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Abstract

Polyphenols have gained significant interest in recent years due to their antioxidant capacity and their important role in disease
prevention. In this work, the phenolic content and antioxidant properties of cocoa extracts prepared by maceration and
ultrasound-assisted extraction were studied. The polyphenol content was determined using the Folin-Ciocalteu reagent and
the antioxidant activity was estimated by DPPH (2,2-diphenyl-2-picrylhydrazyl) and FRAP (Ferric reducing/antioxidant power)
assays. The identification and quantification of (+)-catechin and (—)-epicatechin were performed using high-performance liquid
chromatography (HPLC). The results showed that by using ultrasonic radiation, it was possible to obtain higher polyphenol
contents from both the husk and cotyledon of cocoa. Furthermore, extracts obtained by sonication showed the highest antioxidant
activity, thus proving that this activity depends directly on the total phenolic content. The contents of (+)-catechin and (—)-
epicatechin were higher in the cotyledon extracts compared to those of the husk.

Keywords: cocoa, polyphenols, extraction, ultrasound, antioxidant activity.

Resumen

Los polifenoles han ganado un interés significativo en afios recientes debido a su capacidad antioxidante y a su papel importante
en la prevencién de enfermedades. En este trabajo, el contenido fendlico y las propiedades antioxidantes de extractos de cacao
preparados por maceracion y extraccion asistida por ultrasonido, fueron estudiados. El contenido de polifenoles fue determinado
empleando el reactivo de Folin-Ciocalteu y la actividad antioxidante fue estimada por las técnicas de DPPH (2,2-diphenyl-
2-picrylhydrazyl) y FRAP (Ferric reducing/antioxidant power). La identificacién y cuantificacién de (+)-catequina y (—)-
epicatequina fueron realizadas a través de la cromatografia de liquidos de alta resolucién (HPLC). Los resultados mostraron que
mediante el uso de radiacién ultrasénica, fue posible extraer un mayor contenido de polifenoles tanto para cascarilla como para
cotiledoén de cacao. Ademds, los extractos obtenidos por sonicacién presentaron la mayor actividad antioxidante, demostrando
asi que esta actividad depende directamente del contenido fendlico total. Los contenidos de (+)-catequina y (—)-epicatequina
fueron mayores en los extractos obtenidos del cotiledon con respecto a aquellos obtenidos de la cascarilla.

Palabras clave: cacao, polifenoles, extraccion, ultrasonido, actividad antioxidante.
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1 Introduction

Oxidation reactions occur naturally in the human
body and are formed as byproducts of respiration and
oxidative metabolism in all cells of aerobic organisms.
Although oxygen is necessary for aerobic cells to
generate energy, it has the disadvantage of producing
small amounts of reactive oxygen species (ROS)
that can cause damage to macromolecules. This is
related to a number of chronic degenerative diseases
such as cancer, rheumatoid arthritis, Alzheimer’s,
atherosclerosis, emphysema, cirrhosis and diabetes
among others, which share common pathogenic ROS
as a key factor (Mora-Huerta et al., 2010; Yoshihara
et al., 2010). Because the body is vulnerable to
these radicals, antioxidants are needed to decrease
the concentration of these reactive species to prevent
the negative effects mentioned above. Antioxidants
in the body are primarily derived from diet and can
promote good health. Thus, due to their significant
role in disease prevention, there has been an increasing
interest in recent years in the study of certain fruits,
vegetables and grains with high antioxidant contents
to boost their consumption (Wootton-Beard and Ryan,
2011).

Cocoa is recognized as a major dietary source of
antioxidants because of its high phenolic compound
(procyanidins and flavonols mainly) content (Tomas-
Barberdn et al., 2007). It has even been observed
that cocoa-based products contain a higher antioxidant
capacity and greater amounts of flavonoids per serving
than tea or red wine (Jonfia-Essien et al., 2008).
It is possible to distinguish three main groups of
polyphenols in cocoa: catechins or flavan-3-ols
(37%), anthocyanins (4%) and proanthocyanidins
(58%) (Belscak et al., 2009). The main catechin
is (—)-epicatechin, which constitutes approximately
35% of the total polyphenol content of cocoa. In
addition to the cotyledon, the husk (a byproduct of the
chocolate industry) also contains a significant amount
of phenolic compounds (Lecumberri et al., 2006).

The extraction of phenolic compounds from
plant materials is influenced by the compounds’
chemical nature, extraction method, sample size,
time and storage conditions as well as the presence
of interfering substances such as proteins and
carbohydrates (Koffi er al., 2010; Garcia-Marquez
et al., 2012). It has been reported that the use of
aqueous solutions of methanol, ethanol and acetone
dramatically improves the extraction of polyphenols
compared to a single-compound solvent system
(Yilmaz and Toledo, 2006). The most reported

extraction methods are maceration with solvents,
hot-water extraction, alkaline extraction, resin-based
extraction, enzyme-assisted extraction, extractions
based on gamma and electron-beam irradiation and
extraction using supercritical fluids. However, some
of these methods can cause a loss of bioactive
compounds due to the use of high temperatures and
long extraction times; or, in the case of irradiation, it
can represent a health risk if the proper care is not
taken (Liu et al., 2005). These shortcomings have
led to the use of new sustainable innovative green
techniques that increase extraction efficiency, reduce
time and energy-consuming procedures and contribute
to environmental preservation by reducing the use
of water and solvents, fossil energy and generation
of hazardous substances, such as microwave and
ultrasound-assisted extraction (Chemat et al., 2011).
The use of ultrasonic radiation (20-100 kHz) to extract
natural compounds provides high reproducibility, easy
handling, low solvent and energy consumption, low-
temperature processing and a lower loss of bioactive
compounds (Pan er al., 2011). Compared with
other novel extraction techniques such as microwave-
assisted extraction, the ultrasound apparatus is cheaper
and its operation is easier. Furthermore, the
ultrasound-assisted extraction, like Soxhlet extraction,
can be used with any solvent for extracting a wide
variety of natural compounds (Wang and Weller,
2006). Ultrasound can facilitate swelling and
hydration of vegetal tissue, allowing high diffusion
rates across the cell wall and enhancing the mass
transfer. On the other hand, cavitation produced
by ultrasonic waves can also disrupt the cell wall,
facilitating the release of contents (Vinatoru, 2001).
Khan et al., (2010) reported higher extraction yields
of polyphenols from orange peel using an ultrasonic
processor operated at a frequency of 25 kHz.
According to Jacques et al. (2007), sonication is
a simpler, faster and more effective technique than
maceration to extract organic compounds from Ilex
paraguariensis leaves. Currently, there are no reports
in the literature on the extraction of polyphenols from
cocoa beans using ultrasonic radiation. Therefore, the
objective of this study was to evaluate the effect of
ultrasonic treatment on the total phenolic content and
antioxidant activity of extracts from cocoa husk and
cotyledon. In addition, a comparison was made with
respect to the traditional method.
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2 Methodology

2.1 Materials and reagents

The cocoa beans were purchased at a local market
in Mexico City. The reagents 2,2-diphenyl-
1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent,
gallic acid, Tris-HCI buffer, 2,4,6-Tris (2-pyridyl)-s-
triazine (TPTZ) and ferric chloride hexahydrate were
purchased from Sigma-Aldrich (USA). Acetic acid,
ascorbic acid and sodium acetate were obtained from
JT Baker (Mexico). Standards and solvents for HPLC
analysis were provided by Sigma-Aldrich.

2.2 Preparation of extracts

Cocoa beans were husked manually and fractions
(husk and cotyledon) ground separately in a disc mill
(148-2, The Bauer Bros Co., USA). In the case of
cotyledon, fat was removed from the material by
soaking in hexane for 24 h at room temperature.
The extraction of phenolic compounds from both
fractions was performed by maceration and ultrasound
application. ~Maceration: the plant material was
subjected to a first extraction using a water-methanol
solution (1:1 ratio) for 2 h at room temperature
and under constant stirring. Then, the mixture was
centrifuged (3,000 rpm, 15 min) and filtered. The
residue was recovered for a second extraction (2 h)
with an acetone-water solution (70:30 ratio), repeating
the centrifugation and combining the supernatants
with those obtained previously. Ultrasound: the
process was similar to that described above except
that instead of soaking for 2 h, the mixture of plant-
solvent material was subjected to two 30-min periods
of ultrasonic radiation (25 kHz) in an ultrasonic bath
(TI-H-5, Elma, Germany) using the same solvent
systems. The extraction conditions used in both
methods were established after preliminary tests.
In all the extractions the ratio sample-solvent was
1:20. Finally, the cocoa extracts were concentrated
in a rotary evaporator (40-60 rpm, 50°C) (RE-500,
Yamato, Japan) and dried under vacuum for 24 h at
30°C.

2.3 Determination of total phenol content

The total phenolic content was calculated from the
reduction capacity of Folin-Ciocolteau using gallic
acid as a standard (Waterhouse 2002). A sample
volume of 100 uL. was added to 7 mL distilled water,
followed by the addition of 500 uL of Folin-Ciocalteu

reagent (2N). The final solution was allowed to stand
for 3 min at room temperature. Thereafter, 1.5 mL
of a solution of sodium carbonate was added (20%
w/v). After 90 min of rest in the dark, the absorbance
was determined at a wavelength of 760 nm (Cary 50,
Varian, USA). The results were expressed as milligram
equivalents of gallic acid g~! of dry matter.

2.4 DPPH radical scavenging capacity

The antiradical capacity was determined by the DPPH
assay following the methodology proposed by Othman
et al. (2007), with some modifications. A 2-mL
aliquot of extract was mixed with 500 uL of 0.1M
Tris-HC1 Buffer by vortex mixing for 5 s. To this
solution, 2 mL of a 200-uM solution of DPPH were
added. After 30 min, the absorbance was determined
at 517 nm. The percentage of DPPH reduction was
calculated using the Eq. (1).

Inhibition (%) = (1

Absorbance of sample 100
Absorbance of control ) X

()
The ECsy value was determined from the data in
the graph of the DPPH reduction effect against the
extract concentration. The EC5y was determined as the
necessary amount of the extract studied to reduce the
concentration of DPPH by 50%, using ascorbic acid as
a control.

2.5 Ferric reducing/antioxidant
(FRAP) assay

power

The antioxidant capacity was determined using the
FRAP test (Thaipong et al., 2006). This method
determines the antioxidant capacity of polyphenols to
reduce TPTZ-Fe** complex. The FRAP reagent was
prepared by mixing 25 mL of a 0.3 M acetate buffer
(pH 3.6), 2.5 mL of TPTZ solution (0.01M) and 2.5
mL of a solution of FeCl;- 6H,O (0.02M) at 37°C.
A 150-uL extract sample was mixed with 2850 uL of
FRAP solution and allowed to stand for 30 min in the
dark. The absorbance was read at a wavelength of 593
nm. The results were reported in uM ascorbic acid
equivalents.

2.6 HPLC analysis of cocoa extracts

The HPLC-analyses were carried out in an
Agilent 1200 chromatograph (Agilent Technologies,
Germany) equipped with a quaternary pump and
a multiple wavelength detector coupled to an HP
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Chem Station (rev. B.04.01) data-processing station.
Separations were conducted on a Zorbax Eclipse
XDB-C18 with dimensions 4.6x150 mm and 5
pum particle size.  The mobile phase consisted
of water/formic acid (99.9/0.1) as eluent A and
methanol/acetonitrile (50/50) as eluent B. The system
was run with a gradient program: 10-60%B in 15
min, followed by isocratic elution with 60% B for 5
min. Column temperature was set at 30°C, flow rate
was 400 ul min~' and the injection volume was 5
uL. Samples were previously dissolved in a mixture
of water/methanol (70%) and filtered through a 0.45
pum membrane filter. The peaks of (+)-catechin and
(—)-epicatechin were identified by comparing the
retention times of samples with those of standards.
Chromatograms were recorded at 280 nm. Standard
calibration curves were also prepared and used for
quantitative analysis.

2.7 Statistical analysis

All measurements were performed in triplicate and
the results analyzed by ANOVA. Differences between
means were detected by Duncan’s multiple range test.
Significant differences were considered at a level of
P < 0.05. Linear regression tests were performed to
determine correlations between data.

3 Results and discussion

3.1 Total phenol content

Figure 1 shows the total phenolic content of cocoa
extracts obtained by ultrasound and maceration
techniques. In the extraction of polyphenols from the
husk, the sonication allowed the extraction of higher
phenolic contents (25.34+1.82 mg g~') compared to
the content extracted by maceration (17.85+1.33 mg
g~!). However, there were no significant differences
(P > 0.05) between both methods. In the case
of the cotyledon, the phenolic content results were
significantly different (P < 0.05) between the
two extraction methods. The polyphenol content
varied from 91.06+0.86 to 135.92+3.77 mg g~! for
conventional and ultrasound methods respectively.
According to Pan et al. (2011), the mechanical effects
of sonication allow for a greater penetration of solvent
into the cells, enhancing mass transfer. In the process
of extraction, ultrasonic radiation can also break cell
walls, facilitating the release of the compounds.

The results obtained by the traditional method
are consistent with those reported in the literature
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Fig. 1. Total phenolic content of cocoa extracts. Values
are expressed as meantsd (n = 3). Means with
different letters were significantly different (P < 0.05).

for cocoa husk and cotyledon (Tomas-Barberan et
al., 2007, Lecumberri et al., 2006). However,
it is important to emphasize that the use of
ultrasonic radiation greatly improved the extraction of
polyphenols, especially in the case of cocoa cotyledon.
The big difference in the phenolic content values
obtained for both fractions of cocoa can be attributed
mainly to the fact that the amount of polyphenols is
not identical in the different parts of the cocoa bean.
However, the moisture and particle size of the samples
are two features that have an important influence on
the efficiency of extraction (Wang and Weller 2006).
The reduction in the particle size of the plant material
will increase the number of cells directly exposed to
extraction by solvent and ultrasonic cavitation (Vilkhu
et al., 2008). In this case, the cotyledon samples
presented higher moisture content and lower values of
particle size than husk samples, which would explain
the greater efficiency in polyphenol release.

3.2 Antiradical capacity (DPPH assay)

Figure 2 shows the scavenging activity of extracts
from the husk obtained using the proposed methods.
It can be seen that the activity increased rapidly
in the concentration range of 0.04-0.1 mg mL™',
remaining constant at higher concentrations. The
compounds extracted by ultrasound application
showed greater inhibition activity toward the DPPH
radical compared to that toward the extracts obtained
by the conventional method. As for the compounds
extracted from the cotyledon (Fig. 3.), the antiradical
activity was greater in the range of 0.01-0.04 mg
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100 - different extracts. In the case of the husk, there were
_________ — no significant differences between the ECsq values.
wl. * However, the control had an ECs, value significantly
lower (P < 0.05) than the values of the husk fraction
g 6o L extracts. On the other hand, the extracts of cotyledon
5 had ECsy values lower than those obtained for the
3 w0l control. In this fraction, the extract obtained via
£ ultrasound showed the lowest mean ECsq value, which
E wl : was significantly different (P < 0.05) from that
a ;’;ﬁlf;"‘sr::'gg obtained by the maceration method. The analysis of
—4— Control variance revealed statistical differences between the
or ECsq values of the husk and cotyledon extracts. The
0.00 004 008 042 046 7 1.00 results show good correlation (R* = 0.72) between
Concentration (mg mL") the phenolic content and the antiradical activity of
cocoa extracts. The ECsy results determined in this
Fig. 2. Scavenging effect of cocoa husk extracts on research are considerably lower than those reported
DPPH radicals. Values are expressed as mean+sd by Othman et al. (2007), who published ECs values
(n = 3). Ascorbic acid was used as the control. in the range of 1.2-1.5 mg mL~" for ethanol extracts
of cocoa. These differences can be attributed to the
100 - variety of cocoa species used, production area and
= ] even the methodology used by the authors.
80 |
= Table 1. Scavenging activity (EC50) of cocoa extracts
g\é 60 - on DPPH radicals.
é wol Extraction method ECso (DPPH) mg mL™!
i Husk Cotyledon
g 20| o— Maceration 0.0533 +0.0022¢  0.0164 + 0.0012¢
- & -Maceration Ultrasound 0.0486 + 0.0018*  0.0124 + 0.0017¢
ol —— Control Control 0.0243 + 0.0009*  0.0243 + 0.0009”
Means with different letters were significantly

T T T T T T 2T
0.00 0.02 0.04 0.06 0.08 0.10 different (P < 0.05)

Concentration (mg/mi) Ascorbic acid was used as a control

Fig. 3. Scavenging effect of cocoa cotyledon extracts
on DPPH radicals. Values are expressed as mean+sd
(n = 3). Ascorbic acid was used as the control.

[ Cotyledon
1 Husk

mL~!. The extracts obtained by sonication had higher
antiradical activity than those obtained by maceration.
It is noteworthy that the DPPH radical scavenging
activity of the phenolic extracts obtained from the
cotyledon was significantly higher (P < 0.05) than the
activity exhibited by extracts obtained from the husk.
ECsy is defined as the amount of antioxidant
necessary to decrease the initial concentration of
DPPH radical by 50%. The lower the ECs, value is Maceration ' Ultrasound
the greater the activity of extracts as DPPH radical
scavengers (Wootton-Beard and Ryan, 2011). The
ECs, value was determined by plotting the inhibition
percentage of DPPH radical against the concentration
of the extract. Table 1 shows the ECs, values for the

Y8888

g

FRAP pmol AAE L

3

o

Fig. 4. Antioxidant capacity of cocoa extracts
measured by FRAP assay. Concentration of sample
was 0.10 mg mL~!. Values are expressed as mean+sd
(n = 3). Means with different letters were significantly
different (P < 0.05).
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Fig. 5. Typical chromatograms of cocoa extracts obtained by ultrasound-assisted extraction.

3.3 Antioxidant activity (FRAP assay)

FRAP determination is based on the reduction of Fe**-
TPTZ complex to Fe?*-TPTZ complex. The reducing
properties are generally associated with the presence
of reducing agents, which have been shown to exert
antioxidant action by breaking the free radical chain
by donating a hydrogen atom. The FRAP results (Fig.
4.) indicate that the cotyledon extract obtained by
ultrasound application had the highest antioxidant
activity, reaching a value of 350+15 uME ascorbic
acid L', However, no significant differences between
the methods used were detected. On the other hand,
the FRAP values for the husk were located in the range
of 141-148 uME of ascorbic acid L™!. These values
are significantly lower (P < 0.05) than that reported
for cotyledon. The FRAP results correlate well with
the total phenolic content (R?> = 0.78) and DPPH (R? =
0.98). Othman et al. (2007) also reported a positive
correlation between antioxidant activity (FRAP) and

Table 2. Concentration of (+)-catechin and
(—)-epicatechin in cocoa fractions.

Treatment/cocoa Content (ug mg~' dry extract)
fraction (+)-Catechin (—)-Epicatechin
Maceration
Cotyledon 4.62 +£0.047¢  132.88 +0.245¢
Husk 0.28 + 0.046" 2.64 +0.018°
Ultrasound
Cotyledon 4.26 + 0.025¢ 144 + 4.850°
Husk 0.32 +0.083” 2.77 + 0.340°

Means with different letters within the same column are
significantly different (p < 0.05).

the polyphenol content of cocoa extracts.
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3.4 Identification  and
(HPLC)

quantification

Using HPLC analysis it was possible to identify
the presence of (+)-catechin and (—)-epicatechin
in the cotyledon and husk samples of cocoa.
Typical chromatograms of cocoa extracts obtained by
sonication are shown in Fig. 5. The (+)-catechin
and (—)-epicatechin contents were significantly
higher (P < 0.05) in cotyledon than in husk for
both extraction procedures (Table 2).  Only in
the case of (—)-epicatechin, the ANOVA showed
significant differences between ultrasound and
maceration methods. These results are compatible
with total polyphenol quantification using the Folin-
Ciocalteu method, and explain why the cotyledon
presents greater efficiency in tests to determine free-
radical scavenging activity and antioxidant capacity.
According to Ortega ef al. (2008), polyphenols
belonging to the catechin group are mainly responsible
for the antioxidant properties of cocoa.

Conclusion

The use of ultrasonic radiation facilitated the
extraction of polyphenols from cocoa beans,
increasing the content by 50% compared to the
traditional method. In addition, the antioxidant
activity measured by DPPH and FRAP methods was
greater in the compounds obtained by sonication for
husk and cotyledon fractions. The total phenolic
content extracted from the cotyledon was significantly
greater than that extracted from the husk fraction. The
results demonstrate a positive correlation between the
total phenolic content and antioxidant activity of cocoa
extracts. Cocoa cotyledon presented significantly
greater quantities of (+)-catechin and (—)-epicatechin
as compared with the husk. Finally, we can conclude
that the use of ultrasonic radiation is an excellent
method for the extraction of natural antioxidants
since it provides a short extraction time, it offers high
reproducibility and low loss of bioactive compounds.

Acknowledgments

This work was financially supported by SIP-
IPN (projects 20113551 and 20120422). Quiroz-
Reyes thanks COFAA-IPN and CONACyT for the
scholarships received.

References

Belscak, A., Komes, D., Horzi¢, D., Gani¢, K.K.
and Karlovi¢, D. (2009). Comparative study of
commercially available cocoa products in terms

of their bioactive composition. Food Research
International 42, 707-716.

Chemat, F., Zill-e-Huma and Khan, M.K. (2011).
Applications of ultrasound in food technology:
Processing,  preservation and extraction.
Ultrasonics Sonochemistry 18, 813-835.

Garcia-Mérquez, E., Roméin-Guerrero, A., Pérez-
Alonso, C., Cruz-Sosa, F., Jiménez-Alvarado,
R. and Vernon-Carter, E.J. (2012). Effect of
solvent-temperature extraction conditions on the
initial antioxidant activity and total phenolic
content of muitle extracts and their decay upon
storage at different pH. Revista Mexicana de
Ingenieria Quimica 11, 1-10.

Jacques, R.A., Freitas, L.S., Flores, V., Dariva, C., de
Oliveira, A.P., de Oliveira, J.V., Caramiao, E.B.
(2007). The use of ultrasound in the extraction
of Ilex paraguariensis leaves: A comparison

with maceration. Ultrasonics Sonochemistry 14,
6-12.

Jonfia-Essien, W.A., West, G., Alderson, P.G. and
Tucker, G. (2008). Phenolic content and
antioxidant capacity of hybrid variety cocoa
beans. Food Chemistry 108, 1155-1159.

Khan, M.K., Abert-Vian, M., Fabiano-Tixier, A.S.,
Dangles, O. and Chemat, F. (2010). Ultrasound-
assisted extraction of polyphenols (flavanone
glycosides) from orange (Citrus sinensis L.)
peel. Food Chemistry 119, 851-858.

Koffi, E., Sea, T., Dodehe, Y. and Soro, S.
(2010). Effect of solvent type on extraction of
polyphenols from twenty three Ivorian plants.
Journal of Animal and Plant Sciences 5, 550-
558.

Lecumberri, E., Mateos, R., Ramos, S., Alia,
M., Riperez, P, Goya, L., Izquierdo-Pulido,
M. and Bravo, L. (2006). Caracterizacion
de la fibra de cacao y su efecto sobre la
capacidad antioxidante en suero de animales de
experimentacion. Nutricion Hospitalaria 21,
622-628.

WWW.rmiq.org 17



18

Quiroz-Reyes et al./ Revista Mexicana de Ingenieria Quimica Vol. 12, No. 1 (2013) 11-18

Liu, C., Wu, C., Weng, Y. and Tseng, C. (2005).
Ultrasound-assisted extraction methodology as
a tool to improve the antioxidant properties
of herbal drug Xiao-chia-hu-tang. Journal of
Ethnopharmacology 99, 293-300.

Mora-Huerta, C.E., Fessi, H. and Elaissari, A.
(2010). Polymer-based nanocapsules for
drug delivery. International Journal of
Pharmaceutics 385, 113-142.

Ortega, N., Romero, M.P., Macia, A., Reguant,
J., Angleés, N., Morell, J.R. and Motilva,
M.J. (2008). Obtention and characterization of
phenolic extracts from different cocoa sources.
Journal of Agricultural and Food Chemistry 56,
9621-9627.

Othman, A., Ismail, A., Ghani, N.A. and Adenan,
I. (2007). Antioxidant capacity and phenolic
content of cocoa beans. Food Chemistry 100,
1523-1530.

Z., Qu, W., Mab, H., Atungulu, G.G.
and McHugh, T.H. (2011). Continuous
and pulsed ultrasound-assisted extractions
of antioxidants from pomegranate peel.
Ultrasonics Sonochemistry 18, 1249-1257.

Pan,

Thaipong, K., Boonprakob, U., Crosby, K.,
Cisneros-Zevallos, L. and Byrne, D.H. (2006).
Comparison of ABTS, DPPH, FRAP, and
ORAC assays for estimating antioxidant activity
from guava fruit extracts. Journal of Food
Composition and Analysis 19, 669-675.

Tomés-Barberdn, F.A., Cienfuegos-Jovellanos, E.,
Marin, A., Muguerza, B., Gil-Izquierdo, A.,
Cerda, B., Zafrilla, P., Morillas, J., Mulero,
J., Ibarra, A., Pasamar, M.A., Ramén, D. and

Espin, J.C. (2007). A new process to develop
a cocoa powder with higher flavonoid monomer
content and enhanced bioavailability in healthy
humans.  Journal of Agricultural and Food
Chemistry 55, 3926-3935.

Vilkhu, K., Mawson, R., Simons, L., Bates,
D. (2008). Applications and opportunities
for ultrasound assisted extraction in the food
industry: A review. I[nnovative Food Science
and Emerging Technologies 9, 161-169.

Vinatoru, M. (2001). An overview of
the ultrasonically assisted extraction of
bioactive principles from herbs. Ultrasonics
Sonochemistry 8, 303-313.

Wang, L. and Weller C.L. (2006). Recent advances in
extraction of nutraceuticals from plants. Trends
in Food Science and Technology 17, 300-312.

Waterhouse, A.L. (2002). Determination of total
phenolics. In: R.E. Wrolstad (Ed) Current
Protocols in Food Analytical Chemistry (Units
I.1.1.1-11.1.8). New York, John Wiley and Sons.

Wootton-Beard, P.C. and Ryan, L. (2011). Improving
public health?: The role of antioxidant-rich
fruit and vegetable beverages. Food Research
International 44, 3135-3148.

Yilmaz, Y. and Toledo, R.T. (2006). Oxygen radical
absorbance capacities of grape/wine industry
byproducts and effect of solvent type on
extraction of grape seed polyphenols. Journal
of Food Composition and Analysis 19, 41-48.

Yoshihara, D., Fujiwara, N. and Suzuki, K. (2010).
Antioxidants: Benefits and risks for long-term
health. Maturitas 67, 103-107.

WWW.rmiq.org



