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There are several natural sources of antioxidants. Some of the Brazilian indigenous plants
such as jabuticaba (Myrciaria cauliflora), Pyrostegia venusta (common names: flame vine,
flaming trumpet, golden shower), Heteropterys aphrodisiaca (né-de-cachorro), Inga edulis
(inga-cip6), Hymenaea courbaril stilbocarpa (jatobd) and Phaseolus vulgaris L. (beans) are
source of natural antioxidants. For instance, jabuticaba is grape-like in appearance and
texture, although its skin is thicker and tougher. This fruit has a dark purple to almost black
skin color due to its high content of anthocyanins (310-315 mg/ 100 g of fresh weight) that
covers a white gelatinous flesh inside. On the other hand, beans (Phaseolus vulgaris L.) that
are a very important component of Brazilian meal are also an important source of
anthocyanins. While, Pyrostegia venusta (cipd-de-sdo-jodo), Heteropterys aphrodisiaca (no-
de-cachorro), Inga edulis (inga-cipd), Hymenaea courbaril stilbocarpa (jatoba) are important
sources of flavonoids. In order to evaluate the effectiveness of SFE in obtaining extracts rich
in antioxidant the global yields of these plants were determined at 50 °C and 35 MPa. The
biological activities of the extracts were determined by measuring the antioxidant activity
using the coupled reaction of beta-carotene/ linolenic acid.
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INTRODUCTION

Extracts of aromatic herbs, spices, and medicinal plants are employed in food
processing to impart flavor and other functional properties. Brazil not only has one of the
world’s highest levels of biodiversity, but also it has an under-used repertoire of plants with
potential economic value [1]. However, Brazil has not made satisfactory use of its
biodiversity and popular knowledge as regards research and the development of
phytotherapeutic agents [2]. Plants have been of crucial importance for human healthcare
during several millennia [3]; the extracts of some plants present antioxidant, antiulcerogénica,
antimalarial, anticancer and antinflamatory activities. In particular, the antioxidant activity of
plant extracts is mainly attributed to the presence of phenolic compounds, volatile and non-
volatile, such as flavonoids, phenolic acids and phenolic diterpenes, thus a selective extraction
technique for these compounds is desired.

Jabuticaba (Myrciaria caulifora) is grape-like in appearance and texture, although its
skin is thicker and tougher. This fruit has a dark purple to almost black skin color due to a
high content of anthocyanins that covers a white gelatinous flesh inside [4]. Some recent
papers have demonstrated that the biological (antioxidant, antiradical, etc.) activities of
jabuticaba skin extracts are due to their high phenolic compounds content [5].

Pyrostegia venusta is popularly known as cip6-de-sao-jodo, its leaves and stems are
used in traditional medicine as tonic, and to treat diarrhea and dysentery; it is cultivated due to
its flashy appearance and reputed therapeutic properties [6]. B-sitosterol, n-hentriacontan,
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acacetin-7-O-B-D-glicopyranoside, mesoinositol, stigmasterol, $-amyrin and oleanolic acid
were isolated and characterized from their leaves [7-9]. Dos Santos & Blatt [9] also reported a
quantitative analysis of flavonoids and total phenolics originating from Pyrostegia venusta
leaves from the forest and cerrado; the values obtained were 1.72 % and 1.87 % for total
phenolics, and 0.62 % and 0.53 % for flavonoids, respectively for the forest and cerrado.

Extracts of Inga edulis Mart. (Leguminosae-Mimosoideae) (Inga-cipd), have been
used in folk medicine as a diuretic and antinflamatory product [10]. Previous studies of these
species showed high values of antioxidant capacity and phenolic content in leaves extract
[11]. Flavan-3-ols ((+)-catequin and (-)-epicatequin) and flavonoids (myricetin-3-O-a-L-
rhamnopyranoside and quercetin-3-O-a-L- rhamnopyranoside) were the major compounds
identified [12]. In study of Souza et al [11], it was verified the occurrence of compounds with
significant antioxidant in I. edulis leaves that can be used in pharmaceutical and medicinal
preparations.

The specie Heteropterys aphrodisiaca O. Mach (N6-de-cachorro) is regarded as a
medicinal plant of great importance due to the curative power of its root, including memory
and sexual stimulant [13], vasodilatation, physical and physicological invigorating capacities,
antiulcerogenic, cleanser and antioxidant properties [14]. Qualitative analysis of the plant
extract showed glycosides, polyphenols, tannins, alkaloids, saponins and anthracene derivates
as a major compounds [15]. Marques et al. [16] isolated and identified substances of phenolic
extract like dihidroflavonoids altilbin, neoastilbin and isoastilbin.

A few examples of biological activities from Hymenaea courbaril stilbocarpa (jatoba)
extracts have been reported. The Brazilian H. courbaril bark provided an extract with high 5-
lipoxygenase inhibitory activity; its extract has also been used in the cosmetic industry owing
to the polycatechin, which has moisturizing and skin-lightening effects. Flavonoids of varied
structures [17] and diterpenes [18] are also common in Hymenaea species. Terpenes have
various biological activities, such as protection against infections and insect attack [19] and
antimicrobial [20].

Finally, common bean (Phaseolus vulgaris L.) is well known as a rich source of
phytochemicals, such as flavonoids, polyphenols and phenolics, which exhibit natural
antioxidant properties [21]. Flavonoids compounds present in the seed coats of beans have
been associated to the beans’ significant antioxidant activity [22, 23]. Anthocyanins, one class
of flavonoids compounds, were detected in the bean coat extract [24]. Tsuda, et al. [25]
studied the antioxidation activity of pea bean from ethanol extract prepared from black and
read seed coat exhibiting strong antioxidation activity. Nowadays, beans are popular used in
disease prevention such as colon cancer, reducing the risk of diabetes, obesity, coronary heart
disease [26].

In this context, literature presents several methods to extract antioxidant compounds
from these Brazilian plants, however, to our knowledge the use of supercritical fluid
extraction (SFE) method for this purpose were not reported. SFE is well known as a clean
technology that avoids or minimizes damages to the environment extracting desired
compounds by changing the operational conditions. Compared with other techniques as using
conventional solvents, products obtained with SFE are free of toxic residues and generally
present high quality; in addition, the presence of thermolabile compounds requires the use of
techniques at low temperatures to avoid the possibility of hydrolysis, hydrosolubilization, or
degradation [27].

For this reason, in this work we evaluated the effectiveness of SFE in obtaining
extracts rich in antioxidant from six Brazilian plants. The biological activities of the extracts



were determined by measuring the antioxidant activity using the coupled reaction of beta-
carotene/ linolenic acid, comparing with some studies found in literature.

MATERIALS AND METHODS

Raw material preparation

Jabuticaba fruits (Myrciaria cauliflora) harvested from a plantation in the State of Sdo
Paulo, Brazil, were acquired from a fruit and vegetable market centre (CEASA-Campinas,
Brazil). Immediately after acquiring, the fruits were stored in the dark in a domestic freezer (-
15 °C) (Double Action, Metalfrio, Sdo Paulo, Brazil) to protect from light to avoid
photodegradation. Before extraction, the fruits were manually peeled and the skins were dried
at 45 °C until reaching moisture content around 60%.

Leaves of cipd-de-sdo-jodo and Inga-cipd, the root of né-de-cachorro and bark of
jatobad were purchased from Superextra (S&o Paulo, Brazil); the dried raw materials were
backed in plastic bags. They were comminuted in a knife mill (Marconi, model MA 340,
Piracicaba, Brazil), packed in plastic bags and stored in a domestic freezer (Double Action,
Metalfrio, Sdo Paulo, Brazil) at -15 °C.

The beans (Jalo Precoce cultivar) used in this work were donated from Embrapa Arroz
e Feijdo (State of Goias, Brazil). For this study, it was utilized ground bean, that was
comminuted in a knife mill (Marconi, model MA 340, Piracicaba, Brazil), packed in plastic
bags and stored in a domestic freezer (Double Action, Metalfrio, Sdo Paulo, Brazil) at -15 °C.

Experimental Procedure

The total amount of soluble material or global yield (Xo) at a given temperature and
pressure was determined using Spe-ed SFE system (Applied Separations, Allentown, USA)
equipped with a 6.57 cm?® extraction cell (Thar Designs, Pittsburg, USA). The column was
filled with raw material. The temperature and pressures selected for the extraction were 50 °C
and 35 MPa. Carbon dioxide (99.5% purity, Gama Gases Especiais, Sdo Paulo, Brazil) was
admitted into the system keeping the flow rate fixed in 5.5 x 10~ kg/s fixing the relation S/F
(ratio between the mass of solid and solvent) constant and equal to 50. The total amount of
CO,-soluble material was calculated as the ratio of the total mass of extract and the total
initial mass of raw material (wet basis); the assays were carried out in duplicated.

Figure 1 is a simplified representation of the equipment used to determine the global
yield. A thermostatic bath (TB) adjusted at -10°C guarantee that the CO, is liquid before
entering the pump. The pressurization system is formed by a pneumatic pump (PP) where the
CO; is compressed to the extracting pressure. Then, the solvent flows into a fixed-bed of
formed with the raw material (BE) installed inside an oven with electric heating. The process
temperature is controlled by a thermocouple on outer wall of the extractor, and its temperature
is considered to be the same to the interior of extractor. The extract is collected after the
micrometric expansion valve (V4) in a separator (S), a glass bottle of 50 cm® at ambient
pressure which acts as a flash separator, at predetermined intervals time. After passing trough
the flowmeter (FM), the solvent passes through a flow totalizer and is then released to the
environment.
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Figurel: Simplified representation of the extraction unit.

Extract Characterization
Antioxidant Activity (AA)

The evaluation of antioxidant activity of the extracts was based on coupled oxidation
of B-carotene and linoleic acid. The technique developed by Marco [28] consisted of
measuring the bleaching of B-carotene resulting from oxidation by degradation products of
linoleic acid. One milligram of B-carotene (97 %, Sigma-Aldrich, St. Louis, USA) was
dissolved in 10 cm® chloroform (99 %, Ecibra, Santo Amaro, Brazil). The absorbance was
tested after adding 0.2 cm® of the solution to 5 cm® of chloroform, then reading the
absorbance of this solution at 470 nm using a UV-Vis spectrophotometer (Hitachi, model U-
3010, Tokyo, Japan). A reading between 0.6 and 0.9 indicated a workable concentration of 3-
carotene. One mililiter of B-carotene chloroform solution was added to a flask that containing
20 mg of linoleic acid (99 %, Sigma-Aldrich, St. Louis, USA) and 200 mg Tween 40 (99%,
Sigma-Aldrich, St. Louis, USA). Chloroform was removed using a rotary evaporator
(Laborota, model 4001, Viertrieb, Germany), with vacuum control (Heidolph Instruments
Gmbh, Viertrieb, Germany) and thermostatic bath at 40 °C; then 50 cm® of oxygenated
distilled water (oxygenation for 30 minutes) was added to the flask with vigorous agitation to
form an emulsion. Five mililiter of the emulsion was added to 0.2 cm® of the antioxidant
solution (7.5 mg of extract/1 cm® of ethanol) in assay tubes; (to the control solution 0.2 cm?® of
ethanol was added). A blank consisting of 20 mg linoleic acid, 200 mg Tween 40 and 50 cm®
oxygenated distilled water was used to bring the spectrophotometer to zero. Tubes were
manually shaken and absorbance measurements made at 470 nm immediately after the
addition of the emulsion to the antioxidant solution. The tubes were placed in an water bath
(model TE 159, Tecnal, Piracicaba, Brazil) at 50 °C. Absorbance measurements were made at
30 minutes intervals during 3 hours. The antioxidant activities (AAs) were calculated by
equation (1) [29]:

Abs=®  — Abs!

control control
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Statistical Analysis

For establishing the statistical significant differences or similarities between the values
of antioxidant activities (%), the Tukey’s test was used. A confidence coefficient of 95 % was
used for the comparison of all the mean’s pairs.

RESULTS
Figure 2 shows the SFE global yields (Xo) obtained for the six brazilian plant at 50 °C
and 35 MPa.
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Figure 2: SFE Global yields (Xo) (mass of extract/mass of raw materials)

It can be observed that jatoba presents the smalest global yield ( Xo = 0.25%, w.b.). On
the other hand, jabuticaba presented the largest yield (Xo = 3.68%, w.b.). These results are
directly associated to the solubility of each plant extract in supercritical CO,. Then, in other
words the extract with highest solubility in supercritical carbon dioxide at the studied
conditions was the jabuticaba extract followed by Inga-cipd, Cip6-de-sdo-jodo, NO-de-
cachorro, Feijao and Jatobé extracts.

The fixed operational condition of temperature and pressure selected for extraction
had the purpose to evaluate the potentiality of pure supercritical carbon dioxide to extract
antioxidant compounds of these six plants since to our knowledge there is no data in literature
until now. According to our experience, in general, supercritical CO, at moderate temperature
(around 50 °C) and high pressure (around 35MPa) due to its high density, as extraction
solvent can promote the solubilization of differents compounds usually found in SFE extracts.
Nevertheless, the solubility behavior of each specific compound present in the extract may not
be the same [30]. Thus, further experiments in order to evaluate the effect of operational
conditions in the composition of the extract are necessary and will be done.

Knowing that all selected plants are characterized by the presence of phenolic
compounds, especifically, anthocyanins one class of flavonoid compounds and diverse others
flavonoid compounds, and that they are related to the antioxidant activity of the plants, the
antioxidant activity of each extract were evaluated (Table 2).

The pure standards’ antioxidant activity (BHT and Quercitin) presented higher values
than the reported for the extracts, as expected. Comparing the results of the plant extracts with



the standards it is verified the potential of some SFE plant extract as a source of natural
antioxidants. Beans extract showed the highest antioxidant activity followed by Cipd-de-séo-
jodo and Inga-cipo (statistically the same value) and N6-de-cachorro.

According to the method employed (using the coupled reaction of beta-carotene/
linolenic acid) to measure the antioxidant activity the Jabuticaba and Jatoba extracts did not
show antioxidant activity. Possibly, at the operational condition evaluated no antioxidant
compounds were extracted from these raw materials or the method employed was not
suitable. Lanfer-Marquez et al. [31] have demonstrated that [3-carotene bleaching method was
not suitable to measure antioxidant activity of some types of extracts. To verify that, other
methods for measuring antioxidant activity will be used in the future.

Table 2: Antioxidant Activities of SFE extracts

AA (%)After 2 h of

Plants AA (%) After 1 h of reaction .
reaction

BHT 99.43 96.89
Quercitin 83.70 80.58
Jabuticaba 3.05 -1.23
Cip06-de-sdo-jodo 42.47 31.22
Inga-cipd 40.93 31.69
No-de-cachorro 42.14 26.52
Jatoba 2.80 -0.34
Beans 65.79 48.13

As mentionated before, there is no data involving the evaluation of the effectiveness
of SFE in obtaining extracts from these six plants with antioxidant activities. Otherwise,
extracts obtained, mainly, by conventional solvent extraction techniques from these brazilian
plants were investigated using different solvents (methanol, ethanol, water, etc) and using
different antioxidant activity method (DPPH, ORAC, TRAP, TEAC, etc). Normally, these
studies have focused on the quantitative analysis of flavonoid, flavonol and phenolic
compounds content and their possible correlation to the antioxidant activity [9, 11, 12 16 32].

CONCLUSION

The potential of some brazilian plant extract obtained using pure supercritical carbon
dioxide as a source of natural antioxidants were investigated.

The extract with highest solubility in supercritical carbon dioxide (highest X;) at the
studied conditions (50 °C and 35 Mpa) was the jabuticaba extract followed by Inga-Cip6,
Cip6-de-sdo jodo, N6-de-cachorro, Beans and Jatoba extracts.

Beans extract showed the highest antioxidant activity followed by Cipd-de-sédo-joédo
and Inga-cip6 (statistically the same value) and NO-de-cachorro. Jabuticaba and Jatoba
extracts did not show antioxidant activity possibly due to at the operational condition used no
antioxidant compounds have been extracted or the method employed (p-carotene bleaching
method) was not suitable.
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