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The Antioxidant Properties of Tomato Lycopene
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Abstract. In this study, the antioxidant activity of tomato lycopene (Lycopersicon esculentum Mill.) was
investigated. The antioxidant properties were evaluated by using different antioxidant tests, including
ferric thiocyanate method, reducing power, metal chelating ability and hydrogen peroxide scavenging.
The yield of lycopene from puree was 11.8 mg/100g compared with those in peels and seeds 11.3 and 6.3
mg/100g respectively. Lycopene is a powerful natural antioxidant, 5mg/ml of lycopene exhibited 83.24%
inhibition in linoleic acid peroxidation, which was greater at same concentration than the of butylated
hydroxy toluene (BHT) 75.68% and a-tocopherol 69.73% after 1 day, whereas, at same concentration the
antioxidant activities after 90 days of lycopene, BHT and a-tocopherol were 78.65, 80.09 and 71.91%
respectively. By using the reducing power activity assay, it was found that ascorbic acid had the highest
reducing power activity (275.49%) followed by lycopene extract (270.83%). The chelating ability on
ferrous ions was 84.66% by using at 5mg/ml, and the scavenging effects on H,0, were 50.20-73.74%

with 3.5-5mg/ml lycopene extract.
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Introduction

Tomato  (Lycopersicon  esculentum
Mill.) is one of the most extensively
marketed vegetable food, with a
worldwide production of 126 million
Tm in 2005. Being a popular fruit,
tomatoes find numerous uses in both
fresh and processed forms. Processed
products include pulp, puree, sauce,
juice, paste and peeled whole tomato
(17 , 19). Carotenoids belong to the
tetraterpenes family and represented by
more than 600 known natural structural
variants. Carotenoids are synthesized in
plants, fungi, bacteria and algae whereas
in animals and human they incorporated
from their diet. Carotenoids are
widespread natural pigments, that
confer easily recognizable yellow,
oranges, red, or purple colours to some
plant and animal organs. The formation
of the tetraterpene skeleton, results by
losing a proton, and generating a double
bond in the center of the molecule.
Carotenoids are divided into two
classes, carotenes and lycopene, which

containing only carbon and hydrogen
atoms and oxocarotenoids
(Xanthophylls) containing at least one
oxygen atom (4, 15, 21).

Lycopene (C4oHsg) is an open chain
hydrocarbon containing 1lconjugated
and 2 non-conjugated bonds arranged in
a linear array. Lycopene is found
predominantly in the chromoplast of
plant  tissues. In  tomatoes the
biosynthesis of lycopene increases
dramatically during the ripening

process, as chloroplast undergo
transformation to chromoplast.
Globulous  chromoplast  containing

mainly p-carotene is found in the jelly
part of the pericarp while chromoplast
in the outer part of the pericarp contains
voluminous sheets of lycopene.

Many  studies  reported  the
occurrence of lycopene in different
fractions of tomato fruit such as tomato
skin, the water insoluble fraction and
the fibrous fraction including the fiber
and soluble solids. Their results
indicated that 72-92% lycopene was
associated with the water insoluble
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fraction and skin. Tomato extracts and
especially skin extracts contain high
amounts of lycopene (2, 10, 20, 21).
The protective effect of carotenoids,
especially lycopene, is usually ascribed
to their ability to act as antioxidants
and/or singlet oxygen quenchers.

The quenching constant of lycopene
in vitro has been found to be more than
double that of B-carotene and ten times
higher than that of a-tocopherol
(vitamin E). In vivo epidemiological
studies report a high inverse correlation
between the intake of lycopene in the
diet and the development of some types
of chronic disease such as cancer and
coronary heart diseases, as it reduces
low.-density lipoprotein (LDL)
oxidation and helps reduce cholesterol
levels in the blood. The evidence is the
strongest for cancers of the lung,
stomach, and prostate.

Animals maintained on lycopene
diet, consumed on average 142 pg of
lycopene per day of which 104 pg was
absorbed by the body (which
corresponds to 73% net dietary uptake)
calculated as the difference between
lycopene intake and fecal output.
Ingested carotenoids including lycopene
are incorporated into dietary lipid
micelles, absorbed into the intestinal
mucosal lining via passive diffusion.
The ingested carotenoids are
incorporated into chylomicrons and
released into lymphatic system for
transport to the liver (13 , 20 , 21 ,
22).The objective of this study was to
investigate the quantity of the lycopene
in puree, peels and seeds and the
antioxidant  activity of  lycopene.
Including determination at reducing
power and metal chelating activity.

Material and Methods

Samples preparation

Ripe tomatoes (Lycopersicon
esculentum Mill.) were purchased from
a local market in Basrah, the fruit was
cut into small parts. Fresh tomato
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samples were diluted 1:1 (w/v) in
distilled water homogenized in blender
and were Dbefore blending. The
homogenized tomato sauce was pressed
by clothes cheese to separate peels and
seeds. The juice was heated at the
boiling point 10% TSS to be more
suitable for next steps of extraction. The
three samples (peels, seeds and puree)
were kept at freezing (-18 + 2C°) until
were assayed.

Lycopene extraction
Lycopene extraction was based on the
method of (7). An approximate 1gm of
the (puree, seeds and peels) was put in
abeaker (50ml) wrapped with aluminum
foil, located in an ice bath while that
was on ice. Lycopene extraction
solution (39ml) consisting of hexane,
0.05% (w/v) butylated hydroxy toluene
(BHT) in acetone and ethanol absolute
of a ratio 1:1:1 was added to the beaker
and shaked for 20 min using magnetic
stirrer. 6ml of cold distilled water was
added and agitated for an additional 10
min in a separating funnel for better
separation of polar and non polar
compounds. The funnel was left for 15
min at room temperature to separate
into polar and non-polar layers.
Supernatant  (hexane layer) was
evaporated at 40C° by using a rotavapor
until 5ml volume. The absorbance of
lycopene in the supernatant (hexane
layer) was read at 503nm. The hexane
was used as blank. The amounts of
lycopene in puree, seeds and peels were
estimated by the following equation:

Lycopene (mg/kg) = (x/y) x Aspz X
3.12

Where x is the amount of hexane

(ml), y is the weight of sample (g), Asos
the absorbance at 503nm and 3.12 is the
extinction coefficient.

Chemical analysis:

Determination of antioxidant activity:
Lycopene extract and commercial
antioxidants (BHT and a-tocopherol)
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were tested for their antioxidant activity
by using ferric-thiocyanate method (14).

Extracts or commercial standards
(0.5-5mg/ml) in 4ml of 99.5% (v/v)
ethanol, 4ml of 2.53% linoleic acid in
99.5% ethanol, 8ml of 0.05 M
phosphate buffer (pH 7.0), and 4ml of
distilled water were put in a screw test
tube and placed at 40C° in the dark for 3
months. Samples were drawn after 24hr.
and after 15 days. To 0.1ml of each
sample a solution of 9.7ml of 75% (v/v)
ethanol and 0.1ml of 30% (w/v)
ammonium thiocyanate were added.
Precisely after 3min 0.1ml of 0.02M
ferrous chloride in 3.5% HCI was added
to the reaction mixture, the absorbance
of the developed red color was
measured at 500nm. The % inhibition of
lipid peroxidation was calculated by
following equation:

% Inhibition = 100- [(A1/Ao) % 100]
Where A, is the absorbance of the
control reaction and A; is the
absorbance in the presence of the
sample.

The Reducing power

The reducing power was determined
according to the method of (16). (2.5ml)
of each extract (0.5-5mg/ml) was mixed
with 2.5ml of 200mM phosphate buffer
(pH 6.6) and 2.5ml of 1% potassium
ferricyanide. The mixture after the
addition of 25 ml of 10%
trichloroacetic was incubated at 50 C°
for 20min. The mixture was centrifuged
at 1000g for 10min, the upper layer
(2.5ml) was mixed with 2.5ml of
distilled water and 1ml of 0.1% ferric
chloride, and the absorbance was
measured at 700nm against a blank.
Increased absorbance of the reaction
mixture indicated increased reducing
power. The control and the standards
(BHT, a-tocopherol, Ascorbic acid and
citric acid) were subjected to the same
procedures of the sample except, the %
reducing power was calculated by the
following equation:
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% Reducing power = 100- [(A1/Ao)
x 100]
Where A, is the absorbance of the
control and A; is the absorbance in the
presence of the sample.

Metal chelating activity
The chelating of ferrous ions by the
extract and standards was estimated
according to (8). 0.4ml of the extract
(0.5-5mg/ml) was added to 0.4ml of
2mM FeCl, and 0.4ml of 5mM 8-
hydroxy quinoline in 99% ethanol. The
mixture were incubated in the dark at
room temperature for 10min.The
absorbance of the solution was
measured at 562nm. The lower
absorbance indicated stronger chelating
effect. The control and standards (BHT,
a-tocopherol, ethylene diamine tetra
acetic acid EDTA, Ascorbic acid, citric
acid) were subjected to the same
procedures as except.The present
chelating effect was calculated as
below:

Chelating ability % = 100- [(A1/A)
% 100]
Where A, is the absorbance of the
control reaction and A; is the
absorbance in the presence of the
sample.

Scavenging of hydrogen peroxide
The ability of the extract to scavenge
hydrogen peroxide was determined
according to (8). 1ml of extract (0.5-
5mg/ml) was added to 0.6ml of 40mM
hydrogen peroxide solution (in 0.1 M
phosphate  buffer pH  7.4).The
absorbance of hydrogen peroxide was
determined at 230 nm. After 10 min
against a blank solution containing the
phosphate buffer without hydrogen
peroxide. The scavenging percentages
of hydrogen peroxide of both extract
and standards (BHT, a-tocopherol,
Ascorbic acid and citric acid) were
calculated:

% Scavenged H,0; = [(A¢/A1) 1Ag] %
100
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Where A, is the absorbance of the
control and A; is the absorbance in the
presence of the sample.

Infrared analysis of lycopene

Extract of lycopene was analyzed by
(FTIR-84005) Fouler Transform
Infrared Spectrophotometer by the
assistance of Chemistry Department,
College of sciences

Results and Discussion

The extraction yield obtained with
hexane layer of lycopene from peels,
seed and puree were 11.3, 6.3 and
11.8mg/100g respectively. Lycopene,
according to the finding of (17 , 20) is
stable during heating and industrial
treatment, except at extreme conditions
(for example, very high temperature or
very long heating times), and treatments
are able to improve lycopene
bioavailability, (18) suggested that
homogenization and heat treatment
disrupt cell membranes and protein-
carotenoids complex, making
carotenoids more  accessible  for
extraction. However, the increase in
lycopene just after processing coincided
with  depletion of phytoene and
neurosporene contents. The tomato cell
walls were not completely disrupted
during the tomato puree preparation.
Therefore, for the cells that were
disrupted, lower temperatures (as 80C°)
could be enough to release lycopene. On
the other hand, for the cells that were
not disrupted during the puree
preparation, for example, the cells of
tomato skin, a longer heating treatment
time or higher temperature may be
necessary to disrupt the cell walls
sufficiently to release all or most of the
lycopene from cells. That is, longer
heating time at 100C° or higher
temperature (120C°) may increase the
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extraction yield of lycopene in tomato
puree. In food processing, long-time-
low-temperature combination and short-
time-high-temperature combination can
have the same effects on the tomato
matrix (20). Lycopene is concentrated
in tomatoes its content varies from
0.85mg to 13.6mg/100g according to
fruit ripening and to the tomato variety
(21). A mixture of hexane with acetone
and ethanol or methanol is often used
because other components, such as
diethyl ether and tetrahydrofuran, may
contain peroxides that react with
carotenoids, and the stability of
lycopene  extracts obtained  with
hexane/acetone or hexane/ethanol is
higher than that of extracts obtained
with other organic solvents, such as
chloroform, methanol or
dichloromethane (11).

The effect of lycopene extract on the
prevention of linoleic acid peroxidation
was investigated by ferric-thiocyanate
method. As seen in Fig.1, it was showed
that the antioxidant activity increased
with the increased concentration of
lycopene extract, BHT and a-tocopherd
(Vit. E) after 1 day. Lycopene exhibited
high antioxidant activity than BHT and
a-tocopherol after 45 day 94.07, 91.11
and 88.89% respectively at 5mg/ml.
Lycopene extract showed a slight
decrease in antioxidant activity, from
82.61% after 60 day to 78.65% at
5mg/ml after 90 day than the
antioxidant activity of BHT alone Figs.
(2, 3, 4). A high tomato consumption
plays a protective role in inhibiting the
propagation of radical chain reactions
due to the carotenoid constituents,
particularly lycopene and B-carotene,
and also a variety of natural
antioxidants such as ascorbic acid and
polyphenols.
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Fig. (1) Antioxidant activity (%) of lycopene extract after 1 day.

During ripening, the total antioxidant
activity increases and this increase is
mainly due to changes in to the
lipophilic antioxidant activity.
Hydrophilic antioxidant activity remains
practically unchanged (9 , 17). The
antioxidant  activities of putative
antioxidants have been attributed to
various mechanisms. Among these are
prevention of chain initiation, binding
of transition metal ions catalysts,

decomposition of peroxides, prevention
of continued hydrogen abstraction, and
radical scavenging (6). (12) reported the
antioxidant activity was based on the
electron transfer of antioxidants to
stabilize the radical cation. Basically,
there are three possible mechanisms for
the reaction of carotenoids with radical
species which are radical addition,
electron transfer and allylic hydrogen
abstraction.
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Fig. (2) Antioxidant activity (%0) of lycopene extract after 3 months.
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Fig. (3) Antioxidant activity (%) of BHT after 3 months.
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Fig. (4) Antioxidant activity (%) of a- tocopherol after 3 months.

The reducing power of lycopene
extract increased  with increased
concentration and was higher than BHT,
a-tocopherd and citric acid 270.83,
160.10, 150.89  and 179.62%
respectively, whereas reducing power of
ascorbic acid was 275.49% at the same
concentration Fig.5. The reducing
properties were generally associated
with the presence of reductones such as
ascorbic acid, which have been shown
to exert antioxidant action by breaking
the free radical chain by donating a
hydrogen atom to convert them into
more stable products and to terminate
radical chain reactions. Reductones
react directly with peroxides and also
with certain precursors of peroxides,
thus preventing peroxide formation (7,
23).

The chelating effects of lycopene
extract on ferrous ions was low at 0.5-4
mg/ml, but notably high at 5mg/ml
84.66% Fig 6. The chelating activity
was increased  with increased
concentration of lycopene extract, but
EDTA showed excellent chelating
ability at 0.5mg/ml to 5mg/ml 85.01-
96.96% BHT and a-tocopherol were not
a good chelating agent for ferrous ions

and that chelating effect were 25.96 and
23.86% at 5mg/ml  respectively,
whereas ascorbic acid and citric acid
chelated 93.81 and 89.06% respectively
of ferrous ions at 5mg/ml. Ferrous ion,
commonly found in food systems is
well known as an effective pro-oxidant.
Polyphenols and carotenoids can chelate
pro-oxidant metal ions, such as iron and
copper, thus preventing free radical
formation from these pro-oxidants (1 ,
21). Lycopene was could chelate singlet
oxygen, with a chelating constant tow
fold higher than that of p-carotene.
Furthermore, lycopene can sequester
nitrogen dioxide (NOy°) and sulfide
(RS°) free radicals and inhibit DNA and
cellular membrane damage due to
oxidative processes (5).

The scavenging ability of lycopene
extract on hydrogen peroxide was
shown in Fig 7 and compared with that
of BHT, a-tocopherol, Ascorbic acid
and citric acid. Lycopene extract was
exhibited 73.74% scavenging activity
on hydrogen peroxide at 5mg/ml. In the
other hand, BHT and a-tocopherol
exhibited 57.20 and 51.20%
respectively hydrogen peroxide
scavenging activity at the same
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concentration, whereas ascorbic acid
was capable of scavenging hydrogen
peroxide 83.60% at 5mg/ml. Citric acid
had excellent scavenging ability on
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peroxide itself is not very reactive, but it
can sometimes be toxic to cell because
it may give rise to hydroxyl in the cells.
Thus, removing H;0, as well as O,° s

hydrogen peroxide at 0.5mg/ml to very important for protection of food
5mg/ml 82.10-93.42%. Hgrogen systems (8).
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Fig. (5) Reducing power activity (%) of lycopene extract, BHT, a-
tocopherol, ascorbic acid and citric acid.
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Fig. (7) Hydrogen peroxide scavenging activities of lycopene extract, BHT, a-
tocopherol, ascorbic acid and citric acid.
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IR data exhibited = C-H stretch for
SP? C-H at (3068 cm™) as a-medium
band, conjugated C=C stretch appeared
at lower frequencies (1434.9cm™) due
to highly conjugated, out of plane bend
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of = C-H appeared at (864 and 769 cm’
). SP® C-H stretching appeared as a
strong bands at (2960-2867 cm™) Fig 8
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Fig. (8) Infrared spectroscopy of lycopene extract.

References

1- Bhandari, M. and Kawabata, J.
(2004). Organic acid, phenolic content
and antioxidant activity of wild yam
(Dioscorea spp.) tubers of Nepal. Food
Chemistry, 88: 163-168.

2- Choudhari, S. and Ananthanarayan,
L. (2007). Enzyme aided extraction of
lycopene from tomato tissues. Food
chemistry, 102: 77-81.

3- Davia, D. L.; Lampman, G. M. and
Kriz, G. S. (2001). Introduction to
Spectroscopy. 3™ ed.  Thomson.
Learning.

4- De la Fuente, J.; Oyarziin, B.;
Quezada, N. and Del Valle, J. (2006).
Solubility of carotenoid pigments
(lycopene and astaxanthin) in
supercritical carbon dioxide. Fluid
Phase Equilibria, 247: 90-95.

5- Egydio, J.; Moraes, A. and Rosa, P.
(2010). Supercritical fluid extraction of
lycopene from tomato juice and
characterization of its antioxidant
activity. J. of Supercritical Fluids, 54:
159-164.

6- Farhoosh, R.; Golmovahhed, G. and
Khodaparast, M. (2007). Antioxidant
activity of various extracts of old tea
leaves and black tea wastes (Camellia
sinensis L.). Food Chemistry, 100: 231-
236.

7- Fish, W. W.; Perkins-Veaziea, P. and
Collins, J. K. (2002). Quantitative assay
for lycopene that utilizers reduced
volumes of organic solvents. J. Food
Comp. Anal., 15: 309-317.

8- Gulcin, I.; Oktay, M.; Kirecci, E. and
Kiifrevioglu, O. (2003). Screening of
antioxidant and antimicrobial activities
of anise (Pimpinella anisum L.) seed
extracts. Food Chemistry, 83: 371- 382.



The Antioxidant Properties of Tomato Lycopene

9- Javanmardi, J. and Kubota, C.
(2006).  Variation  of  lycopene,
antioxidant activity, total soluble solids
and weight loss of tomato during
postharvest  storage. Postharvest.
Biology and Technology, 41: 151-155.

10- Kassama, L.; Shi, J. and Mittal, G.
(2008). Optimization of supercritical
fluid extraction of lycopene from
tomato skin with central composite
rotatable design model. Separation and
purification Technology, 60: 278-284.

11- Kaur, D.; Wani, A.; Oberoi, D. P.
and Sogi, D. S. (2008). Effect of
extraction conditions on lycopene
extractions from tomato  processing
waste skin using response surface
methodology. Food Chemistry, 108:
711-718.

12- Kong, K. and Ismail, A. (2011).
Lycopene content and lipophilic
antioxidant capacity of by-products
from psidium guajava fruits produced
during puree production industry. Food
and Bioproducts Processing, 89: 53-61.

13- Kong, K.; Ismail, A.; Tan, C. and
Rajab, N. (2010). Optimization of oven
drying conditions for lycopene content
and lipophilic antioxidant capacity in a
by-product of the pink guava puree
industry  using  response  surface.
methodology. LWT-Food Science and
Technology, 43: 729-735.

14- Kosar, M.; Bozan, B.; Temelli, F.
and Baser, K. (2007). Antioxidant
activity and phenolic composition of
sumac (Rhus coriara L.) extracts. Food
Chemistry, 103: 952-959.

15- Machmudah, S.; Kawahito, Y.;
Sasaki, M. and Goto, M. (2008).
Process optimization and extraction rate
analysis of carotenoids extraction from
rosehip fruit using supercritical CO,. J.
of Supercritical Fluids, 44: 308-314.

16- Man, J. L.; Chang, C. N.; Huang, S.
J. and Chen, C. C. (2004). Antioxidant
properties of methanolic extracts from

37

Grifola frondosa, Morchella esculenta
and Termitomyces  albuminosus
mycelia. Food Chemistry, 87: 111-118.

17-  Muratore, G.; Rizzo, V,
Licciardello, F. and Maccarone, E.
(2008). Partial dehydration of cherry
tomato at different temperature and
nutritional quality of the products. Food
Chemistry, 111: 887-891.

18- Odriozola-Serrano, I.; Soliva-
Fortuny, R.; Hernandez-Jover, T. and
Martin-Belloso, O. (2009). Carotenoid
and phenolic profile of tomato juices
processed by high intensity pulsed
electric ~ fields  compared  with
conventional thermal treatments. Food
Chemistry, 112: 258-266.

19- Ordonez-Santos, L.; Vazquez-
Odeériz, L.; Arbones-Macifieira, E. and
Romero-Rodriguez, M. (2009). The
influence of storage time on
micronutrients in bottled tomato pulp.
Food chemistry, 112: 146-149.

20- Shi, J.; Dai, Y.; Kakuda, Y.; Mittal,
G. and Xue, S. (2008). Effect of heating
and exposure to light on the stability of
lycopene in tomato puree. Food Control,
19: 514-520.

21- Tapiero, H.; Townsend, D. M. and
Tew, K. D. (2004). The role of
carotenoids in the prevention of human
pathologies. Biomedicine and
Pharmacotherapy, 58: 100-110.

22- Vagi, E.; Simandi, B.; Vasarhelyine,
K. P.; Daood, H.; Kéry, A.; Doleschall,
F. and Nagy, B. (2007). Supercritical
carbon dioxide extraction of
carotenoids, tocopherols and sitosterols
from industrial tomato by-products. J. of
Supercritical Fluids, 40: 218-226.

23- Wang, L.; Yen, J. H.; Liang, H. L.
and Wu, M. J. (2003). Antioxidant
effect of methanol extracts from lotus
plumule and blossom Nelumbo nucifera
Gertn.). J. Food and Drug Analysis, 1:
60- 66.

Basrah Journal of Agricultural Sciences 2012, 25(1): 27-38



38-27 :(1)25 2012 41,31 aslall 8 pasl) dlas

dalahal) g Galiieal 3w 3aliaall Galgill

) dgana Ly,
Bsadl Aaaly el )l 4 Al Sbiladly LAeY agle eud

-(Lycopersicon esculentum Mill.) idaldall s 32T aliacS (s Gadlasiad ) Aol sda chdas L Galiiual)
celiaand) asbi sl 455k Jlexinl 32008 saliadll ddladl) Liacaially ddbine hlia) Jleaiuly 3auSSU saliad) (alall )
p2100/axlel 1.8 ajlate cusSOU (e 8paS o Jseandl 23 mgyigl) auaSgpn Galiiily Golbeall dayy 406 Allay) 5l
S50 aied (Jlad xada 300 sliae (SO any . sl e a2 100/pike 6.3 5 11.3 5ally sl 43)lie ddaladall il
BHT (e IS0 585l (puiiy 33)lie Sllsilll el 52080 aUatl %83.24 dle Jayis AL6 00 KO (aliias jelal Jofpile 5
a5 90 an 32083 saliaal) Aladll CulS Laiy ()l (e aals g 2 Mgl e %69,73 5 75.68 o-tocopherol
Jefprle 5 585 ve sl e %71.91 580.09 o-tocopherol s BHT (a S 43lie %78.56 0psSdU) (aliviosd]
%270.83 5275.49 (s aliiun dxd A7) Adlad ol cllial bS] Gaals of Z058Y) 3l i) & aag
%73.74-50.20 S HyO, (alidl Wi . dofpile 5 385 2ie %84.66 ddle jsuaall clig) Ly 406 cals . gl e
defpile 5-3.5 585 xie



