
ABSTRACT: Lycopene concentrate (LC) containing 50 wt%
lycopene was extracted from tomato paste. The antioxidant
properties of LC were evaluated by means of chemilumines-
cence in four models. The four models were superoxide anions
generated from pyrogallol autoxidation, hydroxyl radicals from
Fenton reaction, singlet oxygens from OH−-NaClO-H2O2, and
lipid peroxidation from 2,2′-azobis(2-amidinopropane)dihy-
drochloride-induced γ-linolenic acid. LC was an effective scav-
enger toward superoxide anions, hydroxyl radicals, and singlet
oxygens, and also it could effectively reduce lipid peroxidation.
The 50% efficient concentrations (EC50) toward superoxide an-
ions, hydroxyl radicals, lipid peroxidation and singlet oxygen
were 0.75, 0.05, 0.1, and 1 mg/mL, respectively. In addition,
changes of antioxidant behaviors with time were investigated.
The time requirements of LC for effectively scavenging superox-
ide anions, hydroxyl radicals, and inhibiting lipid peroxidation
were not higher than 6, 6, and 18 s, respectively.
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Many reports from the epidemiologic literature infer that high
intakes of tomato and tomato products are beneficial to health
(1). The benefits of such foods are attributed to their antioxi-
dant properties, especially to the antioxidant properties of ly-
copene contained therein. In fact, antioxidant properties of ly-
copene have been investigated extensively as a potential pro-
tective agent against the cancers of the prostate, cervix, colon,
breast, and other chronic diseases (2).

The antioxidant properties of lycopene are commonly
evaluated in two ways. One is through examining its protec-
tive effect against oxidative damage to biological molecules
like DNA, lipids, and protein in cell culture or animal experi-
ments. For example, lycopene has been reported to be effec-
tive in prevention of oxidative damage to lymphocyte DNA
(3), to cell membrane damage (4), and to HT29 cell. (5) The
other way is through measuring its capability to scavenge free
radicals directly. Lycopene is a most effective singlet oxygen
quencher (6), and direct reactions between lycopene and the
radicals of nitrogen dioxide (NO2), thiol (RS), and sulfonyl
(RSO2) (7) have also been investigated. However, the direct
reaction between lycopene and reactive oxygen species

(ROS) like superoxide anions, hydroxy radical, and the like
is rarely reported.

Here, a concentrate containing a high level of lycopene
(LC) was extracted from tomato paste. LC was expected to
be used as anti-cancer medicines or healthcare products. The
purpose of this study was to evaluate the antioxidant proper-
ties of LC toward superoxide anions, hydroxyl radicals, lipid
peroxidation, and singlet oxygens by using a chemilumines-
cence technique. 

EXPERIMENTAL PROCEDURES

LC used here was extracted from tomato paste. The extrac-
tion conditions were as follows: tomato paste was pretreated
using 95% alcohol at 50°C to get rid of water-soluble sub-
stances. Then, tomato paste was extracted using hexane at
50°C. After extraction, hexane was evaporated to dryness
under a stream of nitrogen with a vacuum evaporator of
Shanghai No. 6 Instrument Factory (Shanghai, China). The
residue remaining was a lycopene concentrate, in which ly-
copene content was 50%, as assessed by a λ-20 type ultravio-
let (UV) spectrometer (PerkinElmer, Norwalk, CT) according
to the following formula:

[1]

Figure 1 shows the UV-visible absorption spectrum of a
hexane solution of LC. The absorption spectrum coincided
almost exactly with the three maximal characteristic peaks for
trans-lycopene (λ = 446, 472, 505 nm). The measurement
conditions were: scan speed 90 nm/min and data interval of 1
nm. β-Carotene was purchased from Sigma Chemical Co. (St.
Louis, MO). Pyrogallol was purchased from Beijing Chemi-
cal Co. Ltd. (Beijing, China). Luminol and 1,10-phenanthro-
line were from Sigma Chemical Co. 2,2′-Azobis(2-amidino-
propane) dihydrochloride (AAPH) was from Wako Chemical
Co. (Tokyo, Japan). Evening primrose oil (γ-linolenic acid
content >20%), NaOCl, H2O2, HCl, and CuCl were bought
from Shanghai Fuzhou Lu Chemicals Co. (Shanghai, China).
NaOCl and H2O2 were required to be fresh. Carbonic acid-
buffered saline solution (pH = 10.2) (CBSS) and triply-dis-
tilled water were prepared in our laboratory. All the chemi-
cals were analytical grade.

Antioxidant properties were assessed by a SH-G Biochem-
istry Chemiluminescence Meter (BCM) of Shanghai No. 6 In-

lycopene content (%) =
(absorbance at 472 nm diluted-fold)

3450 specimen weight (g)×
×100%
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strument Factory. The BCM is composed of three main parts:
the automatically rotating sample support, in which 12 sam-
ple cells (glass tube, diameter = 10 mm, height = 20 mm) can
be put, the chemiluminescene monitor, and the accompany-
ing data processor. Each sample cell can automatically rotate
with the sample support rotation at a set time interval. Thus,
every sample cell can cross the monitor at a set time interval.
So, when testing, the chemiluminescence value (CL) could
be recorded in the accompanying data processor and be dis-
played on the processor screen at a set time interval. Four
model systems tested here were as follows.

Superoxide anion assay. Superoxide anions were gener-
ated by pyrogallol autoxidation (8) The reaction mixture con-
tained 50 µL pyrogallol (1 mmol/L), 700 µL CBSS (pH =
10.2), and 20 µL luminol (1 mmol/L). A sample cell loaded
with the mixture was first placed into the BCM. When the cell
crossed the monitor, an indicated concentration of sample was
injected into the cell in situ. The CL was simultaneously
recorded in the processor and then was recorded once every 6
s (CBSS instead of specimen was present in control). The
scavenging rate was obtained according to the formula:

[2]

Hydroxyl radical assay. Hydroxyl radicals were generated
by a Fenton-type reaction. (9). The reaction mixture included
20 µL FeCl2 (1 mmol/L), 30 µL 1,10-phenanthroline (1
mmol/L), 800 µL CBSS, and 50 µL H2O2 (0.6%). A sample
cell loaded with the mixture was first placed into the BCM.
When the cell crossed the monitor, an indicated concentration
of sample was injected into the cell in situ; CBSS instead of
sample was present in control. The CL was simultaneously
recorded in the processor and then was recorded once every 6
s. The scavenging rate was obtained according to Equation 2.

Assay of singlet oxygen in the system of OH−-NaOCl-H2O2
(10). Singlet oxygen was generated chemically by the reac-
tion between NaOCl and H2O2 in a pH = 8 solution at room
temperature. For testing purposes, sample cells loaded with
200 µL NaOCl (1.4 mmol/L), 20 µL NaOH (5 mmol/L), and

a series of specimens containing selected concentrations of
LC were first put into BCM. When a sample cell crossed the
monitor, the 600 µL H2O2 (0.6%) was injected in situ. At the
same time, a chemiluminescence signal of the reaction sys-
tems was produced and was recorded in the processor every 3
s (CBSS instead of sample was present in control). The scav-
enging rate was obtained according to the Equation 2.

Assay of AAPH-initiated lipid peroxidation in γ-linolenic
acid. Lipid peroxidation was generated from the oxidation of
γ-linolenic acid induced by AAPH. The reaction mixture con-
tained 100 µL evening primrose oil (γ-linolenic acid content
>20%), 20 µL 1 mmol/L luminol, and 100 µL AAPH (5
mg/mL) in a sample cell. The mixture was incubated in a pre-
heated oven (Shanghai No. 3 Chemical Equipment Factory,
(Shanghai, China) at 37°C for 0.5 h. After that, the test began.
A cell loaded with the mixture was first placed into the BCM.
When the cell crossed the monitor, an indicated concentration
of sample was injected into the cell in situ (CBSS instead of
sample was present in control). The CL was simultaneously
recorded in the processor and then was recorded every 6 s
(CBSS instead of sample was present in control). The tem-
perature of assay was 38°C. The inhibiting rate was obtained
according to Equation 2.

High-performance liquid chromatography (HPLC). Tomato
paste contains a number of other antioxidant carotenoids be-
sides lycopene, like β-carotene, phytoene, phytofluene,
ζ-carotene, γ-carotene, and neurosparene. So, LC may con-
tain several carotenoids. To identify its composition, we ana-
lyzed the LC using high-performance liquid chromatography
(HPLC) (Waters Co., Milford, MA) on a 5-µm particle size
Vydac C18 column (Hesperia, Palo Alto, CA) with the sol-
vent mixture of diisopropylethylamine and hexane (1:100,
vol/vol) and monitored peak signals at 472 nm.

RESULTS AND DICUSSION

Determination of free radical models. The free radical mod-
els of superoxide anion, hydroxyl radical, lipid peroxidation,
and singlet oxygen are illustrated in Figure 2, which reflects
the changes in concentration of free radicals with time. Su-
peroxide anion, hydroxyl radical, and lipid peroxidation re-
mained relatively stable (Figs. 2A–C), but singlet oxygen was
unstable (Fig. 2D). From Figure 2D, one can see that H2O2 or
NaOCl alone could not produce a chemiluminescent signal.
Only when NaOCl and H2O2 were mixed together did the sig-
nal of singlet oxygen appear. CL increased and decayed
rapidly in the first 6 s. After 6 s, it became relatively stable.
In the following testing, the CL of various specimens at 6 s
was recorded, based on which the scavenging effect of the LC
toward singlet oxygen was evaluated.

Antioxidant properties of LC. (i) Superoxide anion. Super-
oxide anions are important oxygen radicals that can occur
during in vivo metabolism. But if in vivo superoxide anions
are present in a higher than allowable concentration, they will
destroy macromolecules like protein, DNA, and the like (11).
Thus, it is beneficial to explore the effect of LC on superox-
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FIG. 1. Ultraviolet/visible spectrum of lycopene concentrate.



ide anions. In this testing, although superoxide anions gener-
ated from pyrogallol autoxidation gave out a weak light, it
could be enhanced by luminol, and thus a strong chemilumi-
nescence signal could be seen on the processor screen. After
the addition of LC, the signal intensity decreased sharply. The
reduced signal intensity represented the scavenging capabil-

ity of specimens (Fig. 3A). Scavenging curves reached a con-
stant value in just 6 s after addition of the LC and then rose
slightly with time (Fig. 3A). The relation between scaveng-
ing rate and concentration of LC is shown in Figure 4A. Scav-
enging rate rose linearly with the concentration of LC and
reached 60–80% when the concentration was more than 0.75
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FIG. 2. Four free radical models. (A) Superoxide anion, (B) hydroxyl rad-
ical, (C) lipid peroxidation, (D) singlet oxygen.

FIG. 3. Plots of radical scavenging and lipid peroxidation inhibition by
lycopene concentrate. (A) Superoxide anions, (B) hydroxyl radicals, (C)
lipid peroxidation.



mg/mL. According to the calculation of efficient concentra-
tion (EC50), defined as the concentration of antioxidant nec-
essary to inhibit 50% of the CL, which represented the free
radical scavenging activity of antioxidant, EC50 of LC toward
superoxide anions was 0.75 mg/mL.

(ii) Hydroxyl radical. Hydroxyl radicals are the most ag-
gressive oxygen species in vivo (12), and they are the most
important killer for biomolecules. We designed a direct reac-
tion between LC and hydroxyl radicals. The curves of hy-
droxyl radical by LC were expressed in Figure 3B. Six sec-
onds was enough for effective scavenging of hydroxyl radi-
cals (Fig. 3B). The effect of various concentrations of LC on
hydroxyl radicals is shown in Figure 4B. From Figure 4B, the
EC50 of LC toward hydroxyl radicals was 0.05 mg/mL and
when the concentration of LC was increased, scavenging rate
was up to almost 100%. So, LC was a very effective hydroxyl
radical scavenger. Rao and Agarwal (1) observed that dietary
supplementation of lycopene from traditional tomato prod-
ucts including tomato juice and spaghetti sauce increased ly-
copene concentrations in their subjects’ plasma and reduced
oxidative damage to lipids, proteins, and DNA. The impor-
tance of lycopene may be mainly attributed to its effective an-
tioxidant capability against OH−.

(iii) Lipid peroxidation. Lipid peroxidation (13) is a com-
mon product of oxidative stress in biological tissues such as
lipoproteins, liposomes, microsomes, and membranes. The
ability to reduce lipid peroxidation (13) has become an im-
portant factor in examining the biological benefits of antioxi-
dants. In our laboratory, lipid peroxidation was generated
from the oxidation of γ-linolenic acid induced by AAPH. γ-
Linolenic acid is an unsaturated acid that can be found in ani-
mal cell membranes. The curves for inhibition of the lipid
peroxidation reaction by LC are shown in Figure 3C. The
time required for effectively inhibiting lipid peroxidation was
18 s. The effect of various concentrations of LC on lipid per-
oxidation is displayed in Figure 4C. The EC50 of LC toward
lipid peroxidation of γ-linolenic acid was 0.1 mg/mL. 

(iv) Singlet oxygen. Singlet oxygen (1O) (14), although not
technically a free radical, is a very reactive high-energy and
short-lived oxygen species that can react with biomolecules.
Figure 4D shows the scavenging capability of LC toward sin-
glet oxygen. LC is effective at scavenging singlet oxygen at 1
mg/mL. Singlet oxygens have been studied in the system of
thermodissociation of the endoperoxide of 3,3′-(1,4-naph-
thylidene)dipropionate. (6). In our laboratory, singlet oxygens
were generated chemically by the reaction between NaOCl
and H2O2 in a pH = 8 solution and could be effectively scav-
enged by LC. Our result was consistent with the work of Di
Mascio et al. (6).

From our experimental results, one can conclude that LC
is effective in scavenging such ROS as superoxide anion, hy-
droxyl radical, singlet oxygen, and lipid free radical. These
results favorably supported the significant role of lycopene-
rich foods in prevention of chronic diseases and cancers,
which has been observed in cell culture, animal experiments,
and clinics (15).

HPLC. Figure 5 is a high-pressure liquid chromatogram of
LC (part A) and standard β-carotene (part B). In Figure 5A,
there are two peaks: the main peak at 5.9 min is ascribed to
lycopene, and the small peak at 4.2 min is ascribed to β-
carotene according the HPLC of its standard specimen. Ly-
copene was about 99% of all the carotenoids in LC and β-
carotene was about 1%. Other carotenoids may be removed
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FIG. 4. Effect of various concentrations of lycopene concentrate on
scavenging free radicals. (A) Superoxide anions, (B) hydroxyl radicals,
(C) lipid peroxidation, (D) singlet oxygens.



during pretreatment. These results basically were consistent
with the work of Bushway (16). Thus, the main antioxidant
capability of LC may be ascribed to lycopene. Of course, the
small quantity of β-carotene may contribute antioxidant ca-
pability to some extent. Besides, in LC, there were nearly
50% other lipid-soluble substances, which may consist of oil
resins, waxy hydrocarbons, phospholipids, etc. Studies on
identifying these complex components and on purifying ly-
copene to more than 90% are in progress in our laboratory
and so are the synergistic effects of lycopene and other
carotenoids.

ACKNOWLEDGMENTS

The authors thank Professor Hu Tianxi for his help in testing the an-
tioxidant properties of LC, and they also thank Professor Tao Guan-
jun for his help in determining the composition of LC.

REFERENCES

1. Rao, A.V., and S. Agarwal, Bioavailability and in vivo Antioxi-
dant Properties of Lycopene from Tomato Products and Their
Possible Role in Prevention of Cancer, Nutr. Cancer
31:199–203 (1998).

2. Giovannucci, E., A. Ascherio, E.B. Rimm, M.J. Stampfer, G.A.

Colditz, and W.C. Willett, Intake of Carotenoids and Retinol in
Relation to Risk of Prostate Cancer, J. Natl. Cancer Inst.
87:1767–1776 (1995). 

3. Collins, A.R., B. Olmedilla, S. Southon, F. Granado, and S.J.
Duthie, Serum Carotenoids and Oxidative DNA Damage in
Human Lymphocytes, Carcinogenesis 19:2159–2162 (1998).

4. Bohm, F., J.H. Tinkler, and T.G. Truscott, Carotenoids Protect
Against Cell Membrane Damage by the Nitrogen Dioxide Radi-
cal, Nature Med. 1:98–99 (1995).

5. Lowe, G.M., L.A. Booth, A.J. Young, R.F. Bilton, Lycopene
and Beta-Carotene Protect Against Oxidative Damage in HT29
Cells at Low Concentrations but Rapidly Lose This Capacity at
Higher Doses, Free Radical Res. 30:141–151 (1999). 

6. Di Mascio, P., S. Kaiser, and H. Sies, Lycopene as the Most Ef-
ficient Biological Carotenoid Singlet Oxygen Quencher, Arch.
Biochem. Biophys. 274:532–538 (1989).

7. Mortensen, A., L.H. Skibsted, J. Sampson, C. Rice-Evans, and
S.A. Everett, Comparative Mechanisms and Rates of Free Radi-
cal Scavenging by Carotenoid Antioxidants, FEBS Lett.
418:91–97 (1997).

8. Marklund, S., and G. Marklund, Involvement of the Superoxide
Anion Radical in the Autoxidation of Pyrogallol and a Conve-
nient Assay for Superoxide Dismutase, Eur. J. Biochem. 4:469–
474 (1974).

9. Zhao, B.L., X.J. Li, R.G. He, S.J. Cheng, and W.J. Xin, Scav-
enging Effect of Extracts of Green Tea and Natural Antioxidants
on Active Oxygen Radicals, Cell Biophys. 14:175 (1989).

10. Zhao, W., Y. Han, and S. Hirota, Quenching of Singlet Oxygen
Arisen from NaClO-H2O2 System by Carotenoids, Acta Bio-
physica Sinica (in Chinese) 13:137–142 (1997).

11. Cheng, X.-S., S. Hiroaki, M. Hidetoshi, O. Jun-ichi, F. Naoto,
and E. Kensuke, Role of Superoxide Anion in the Pathogenesis
of Cytokine-Induced Myocardial Dysfunction in Dogs in vivo,
Cardiovasc. Res. 42:651–659 (1999).

12. Halliwell, B., M.A. Murcia, S. Chirico, and O.I. Aruoma, Free
Radicals and Antioxidants in Food and in vivo: What They Do
and How They Work, Crit. Rev. Food Sci. Nutr. 35:7–20 (1995). 

13. Woodall, A.A., G. Britton, and M.J. Jackson, Carotenoids and
Protection of Phospholipids in Solution or in Liposomes Against
Oxidation by Peroxyl Radicals: Relationship Between
Carotenoid Structure and Protective Ability, Biochim. Biophys.
Acta 1336:575–586 (1997). 

14. Clinton, S.K., Lycopene: Chemistry, Biology, and Implications
for Human Health and Disease, Nutr. Rev. 56 (2 Pt. 1):35–51
(1998). 

15. Rao, A.V. and S. Agarwal, Role of Lycopene as Antioxidant
Carotenoid in the Prevention of Chronic Diseases: A Review,
Nutr. Res. 19:305–323 (1999).

16. Bushway, R.J., Separation of Carotenoids in Fruits and Vegeta-
bles by High-Performance Liquid Chromatography, J. Liq.
Chromatogr. 8:1527–1547 (1985).

[Received September 9, 2000; accepted April 20, 2001]

ANTIOXIDANT PROPERTIES OF LYCOPENE CONCENTRATE FROM TOMATO PASTE 701

JAOCS, Vol. 78, no. 7 (2001)

FIG. 5. High-performance liquid chromatograms of lycopene concen-
trate (A) and standard β-carotene (B).


