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Enhanced extraction of phenolic compounds from coffee industry’s residues through
solid state fermentation by Penicillium purpurogenum

Lady Rossana PALOMINO Garcia'*, Carolina Rabal BIASETTO?, Angela Regina ARAUJO?,
Vanildo Luiz Del BIANCHI

Abstract

The use of agroindustrial residues is an economical solution to industrial biotechnology. Coffee husk and pulp are abounding
residues from coffee industry which can be used as substrates in solid state fermentation process, thus allowing a liberation and
increase in the phenolic compound content with high added value. By employing statistical design, initial moisture content, pH
value in the medium, and the incubation temperature were evaluated, in order to increase the polyphenol content in a process
of solid state fermentation by Penicillium purpurogenum. The main phenolic compounds identified through HPLC in fermented
coffee residue were chlorogenic acid, caffeic acid, and rutin. Data obtained through HPLC with the radical absorbance capacity
assay suggest the fermented coffee husk and pulp extracts potential as a source of phenolic acids and flavonoids. Results showed
good perspectives when using P. purpurogenum strain to enhance the liberation of phenolic compounds in coffee residues.

Keywords: coffee husk; coffee pulp; filamentous fungi; bioprocess design; antioxidant activity; chlorogenic acid.

Practical Application: This study evaluated the influence of solid state fungal fermentation in obtaining polyphenols. Thus,
it determined the total phenols content, identifying and quantifying the main phenolic compounds, and it determined the

antioxidant activity through the effective concentration (EC, ) of the extracts.

1 Introduction

Agroindustrial residues use has been proving to be an alternative
solution when obtaining bioactive compounds, since most of
it still contains interesting molecules which can be extracted
and used in different areas of application. The coffee industry
generates high amounts of residues, since coffee is one of the
most consumed beverages in the world, besides being the second
most traded commodity, after petroleum (Mussatto et al., 2011;
Esquivel & Jiménez, 2012). Every year, more than 105 million
tons of coffee are produced in the world (Mussatto et al., 2011;
Murthy & Naidu, 2012b). Coffee cherries industrial processing
for the extraction of green coffee beans fit for trade generates
several byproducts, depending on the method of processing
employed. There are two methods of processing coffee cherries:
a dry and a wet method. Depending on the chosen method,
dry or wet, the residue receives the name of coffee husk (CH)
or coffee pulp (CP), respectively (Fan et al., 2000; Murthy &
Naidu, 2012b). As a result of the dry method, its main byproduct
is a residue composed of skin, pulp, mucilage, and parchment,
all together in one single fraction called coffee husk. As a result
of the wet method, there is a separation of the pulp, mucilage,
and parchment, the pulp being the most abundant residue in
the process (Esquivel & Jiménez, 2012).

Lately, coffee residues have interested researchers, not only
due to the high amounts which are generated each year, but also

because it is expected that such residues have similar properties to
those of coffee beans (Ballesteros et al., 2014). Hence, taking into
account the presence of bioactive substances in the coffee bean,
such as phenolic compounds, chlorogenic acids, for example,
there has been a search for an alternative of use for the residues
which are originated from the two types of coffee processing, in
order to enhance the phenolic compounds content which could
be liberated from the byproducts.

Coffee residues have been used in solid state fermentation
(SSF) processes, and several studies in the literature have
confirmed the growing of different fungi strains, such as
Rhizopus, Phanerochaete, Aspergillus, Gibberella fujikuroi, Mucor,
Penicillium, and Neurospora (Brand et al., 2000; Pandey et al., 2000;
Machado et al., 2002, 2012). This fact has been explained by the
presence of a large amount of fermentable sugars in the residues,
which constitute an appropriate substrate for yeast and fungi
cultivation (Pandey et al., 2000). The use of a Gibberella fujikuroi
strain and coffee husk led as a final result to the production of
gibberellic acid (Machado et al., 2002). Fruit aromas were produced
with Ceratocystis fimbriata from coffee husk supplemented with
glucose (Soares et al., 2000). Murthy & Naidu (2012a) have
tested the pulp, husk, tegument, and spent coffee grounds, in the
production of xylanase by fungus Penicillium sp., and the results
showed higher enzymatic activity when coffee husk was used.
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The production of citric acid by fungus Aspergillus niger was also
reported, using as a support the coffee husk moistened with a
NaOH solution, and the production increased in the presence
of minerals (Shankaranand & Lonsane, 1994).

Although it is known that SSF is a good alternative for the
production of phenolic compounds and for its content’s increase
(Martins et al., 2011), this fact has not been closely investigated
to what coffee residues are concerned. However, Machado et al.
(2012) evaluated seven fungal strains from the genus Aspergillus,
Mucor, Penicillium, and Neurospora, regarding their capacity of
growing and liberating phenolic compounds from the coffee
tegument and spent coffee grounds under solid state cultivation
conditions. The results of the study showed that all strains grew
in the residue, and Penicillium purpurogenum, Neurospora crassa,
and Mucor released the biggest quantity of phenolic compounds.

In the literature, there are no studies which establish the
best fermentation conditions with the objective of increasing the
phenolic compounds content released from coftee byproducts.
Thus, the objective of this study was to evaluate the influence
of solid state fungal fermentation in obtaining polyphenols, to
determine the total phenols content, to identify and quantify the
main phenolic compounds, and to determine the antioxidant
activity through the effective concentration (EC, ) of the extracts.
The response surface methodology was chosen to evaluate the
possible interactions among the factors which might influence
the fermentation process, such as initial moisture content, initial
pH in the fermentation medium, and the incubation temperature.

2 Materials and methods
2.1 Materials

Chlorogenic acid (CGA), Caffeic acid, Rutin, Quercetin,
Gallic acid (GA), and 1, 1-diphenyl-2-picrylhydrazyl (DPPH)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
All solvents and reagents used were analytical grade, purchased
from Dindmica (Diadema, SP, Brazil), Vetec (Rio de Janeiro, R],
Brazil), or Synth (Diadema, SP, Brazil). HPLC grade solvents were
provided by J.T.Baker (Phillipsburg, NJ, USA), and deionized
water purified was obtained using a Milli-Q system (Millipore,
Bedford, MA, USA). Sep-Pak C18 cartridges for solid-phase
extraction were purchased from Chromabond® (Bethlehem, PA,
USA). The coffee husk (CH) from Robusta variety was provided
by Cocam Industry, Companhia de Café Soliivel e Derivados
(Catanduva, SP, Brazil). The coffee pulp (CP), also from Robusta
variety, was obtained from a coffee producing area in Cauca,
Colombia. Before used, the coffee residues were dried at 60 °C
to a constant weight and were then crushed.

2.2 Microorganism and culture conditions

The fungal strain Penicillium purpurogenum CCT 2008
donated by the Colegdo de Culturas Tropical, Fundagdo André
Tosello (Campinas, SP, Brazil) was used for the present study.
It was maintained in refrigerator on potato-dextrose-agar medium
at 5 °C and it was grown at 30 °C. The fermentation inoculum
with a concentration of 10° spores/g substrate consisted in spores
obtained after 7 days from the sporulated culture medium,

Food Sci. Technol, Campinas, 35(4): 704-711, Out.-Dez. 2015

which were collected in 0.1% Tween 80 solution and counted
in a Neubauer chamber.

2.3 Solid state fermentation (SSF) and influence of
physicochemical parameters

Previously dried and crushed CH and CP substrates were
sterilized in a vertical autoclave (Phoenix, Brazil) at 120 °C for
15 minutes. Sterilized cheese whey was used to humidify the
substrate, as an additional source of fermentable sugars (lactose
4.5-5.0%). Fermentation was carried out in plastic bags, containing
the inoculum and 10 g of sterilized substrate and moistened with
cheese whey with the desired moisture level. SSF was conducted
for 5 days in accordance with a previous single-parameter study
(data not shown). The fermented samples were extracted and
the total phenolic compounds content was quantified.

The initial substrate moisture, medium initial pH and
incubation temperature were the chosen physicochemical
parameters to evaluate the influence on the phenolic compounds
content in CH and CP. A central composite design (CCD) was
employed to analyze the combined effects of these parameters
and find the region with the best results. A summary of the
variables and their levels of variation is presented in Table 1.

2.4 Phenolic compounds extraction

The phenolic compounds present in the fermented material
were extracted using the methodology by Ajila et al. (2011)
with some modifications. Fermented substrate was weighed to
1.0 g and 20 mL of 80% acetone was added. The samples were
placed in Erlenmeyer flasks in a Shaker incubator (Lucadema,
Brazil) at 40 °C and 120 rpm for 30 min, and then centrifuged
for 15 min at 3200 rpm in an Excelsa Baby II centrifuge (Fanem,
model 206-R). Supernatant was used when determining the
phenolic compounds. Each extraction was carried out in duplicate.

2.5 Determination of total phenolic content

Total phenolic compounds content was determined by
using the Folin-Ciocalteu method (Singleton & Rossi, 1965),
according to the methodology described by Palomino et al.
(2009). Total phenolic compounds content was expressed as
equivalents of gallic acid (mg of GA-g™! substrate). Analyses
were carried out in triplicate.

2.6 Sample preparation before HPLC and antioxidants
analysis

After establishing variable values which yielded the best
results in obtaining phenolic compounds from each residue,
a new fermentation was carried out through the established

Table 1. Range of variables at different levels for the central composite
design.

Levels
-1.68 -1 0 +1  +1.68
X, Initial moisture content (%) 25 35 50 65 75
X, Medium pH 4 4.4 5 5.6 6
X, Incubation temperature (°C) 25 27 30 33 35

Independent variables X,
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parameters. Extraction procedure for the fermented material was
the same as previously mentioned; in this case, 10.0 g of each
fermented substrate was weighed and 200 mL of 80% acetone
was added. The extract was concentrated in a rotary evaporator
(Tecnal, Brazil) and the resulting sample was lyophilized in a
Liotop lyophilizer (Liobras, Brazil) for later storage in solid state
and HPLC and antioxidant activity analyses.

Before injecting samples into HPLC, the extracts were
submitted to a solid phase extraction (SPE) using Sep-Pak C18
cartridges and the methodology of Ramirez-Coronel et al.
(2004) with some modifications as follows: 15 mg extract was
suspended in 4 mL of acetic acid (2.5% v/v) and placed in an
ultrasonic bath for 10 min. The cartridges were conditioned with
4 mL of methanol, followed by 5 mL of acetic acid (2.5% v/v).
The sample was introduced into the cartridge and eluted; then,
8 mL of acetic acid (2.5% v/v) were added in order to remove
the sugars. Polyphenols were eluted with 4 mL of acetone/water
(6:4) containing acetic acid (2.5% v/v). The polyphenols fraction
was collected and evaporated. Finally, the sample was solubilized
in 1.5 mL of methanol/water (7:3), and filtered using nylon
membranes to be later analyzed through HPLC-UV/DAD.

2.7 High-performance liquid chromatography analysis

Phenolic compounds identification was carried out in a
high-performance liquid chromatography model LC-10AD
(Shimadzu) coupled to ultraviolet detector in photodiode array,
model SPD-M10A (Shimadzu), with a system of acquisition and
data treatment LCsolution (Shimadzu). The analytical column
used was a Phenomenex® Luna® C18 (250 mm x 4.6 mm i.d;
5 um). The elution method for main phenolic compounds was
based on the methodology by Murthy & Naidu (2012b) with
modifications. The mobile phase used was 5% acetonitrile in 0.035%
trifluoroacetic acid (TFA) (solvent A) and 80% acetonitrile in
0.025% TFA (solvent B). Gradient elution was used, incrementing
B from 0 to 20% in 20 min, and reaching 50% of B in 50 min.
Detection was carried out at 230 and 330 nm.

2.8 Antioxidant potential

In order to determine the antioxidant potential, the dry
extracts were resuspended in Dimethyl Sulfoxide (DMSO), in
final concentration 0f4.0 g L' and stored in refrigerator at 5 °C.
Aliquots of the stored solutions from the extracts were diluted in
ethanol in concentrations of 10 ppm to 200 ppm. The evaluation
of the antioxidant activity was conducted according to DPPH"
method described by Brand-Williams et al. (1995) with some
modifications. In the 96-well plate was added 35 uL sample and
215 pL solution of DPPH" (8.6 10-° mol/L). The plate was incubated
in the dark for 30 minutes; subsequently, the absorbance was
measured in the UV-Vis Synergy HT Multi-Mode Microplate
Reader (BioTek, USA), at A = 515 nm. Measurements of different
concentrations of solutions of each extract were realized, all in
triplicate. The same procedure was carried out with the standard
rutin and quercetin ethanolic solution in concentration range
from 0.4 to 8.0 ppm, for later comparison of the antioxidant
activity. DPPH" radical scavenging capacity was calculated
through Equation 1:
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DPPH'scavenging % = (A, — A, / Ag)x100 (1)

where A is the absorption of the blank and A is the absorption
of the sample at 515 nm.

The percentage of DPPH" scavenging was then plotted
against the sample concentration to calculate graphically the
sample concentration necessary to decrease the initial DPPH*
concentration by 50% (EC, ).

2.9 Statistical analyses

All analyses were carried out using Statistica 7.0 software
(StatSoft Inc., Oklahoma, USA). The differences were considered
statistically significant for P<0.05. All values are presented as
mean+SD. All determinations were carried out in triplicate.

3 Results and discussion

3.1 Solid state fermentation and optimization of
physicochemical parameters

The fungal growth during the SSF process was observed.
It confirmed that CH and CP are appropriate byproducts to
serve as substrates in fermentative processes, since they contain
significant levels of proteins, lipids and sugars. Results of a
previous chemical analysis showed that the experimental sample
of coffee husk contained (% w/w): protein (total N x 5.75) 13.62;
lipids 2.20 and total sugars 3.01 (Palomino & Del Bianchi, 2015).
Coffee pulp has a similar composition: protein (9.68%), lipids
(1.46%) and total sugars (5.92%) (Palomino, 2015).

In turn, the cheese whey used to humidify the medium is
deproteinized whey, known as whey permeate, a large fraction of
lactose (4.5-5.0%), which is converted into an additional source
of fermentable sugars. Using cheese whey can be considered
an important advantage in the fermentative process, because a
fungal growth was observed without adding synthetic medium,
which makes the biotechnological process even more economical.

The experimental design and the results of the experiments
conducted through CCD are shown in Table 2.

The obtained results for the response variable were submitted
to a multiple regression analysis, being statistically significant
the coefficients whose P-value was less than 0.05. The regression
was evaluated through analysis of variance (ANOVA), being a
significant regression P<0.05. In order to construct the response
surface, only the statistically significant coeflicients of the
independent variables were considered.

For coffee husk, the phenolic compounds content was
influenced by the linear terms of the three evaluated factors,
which resulted in Equation 2.

Y, = 200.77 + 18.34X, — 12.94 X, + 19.89 X, @)

where Y, is the phenolic compounds content in CH (mg
GA/g of CH), X is the initial substrate moisture (%), X, is the
medium initial pH, and X is the incubation temperature (°C).
The regression was significant (P<0.05) with R? of 74.74%.
The coeflicient of determination (R?) suggests that the model

Food Sci. Technol, Campinas, 35(4): 704-711, Out.-Dez. 2015
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could explain 74.74% of the total variation and it is adequate to
evaluate the phenolic compounds content behavior regarding
the three factors.

From the previous model, response surfaces were generated
referring to the effect of initial moisture, medium initial pH, and
incubation temperature on the phenolic compounds content,
as presented in the Figure 1.

Figure la shows the effect of medium initial pH and the
initial substrate moisture on the phenolic compounds content of
fermented CH. Higher percentages of initial substrate moisture
have a higher influence on the polyphenols content than the
increase in the medium pH. Initial moisture between 50-75% and
medium pH lower than 5 are the best conditions for the increase
in the phenolic compounds content. Figure 1b depicts that high
percentages of initial moisture and high incubation temperatures
are the ideal conditions for the increase in polyphenols content.
Figure 1c shows the effect of the medium initial pH and the
incubation temperature, showing that temperature between
30-35 °C have an important effect on the polyphenols content,
and confirming that the medium pH must be lower than 5.

In the coffee pulp, the phenolic compounds content was
influenced by the initial substrate moisture and by the incubation
temperature. Equation 3 represented the model with the
corresponding reparameterization.

Y, = 122.6577 + 12.231X, - 11.624 X;? 3)

where Y, is the phenolic compounds content in CP (mg GA/g of CP),
X, is the initial substrate moisture (%), and X, is the incubation
temperature (°C). The regression was significant (P<0.05) with
R? of 83.52%.

From the previous model was generated the response surface
referring to the moisture and temperature effects on the phenolic

compounds content, as shown in Figure 2. The response surface
allows us to observe that an initial moisture between 65-75%
and temperature of approximately 33 °C constitute the region
where there were the most polyphenols.

SSE with Penicillium purpurogenum, using coftee residues
CH and CP as substrates, showed that the presence of the
microorganism and specific fermentation conditions result in
an increase in the phenolic compounds content, particularly
in CH. The result is in accordance with the one reported by
Machado et al. (2012), who used other coffee residues (coffee
silverskin and spent coffee grounds), and found that fungus
P. purpurogenum liberated phenolic compounds through solid
state fermentation, reaching values of 7.02 (mg g™' spent coffee
grounds) and 3.47 (mg g™' coffee silverskin).

Different methodologies of SSF have been showing that the
most important variable of the process is the initial moisture
content. In this study it was observed that the initial moisture
content was a determining factor in polyphenols liberation,
being most recommended to be between 50-75%.

Moreover, the results showed that with the initial moisture
content, the incubation temperature is another important variable
in the process. For CH, the best results in the polyphenols
extraction were obtained when the incubation temperature
was between 33-35 °C, and, for CP, when it was close to 33 °C.
The small variations in the medium initial pH did not influence
significantly the process, when it was kept in the filamentous
fungus ideal growth interval, between 4 and 6.

A new fermentation with each substrate was carried out,
where the parameters values already evaluated were in the
regions where there were higher phenolic compounds content,
to identify the main polyphenols and evaluate the antioxidant
capacity of the extracts.

Table 2. Experimental design and results of the central composite design for coffee husk and coffee pulp.

Runs X X X

Total polyphenols (mg GA/g residue)

! 2 ? Coffee husk Coffee pulp
1 -1 -1 -1 161.29 + 1.12 101.79 £ 0.43
2 +1 -1 -1 181.60 + 1.20 113.21 £ 1.15
3 -1 +1 -1 150.80 + 1.61 92.44 £1.53
4 +1 +1 -1 174.70 £ 1.20 113.01 £ 2.51
5 -1 -1 +1 188.49 + 1.85 107.17 + 1.49
6 +1 -1 +1 252.71 £ 1.00 117.40 £ 0.88
7 -1 +1 +1 182.20 + 1.61 93.00 £ 0.65
8 +1 +1 +1 237.57 £ 1.85 113.75 £ 1.20
9 -1.68 0 0 186.31 £ 0.22 108.44 + 1.30
10 +1.68 0 0 237.81 £ 1.25 170.31 £ 0.62
11 0 -1.68 0 240.75 £ 2.00 11792 £ 0.76
12 0 +1.68 0 158.75 + 1.32 119.92 + 0.76
13 0 0 -1.68 183.58 + 1.53 96.75 £ 1.00
14 0 0 +1.68 230.58 + 0.58 95.75 £ 1.32
15 0 0 0 217.58 + 1.04 122.75 + 1.50
16 0 0 0 216.42 +2.52 122.75 + 1.80
17 0 0 0 211.92 +2.47 120.25 + 2.29

Results are expressed as mean + standard deviation; n = 3.
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Figure 1. Effect of physicochemical parameters on content of total polyphenols by P. purpurogenum on coffee husk, where (a) initial moisture
(X,) x medium initial pH (X,); (b) initial moisture x incubation temperature (X,); (c) incubation temperature x medium initial pH. (Center

point X, =50%, X, =5, X, =30 °C).
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Figure 2. Effect of incubation temperature and initial moisture on
content of total polyphenols by P. purpurogenum on coftee pulp. (Center
point X, =50%, X, =5, X, = 30 °C).
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3.2 High-performance liquid chromatography analysis

Polyphenols were quantified using the external standard method.
Analytical curves were used to determine the correlation between
the measured signal, in this case, the area, and the concentration
of the species to be quantified. Thus, the identification of each
compound was carried out using the retention time and UV
spectrum, since polyphenols absorb in the ultraviolet region.
According to the literature, polyphenols derived from cinnamic
acid exhibited two intense bands with maximum absorption in
the regions 219 and 325 nm, and two shoulders at 245 and 295 nm
(Lee, 2000; Rohr et al., 2000). Thus, the identified phenolic acids
were chlorogenic acid and caffeic acid. Rutin was also identified,
flavonol which showed two characteristic bands of absorption,
the first with an maximum absorption at 255 nm, and the second
around 354 nm (Rodrigues, 2007).

Figure 3 shows the HPLC chromatogram which is typical of
the extracts after the husk fermentation of Robusta and coffee
pulp in the established chromatography conditions.

Food Sci. Technol, Campinas, 35(4): 704-711, Out.-Dez. 2015
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The phenolic compounds quantities found in the samples
are shown in Table 3. Significant amounts of chlorogenic
and caffeic acid, and a lower content of rutin were observed.
Chlorogenic acid was the most abundant phenolic compound
in both fermented residues, with a higher amount in the CH
extract. Chlorogenic acid is the most abundant phenolic acid
in the green coffee bean (Madhava-Naidu et al., 2008), which
could explain its presence in the byproducts.

The phenolic compounds content in coffee residues in natura
have been studied. The content of chlorogenic acid varied in
the different coffee residues; 24 mg/g were found in the coffee
pulp, whereas 25 mg/g were found in the husk, 30 mg/g in
the coffee silverskin, and 23 mg/g in the spent coffee grounds
(Murthy & Naidu, 2012c). Lower chlorogenic acid contents in
the pulp of different coffee species were reported, ranging from
4.2 to 16.1 mg/g (Clifford & Ramirez-Martinez, 1991).

Therefore, in this study it was observed that applying SSF is
more efficient when obtaining phenolic compounds from coffee
residues, since the chlorogenic acid values in the coffee husks
and pulp are 132.50 and 22.83 mg/g respectively.

3.3 Antioxidant potential

The antioxidant capacity of fermented CH and CP extracts
was evaluated in terms of radical hydrogen donation or radical
scavenging ability, using rutin and quercetin as reference
antioxidant compounds.

mAU

DPPH" absorbance with the extracts was measured after
30 min of reaction and through absorbance readings for each
sample, the values of % DPPH" scavenging were calculated to
obtain the values of EC, (Table 4). This parameter represents
the necessary concentration of the sample to scavenge 50%
DPPH" radicals. Several tests were carried out in order to
evaluate the appropriate concentration range for each extract
to reach the EC_ value.

The lower the value for EC, , the higher the antioxidant capacity
of the sample. Thus, the comparison of values indicated that the
fermented CH extract had higher free-radical scavenging capacity
than the fermented CP extract. This result is in accordance with
results obtained in the quantification of phenolic compounds
through HPLC, where it was observed that the fermented CH
extract showed a higher phenolic compounds content than the
CP extract, proving the correlation between the polyphenols
content and the antioxidant activity. The standards showed higher
antioxidant capacity than the extracts. This fact could be partly
related to the purity of standards, whereas the crude extract
contains other compounds which are not necessarily proton
donors, for example, sugars connected with active compounds
(Zeraik et al., 2012).

In this study, the antioxidant capacity of extracts can be
assigned to the presence of phenolic substances. The antioxidant
capacity of chlorogenic acid has been reported in different studies.
For example, chlorogenic acid isomers isolated from dried prune
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Figure 3. Typical HPLC chromatograph of Robusta coffee husk after fermentation where: 1, chlorogenic acid; 2, caffeic acid; 3, rutin.

Table 3. Content of phenolic compounds in the fermented material.

Sample Content
Chlorogenic acid Caffeic acid Rutin
Coffee husk (CH) 132.50 £ 0.7 28.27 £0.62 8.26 +0.32
Coftfee pulp (CP) 22.83 +£0.16 4.29 +0.24 1.95+0.27

Each value is the mean (mg/g sample) of three replications + standard deviation.

Food Sci. Technol, Campinas, 35(4): 704-711, Out.-Dez. 2015
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Table 4. Results of the DPPH" assay of the fermented samples and
standards compounds.

1 0,

Samples COH{;;:SUOH % slg';\;)eﬁged EC, ts.d. (ppm)
Coffee husk 10.0-80.0 34.8-82.6 27.4+0.14
(CH)

Coffee pulp 10.0-80.0 26.0-77.9 36.4+0.78
(CP)

Rutin 0.4-8.0 6.0-62.8 5.7+0.11
Quercetin 0.4-8.0 6.5-85.3 4.9 £ 0.06

Results are expressed as meantstandard deviation; n = 3.

showed antioxidant activity when evaluated their scavenging
activity on superoxide anion radicals and their inhibitory effect
against oxidation of methyl linoleate (Nakatani et al., 2000).
Chlorogenic acid, which is found in carrot, burdock, apricot, and
black prune extracts, is a potent inhibitor of lipid peroxidation
in vitro and also showed a possible anticarcinogenic activity
in vivo (Kasai et al., 2000). Isomers derived from chlorogenic
acid isolated from bamboo leaves showed high free-radical and
superoxide radical scavenging capacity, besides inhibiting the
lipid peroxidation (Kweon et al., 2001).

The antioxidant capacity of caffeic acid is due to its chemical
structure, since the highest antioxidant potential of cinnamic
acids is found when there are two hydroxyls in positions
3 and 4 (Soares, 2002). The caffeic acid has been proved an
effective antioxidant in different in vitro tests. Giilgin (2006)
evaluated its antioxidant potency using different methods: the
ferric thiocyanate, reducing power, ABTS* and DPPH" radical
scavenging, superoxide anion radical scavenging, and the metal
chelating activity, which showed that the caffeic acid was effective
when compared to conventional antioxidants, such as BHA and
BHT, and to natural antioxidants, such as a-tocopherol. Rutin is
a bioflavonoid of recognized bioactivities; it presents properties
both as a free-radical scavenging agent, and as metal chelating,
acting positively as an anti-inflammatory and to treat diseases
such as ischemia, anemia, and arthritis (Afanasev et al., 1989;
Guardia et al., 2001; Kessler et al., 2003).

These results suggest the possibility of using both residues to
obtain antioxidant compounds, since such compounds contain
several applications in the food, cosmetics, and pharmaceutical
areas (Ao et al., 2011; Ballesteros et al., 2014).

4 Conclusions

A study of the most influential variables when obtaining
phenolic compounds through a solid state fermentation by
Penicillium purpurogenum is reported for the first time. This study
allows to conclude that coftee industry residues are appropriate
substrates for the growth of the microorganism, and that SSF
influences positively the obtainment of phenolic compounds,
particularly when the initial moisture content is between 50-75%
and the incubation temperature is approximately to 33 °C. Under
these conditions, the obtained extracts after the fermentation
showed high amounts of chlorogenic acid, besides caffeic acid
and rutin, though in lower amounts. Also, these extracts showed
a free-radical scavenging capacity. This study is a support for new

710

studies in this area and opens up new possibilities for the use of
residues, due to the growing demand of phenolic compounds
by the food and pharmaceutical industries.
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