepetroleum ether (50% v/v). The upper lycopene-containing organic
layer was removed by means of a pipette and collected in test tube.
Extraction was repeated. The extracts were combined, washed with
15mL saturated aqueous sodium chloride (NaCl) and removed the
aqueous wash with a micropipette. The extract was washed with
10mL of 10% aqueous potassium carbonate (K2CO3) and removed
the aqueous wash. The lycopene-containing organic layer was dried
with a drying agent (calcium chloride). The excess solvent was
allowed to evaporate at room temperature for a few minutes in the
dark. The tubes containing lycopene extracts were covered with
aluminum foil and stored in freezer until further analysis [31].
Hexane extraction
Sample (0.3 to 0.6 g powder) was weighed in a beaker, 5 mL BHTacetone solution (0.05%, w/v), 5 mL ethanol and 10 mL hexane was
added. The beaker was placed in a bowl of ice on a magnetic stirring
plate, stirred for 15 min and added 3 mL distilled water. It was
shaken for 5 min on ice and incubated at room temperature for 5
min to allow the separation of both phases. The upper layer
containing lycopene was isolated by means of a pipette and collected
in a test tube. The tubes containing lycopene extracts were covered
with aluminum foil and stored in the freezer until further analysis
[32].
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UV-VIS Spectrophotometry
The absorbance value at 503nm was used for the determination of
lycopene content in tomato, cherry tomato and watermelon [33]. In
one quartz cuvette (1 cm optical path), hexane was use as blank.
Three absorbance values were obtained. The results were calculated
by using the formula (Beer-Lambert law) [32]. Absorbance values of
four fractions obtained by column chromatography were noted at
360, 443, 471 and 503nm [34].
Lycopene content (mg/kg) = Absorbance503 ×31.2
Column chromatography
Lycopene obtained by acetone-petroleum ether extraction from
tomato, cherry tomato and watermelon was purified by column
chromatography using Plastic column (20ml). Alumina (Grade II)
was used as adsorbent. Lycopene sample was added to the prepared
column. The column was filled with the solvent and the sample was
eluted from the column. Firstly, the yellow carotene band was eluted
by hexane. The eluting solvent was switched to 10% acetone-hexane
to elute the lycopene from the column [31].
Thin Layer Chromatography (TLC)
TLC was performed on crude lycopene (obtained by extraction) and
pure lycopene (obtained by column chromatography). Silica plates
(MERCK) were prepared by drawing a pencil line 1 cm from the
bottom of the TLC plate. Samples were spotted using glass spotters.
The organic solvent (9:1 petroleum ether and dichloromethane) was
used [35]. TLC plate was placed in the tank for 5-10 min. The edge of
plate was marked to indicate how far the solvent traveled up the
plate. TLC plate was dried in hood, the pigments were marked with a
pencil and the plate was analyzed under UV lamp.
Rf value = distance from origin to component spot (cm)/ distance
from origin to solvent front (cm)
Fourier Transform Infrared (FTIR) Spectroscopy
Fourier Transform Infrared (FTIR) Spectroscopy was performed on
purified lycopene samples. FTIR Spectrometer (BRUKER, Germany)
was used. The liquid samples are sandwiched between two plates.
The plates are transparent to the infrared light and do not introduce
any lines onto the spectra. Standard spectra of the samples were
collected individually [36].
RESULTS
Nutritional analysis
The proximate analysis of edible fruit and vegetables plays a crucial
role in assessing their nutritional significance [37]. The nutritional
tests were performed on fresh sample of whole fruits of tomato and
cherry tomato. However, watermelon pulp, excluding the seeds was
used. The result of nutritional analysis showed variation in
concentration/ proportions of different constituent. Tomato
contained moisture 92.0%, ash 0.56%, protein 1.98%, fat 0.95%,
crude fiber 0.76% and carbohydrate 3.75% (Table 1). Cherry tomato
contained moisture 91.78%, ash 0.70%, proteins 1.77%, fat 0.55%,
crude fiber 0.40% and carbohydrate 4.80%.
Watermelon exhibited moisture 90.95%, ash 0.41%, proteins 0.71%,
fat 0.45%, crude fiber 0.96% and carbohydrate 6.52%. The energy
value was found to be 31.47, 31.23 and 32.97 Kcal/100g in tomato,
cherry tomato and watermelon, respectively.
Antioxidant activity
Antioxidant capacity DPPH radical was used as a stable free
radical to determined antioxidant activity of natural compounds.
According to [38] scavenging of the stable radical (DPPH) is
considered a valid and easy assay to evaluate scavenging activity
of antioxidants. The antioxidant activity was determined in
terms of the ability of the antioxidants in the fruit to inhibit
oxidation. The comparison of antioxidant activity of fruit
extracts is presented in (Table 2).
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Table 1: Nutritional values of tomato, cherry tomato and watermelon
Sr. No.
1
2
3
4
5
6
7

Constituents
Moisture %
Ash %
Protein %
Fat %
Crude fiber %
Carbohydrate %
Energy kcal/100g

Tomato
92.00
0.56
1.98
0.95
0.76
3.75
31.47

Cherry tomato
91.78
0.70
1.77
0.55
0.40
4.80
31.23

Watermelon
90.95
0.41
0.71
0.45
0.96
6.52
32.97

Table 2: Percent inhibition values and antioxidant activity by DPPH assay
Sr. No.
1

Fruit (powder)
Tomato

2

Cherry tomato

3

Watermelon

Solution
In distilled water
In methanol
In distilled water
In methanol
In distilled water
In methanol

Mean absorbance
1.1064
1.2457
1.2835
1.1068
1.1814
1.2571

Antioxidant activity (% inhibition)
44.65
37.68
44.63
35.80
40.90
37.11

Percent inhibition value of BHT (65.50%) was taken as reference point.
Table 3: Lycopene concentrations of tomato, watermelon and cherry tomato
Sr.
No.
1
2
3

Acetone-petroleum ether extraction
Absorbance at 503nm Lycopene mg/kg
2.340
71.68
3.433
105.17
2.788
87.03

Fruit
Tomato
Cherry tomato
Watermelon

The antioxidant activity was found to be greater in water (44.65%,
44.63% and 40.90%) than in methanol (37.6 8%, 35.80% and
37.11%) for tomato, cherry tomato and watermelon, respectively
(Table 2).
Quantification of lycopene
Absorbance of the crude extracts was obtained at 503nm for
determining the content of lycopene in tomato, cherry tomato and
watermelon. Previously [33] also measured lycopene concentration
in acetone extracts of tomato at 503nm. The quantitative
spectrophotometric analysis (Table 3) showed that lycopene
contents from tomato, cherry tomato and watermelon obtained by
acetone-petroleum ether extraction were 71.68, 105.17 and 87.03
mg/kg, respectively; which were greater than those obtained by
hexane extractions (34.65, 76.01 and 57.22 mg/kg, respectively). As
higher lycopene concentration was obtained by acetone-petroleum
ether extraction. Thus the samples obtained by acetone-petroleum
ether extraction were purified by column chromatography for
further study

Lycopene content in mg/kg

The absorbance values of the four fractions (obtained by column
chromatography) of each fruit at wavelengths 360, 443, 476 and
503nm are given in Table 4. The fraction 3 exhibited the maximum
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0

Hexane extraction
Absorbance at 503nm
1.110
2.435
1.833

Lycopene mg/kg
34.65
76.01
57.22

absorbance (A) value at 476nm for all three fruits which is also a
confirmatory test for lycopene. Hence, fraction 3 was identified to be
the purified lycopene. The absorbance values of purified lycopene
from tomato, cherry tomato and watermelon at 476nm were 2.088,
3.087 and 2.692, respectively (Table 4). The absorbance values of
purified lycopene fraction at 503nm were used to determine the
final concentration of lycopene in tomato, watermelon and cherry
tomato. Cherry tomato exhibited higher Lycopene content 88.87
mg/kg, followed by watermelon 74.53 mg/kg and tomato 55.84
mg/kg (Figure 1)
TLC analysis
The results showed that crude extracts of tomato, watermelon and
cherry tomato also contained pigments other than lycopene. The Rf
values calculated for lycopene from tomato, cherry tomato and
watermelon by acetone-petroleum ether extraction were 0.620,
0.616 and 0.610; however by hexane extraction were 0.603, 0.643
and 0.630, respectively (Table 5).
TLC was performed after column chromatography for confirming
the purified nature of the lycopene. The Rf values calculated for
purified lycopene from tomato, cherry tomato and watermelon were
0.608, 0.615 and 0.608, respectively (Table 5).

88.87
74.53
55.84
lycopene content in
mg/kg

Tomato

Watermelon

Cherry
tomato

Fig. 1: Purified lycopene contents in mg/kg in tomato, watermelon and cherry tomato
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Table 4: Absorbance values of tomato, cherry tomato and watermelon fractions (acetone- petroleum ether extraction) obtained by
column chromatography at different wavelengths
Wavelength (nm)
360
443
476
503
360
443
476
503
360
443
476
503

Fraction 1
Fraction 2
Absorbance values of tomato
0.110
0.163
0.043
0.155
0.038
0.153
0.036
0.123
Absorbance values of cherry tomato
0.141
0.255
0.076
0.494
0.073
0.574
0.072
0.410
Absorbance values of watermelon
0.154
0.195
0.078
0.185
0.072
0.184
0.070
0.122

Fraction 3 (lycopene)

Fraction 4

1.434
1.634
2.088
1.823

0.151
0.069
0.066
0.065

1.521
1.940
3.087
2.901

0.147
0.087
0.084
0.081

1.296
1.905
2.692
2.433

0.165
0.091
0.090
0.088

Table 5: Rf values for tomato, watermelon and cherry tomato
Fruit
Tomato
Cherry tomato
Watermelon

Before purification
Acetone-petroleum ether extraction
(Rf)
0.620
0.616
0.610

Fourier Transform Infrared Spectroscopy (FTIR)
Functional group analysis of the extracts from tomato, cherry
tomato and watermelon was performed via FTIR spectroscopy. The
IR spectra of extracted lycopene of tomato, cherry tomato and
watermelon showed typical bands arising from CH stretching (30002800 cm-1). Other bands occurred at 1477-1400 cm-1 (C-H bending)
and 1400-1100 cm-1 (C-C and C-C-H stretching). Strong and broad
absorption bands of water were shown in the 3700-3500 cm-1.
DISCUSSION
Nutritional analysis of Pakistani tomato and watermelon, and
imported cherry tomato available in the Pakistani market revealed
that moisture contributed more to the fresh fruit weight. Cherry
tomato exhibited higher ash contents, indicating that it is relatively
rich in minerals. The nutritional analysis of tomato was found to be
in close conformity with the data already reported by [39]. They
found moisture 92-94%, protein 1-2%, fiber 0.4-0.7%, ash 0.4-0.6%
and fat 1-2% in tomato. Tomatoes are low in fat and rich source of
dietary fiber, minerals, and vitamins. Therefore, intake of tomato in
human diet is advised in cholesterol controlling and weight
reduction programs. The minor differences in the nutritional
composition may be due to the difference in the fruit variety, origin
and growth conditions. Antioxidants through their scavenging
power are useful for the management of various diseases. The
antioxidant activity was determined in terms of the ability of the
antioxidants in the fruit to inhibit oxidation. Percentage inhibition of
tomato and cherry tomato was found to be at par followed by
watermelon. Furthermore, better antioxidant activity was exhibited
in aqueous solutions than in organic solvent (methanol).
Acetone-petroleum ether extraction resulted in higher crude
lycopene yield than hexane extraction. During purification by
column chromatography, lycopene had more affinity with alumina
due to its high degree of unsaturation and was eluted after yelloworange carotene pigments. A typical carotenoid such as lycopene
displays maximum absorbance at 476nm [40]. Spectrophotometry
results revealed that lycopene showed maximum absorbance at
476nm, followed closely by absorbance at 503nm. The purified
lycopene content was found to be the maximum in cherry tomato
(88.87 mg/kg) as compared to Pakistani tomato (55.84 mg/kg) and
watermelon (74.53 mg/kg) (Fig 2). Lycopene content in tomato
ranges from 55 to 181 mg/kg [41], 4.31 to 5.97 mg/100 g fw [42].

Hexane extraction (Rf)

After purification
Acetone petroleum-ether extraction (Rf)

0.603
0.643
0.630

0.608
0.615
0.608

Lycopene content varied significantly among the tomato varieties,
with cherry tomato having the highest lycopene content [3] and
depends on the variety, geographic location, technique of cultivation,
climatic conditions and degree of ripeness of tomato fruit [3, 41].
The results for lycopene contents in watermelon are also in
agreement with those reported by [43]. According to [44] 'Classica' a
Roma type of organically grown tomato, was highest in lycopene
content (106 mg/kg) and the other cultivars had 50-60mg/kg
lycopene in soft red fruit. Cherry tomatoes was analyzed by [45] for
antioxidant activity. They found significant differences among
different cultivars with respect to lycopene. The antioxidant activity
is mainly due to lycopene, and other pigments such as B-carotene
and xanthophylls also contribute to this activity [38]. Lycopene was
found in significant quantities in tomato, cherry tomato and
watermelon. These fruits also exhibited powerful antioxidant
activity indicating that lycopene is a major contributor of
antioxidant capacities of these fruits.
TLC of the purified samples resulted in only one pigment on the TLC
plate. Rf values calculated for the purified lycopene were 0.608,
0.615 and 0.608 for tomato, cherry tomato and watermelon,
respectively. The Rf values for lycopene are comparable with [46].
Fourier-transform infrared (FTIR) spectroscopy is a wellestablished, nondestructive technique for analyzing agricultural and
food products. It enables the identification of the functional groups
in the compounds. This method allows at least partial identification
of a compound’s chemical structure [36]. All these three spectra
showed typical bands arising as a result of CH stretching (30002800 cm-1). Other bands occurred at 1477-1400 cm-1 (C-H bending)
and 1400-1100 cm-1 (C-C and C-C-H stretching). Strong and broad
absorption bands of water were shown in 3700-3000 cm-1. Purified
lycopene in all the three fruits displayed similar spectra. Thus FTIR
revealed that lycopene purified in all the three cases possessed the
same chemical entities.
CONCLUSIONS
The antioxidant activity of tomato, cherry tomato and watermelon
was measured in water and methanol extracts. These fruits vary in
antioxidant activity; however, high activity was recorded in tomato
and cherry tomato followed by watermelon. The aqueous solution
was found to be better solvent than methanol for antioxidant activity
of these fruits. Acetone-petroleum ether extraction was found better
for high lycopene yield than hexane extraction. Purified lycopene
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can be easily obtained through single column purification. Tomato,
cherry tomato and watermelon also exhibited high lycopene
contents indicating that lycopene is major contributor of antioxidant
capacities of these fruits. The results of the present study suggests
that these fruits contained potential antioxidant bioactive
compounds particularly lycopene, which if properly utilized could
provide source of biologically active nutraceutical ingredient/
medicine application. It also shows its titanic importance as
therapeutic agent in preventing or curing the diseases caused due to
oxidative stress.
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