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ABSTRACT

Bioactive substances found in plants are very interesting because of their importance in medicine and foods. Species of
Pfaffia genre is common in Brazil, the largest center of collection of this species. Statistics report that 11,000 tons of
roots and other plants were exported in 2011. Due to the large market demand, a growth of 10% per year is estimated.
One of the promising areas of study involves the supercritical fluid extraction of active compounds present in plants.
The current goal is to reduce dependence on foreign markets. The extraction of bioactive compound known as
Beta-Ecdysone has been studied. Statistics show that profits of exports coming from the raw material is amost ten times
smaller than the extract itself. Considering this fact, we emphasize the importance of an aternative method of industrial

extraction in Brazil using supercritical technology, which proves to be environmentally safe.
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1. Introduction

21 of the 33 species of Pfaffia is found in Central and
South Americas. Brazil isthe largest center for collecting
this species, mainly Pfaffia glomerata and Pfaffia pani-
culata [1]. The root of the plant is used medicinaly. It is
sometimes called Brazilian Ginseng, although it is not
botanically related to Asian or America Ginseng. Also
referred to as “para todo” (for all things), Pfaffia has
been used by indigenous peoples of the Amazon region
for a wide variety of health purposes. Brazil exported
11,000 tons of roots and other Brazilian plants in 2011.
Every year about 720 tons of roots and 190 tons of plant
powder are exported from the country as the market de-
mand increases [2]. The root is exported after the proc-
essing unit of washing, drying and grinding. Due to
moisture in the plant the productivity is much less so
approximately 70% of the root is lost. The pharmacies
pay up to ten times more per kg of Pfaffia after receiving
the root. Reports show that pharmacies use raw materials
consisting of herbal compounds in the preparation of
formulas for therapeutic prescriptions [3-5].

1.1. Adaptogens

Due to their adaptogenic and immune-enhancing proper-
ties, Pfaffia was reported to be more powerful than Asi-
atic Ginseng from the Panax plant family [6,7]. Re-
searchers report that it has the ability to strengthen the
immune system and reduce tumors [8-12]. Other re-
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searchers have found that Pfaffia acts primarily as a
regulator of the endocrine, nervous, musculoskeletal and
digestive systems without stimulating or inhibiting ef-
fects, thus classifying it as a true adaptogen [13-16].
Pfaffia is reported to increase energy flow in the body. It
has been used as a tonic, an aphrodisiac, a calming agent,
and in the treatment of ulcers for at least 300 years. The
plant has already been in use for a long time by Brazil-
ian Indians. Pfaffia paniculata is by far the most well-
researched of herbs. Dr. Takemoto was the first to study
it in Japan and he found that the root contains pfaffic acid,
which is capable of inhibiting certain types of cancer-
ous cells [17-19]. They have been the object of pharma-
cological studies that support its use as an adaptogen
[20-22]. These same Japanese researchers filed a US
patent in 1998 for a proprietary extract (Beta-Ecdysone);
it claimed (through various in vivo and in vitro studies)
that their compound maintained health, enhanced the
immune system, and had a tonic and an anti-allergenic
effect [23-25]. A French company also filed a US patent
on the topical use of these Beta-Ecdysone chemicals.
Beta-Ecdysone extract strengthened the water barrier
function of the skin, increased skin keratinocyte differ-
entiation (which would be helpful for psoriasis), gave the
skin a smoother, softer appearance and, improved hair
appearance [26]. The overall results obtained reveal that
Brazil is rich in several plants with adaptogen effects.
There are other plants from which the active compounds
can be extracted and the World Health Organization es-
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timates that about 85% of pharmaceutical products in-
volve the use of plant extracts [27-30]. About 80% of the
4 billion people use plants for different purpose. Studies
show that many existing commercial drugs are known by
the names of herbal plants used by indigenous groups
(Xerem district in the state of Rio de Janeiro, Brazil).
Ethno-botanical information was obtained, and samples
of all species to be determined and collected in the her-
barium of the National Museum [31].

1.2. Chemical Compounds

An important ingredient in Pfaffia is the saponin nor-
triterpenoid. Six different pfaffic acid sugar compounds
have been isolated from nortriterpenoid. Five of these six
pfaffic acid derivatives inhibit cultured tumor cell mela-
nomas and some of them have been reported to regulate
blood sugar levels. Two plant hormones, sitosterol and
stigmasterol, also occur naturaly in Pfaffia. They have
been reported to encourage estrogen production and re-
duce high serum cholesterol levels. Beta-Ecdysone, an-
other plant steroid isolated from Pfaffia facilitates cel-
lular oxygenation [32]. Nutritional analysis has found
that Pfaffia contains 19 different amino acids, a large
number of electrolytes and trace minerals including iron,
magnesium, cobalt, silica, zinc and the vitamins A, B-1,
B-2, E, K, and pantothenic acid [33-40]. It is especialy
high in the trace element germanium which is considered
an oxygenator and is used as a nutritional supplement for
the immune system. An anabolic-type phytochemical
called Beta-Ecdysone and three novel ecdysteroid gly-
cosides can be found in high amounts in Pfaffia. It is
such a rich source of S-ecdysone. It is the subject of a
Japanese patent for the extraction methods employed to
obtain it from Pfaffia paniculata (approximately 2.5 g of
Beta-Ecdysone can be extracted from 400 g of root or
0.63%).

1.3. Agriculture

e Pfaffia is commonly found on the banks of major
rivers located in the South, Parana river, Ivai, Para-
napanema River, and areas in the states of Mato Gro-
sso do Sul, Parand and S&o Paulo.

e |tisone of the genera occurring in riparian vegetation
of the upper Parana river in the region of semidecid-
uous forests of subtropical or tropical climate, with
rainfall between 1200 - 1500 mm per year.

e The plant grows partly or completely under water or
very wet soils and grows best under full sunlight,
mainly by the rivers and the edges of forests where it
can receive enough light . It grows at altitudes up to
1000 m. and occurs mainly in sandy soils rich in or-
ganic matter, but develops well in clay soils.

e The harvest months of root are May to July because in
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this autumn-winter period, the areais not flooded and
the roots are more “mature” and heavier. The farmers
burn the fields to clean the area from other plants and
poisonous animals. Roots are dug with the aid of a
shovel or bucket and bagged in polyethylene material.

e Theroot is sold in powder form by intermediaries or
producers to wholesalers or exporters. Each harvester
yields a maximum of 5 - 7 tons for a field of 1 ha
The average size of field is 24 hectares.

e The cultivation is organic and only the root is proc-
essed to obtain the active ingredients. In the experi-
ments, we observed that in 12 months, the yield is 1.9
t/ha, in 24 months, 3.2 t/ha, and 36 months, 4.1 t/ha of
dried and ground root.

e As for the content of the active compound, Beta-Ec-
dysone, no significant variations were found consid-
ering a harvest in 12 and 24 months of age, being
between 0.67% and 0.71% [41,42].

2. Materialsand Methods

The extracts were obtained of both Pfaffia paniculata
and Pfaffia glomerata, which were cultivated in the ex-
perimental field belong to UNICAMP and located in
Campinas, Sdo Paulo.

2.1. Processing of Pfaffia

In Brazil, the harvesters have been responsible for the
processing of root, see Figure 1. The processing of Pfaf-
fia roots follows the steps of washing, drying and grind-
ing in the best operational conditions. For commercial
purposes the powder may be placed in gelatin capsule.
The roots are washed and dried at a temperature of ap-
proximately 55°C to 60°C, with monitoring until 10% -
12% of the moisture is removed to enable the grinding of
the root. Studies reveal that after each harvest, the roots
aredried in aforced ventilation oven at 40°C.

2.2. Supercritical Fluid Extraction (SFE)

The unit is comprised of a supercritical installation with
two extractors, which operate in a semi-continuous mode
and (CO,) storage tank, solvent storage tank, co-solvent
(ethanol, hexane or methanol) tank, water bath, pumps of
high pressure, flash distillation tower, continuous distil-
lation tower and compressor, and instruments required
(PID control) for control of temperature and pressure,
flow meter, gauges and valves). Also see Figure 1. The
yield of SFE achieved a range from 0.18% to 0.22% dry
basis, for both species, being under the following operat-
ing conditions of pressure of 200 bar and 30°C for Pfaffia
glomerata and 200 bar and 50°C for Pfaffia paniculata.
With the addition of ethanol as a co-solvent, the extrac-
tion yield of the Beta-Ecdysone increased to 0.56% db.
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Beta-Ecdisone Process Flowsheet
Processing of Pfaffia
i ) 4 - bF-5
Flo—GSR F2 gf’4/R 101 B
Raw material h o
Drying 5 Y, .
P-1/BE-101 P-2/ GR-IOIVF' BGBX-102 P-7/SL-101 F-8
Bucket Elevation Hammer Mill  pfaffia Mesh Powder Storage P-8/ BGBX-103
Wheigthing
Supercritical Extraction Process
F-9
F-30 S-101 _ N
- Carbon Dioxide F-20 C-1 F-19 N
PM-101 EC-101 F-15 N
S-103 J F-14 F-12
2 Extractor 1
F-18 ‘== F-13p_
:}_]‘:Tz‘éz Flash MXx-102 F-17 ¢ P10t
FSP-102 MX-101 e
. F-24 [+
F-28 F-16
57 F-25 Extractor 2
F-31 Q‘L
PM-102 Ethyl Alcohol
F-26
P-3 / Distillation

Figure 1. Flowchart of whole process.

During the process of SFE, fractions containing aproxi-
mately 4.6% of Beta-Ecdysone were obtained. This result
is very important for SFE but more studies are necessary
[43,44].

The methods of extraction and purification of sub-
stances bioactive from roots of species of Brazilian
plants may include the use of solvents or, aternatively,
the use of supercritical fluids, which are classified as
environmentally safe due to the absence of organic sol-
vents in the process and the consequent generation of
industrial residue [45-48]. In Brazil, the industrial extrac-
tion method used to obtain the active substance of the
plants is restricted by economical viability, human re-
sources and technology. In the foreign, there are coun-
tries, where the supercritical extraction is a common in-
dustrial method to obtain extracts from Brazilian plants.

3. Results and Discussions
3.1. The Use of Supercritical Technology

In other countries, chemical industries offer a very wide
range of applications to supercritical fluids processes,
especially for separation and purification of specialty
chemicals using Supercritical Fluid Extraction or chro-
matographic processes. Industrial Development of Pre-
parative—Scale of Supercritical Fluid Chromatography
(SFC) is used to purification of extracts. In this work,
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SFC must be particularly suitable due to moderately po-
lar compounds or substances for which mass-sensitive
detection is required. SFC can be considered as comple-
mentary to other chromatography and more information
can be obtained from the analysis. There is no doubt that
the so fast using Supercritical fluids in Brazil is opening
large possibilities to substitute extracts obtained with
organic solvents and to propose new high-quality prod-
ucts; Pfaffia can be are treated for elimination of pesti-
cides, for example. In this work, the extract obtained was
used as processed Pfaffia through appropriate purifi-
cation treatment: Distillation. The extract contains Beta
Ecdysone and secondary metabolites such as alkaloids,
terpenoids, steroids, phenols, and pigments, as well as
saccharides, proteins, amino acids, nucleotides, peptides,
and lipids. After isolating by chromatography, identifica-
tion of compounds was carried out by comparing with
other plant of data base.

3.2. Economic Analysis

The integrated design of the processing of roots and SFE
enabled the simulation of the whole process with evalua-
tion of mass and energy to cost analysis. The cost esti-
mate was based on a simplified method for deter-
mineing the costs of manufacturing (COM) developed by
researchers [20]. These studies concluded that despite the
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high initial investment (Cl) necessary, the COM is ex-
tremely competitive with conventional extraction proc-
esses, such as drag-extraction steam and Soxhlet extrac-
tion using organic solvents.

The Brazilian government needs to encourage its own
internal productive sector by tax reduction for the Bra-
zilian made products and reducing the volume of exports
of raw materials adopting more economical domestic
prices. The export of raw materials accounted for $FOB
41.234 million (11.240.906 kilograms) in 2010, generat-
ing a deficit of approximately $95 billion, of which $25
billion comes of imports of industrial products (chemi-
cals and drugs). The cost of the roots was valued at
$17/kg. The cost of 60 capsules Pfaffia paniculata pow-
der was valued at $10, the cost of solvent (CO,) was
$2/kg, and the cost of co-solvent (ethanol 99.9%) was
$93/L. The transport of raw materials was also evaluated
for $38. The market offers a range of values found for
the extracts from supercritical processes, which ranges
between $23 and $6532/kg extract [44].
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