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Abstract
Background: Recently, proteins and peptides have become an added value to foodstuffs due to new knowledge
about its structural analyses as related to antioxidant and anticancer activity. Our goal was to evaluate if protein
fractions from cacao seeds show antitumor activity on lymphoma murine L5178Y model. The antioxidant activity of
these fractions was also evaluated with the aim of finding a correlation with the antitumor activity.
Methods: Differential extraction of proteins from unfermented and semi-fermented-dry cacao seeds was
performed and characterized by SDS-PAGE and FPLC size-exclusion chromatography. Antitumor activity was
evaluated against murine lymphoma L5178Y in BALB/c mice (6 × 104 cells i.p.), with a treatment oral dose of 25
mg/kg/day of each protein fraction, over a period of 15 days. Antioxidant activity was evaluated by the ABTS+ and
ORAC-FL assays.
Results: Albumin, globulin and glutelin fractions from both cacao seed type were obtained by differential solubility
extraction. Glutelins were the predominant fraction. In the albumin fraction, polypeptides of 42.3 and 8.5 kDa were
found in native conditions, presumably in the form of two peptide chains of 21.5 kDa each one. The globulin
fraction presented polypeptides of 86 and 57 kDa in unfermented cacao seed that produced the specific-cacao
aroma precursors, and after fermentation the polypeptides were of 45 and 39 kDa. The glutelin fraction presented
proteins >200 kDa and globulins components <100 KDa in lesser proportion. Regarding the semifermented-dry
cacao seed, it was observed that the albumin fraction showed antitumoral activity, since it caused significant
decreases (p < 0.05) in the ascetic fluid volume and packed cell volume, inhibiting cell growth in 59.98 ± 13.6% at
60% of the population; while the greatest antioxidant capacity due to free radical scavenging capacity was showed
by the albumin and glutelin fraction in both methods assayed.
Conclusion: This study is the first report on the biological activity of semifermented-dry cacao protein fractions
with their identification, supporting the traditional use of the plant. The albumin fraction showed antitumor and
free radical scavenging capacity, however both activities were not correlated. The protein fractions could be
considered as source of potential antitumor peptides.

Background
In living systems, as a part of metabolism pathways,
free radicals are generated on an ongoing basis. Free
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radicals in biological systems include reactive oxygen
species (ROS) such as O 2 .- , HO 2 , H 2 O 2 and OH . and
reactive nitrogen species (RNS). When free radicals are
generated in excess or when cellular defenses are deficient, biomolecules are damaged by oxidative stress
process. This process cause significant damage to tissues and biomolecules, providing conditions for the
development of degenerative diseases. Due to the
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negative consequences of the oxidative processes, their
inhibition both inside the organism and in foods is
important, and is an area of very intense research. In
fact epidemiologic surveys indicate that the diet may
be related to 50% of all cancers in humans, because it
may alter individual organ susceptibility and responsiveness to neoplastic processes, and therefore an
increased demand in consumption of natural antioxidants from dietary supplements and traditional medicines is found [1]. Recently, proteins and peptides have
become an added value to foodstuffs due to the new
knowledge about their functional and biological activities. Many protein and protein hydrolysates also have
been tested and found to have comparatively strong
antioxidant activities, such as soy proteins, caseins and
egg-yolk protein. The antioxidant activities of these
proteins were directly related to their sulfhydryl (SH)
content, amino acid residues, or their antioxidase
activity (such as SOD, CAT, POD, GSH-Px) [2-6].
To understand how phytochemicals, such as proteins
and peptides derived from whole foods interact with each
other, specialized cancer models that measure the effect
on the biochemical target are needed, including evidence
of a potentially useful effect on tumor growth or progression. The development of in vitro screening procedures
as tools to identify chemopreventive foods or their chemopreventive fractions is important in identifying potentially beneficial foods or diets best suited for cancer
prevention [7,8]. The measurement of antioxidant activity
is an important screening method to compare the oxidation/reduction potentials of phytochemicals in various
systems to predict in vivo activity. Many chemical methods are currently in wide use, including the oxygen radical absorbance capacity (ORAC) assay, which is one of
the tests developed to measure the total antioxidant
capacities of biological samples and the only method so
far that combines both inhibition time and degree of
inhibition into a single quantity against the peroxyl radical, which is one of the most common ROS found in
human biology [9-11].
Cacao (Theobroma cacao L.; family Sterculiaceae) is an
ancient American crop, originated in the regions of central, southern and southeastern Mexico. Currently, the
Forastero variety is established as a crop in the Mexican
states of Chiapas and Tabasco, it is vigorous and resistant to diseases, with low nutrient demand for its
growth conditions and a high yield, as opposed to the
Criollo variety [12,13]. The seeds contain different types
of bioactive compounds e.g. fat, alkaloids, polyphenols,
flavanols, and procyanidins with health-promoting properties that have been thoroughly investigated. Regarding
the antioxidant properties of cacao, such activity has
been attributed to polyphenolic compounds present in
the seed [14-16]. However, research into whether the

cacao seeds contain other antioxidant components is
scarce. The protein content of the cacao seed is 10 15% of the dry weight, with an amino acid profile rich
in lysine, arginine, serine, proline, alanine, leucine,
valine, phenylalanine, and methionine [17,18], which
allows to elucidate the possibility of obtaining bioactive
peptides.
Recent research works that analyzed the peptide
structure of soy, reported the presence of hydrophobic
amino acids in its N-terminal, such as valine or leucine, as well as histidine, methionine, tryptophane, proline and tyrosine residues, which sequence showed
antioxidant capacity by metal chelating and free radical
scavenging [19-22]. On the other hand, the presence of
proline residues, lysine or arginine have also shown
anticancer activity, where the Lunasin is a unique 43
amino acid long peptide that contains 8 Asp (D) residues in its C-terminal, an Arg-Gly-Asp (RGD) cell
adhesion motif, a helix with structural homology to
chromatin-binding proteins, as well as a novel 4.8 kDa
peptide whose cancer preventive properties have been
demonstrated in a mammalian cell culture model and
in a skin cancer mouse model against chemical carcinogens, oncogenes, and inactivators of tumor suppressor proteins. Lunasin was found in the 2S albumin
storage protein of soybean, it has recently been isolated from barley, wheat and amaranth (the glutelin
fraction had the highest lunasin concentration), suggesting the possibility that lunasin or lunasin-like compounds could be found in other seeds [23,24].
Therefore, to evaluate functional compounds from
natural sources that can be used for chemoprevention in
large-scale animal studies and ultimately form human
subjects, oral administration is an important feature of
an ideal cancer-preventive agent to evaluate the capacity
of a compound to be absorbed and to reach the target
tissue in a bioactive state [23,25].
In this work our goal was to evaluate the presence of
protein fractions with antitumor activity from seeds of
Theobroma cacao L. employing lymphoma murine
L5178Y as a model. In addition, the antioxidant activity
of these fractions was also evaluated to try to find a correlation between antitumor and antioxidant activity.

Methods
Theobroma cacao L. protein fractionation

Cacao seeds of the Forastero variety were provided by
the Finca Irlanda producers, from the Soconusco region,
in the State of Chiapas, Mexico. Two types of seeds
were used for their evaluation: unfermented seeds (UF)
were taken from the pods, the mucilage and coat were
removed together, and the seed kernel lyophilized and
stored at -20°C. Semi-fermented and sun-dried (SFD)
unroasted cacao seeds were obtained after one day of
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fermentation in jute bags, followed by a wash with water
to eliminate the remaining mucilage, and then sundried. The coats were then removed and the seed kernel
ground with an electrical mill and stored at -20°C. Proteins were extracted and fractioned according to solubility class using the procedure described by Voigt and
Biehl [26] with some modifications. First, to avoid an
irreversible denaturation of storage proteins by oxidation
products of polyphenols during extraction, the acetone
dry powder (AcDP) was prepared. The powdered seed
kernel was defatted with petroleum ether for 24 h and
then purine alkaloids were partially extracted with
chloroform for 8 h. Afterwards, the polyphenols were
extracted three times with an 80% (v/v) cold aqueous
acetone containing 5 mM sodium ascorbate; subsequently with 70% (v/v) cold aqueous acetone; and finally
the residual water was removed from acetone pellet by
dehydration with 100% cold acetone. The AcDP
obtained was evaporated to dryness in the fume cupboard overnight to yield a light orange solid (38.77%).
The dry AcDP was extracted successively with 10 mM
Tris-HCl (pH 7.5 containing 2 mM EDTA), 0.5 M NaCl
(containing 2 mM EDTA and 10 mM Tris-HCl pH 7.5),
70% (v/v) ethanol and 0.1 N NaOH, to obtain the albumin, globulin, prolamin and glutelin fractions, respectively. All these solvents contained 5 mM sodium
ascorbate. Each protein fraction was dialyzed against
deionized water for 48 h at 4°C, with a change of solution every 24 h. Finally, the solutions were lyophilized
and stored at -20°C. Protein concentrations were determined by the method of Lowry et al. [27] using bovine
serum albumin as the standard.

The protein sample (1 mg/mL) was dissolved in buffer
20 mM Tris-HCl, 150 mM NaCl, pH 7,2 and mixed
with a solubilization buffer Trizma base (pH 6.8) which
contains 0.12 M SDS, 2 M glycerol, a pinch of bromophenol blue and reduced with 10% (v/v) 2-mercaptoethanol in boiling water for 5 min. The protein
sample was then loaded onto each well and the stacking
and resolving gels were run in succession at 60 and 120
V, respectively, by a Bio-Rad electrophoresis constant
power supply unit (Model 164-5052, Bio-Rad Laboratories). After electrophoresis, gels were gently agitated
overnight in a fixing solution with 0.05% solution of
Coomassie brilliant blue R250 in 50% (v/v) methanol
and 10% (v/v) acetic acid. It was then treated with developer (40% (v/v) methanol and 10% (v/v) acetic acid)
until the bands came out. Molecular masses were determined using a commercial broad-range protein molecular mass marker and analyzed with the help of software
Quantity-One (BioRad Laboratories).

Animals

Male BALB/c mice (6 to 8 weeks old, 20 - 24 g) were
provided by the Centro de Investigación Biomédica de
Occidente (CIBO-IMSS). The animals were maintained
in a specific pathogen free animal care facility, in regulated environment (22 ± 1°C, 50 - 60% relative humidity
and 12-hour light cycle). All mice were fed a commercial diet (Lab Chow Purina-Mexico) with an autoclaved
tap water ad libitum. For this study all procedures
involving animals were performed according to protocols approved by the Research Center’s animal care
committee and in compliance with the National guidelines on animal welfare (NOM-062-ZOO-1999) [28].
Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

Electrophoresis was carried out using the Mini-PROTEAN Treta Cell system (BioRad Laboratories) with a
4% polyacrylamide stacking gel and a 12.0% polyacrylamide resolving gel in the presence of sodium dodecyl
sulfate (SDS) using standard Tris glycine buffers [29].

FPLC size-exclusion chromatography

Protein fractions were dissolved in buffer: 20 mM TrisHCl, 150 mM NaCl, pH 7.2 for albumin and globulin
fraction; 70% (v/v) ethanol, 150 mM NaCl for prolamin
fraction and 20 mM potassium phosphate, 1.0 M NaCl
containing 1% (v/v) NLS for glutelin fraction. 2 mg/mL
of the suspensions from each fraction were membrane
filtered (0.45 μm mean pore size) and analyzed on a GE
Healthcare, FPLC system, equipped with molecular
exclusion Superdex columns (200 HiLoad 16/60 with
exclusion range: 10 - 600 KDa and G75 HR 10/30 GL
with exclusion range: 3 - 70 KDa) at 18°C, an UV detector fixed at 280 nm and a fraction collector. Data acquisition and processing were performed using the FPLC
director software. The columns were equilibrated and
eluted with the same buffer mentioned above. The flow
rate was maintained at 1 mL/min collecting 1 mL fractions. Polypeptides were detected by absorbance at 280
nm. Fractions corresponding to each peak were collected and stored at -20°C until analysis. The columns
were calibrated by using the protein molecular weight
kit MW-GF-1000 (Sigma®).
Murine model of lymphoma L5178Y and antitumor
activity

The mouse model was used to evaluate if oral administration of proteins fractions from cacao could protect
against the development of cancer. A lymphoma L5178Y
cell line was used, derived from a thymic lineage (haplotype H-2d) tumor induced in a DBA/2 mouse by methylcholanthrene adapted to an ascitic form, and maintained
by intraperitoneal (i.p.) transplantation of 10 × 106 cells/
mouse every 15 days in syngenic BALB/c mice [30,31].
The murine model of lymphoma L5178Y is described as
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follows. On day 0, BALB/c mice were inoculated i.p. with
0.1 mL of fresh ascetic fluid (6 × 104 cells/mouse suspended in isotonic saline solution [0.9% NaCl w/v]).
After 24 h, they were randomized into 5 groups of 5 mice
each. A control group was injected with tumor cells but
treated with 0.1 mL of isotonic saline solution only, and
four groups were injected with tumor cells and individual
treated with globulin UF, glutelin UF, albumin SFD and
glutelin SFD (0.1 mL at non-lethal oral dose of 25 mg/
kg/day dissolved in isotonic saline solution). On day 17,
the mice were euthanized by ethyl ether inhalation, and
ascites fluid and tissues were removed. Antitumor activity
of protein fractions was measured according to the following parameters: 1) Body weights recorded at day 0
and once per week for 2 consecutive weeks; 2) ascites
fluid collected from the peritoneal cavity, with volume
measured in a graduated centrifuge tube and packed cell
recovered by centrifugation at 2500 rpm for 10 min; and
3) tumor cell count determined by ascites fluid diluted
ten-fold with isotonic saline solution, with viable cells
counted (Trypan Blue exclusion) on the Neubauer counting chamber (Tumoral cells/mL ascites fluid). As an
alternative measure of disease in the mice, spleen weights
were also recorded to observe splenomegaly patterns
[32].

of the mass of protein contained in the sample in order
to obtain the mass of protein necessary to reduce absorbance by 50% (IC50).
An ORAC method using fluorescein (FL) as the
“fluorescent probe” has been developed [34]. The automated ORAC assay was carried out on a Tecan Safire
plate reader controlled by the Magellan software with
fluorescence filters for an excitation wavelength of 485
nm and an emission wavelength of 538 nm. The measurements were made in 96-well black flat bottom
microplates. The reaction was performed at 37°C as the
reaction was started by thermal decomposition of
AAPH in 75 mM phosphate buffer (pH 7.4). In each
well, sample (protein fraction 10 - 300 ppm), positive
control (GHS) (final concentration 10 - 300 μM), blank
(PBS) or standard (Trolox 0 - 80 μM) and FL (72 nM
final concentration) were pipetted, and then the microplate was put into the pre-warmed plate (37°C). Then
AAPH (12 mM final concentration) were added using
an 8-channel pipette. The fluorescence was measured
immediately every minute for a kinetic cycle of 80 min.
The final results were calculated by monitoring the
fluorescence decay curve of FL. The area under the
fluorescence decay curve (AUC) was then integrated,
and the net AUC calculated by the differences of areas
under the fluorescent decay curve between the blank
and the sample (expressed as μM Trolox/mg protein).

Antioxidant activity as free radical scavenging capacity

Two methods were used to compare the antioxidant
activity of protein fractions from cacao.
The ABTS radical cation discoloration assay was
adapted to microplates [33]. The ABTS radical cation
(ABTS+) was activated by the reaction of 7 mM ABTS
chemical with 2.5 mM potassium persulfate (both dissolved in deionized water) in the dark at room temperature for 12 - 16 h before use. Note that the resulting
cation radical is stable in the dark at -74°C for 1 month
or at 4°C for 1 week. For the study the ABTS+ solution
was diluted with PBS pH 7.4 or ethanol (~1:30), to an
absorbance of 0.70 ± 0.02 at 690 nm. After dilution,
Trolox standards (final concentration 0 - 600 μM) or
samples (protein fraction 300 - 3000 ppm) in PBS or
ethanol were added to each well. Then a diluted ABTS+
solution was added to each well of the microplate (total
volume of 290 μL) and the absorbance was monitored
for 90 min at intervals of 15 min (the second reading at
6 min). Appropriate solvent blanks were run in each
assay, while GHS was used as positive control (final concentration 10 - 300 μM). The discoloration of ABTS+
was determined through a reduction in absorbance,
which was a function of antioxidant concentration and
equated to the reactivity of Trolox. Trolox equivalent
antioxidant capacity (TEAC) for each sample was then
calculated as mmols of Trolox equivalent per gram of
protein fraction. Scavenging% was plotted as a function

Statistical analysis

The studies were carried out in single factor, using complete randomized design with two replications. The
experimental results were expressed as the mean ± S.E.
M. Data were assessed by one-way analysis of variance
(ANOVA) and differences between samples were determined by LSD test; P value of < 0.05 was considered as
statistically significant (STATISTICA for Windows version 4.3).

Results and discussion
Protein fractionation of cacao seeds

Proteins were extracted and fractionated according to
their solubility characteristics; the ratio of UF and SFD
cacao protein fractions is shown in Table 1. The same
protein profile was observed in both types of seeds: %
glutelin > % albumin ≥ % globulin > % prolamin. In this
case, the prolamin and glutelin fractions were found,
which is surprising since they have not been reported in
previous works. Thus results cannot be compared with
those described for cacao protein fractions under this
same fractionation methodology [26,35,36]. Nevertheless, the SFD cacao seed showed a significantly higher
protein content (p < 0.05), confirming that the content
of total nitrogen in protein increased during the first
day of cacao fermentation [35].
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Table 1 Ratio of protein fractions from unfermented and semifermented-dry cacao seeds
Seed protein fraction

Unfermented seed

Semi-fermented dry seed

(mg/g AcDP)

(%)

(mg/g AcDP)

(%)

Albumin

33.00 ± 0.05

24.37 ± 0.10

66.15 ± 0.16*

28.89 ± 0.01

Globulin

22.20 ± 0.01

16.39 ± 0.02

39.18 ± 0.08*

17.11 ± 0.02

Prolamin

4.3 ± 0.13

3.21 ± 0.04

9.91 ± 0.16*

4.33 ± 0.02

Glutelin

76.00 ± 0.13**

56.02 ± 0.00

120.93 ± 0.04*, **

52.81 ± 0.02

AcDP (acetone dry powder).
Data are expressed as the mean of the results of two experiments realized by duplicate ± S.E.M.
*p < 0.05 unfermented seed compared with semifermented dry seed.
**p < 0.05 when is comparing seed protein fraction regardless cacao process.

Protein fractions characterization

The molecular weight and the molecular weight distribution of these protein profiles were determined by the
one-dimensional electrophoresis (SDS-PAGE) technique
(Figure 1) and analyzed by FPLC (Figure 2 and Figure
3). SDS-PAGE profile clearly showed that, in both cacao
seed type, the albumin fraction had one predominant
polypeptide of 21.5 kDa. The globulin fraction from UF
cacao contained polypeptides with apparent molecular
sizes of 66, 45 and 39 kDa, differing with the SFD cacao
fraction that presented polypeptides of 45 and 39 kDa.
Every polypeptide was detected in the prolamin fractions, in both types of cacao seeds. The polypeptide
bands were similar to those obtained by several
researchers for cacao beans in classical fermentation
[26,37,38]. Glutelin fraction from UF cacao had proteins

Figure 1 SDS-PAGE profiles of cacao protein fractions (1: MW
markers; 2: albumin UF; 3: globulin UF; 4: prolamin UF; 5:
glutelin UF; 6: albumin SFD; 7: globulin SFD; 8: prolamin SFD;
9: glutelin SFD).

with molecular mass > 200 kDa and others of low molecular weight, 19.7 and 14.4 kDa, while the SFD cacao
fraction presented only high molecular mass proteins (>
200 kDa) that were slightly higher than those reported
previously [39].
A comparison was performed among the different
FPLC profiles obtained using Superdex columns, which
are molecular exclusion columns for the separation and
purification of proteins. This comparison indicated that
the albumin fraction was not significantly degraded during cacao fermentation, since two elution peaks were
observed at a volume of 11 and 15.6 mL, being its estimated molecular mass 42.3 and 8.5 kDa in both cacao
processes. These results indicate that albumin fractions
in their native state could be composed of two peptide
chains connected by non-covalent or covalent bonds;
however native-PAGE electrophoresis and SDS-PAGE
without b-mercaptoethanol were necessary for confirmation. This result was similar to those reported for amaranth, chickpea and lupin [40,41]. The globulin fraction
was significantly degraded during cacao fermentation,
observing the disappearance of elution peak at an elution volume of 88 mL and estimated molecular mass of
86 kDa, to produce the specific-cacao aroma precursors,
which are polypeptides of 45 and 39 kDa. The elution
peak with elution volume of 94 mL (~57 kDa) increased
at the end of fermentation, as reported by several
authors for classical fermentation processes
[26,36,37,42]. Concerning the glutelin fraction, which
was not degraded during cacao fermentation, it presented components of molecular weight > 200 kDa and
globulin components of molecular weight < 100 KDa in
a lesser proportion, such as the ones observed on SDSPAGE electrophoresis, whose purpose has not been
detected. However, the presence of a globulin fraction
may be due to the fact that it has a better solubility
than the glutelin fraction and therefore its concentration
after sample filtration may be underestimated due to
retention in the membrane.
These results did not agree with the work of Voigt
and Biehl [26], who reported in unfermented and fermented seed yields of 52 and 43% for albumin and
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Figure 2 Fractionation of unfermented cacao proteins by size exclusion chromatography (Albumin: Superdex G75 10/30 GL,
equilibrium liquid and sample buffer 20 mM Tris-HCl, 150 mM NaCl, pH 7.2, flow rate 1 mL/min; globulin and glutelin: Superdex
Hiload 200 16/60, equilibrium liquid and sample buffer 20 mM Tris-HCl, 150 mM NaCl, pH 7.2 and 20 mM potassium phosphate, 1.0
M NaCl containing 1% (v/v) NLS, respectively, flow rate 1 mL/min).
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Figure 3 Fractionation of semifermented-dry cacao protein by size exclusion chromatography (Albumin: Superdex G75 10/30 GL,
equilibrium liquid and sample buffer 20 mM Tris-HCl, 150 mM NaCl, pH 7.2, flow rate 1 mL/min; globulin and glutelin: Superdex
Hiload 200 16/60, equilibrium liquid and sample buffer 20 mM Tris-HCl, 150 mM NaCl, pH 7.2 and 20 mM potassium phosphate, 1.0
M NaCl, containing 1% (v/v) NLS, respectively, flow rate 1 mL/min).
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globulin fractions, respectively, without detecting a prolamin fraction. This authors stated that the glutelin fraction were residual globulins. In the present study, the
difference may be partially attributed to geographic
diversity, climatic conditions, and soil type, as well as
the cacao benefit processing, which is quite different to
the classical cacao fermentation.

tumor mass volume, and tumor cell count, which can
be considered as an induction of cell growth in a 58.5 ±
11.9% in 100% of the population. However, the difference in the body and spleen weight of treated animals
did not differ significantly (p > 0.05) when compared to
the animal control group.
The best results were obtained by the SFD cacao
albumin fraction, which had an effect on tumor growth
that differed significantly (p < 0.05) to the other tested
protein fractions and to the animal control group. It
decreased the ascitic fluid volume, tumor mass volume,
and tumor cells count, with a cell growth inhibition of
59.98 ± 13.6% in 60% of the population. However, the
difference in body and spleen weight did not differ significantly (p > 0.05) to the one presented by the animal
control group. These results suggested that such antitumor activity could be attributed to its particular
amino acid profile, which has been described as rich in
cysteine, leucine, arginine, and lysine, which relates to
its trypsin inhibitor potential [37,45].
The results above indicate that there is no correlation
between increasing body weight and the decrease in
ascitic fluid, and also contradict that the increase in
abdominal distension and body weight were a function
of the increase in ascitic fluid during tumor growth [46].
In this regard, a study in BALB/c mice with proteinenergy malnutrition, while undertaking the administration of formulas with hydrolyzed protein, found: 1)
Increased nitrogen retention; 2) increased body weight
gain; and 3) increased levels of total protein and
branched amino acids in serum. This was similar to
what was found by using intact proteins from different
sources in the diet of Wistar rats. The assessment of
body weight may be considered as one of the most
widely studied factors in the detection of possible activity of a bioestimulant leading to the restoration of
organism homeostasis [47,48].

Antitumor activity of protein fractions

The antitumor effect of cacao protein fractions was evaluated using a murine lymphoma L5178Y model. The
effect of cacao protein fractions on tumor growth is
shown in Table 2. Preliminary assays demonstrated that
the effect of proteins fractions (independent from the
cacao process) on the model of murine lymphoma
L5178Y was not dose-dependent, since after giving oral
doses of 2.5, 25, 100 and 200 mg/kg/day the effects are
oncostatics at low concentrations (<25 mg/kg/day) and
induce significant tumor growth (p < 0.05) at high concentrations (>25 mg/kg/day) (data no shown). These
results were consistent with those found for moderate
protein deficiency, which did not enhance cellular
immune responsiveness against melanoma in mice. It is
noteworthy that high protein diets are suspected to be
detrimental to the renal and hepatic functions, calcium
balance and insulin sensitivity, such as increased urinary
nitrogen excretion, glomerular filtration rate, kidney
hypertrophy, renal hemodynamics and eicosanoid production in renal tubules. In addition, high protein diets
caused increases in the levels of oxidative parameters,
originating an unbalance between the production of
ROS and the capacity of the antioxidant defense system
of mice [43,44].
The latter behavior was recurrent in UF cacao glutelin
protein fraction, whose effect on tumor growth differed
significantly (p < 0.05) as compared to the animals in
the control group. It increased the ascitic fluid volume,

Table 2 Effect of the protein fractions from UF and SFD cacao Forastero seeds on body weight, tumor volume, packed
cell volume, and viable tumor cell count of lymphoma L5178Y mice
Groups

Body weight (g)

Splenomegaly (g)

Tumor volume (mL)

Packed cell volume (mL)

Viable tumor cell count
(× 106 cells/mL)

Control L5178Y

30.83 ± 2.41

0.23 ± 0.05

2.67 ± 1.08

1.30 ± 0.49

412.62 ± 35.14

L5178Y + Globulin UF

29.32 ± 2.89

0.23 ± 0.11

3.00 ± 1.22

1.12 ± 0.87

286.96 ± 92.84

L5178Y + Glutelin UF

27.5 ± 1.73

0.19 ± 0.02

4.20 ± 0.64*

1.97 ± 0.60

415.80 ± 92.88

L5178Y + Albumin SFD

28.08 ± 2.38

0.20 ± 0.07

0.60 ± 0.75*

0.50 ± 0.30*

750.00 ± 47.03*

L5178Y + Glutelin SFD

31.06 ± 3.20

0.21 ± 0.01

3.50 ± 3.46

1.02 ± 0.95

365.10 ± 223.82

Non-lethal oral dose of 25 mg/Kg/day during 15 - 17 days, after inoculation of 6 × 104 lymphoma L5178Y cells/mL per mice.
Data are expressed as the mean of the results of two experiments with n = 5 in each experiment ± S.E.M.
*p < 0.05 extract-treated groups compared with the lymphoma L5178Y control group.
Body weight of normal mice: 23.50 ± 1.59 g. Spleen weight of normal mice: 0.12 ± 0.04 g.
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Antioxidant activity as free radical scavenging capacity of
protein fractions

of the methods that combine the length of inhibition
with the inhibition percentage of the free radical damage
by antioxidants into a single quantity, both simple and
sensitive [52,53]. Considering the decay of the fluorescence curve of FL, a homogeneous behavior was
observed in the samples assayed at the highest concentration, thereby protecting FL from oxidation for at least
25 - 30 min, for both UF and SFD cacao. However, the
best effect was shown by the glutelin fraction that
increased the time of inhibition to 45 min at 70 and 50
ppm, for UF and SFD cacao seed respectively, surpassing
the effect of 70 μM GHS (inhibition time 25 min) (data
not shown). ORAC-FL values of total antioxidant activity, expressed as TEAC, in SFD cacao protein fractions
showed a significant difference (p < 0.05) when compared to the values of UF cacao protein fractions. In
both cacao processes, the glutelin fraction differed significantly (p < 0.05) from the albumin and globulin fractions (Table 3).
A significant linear correlation was found between
radical scavenging capacity assays (0.68 ≤ r ≤ 0.97, p <
0.05) in both cacao processes (r ~ 0.90), despite the difference in the source of free radicals used in each
method. TEAC and ORAC assays have been the most
widely used electron transfer (ET) and hydrogen atom
transfer (HAT) methods, respectively [34,54]. The
TEAC or ABTS assay is based on scavenging of the
ABTS+ radical cation by the antioxidants present in a
sample. In the reaction medium the antioxidant compounds capture the free radical, resulting in lost bluishgreen color and therefore a reduction in absorbance,
which is corresponded quantitatively to the concentration of antioxidant present in the sample [33]. The
ORAC assay measures the ability of the antioxidant to
protect the fluorescein from oxidative damage by a
decrease in the fluorescence. The ORAC assay is said to
be more relevant because it utilizes a biologically radical
source of peroxyl radicals (ROO.) [34,52,55]. The ORAC
assay has been used to study the antioxidant capacity of

It has been reported that the different type of extracts
(proteins, flavonoids, polyphenols or mixed) obtained
from plants contain antioxidants, which present cytotoxicity against tumor cells and antitumor activity in
experimental animals [46]. Three methods were used for
measuring antioxidant activity: DPPH, TEAC and
ORAC. The first assays where carry out by the DPPH
system, according to Cheison et al [49] and Chevalier et
al [50]. Solutions of protein fractions from UF and SF
cacao were prepared at concentrations of 500 ppm up
to 30,000 ppm. Precipitation problems were observed
because the DPPH radical is dissolved in 80% (v/v)
MeOH. The only exception was the prolamin fraction
due to its intrinsic solubility in alcohols (data not
shown).
Alternatively, the scavenging activity of the UF and
SFD cacao protein fractions was determined by the
ABTS* radical method. Trolox was used as a control
sample and GHS for comparison purposes, given its
high electron donating capacity (high negative redox
potential) that generates a great intracellular reducing
power [51]. Preliminary assays demonstrated that radical
absorbance was stabilized after 30 min of reaction with
samples or positive control, thus for comparison purposes 6 min of reaction was selected as the measurement time to obtain the scavenging% and the IC50 value
from the corresponding plot. The highest scavenging
capacity, expressed as TEAC, was presented for SFD
cacao protein fractions (p < 0.05) achieving inhibition
up to 80 - 90% at lower concentrations than UF cacao
protein fractions. In both cacao processes, the glutelin
fraction presented the higher scavenging capacity (p <
0.05) at any concentration assayed, with an IC50 value
7.1-fold higher than this of GHS (Table 3).
To ensure that all the antioxidants present in the sample have reacted with the radicals generated at the end
of the process, the ORAC method was assayed. It is one

Table 3 Antioxidant activity of protein fractions from UF and SFD cacao seeds
Sample

Unfermented seed
ABTS+ assay

Semi-fermented dry seed
ORAC assay

ABTS+ assay

TEAC (mM Trolox/g
protein)

TEAC (mM Trolox/g
protein)

ORAC assay
IC50 (mg
protein/mL)

TEAC (mM Trolox/g
protein)

TEAC (mM Trolox/g
protein)

IC50 (mg
protein/mL)

Albumin

0.14 ± 0.03 (3000)

3. 14 ± 0.08

0.44 ± 0.05 (70)

0.37 ± 0.01 (1500)*

1.51 ± 0.02*

0.65 ± 0.13 (50)*

Globulin

0.18 ± 0.03 (3000)

2.89 ± 0.08

0.17 ± 0.01 (300)

0.22 ± 0.04 (1500) *

2.21 ± 0.06*

0.29 ± 0.04 (150)*

Glutelin
GHS

0.88 ± 0.01 (600)**
0.44 ± 0.11 (92)

0.58 ± 0.04**
0.081 ± 0.04

1.21 ± 0.11 (70)**
0.65 ± 0.44 (21)

1.32 ± 0.01 (300)*,**
0.44 ± 0.11 (92)*

0. 22 ± 0.02*,**
0.081 ± 0.04*

1.10 ± 0.73 (50)*,**
0.65 ± 0.44 (21)*

TEAC (Trolox equivalent antioxidant capacity), GHS (Reduced glutathione).
Data are expressed as the mean of the results of two experiments realized by duplicate ± S.E.M.
Values in parentheses indicate protein concentration assayed expressed as ppm.
*p < 0.05 unfermented seed compared with semifermented dry seed.
**p < 0.05 when is comparing seed protein fraction regardless cacao process.
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many food samples and has recently been adopted by
the food industry as an adequate antioxidant index [56].
In this sense the cacao protein fractions may be considered as chain breaking antioxidant, which interrupt the
chain reaction of radicals (propagation). The oxidative
mechanism is the continued transfer of hydrogen atoms,
forming a stable radical which does not continue the
chain reaction or continues with low efficiency [55].
It is clear that SFD cacao protein fractions exhibited
potent in vitro antioxidant activity in ABTS and ORAC
free radical scavenging activity assays, allowing them to
compete with other antioxidant compounds recognized
in their pure state, such as ascorbic acid (1.05 TEAC),
a-tocopherol (0.97 TEAC) and uric acid (1.01 TEAC)
[57]. Therefore, SFD cacao seed still represents a significant source of antioxidants, since peptides and amino
acids could be released during the cacao semifermentation-dry process, which may support their potential as a
natural functional food. These results suggest that this
antioxidant activity could be attributed to their constituent amino acids, which are capable of donating protons
to free radicals, as well as to a probable formation of a
hydrophobic oligopeptides feature during the first stage
of fermentation. Although not a precursor of the cacao
aroma, its hydrophobicity is an important factor to promote the availability of lipophilic oxidants which is
expressed as a higher antioxidant activity [20,58].

conferred antitumor and antioxidant potential. The antioxidant activity given by free radical scavenging capacity
was observed mainly in the albumin and glutelin fractions from SFD cacao and it is considered as chain
breaking antioxidant; however the highest values were
observed for glutelins. Therefore, no direct correlation
between antioxidant and antitumor activity was found.
Protein fractionation showed albumins, globulins, and
glutelins, even though the glutelin fraction had not been
previously reported by researchers. This is the first
report on the biological activity of semifermented-dry
cacao protein fractions with their identification, supporting the traditional use of the plant. Further studies are
underway, dealing with the evaluation of cytotoxicity
and the elucidation of the action mechanisms, in order
to considerer the protein fractions as a source of potential antitumor peptides.

Correlation of antitumor effect in vivo with antioxidant
activity in vitro

To our knowledge, this finding represents the first
report of an inhibitory effect of cacao protein fractions
on the model of murine lymphoma L5178Y. However,
antioxidant activity in vitro of cacao protein fractions, in
both cacao processes, did not present correlation with
their antitumor effect in vivo. The biological system was
more complex than the simple chemical mixtures
assayed, and antioxidant compounds may operate via
multiple mechanisms. These compounds were extensively metabolized in vivo and the antioxidant and biological activity of their peptides differed due to their
particular amino acid sequences. Therefore, this model
suggests that there are additional functions of cacao
protein fractions as antitumor agents beyond their antioxidant capacity. Whether their antitumor effect was
maintained after digestion, absorption and metabolism
is unknown.

Conclusion
Antitumor activity was only observed in the albumin
fraction, which inhibited the growth of cells in murine
lymphoma L5178Y. This could be attributed to its
hydrophobic and sulfur amino acids profile that

List of abbreviations
UF: unfermented cacao seed; SFD: semi fermented-dry cacao seed; AcDP:
acetone dry powder; HCl: hydrochloric acid; EDTA: disodium dihydrogen
ethylenediaminetetraacetate; NaCl: sodium chloride; NaOH: sodium
hydroxide; BSA: bovine serum albumin; ABTS: 2,2’-azino-bis(3ethylbenzthiazoline-6-sulphonic acid); Trolox: 6-hydroxy-2,5,7,8tetramethychroma-6-sulphonic acid; PBS: phosphate buffer saline; TEAC:
Trolox equivalent antioxidant capacity; APPH: 2,2’-azobis(2methylpropionamidine) dihydrochloride; FL: fluorescein; GHS: reduced
glutathione; DPPH: 2,2-Diphenyl-1-picryl-hydrazyl; ORAC-FL: oxygen radical
antioxidant capacity assay using fluorescein.
Acknowledgements
Alejandra Rodríguez Camacho and the technical group responsible for
ECOSUR-Business, in El Colegio de la Frontera Sur-ECOSUR for the raw
materials provided. Dr. Humberto Flores Soto, Biotechnology Laboratory
UNAM, researcher for his assistance in evaluating the oxygen radical
antioxidant capacity, the facilities, equipment and reagents provided. Dr.
Jorge Iván Delgado Saucedo, researcher for this assistance in evaluating the
antitumor activity and facilities provided and Winston Smith for manuscript
revision. The work was undertaken with financial support of the projects:
SEP/CONACYT 83370, SIP 20090522; and the scholarship 208231 provided by
CONACyT.
Author details
1
Departamento de Graduados e Investigación en Alimentos, Escuela
Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, Carpio y Plan
de Ayala S/N, Delegación Miguel Hidalgo, 06470 México, D.F., México.
2
Laboratorio de Inmunofarmacología de Productos Naturales, Centro de
Investigación Biomédica de Occidente, I.M.S.S., Sierra Mojada No. 800, Col.
Independencia, 44340 Guadalajara, Jalisco, México. 3Centro de Investigación
y Asistencia en Tecnología y Diseño del Estado de Jalisco, A.C., Av.
Normalistas 800, Colinas de la Normal, 44270 Guadalajara, Jalisco, México.
Authors’ contributions
AMPYL carried out experimental work, data collection and interpretation,
literature search and manuscript preparation. AMPP provided assistance in
evaluating the antitumor activity and data interpretation. JCMD provided
assistance in FPLC size-exclusion chromatography and data interpretation.
RHG provided assistance in SDS-PAGE gel electrophoresis and data
interpretation. MEJF and ECLC supervised the work, evaluated the data and
corrected the manuscript for publication. All authors read and approved the
final manuscript.
Competing interests
The authors declare that they have no competing interests.

Preza et al. BMC Complementary and Alternative Medicine 2010, 10:61
http://www.biomedcentral.com/1472-6882/10/61

Received: 16 December 2009 Accepted: 20 October 2010
Published: 20 October 2010
References
1. Hazra B, B S, Mandal N: Antioxidant and free radical scavenging activity
of Sponidas pinnata. BMC Complementary Alternative Medicine 2008, 8:63.
2. Vioque J, M F: Los péptidos bioactivos en alimentación: nuevos agentes
promotores de salud. CTC Alimentación 2005, 26:103-107.
3. Korhonen H, P A: Bioactive peptides: Production and functionality.
Review. International Diary Journal 2006, 16:945-960.
4. Arcan I, Y A: Effects of controlled pepsin hydrolysis on antioxidant
potential and fractional changes of chickpea proteins. Food Research
International 2010, 43:140-147.
5. Huang W, D Q, Xie B, Shi J, Huang F, Tian B, Huang Q, Xue S: Purification
and characterization of an antioxidant protein from Ginkgo biloba seeds.
Food Research International 2010, 43:86-94.
6. Tironi VA, A MC: Amaranth proteins as a source of antioxidant peptides:
Effect of proteolysis. Food Research International 2010, 43:315-322.
7. Sausville EA, J IJ, Cragg GM, Decker S: Cancer Drug Discovery and
Development: New Paradigms for a New Millennium. In Anticancer
Agents Edited by: ACS Symposium Series 2001, 796:1-15.
8. Percival SS, T TS, Chin ST, Mallak AC, Lounds-Singleton A, Pettit-Moore J:
Neoplastic Transformation of BALB/3T3 Cells and Cell Cycle of HL-60
Cells are Inhibited by Mango (Mangifera indica L.) Juice and Mango
Juice Extracts. The Journal of Nutrition 2006, 136(1300-1304):1300.
9. Cao G, S-H B, Bickford PC, Joseph JA, McEwen J, Prior RL: Hyperoxiainduced changes in antioxidant capacity and the effect of dietary
antioxidants. Journal of Applied Physiology 1999, 86(6):1817-1822.
10. Huang D, O B, Hampsch-Woodill M, Flanagan JA, Prior RL: HighThroughput Assay of Oxygen Radical Absorbance Capacity (ORAC) Using
a Multichannel Liquid Handling System Coupled with a Microplate
Fluorescence Reader in 96-Well Format. Journal of Agriculture and Food
Chemistry 2002, 50:4437-4444.
11. Wu X, G L, Holden J, Haytowitz DB, Gebhardt SE, Beecher G, Prior RL:
Development of a database for total antioxidant capacity in foods: a
preliminary study. Journal of Food Composition and Analysis 2004,
17:407-422.
12. Ministerio de Asuntos Extranjeros de Francia y el Instituto
Interamericano de Cooperación para la Agricultura. Compendio de
Agronomía Tropical. Capítulo 4. Producción de alimentos. Cacao. Tomo
II. San José Costa Rica. 1989.
13. Secretaría de Comercio y Fomento Industrial: NORMA Mexicana NMX-FF103-SCFI-2003, Productos agrícolas no industrializados - cacao en grano
(Theobroma cacao L.) - especificaciones y métodos de prueba.Edited by:
Diario Oficial de la Federación 2003.
14. Yamagishi M, N M, Osakabe N, Okazaki K, Furukawa F, Imazawa T,
Nishikawa A, Hirose M: Chemoprevention of lung carcinogenesis by
cacao liquor proanthocyanidins in a male rat multi-organ carcinogenesis
model. Caner Letters 2003, 191:49-57.
15. Abbe MM, JA I: Polyphenols in Cocoa and Cocoa Products: Is There a
Link between Antioxidant Properties and Health? Review. Molecules 2008,
13:2190-2219.
16. Arlorio M, L M, Travaglia F, Coïsson JD, Del Grosso E, Minassi A,
Appendino G, Martelli A: Roasting impact on the contents of clovamide
(N-caffeoyl-L-DOPA) and the antioxidant activity of cocoa beans
(Theobroma cacao L.). Food Chemistry 2008, 106:967-975.
17. S de Brito E, P-G HN, Gallao MI, Cortelazzo AL, Fevereiro PS, Braga MR:
Structural and Chemicals changes in cocoa (Theobroma cacao L.) during
fermentation, drying and roasting. Journal of Agriculture and Food
Chemistry 2000, 81:281-288.
18. Summa C, M J, Cämmerer B, Fiala A, Probst M, Kun S, Anklam E,
Wagner KH: Radical scavenging activity, anti-bacterial and mutagenic
effects of Cocoa bean Maillard Reaction products with degree of
roasting. Molecular Nutrition & Food Research 2008, 52:342-351.
19. Chen HM, M K, Yamauchi F: Structural Analysis of Antioxidative Peptides
from Soybean β-Conglycinin. Journal of Agriculture and Food Chemistry
1995, 43:574-578.
20. Chen HM, M K, Yamauchi D, Nokihara K: Antioxidative Properties of
Histidine-Containing Peptides Designed for Peptide Fragments Found in
the Digests of a Soybean Protein. Journal of Agriculture and Food
Chemistry 1998, 46:49-53.

Page 11 of 12

21. Wu HC, C HM, Shiau CY: Free amino acids and peptides as related to
antioxidant properties in protein hydrolysates of mackerel (Scomber
austriasicus). Food Research International 2003, 36:949-957.
22. Pihlanto A: Antioxidative peptides derived from milk proteins.
International Diary Journal 2006, 16:1306-1314.
23. Jeong JB, J HJ, Park JH, Lee SH, Lee JR, Lee HK, Chung GY, Choi JD, O de
Lumen B: Cancer-Preventive Peptide Lunasin from Solanum nigrum L.
Inhibits Acetylation of Core Histones H3 and H4 and Phosphorylation of
Retinoblastoma Protein (Rb). Journal of Agriculture and Food Chemistry
2007, 55:10707-10713.
24. Silva-Sánchez C, Barba de la Rosa AP, León-Galván MF, De Lumen BO, De
León-Rodríguez A, González de Mejía E: Bioactive Peptides in Amaranth
(Amaranthus hypochondriacus) Seed. Journal of Agriculture and Food
Chemistry 2008, 56:1233-1240.
25. Hernández-Ledesma B, H CC, O de Lumen B: Lunasin, a novel seed
peptide for cancer prevention. Peptides 2009, 30:426-430.
26. Voigt J, B B: The major seed proteins of Theobroma cacao L. Food
Chemistry 1993, 47:145-151.
27. Lowry OJ, R NJ, Farr AL, Randall RJ: Protein measurement with the Folin
phenol reagent. The Journal of Biological Chemistry 1951, 191:265-275.
28. Secretaría de Agricultura G, Desarrollo Rural, Pesca y Alimentación: NORMA
Oficial Mexicana NOM-062-ZOO-1999, Especificaciones técnicas para la
producción, cuidado y uso de los animales de laboratorio.Edited by:
Diario Oficial de la Federación 2001.
29. Laemmli UK: Cleavage of structural proteins during assembly of the head
of bacteriophage T4. Nature 1970, 227:248-685.
30. Beer JZ, B E, Niepokojczycka E, Rosiek O, Szumiel I, Walicka M: Loss of
Tumorigenicity during In Vitro Growth of L5178Y Murine Lymphoma
Cells. Cancer Research 1983, 43:4736-4742.
31. Reynoso-Orozco R, D-S JI, Puebla-Pérez AM, Calvo-Méndez C, Carr D,
Velázquez-Magaña S, Santerre A: Difluorometil ornitina y el extracto
acuoso de Bursera fagaroides en el modelo de linfoma murino L5178Y
en ratones BALB/C: Comparación de su efecto en el metabolismo de las
poliaminas. Revista de Salud Animal 2008, 30(2):128-132.
32. Puebla-Pérez AM, H-R L, Rodríguez-Orozco G, Villaseñor-García MM,
Miranda-Beltrán ML, Celis A, Sandoval-Ramírez L: Cytotoxic and Antitumor
Activity from Bursera fagaroides Ethanol Extracts in Mice with L5178Y
Lymphoma. Phytotherapy Research 1998, 12:545-548.
33. Falk DJ, D KC, VanGammeren DL, Deering MA, Kavazis AN, Powers SK:
Mechanical ventilation promotes redox status alterations in the
diaphragm. Journal of Applied Physiology 2006, 101:1017-1024.
34. Dávalos A, G-C C, Bartolomé B: Extending Applicability of the Oxygen
Radical Absorbance Capacity (ORAC-Fluorescein) Assay. Journal of
Agriculture and Food Chemistry 2004, 52:48-54.
35. Lerceteau E, R J, Pétiard V, Crouzillat D: Evolution of cacao bean proteins
during fermentation: A study by two-dimensional electrophoresis.
Journal of the Science of Food and Agriculture 1999, 79:619-625.
36. Kratzer U, F R, Kalbacher H, Biehl B, Wöstemeyer J, Voigt J: Subunit
structure of the vicilin-like globular storage protein of cocoa seeds and
the origin of cocoa- and chocolate-specific aroma precursors. Food
Chemistry 2009, 113:903-913.
37. Amin I, J S, Jamilah B, Harikrisna K: Analysis of Cocoa Cotyledons Albumin.
Asian Journal of Plant Sciences 2003, 2(13):958-962.
38. Rashidah S, J S, Nazamid S, Jamilah B: Characterization of the Ability of
Globulins from Legume Seeds to Produce Cocoa Specific Aroma. ASEAN
Food Journal 2007, 14(2):103-114.
39. Zak DK, K PG: Extraction and fractionation of cocoa proteins as applied
to several varieties of cocoa beans. Journal of Agriculture and Food
Chemistry 1976, 24:479-483.
40. Vioque J, S-V R, Clemente A, Pedroche J, Bautista J, Millán F: Purification
and Partial Characterization of Chickpea 2S Albumin. Journal of
Agriculture and Food Chemistry 1999, 47:1405-1409.
41. Villanueva O, A I: Purificación de una proteína de 35 kDa rica en lisina,
de la fracción albúmina de Amaranthus caudatus (kiwicha). Anales de la
Facultad de Medicina Lima 2007, 68(4):344-350.
42. Amin I, J S, Jamilah B: Vicilin-class globulins and their degradation during
cocoa fermentation. Food Chemistry 1997, 59(1):1-5.
43. Erickson KL, G ME, McNeill CJ, Ossmann JB, Canolty NL: Effects of Low
Dietary Protein Concentration and Energy Deprivation on Lymphocyte
Transformation in Melanoma-Bearing Mice. The Journal of Nutrition 1979,
109:1893-1900.

Preza et al. BMC Complementary and Alternative Medicine 2010, 10:61
http://www.biomedcentral.com/1472-6882/10/61

Page 12 of 12

44. Gu C, S Y, Le G: Effect of Dietary Protein Level and Origin on the Redox
Status in the Digestive Tract of Mice. International Journal of Molecular
Sciences 2008, 9:464-475.
45. Kochhar S, G K, Juillerat MA: Primary Structure of the Abundant Seed
Albumin of Theobroma cacao by Mass Spectrometry. Journal of
Agriculture and Food Chemistry 2000, 48:5593-5599.
46. Rajeshwar Y, G M, Mazumber UK: Antitumor Activity and in vivo
Antioxidant Status of Mucuna pruriens (Fabaceae) Seeds against Ehrlich
Ascites Carcinoma in Swiss Albino Mice. Iranian Journal of Phamacology &
Therapeutics 2005, 4(1):46-53.
47. Baró L, G EM, Martínez-Augustin O, Bozza JJ, Gil A: Serum amino acid
concentrations in growing rats fed intact protein versus enzymatic
protein hydrolysate-based diets. Biology of the Neonate 1995, 68(1):55-61.
48. Morris-Quevedo H, B-Q L, Martínez-Manrique CE, Carrillo-Farnés O: Aspectos
bioquímicos de la recuperación de ratones BALB/C malnutridos con un
hidrolizado proteico de Chlorella vulgaris. Revista cubana de alimentación
y nutrición 2002, 16(1):5-12.
49. Cheison S, CW Z, Xu SY: Preparation of Whey Protein Hydrolysates Using
a Single- and Two- Stage Enzymatic Membrane Reactor and Their
Immunological and Antioxidant Properties: Characterization by
Multivariate Data Analysis. Journal of Agriculture and Food Chemistry 2007,
55:3896-3904.
50. Chevalier F, C JM, Genot C, Haertlé T: Scavenging of Free Radicals,
Antimicrobial, and Cytotoxic Activities of the Maillard Reaction Products
of β-Lactoglobulin Glycated with Several Sugars. Journal of Agriculture
and Food Chemistry 2001, 49:5031-5038.
51. Chavan S, S L, Saxena V, Pillai S, Sontakke A, Ingole D: Reduced
Glutathione: Importance of Specimen Collection. Indian Journal of Clinical
Biochemistry 2005, 20(1):150-152.
52. Cao G, P RL: Comparison of different analytical methods for assessing
total antioxidant capacity of human serum. Clinical Chemistry 1998, 44:6.
53. Cao G, S E, Prior RL: Antioxidant capacity of tea and common vegetables.
Journal of Agriculture and Food Chemistry 1996, 44(11):3426-3431.
54. Zulueta A, E MA, Frígola A: ORAC and TEAC assays comparison to
measure the antioxidant capacity of food products. Food Chemistry 2009,
114(1):310-316.
55. Ou B, H-W M, Prior RL: Development and validation of an improved
oxygen radical absorbance capacity assay using fluorescein as the
fluorescent probe. Journal of Agriculture and Food Chemistry 2001,
49:4619-4626.
56. Zielinski H, M A, Amigo-Benavent M, Dolores del Castillo M, Piskula MK:
Changes in Protein Quality and Antioxidant Properties of Buchwheat
Seeds and Groats Induced by Roasting. Journal of Agriculture and Food
Chemistry 2009, 57:4771-4776.
57. Huang D, O B, Prior RL: The Chemistry behind Antioxidant Capacity
Assays. Journal of Agriculture and Food Chemistry 2005, 53:1841-1856.
58. Cross E: Factores condicionantes de la calidad del cacao. Primer Congreso
Venezolano del Cacao y su Industria: Febrero 2000; Maracay, Venezuela 2000,
16-33.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6882/10/61/prepub
doi:10.1186/1472-6882-10-61
Cite this article as: Preza et al.: Antitumor activity against murine
lymphoma L5178Y model of proteins from cacao (Theobroma cacao L.)
seeds in relation with in vitro antioxidant activity. BMC Complementary
and Alternative Medicine 2010 10:61.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

