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The extraction of antioxidant phenolic compounds from spent coffee grounds (SCG) was studied. Extrac-
tion experiments were carried out by the conventional solid–liquid method, using methanol as solvent at
different concentrations (20–100%), solvent/solid ratios (10–40 ml/g SCG), and extraction times (30–
90 min), and the influence of these operational variables on the content of total phenolic compounds
and antioxidant activity of the produced extracts was evaluated. Flavonoids, chlorogenic acid, and proto-
catechuic acid were found in all the produced extracts and were also quantified. A strong influence
(p < 0.05) of the variables on the extraction results was verified, and the conditions able to maximize each
response (contents of total phenolic compounds, flavonoids, chlorogenic acid and protocatechuic acid,
and antioxidant activity) were established. Extraction using 60% methanol in a solvent/solid ratio of
40 ml/g SCG, during 90 min, was the most suitable condition to produce a extract with high content of
phenolic compounds (16 mg gallic acid equivalents/g SCG) and high antioxidant activity (FRAP of
0.10 mM Fe(II)/g), simultaneously. These findings are of interest since antioxidant phenolic compounds
have an outstanding role in health area, and wide applications in food and pharmaceutical products.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction as well as hepatoprotective, hypoglycemic, anti-bacterial, antiviral,
In the last years, the instant coffee industry has experienced a
constant growth as instant coffee has become one of the most pop-
ular kinds of coffee drunk by million of people around the world.
As a consequence, large amounts of spent coffee grounds (SCG),
which are the solid residues obtained during the processing of cof-
fee powder with hot water or steam to prepare instant coffee, have
been generated worldwide (in the order of 6,000,000 tons/year)
[1,2]. Although the large availability and composition rich in com-
pounds of industrial interest such as carbohydrates, proteins, and
phenolic compounds [3], SCG has not been used as raw material
for other processes.

Phenolic compounds have received considerable attention due
to their beneficial effects on human health, such as a protective ac-
tion against chronic degenerative diseases (cataracts, macular
degeneration, neurodegenerative diseases, and diabetes mellitus),
cancer and cardiovascular diseases, and others [4]; which have
been ascribed to their antioxidant activity [5]. In a recent study,
extracts produced from SCG exhibited anti-tumor and anti-allergic
activities, which were related to the presence of phenolic com-
pounds such as chlorogenic acid in their composition [6]. In fact,
chlorogenic acid, which is one of the most abundant phenolic com-
pounds in SCG [6,7], has been reported to have a number of bene-
ficial health properties related to their potent antioxidant activity
ll rights reserved.
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anti-inflammatory and anti-carcinogenic activities [8,9]. Due to
these important biofunctionalities, phenolic compounds have
found numerous applications in food and pharmaceutical areas.
Extracting antioxidant phenolic compounds from SCG can be thus
considered an interesting alternative to obtain these important
industrial ingredients from a low cost raw material, while add
value to SCG.

Extraction is the first step in the isolation of phenolic com-
pounds from agro-industrial residues and plant materials. Differ-
ent techniques have been applied to recover antioxidant phenolic
compounds from natural sources including solid–liquid extraction
with organic solvents, ultrasound-assisted extraction, microwave-
assisted extraction, supercritical fluids extraction, and high pres-
sure processes [10–12]. Among these techniques, solid–liquid
extraction is widely employed for phenolics extraction from vege-
table sources. However, the efficiency of the extraction process is
affected by several factors such as the type of solvent and its con-
centration, the solvent/solid ratio, the number of extraction steps,
pH, time of contact, temperature, and particle size of the solid
matrix [13–15]. Thus, it is very important to optimize the extrac-
tion conditions in order to maximize the extraction efficiency to
each raw material.

The objective of this study was to extract antioxidant phenolic
compounds from SCG. Solid–liquid extractions were performed
using methanol as solvent, due to its wide use in different pro-
cesses, and recognized efficiency for phenolic compounds extrac-
tion from plant materials. Additionally, aqueous methanol has a
high boiling point, and is an economical solvent [16]. Different
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methanol concentrations, solvent/solid ratios, and extraction times
were studied, and the effect of these operational variables on the
extraction results was verified. Moreover, the conditions able to
produce a phenolic rich extract with high antioxidant activity were
established.
2. Materials and methods

2.1. Sample material and chemicals

Spent coffee grounds (SCG) were supplied by NovaDelta-Comé-
rcio e Indústria de Cafés S.A. (Campo Maior, Portugal). The material
was dried in an oven at 60 �C until 5% moisture content and stored
for further extractions. Phenolic standards including gallic acid,
chlorogenic acid, protocatechuic acid, and quercetin; methanol
and Folin–Ciocalteu phenol reagent were purchased from Sigma
(Sigma–Aldrich GmbH, Sternheim, Germany). All other chemicals
used were of analytical grade and obtained from either Sigma–Al-
drich or Merck (Darmstadt, Germany).
2.2. Solvent extraction

In a first stage, the extraction experiments were performed
using different conditions of methanol concentration (60–100%),
solvent/solid ratio (10–30 ml/g), and extraction time (30–
90 min). The conditions used in each experiment were settled
according to the 23 full factorial design presented in Table 1. Sub-
sequently, additional extraction experiments were performed by
varying the methanol concentration between 20% and 80%, and
the solvent/solid ratio between 10 and 40 ml/g SCG, during
90 min (Table 2). For comparison, assays using only distilled water
as extraction solvent were also performed.

For the reactions, the extraction solvent and the SCG were
poured into 100-ml Erlenmeyer flasks, which were duly covered
and maintained during the desired time in a water-bath with mag-
netic agitation at 60–65 �C. Subsequently, the total content of each
flask was centrifuged (2500g, 4 �C, 20 min) and the supernatant
(SCG extract) was filtered through 0.22 lm filters and stored at
�20 �C in darkness until analyses. The volume of extract recovered
after each extraction was quantified and used for calculations.
Table 1
Experimental conditions used to evaluate the effect of process variables (methanol
concentration, time and solvent/solid ratio) on the extraction of antioxidant phenolic
compounds from SCG, composition and antioxidant activity of each obtained extract.
Assays according to a 23 full factorial design.

Assay Process variables – real and (coded)
values

Responsesa

Methanol
concentration
(%)

Time
(min)

Solvent/solid
ratio (ml/g)

TP
(mg GAE/
g SCG)

FRAP
(mM Fe(II)/
g SCG)

1 60 (�1) 30 (�1) 10 (�1) 8.1 0.052
2 100 (+1) 30 (�1) 10 (�1) 2.9 0.036
3 60 (�1) 90 (+1) 10 (�1) 10.7 0.054
4 100 (+1) 90 (+1) 10 (�1) 2.6 0.021
5 60 (�1) 30 (�1) 30 (+1) 9.7 0.162
6 100 (+1) 30 (�1) 30 (+1) 3.2 0.116
7 60 (�1) 90 (+1) 30 (+1) 16.2 0.158
8 100 (+1) 90 (+1) 30 (+1) 4.4 0.115
9 80 (0) 60 (0) 20 (0) 11.9 0.096

10 80 (0) 60 (0) 20 (0) 12.3 0.109
11 80 (0) 60 (0) 20 (0) 10.6 0.105
12 80 (0) 60 (0) 20 (0) 11.2 0.107

a TP: total phenolics; FRAP: antioxidant activity by the ferric reducing antioxi-
dant power assay.
2.3. Analytical methodology

2.3.1. Determination of total phenolics
The total content of phenolic compounds in SCG extracts was

determined by using the Folin–Ciocalteu reagent according to the
colorimetric method described by Singleton and Rossi [17],
adapted to a 96-well microplate. Briefly, 5 ll of each filtered ex-
tract were mixed with 60 ll of sodium carbonate solution at 7.5%
(w/v) and 15 ll of Folin–Ciocalteu reagent. Subsequently, 200 ll
of distilled water were added and the solutions were mixed. After
that, the samples were heated at 60 �C for 5 min and were allowed
to cool at room temperature. The absorbance was measured by
means of a spectrophotometric microplate reader set at 700 nm.
A calibration curve was made from a gallic acid standard solution
(200, 400, 600, 800, 1000, 2000, 3000 mg/l) and the blank was pre-
pared with distilled water. The total content of phenolic com-
pounds was expressed as milligram gallic acid equivalent per dry
weight material (mg GAE/g SCG).

2.3.2. Determination of flavonoids
Flavonoids in SCG extracts were estimated using the colorimet-

ric assay previously described by Chang et al. [18] with some mod-
ifications. A volume of 30 ll of each filtered extract was added in a
96-well microplate and subsequently, a sequential addition of
90 ll methanol, 6 ll aluminum chloride at 10% (w/v), 6 ll potas-
sium acetate (1 mol/l), and 170 ll distilled water to each extract
sample was performed. Samples were maintained during 30 min
in the dark at room temperature. The absorbance of the mixture
was then measured at 415 nm against a blank of distilled water.
A calibration curve was prepared with a standard solution of quer-
cetin (25, 50, 100, 150, 200 mg/l). The content of total flavonoids
was expressed as milligram quercetin equivalent per dry weight
material (mg QE/g SCG).

2.3.3. Determination of antioxidant activity
The antioxidant activity of SCG extracts was measured by the

ferric reducing antioxidant power (FRAP) assay, which was per-
formed according to the method described by Benzie and Strain
[19] with some modifications. A 10 ll aliquot of filtered extract
was mixed with 290 ll of FRAP reagent in a 96-well microplate,
and incubated at 37 �C for 15 min. After that, the absorbance was
determined at 593 nm using distilled water as blank. A calibration
curve was constructed using an aqueous solution of ferrous sulfate
(FeSO4�7H2O at 200, 400, 600, 800 and 1000 lM). The FRAP values
were expressed as millimoles of ferrous equivalent per dry weight
of material (mM Fe(II)/g SCG).

2.3.4. Chlorogenic acid and protocatechuic acid determinations
Chlorogenic acid and protocatechuic acid were analyzed by high

performance liquid chromatography (HPLC) on an equipment LC-
10 A (Jasco, Japan) using a UV detector at 276 nm and a Nucleosil
120-5 C18 5 lm (4.6 � 250 mm) column at room temperature. A
mixture of acetonitrile and water (ratio 1/8) with 10 g/l of glacial
acetic acid and with the final pH adjusted to 2.5 with phosphoric
acid was used as mobile phase at a flow rate of 0.9 ml/min. The sol-
vent mixture was degassed in an ultrasonic bath before to be used
as mobile phase. The concentration of the phenolic acids was
determined from standard curves made with known concentra-
tions of each compound. The response of the UV detector was re-
corded and integrated using the D-7000 HPLC System Manager
software (Hitachi).

2.4. Statistical analyses

The influence of the variables methanol concentration, solvent/
solid ratio, and time on the extraction of antioxidant phenolic



Table 2
Experimental conditions used for extraction of antioxidant phenolic compounds from SCG, composition and antioxidant activity of each obtained extract. Assays according to a 22

central composite design.

Assay Process variables – real and (coded) values Responsesa

Methanol concentration
(%)

Solvent/solid ratio (ml/
g)

TP (mg GAE/
g SCG)

FLA (mg QE/
g SCG)

CGA (mg/
g SCG)

PCA (mg/
g SCG)

FRAP (mM Fe(II)/
g SCG)

1 20 (�1) 10 (�1) 7.3 0.86 0.37 0.06 0.056
2 80 (+1) 10 (�1) 6.6 1.55 0.68 0.09 0.043
3 20 (�1) 40 (+1) 10.5 1.17 1.33 0.24 0.086
4 80 (+1) 40 (+1) 11.4 2.50 1.39 0.25 0.097
5 20 (�1) 25 (0) 9.0 1.07 1.27 0.20 0.078
6 80 (+1) 25 (0) 9.0 2.09 1.39 0.21 0.089
7 50 (0) 10 (�1) 11.0 0.75 0.51 0.07 0.048
8 50 (0) 40 (+1) 16.3 1.62 1.16 0.21 0.102
9 50 (0) 25 (0) 17.8 1.36 0.99 0.17 0.087

10 50 (0) 25 (0) 17.9 1.38 0.96 0.15 0.086
11 50 (0) 25 (0) 18.2 1.38 0.98 0.15 0.086
12 H2O 10 6.0 0.51 0.58 0.09 0.045
13 H2O 40 7.4 0.56 0.57 0.09 0.040

a TP: total phenolics; FLA: flavonoids; CGA: chlorogenic acid; PCA: protocatechuic acid; FRAP: antioxidant activity by the ferric reducing antioxidant power assay.
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compounds from SCG was investigated through a 23 full factorial
design and a 22 central composite design. The real and coded val-
ues of the variables for the experimental designs are given in Ta-
bles 1 and 2. Statistical significance of the variables was
determined at the 5% probability level (p < 0.05). The data obtained
from the 22 experimental design were fitted to second order poly-
nomial equations and where possible the models were simplified
by elimination of statistically insignificant terms. Statistical signif-
icance of the regression coefficients was determined by Student’s t-
test, and the proportion of variance explained by the models were
given by the multiple coefficient of determination, R2. Statistical
analysis of the data as well as the determination of the conditions
able to maximize the extraction results were performed using the
softwares Statistica (version 8.0), and Design expert (version 5.0).
Assays to validate the optimum extraction conditions as well as
the analysis for characterization of the produced extracts were per-
formed in triplicate.
3. Results and discussion

The solvent concentration, solvent/solid ratio, extraction time,
and temperature are key factors in extraction processes, as they af-
fect both the kinetics of phenolics release from the solid matrix and
the antioxidant activity of the extract. Therefore, this study con-
sisted in evaluating the effect of these variables, namely the sol-
vent concentration, solvent/solid ratio, and time on the recovery
of antioxidant phenolic compounds from SCG. The temperature
of extraction was fixed between 60 and 65 �C, considering the boil-
ing point of the methanol (64.7 �C). The results obtained in these
experiments are shown in Table 1. Statistical analysis of these data
revealed a significant influence (p < 0.05) of all the studied vari-
ables on the extraction results (total phenolics and antioxidant
activity), which were improved when the methanol concentration
was decreased, and the solvent/solid ratio and time were in-
creased. In fact, the best results of total phenolics and FRAP were
achieved in the conditions of the assay 7 that used methanol in a
concentration of 60% and in a ratio of 30 ml per g SCG, during
90 min (Table 1).

Aiming to maximize the extraction results and to define the
best conditions for antioxidant phenolic compounds extraction
from SCG, a new experimental design was proposed. In this new
design, only the methanol concentration and the solvent/solid ratio
were studied. The extraction time was fixed at 90 min since the use
of longer times could not be economically advantageous. Methanol
concentration was then varied between 20% and 80%, and the
solvent/solid ratio between 10 and 40 ml/g SCG. Extraction condi-
tions used in each experimental assay and the respective total
phenolics content and antioxidant activity of the obtained SCG ex-
tracts are shown in Table 2. For comparison, assays using only dis-
tilled water as extraction solvent were also performed; however,
the use of methanol as solvent gave better extraction results than
the use of only water. This could be explained by the fact that phe-
nolic compounds are often more soluble in organic solvents less
polar than water [16,20]. Alcohols, particularly methanol and eth-
anol, were also more efficient than water in extracting phenolics
from different natural sources such as citrus peel, black tea, barley,
mashua tubers, and medicinal plants [15,21–23]. However, metha-
nol is considered the best solvent for polyphenols extraction [24].

In the second experimental design, the highest amount of pheno-
lic compounds recovered by methanol extraction was correspon-
dent to an average of 18 mg GAE/g SCG (assays 9, 10 and 11, Table
2). This is a high value, analogous to the content reported in other
important antioxidant sources such as ripe raspberry (12.0–
15.3 mg GAE/g dry matter), blackberry (12.1–14.8 mg GAE/g dry
matter) [25], and almond shells (22.0 mg GAE/g dry matter) [26].
The antioxidant activity of the methanolic SCG extracts (varying
from 0.043 to 0.102 mM Fe(II)/g SCG, Table 2) was also higher than
the values reported to other natural sources such as apple, pear,
peach, plum, and kiwi [27]. Chemical characterization of the SCG ex-
tracts revealed that all of them contained chlorogenic acid, proto-
catechuic acid and flavonoids in their composition (Table 2),
compounds that are well described to have antioxidant capacity
and numerous biofunctionalities [9,28,29]. The high content of phe-
nolic compounds (with presence of phenolic acids and flavonoids)
and antioxidant activity of SCG extracts reveal that SCG is a poten-
tial source to obtain antioxidant phenolic compounds.

The composition of the methanolic SCG extracts and their anti-
oxidant activity strongly varied according to the extraction condi-
tions used (Table 2). By varying the extraction conditions, the total
phenolics and flavonoids contents, as well as the antioxidant activ-
ity of the extracts were increased in almost 3-fold. More significant
variations were observed for the contents of chlorogenic and pro-
tocatechuic acids, which increased in the order of 4-fold. These re-
sults demonstrate that the studied operational variables exerted
great influence on the extraction of antioxidant phenolic com-
pounds from SCG. In order to verify the effect of each operational
variable in the responses, Pareto charts were plotted (Fig. 1). In this
figure, bars extending beyond the vertical line corresponded to the
effects statistically significant at 95% confidence level. As can be
noted, both variables methanol concentration and solvent/solid
ratio exerted significant influence (p < 0.05) in all the evaluated



Total phenolic compounds 

0 p=0.05 5 8 11

Standardized Effect Estimate

X1 (L)

X1.X2

X2 (Q)

X2 (L)

X1 (Q)

a
-6.86 

3.48 

-2.12 

0.51 

0.05 

Chlorogenic Acid

0 p=0.05 6 9 12

Standardized Effect Estimate 

X1.X2

X1 (L)

X1 (Q)

X2 (Q)

X2 (L)

c
9.34 

-4.25 

3.51 

1.97 

-1.23 

FRAP

0 p=0.05 6 10 14 18

Standardized Effect Estimate

X1 (L)

X1 (Q)

X1.X2

X2 (Q)

X2 (L)

b
12.70 

-4.38 

2.70 

-1.33 

0.83 

Protocathecuic Acid

0 p=0.05 6 10 14

Standardized Effect Estimate 

X1.X2

X1 (L)

X2 (Q)

X1 (Q)

X2 (L) 13.16 

3.91 

-3.04 

1.37 

-0.67 

d

Flavonoids

0 p=0.05 6 10 14 18

Standardized Effect Estimate 

X2 (Q)

X1.X2

X1 (Q)

X2 (L)

X1 (L) 16.05 

11.24 

5.64 

4.14 

-2.49 

e

Fig. 1. Pareto chart for the effects of methanol concentration (X1), solvent/solid ratio (X2), and their interaction (X1,X2) during the solid–liquid extraction of spent coffee
grounds, on the total phenolic content (a), antioxidant activity (b), chlorogenic acid (c), protocatechuic acid (d), and flavonoids (e) contents in the produced extracts. L and Q
correspond to the effects at linear and quadratic levels, respectively.

Table 3
Polynomial equations fitted to the experimental data of composition and antioxidant activity of spent coffee grounds extracts, and their respective regression coefficients R2.

Response Model equationa R2

Total phenolic compounds (TP, in mg GAE/g SCG) TP = 17.07 � 6.72X2
1 + 2.22X2 � 2.07X2

2
0.94

Antioxidant activity (FRAP, in mM Fe(II)/g SCG) FRAP = 0.085 + 0.002X1 + 0.023X2 � 0.013X2
2 + 0.006X1X2 0.97

Chlorogenic acid (CGA, in mg/g SCG) CGA = 1.03 + 0.45X2
1 + 0.77X2 � 0.54X2

2
0.91

Protocatechuic acid (PCA, in mg/g SCG) PCA = 0.16 + 0.04X1+0.08X2 � 0.03X2
2

0.96

Flavonoids (FLA, in mg QE/g SCG) FLA = 1.30 + 0.51X1 + 0.24X2
1 + 0.36X2 + 0.16X1X2 0.97

a X1: methanol concentration; X2: solvent/solid ratio. Coded values.
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responses. The solvent/solid ratio was the most important variable
affecting the antioxidant activity of the extracts (Fig. 1b), as well as
the extraction of chlorogenic and protocatechuic acids (Fig. 1c and
d); whereas methanol concentration was the main variable respon-
sible for the extraction of phenolic compounds and flavonoids (Fig
1a and e). The methanol concentration was also an important var-
iable contributing to the extraction of phenolic compounds from
other natural sources, such as mashua tubers, for example [15].
Mathematical models describing the responses variations as a
function of the variations in the methanol concentration and sol-
vent/solid ratio were established (Table 3). Where possible, the
models were simplified by elimination of statistically insignificant
terms (with p > 0.05). All the models were established with high
coefficient of determinations R2, ranging from 0.91 to 0.97, which
means a close agreement between the experimental results and
those predicted by the models. These models could efficiently be
used for a rapid prediction of the extraction results to be achieved



Fig. 2. Response surfaces described by the models representing the total phenolics
content (a) and antioxidant activity FRAP (b) of spent coffee grounds extracts
obtained by extraction with methanol. The variables are presented in their original
levels.
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Fig. 3. Optimum region by overlaying the curves of the responses total phenolics
content (TP) and antioxidant activity (FRAP) as a function of the methanol
concentration and solvent/solid ratio used for spent coffee ground extraction.
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when using methanol concentrations and solvent/solid ratios in
the range of values here studied.

All the mathematical models describing the responses varia-
tions presented linear (L) and quadratic (Q) terms, since both vari-
ables levels presented statistical significance at p < 0.05, as shown
in Fig. 1. The quadratic term for methanol concentration was the
most significant for the response of total phenolic compounds
(Fig 1a) and presented a negative signal. This means that the
extraction results were not linearly increased when the methanol
concentration was decreased, but there was an optimum point
after which the use of lower methanol concentrations did not im-
prove the extraction results. Such behavior can be well visualized
through the three-dimensional surface plot presented in Fig. 2a.
This surface describes the variations of the response as a function
of the variations of the variables, in the studied range of values.
As can be observed, the solvent concentration decrease was bene-
ficial for the extraction of phenolic compounds but up to attain a
certain limit, after which the extraction efficiency was reduced.
In fact, the use of water in combination with a organic solvent
has been reported to contribute to the creation of a moderately po-
lar medium that insures the extraction of phenolics, giving better
results than when using a pure organic solvent [15,30,31]. On the
other hand, the use of water as only solvent gives lower extraction
values and yields, as before explained [16,20].

A three-dimensional surface was also plotted for the results of
antioxidant activity in SCG extracts (Fig. 2b). When comparing this
plot with that obtained for the results of total phenolic compounds
(Fig. 2a), it is possible to visualize that the region where the re-
sponses are maximized is not exactly the same in both figures.
However it would be very useful to find an optimum extraction
condition able to yield extracts with elevated content of phenolic
compounds and antioxidant activity. Considering this aspect, a
graphical optimization based on overlaying the curves of these
two responses was conducted in order to establish an extraction
condition to simultaneously maximize the total content of pheno-
lic compounds and antioxidant activity of the SCG extracts. To find
this optimum condition, the following criteria was imposed: total
phenolic content P16 mg GAE/g SCG, and FRAP P0.095 mM
Fe(II)/g SCG. The overlaying plot attained (Fig. 3) shows an area
where the imposed criteria are satisfied. A point was assigned in
this area (marked by the square) as optimum point, which corre-
sponded to the use of a 60% methanol concentration in a solvent/
solid ratio of 40 ml/g. Under these extraction conditions, SCG ex-
tracts with a total phenolic content of 16 mg GAE/g SCG, and FRAP
of 0.10 mM Fe(II)/g SCG, in the confidence range of 95%, can be ob-
tained. Similar methanol concentration (60%) has also been used
for extracting phenolic compounds from other natural sources,
providing better extraction results than other methanol–water
mixtures [32–35].

Assays to validate the optimum extraction conditions were per-
formed and the results obtained for total phenolic compounds and
antioxidant activity of the extract revealed a close agreement with
the results predicted by the statistical analysis (Table 4). Addition-
ally, the contents of flavonoids, chlorogenic and protocatechuic
acids that can be obtained under these optimized conditions were
also determined, and corresponded to 1.81 mg QE/g SCG, 1.24 mg/g
SCG, and 0.21 mg/g SCG, respectively.



Table 4
Results obtained in the assays for validation of the conditions optimized for extraction
of antioxidant phenolic compounds from spent coffee grounds.

Assays for validation of
the optimized
conditions

Process variables –
optimum point values

Responsesa

Methanol
(%)

Solvent/
solid ratio
(ml/g)

TP
(mg GAE/
g SCG)

FRAP
(mM Fe(II)/
g SCG)

1 60 40 16.0 0.108
2 60 40 15.9 0.113
3 60 40 16.1 0.106
Average 16.0 0.109
Results predicted by

the statistical
analysis

60 40 16.0 0.100

a TP: total phenolics; FRAP: antioxidant activity by the ferric reducing antioxi-
dant power assay.
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4. Conclusions

Solid–liquid extraction using methanol as organic solvent was
an efficient method to extract antioxidant phenolic compounds
from spent coffee grounds. The extraction of total phenolics, flavo-
noids, chlorogenic and protocatechuic acids, as well as the antiox-
idant activity of the produced extracts were affected by the
methanol concentration, solvent/solid ratio, and extraction time
used. Maximum value of phenolic compounds extracted from
SCG were correspondent to 18 mg GAE/g SCG, and were obtained
when using a methanol concentration of 50% v/v in a ratio of
25 ml per g of SCG, during 90 min. Optimization of the extraction
conditions (methanol concentration of 60% in a solvent/solid ratio
of 40 ml/g, during 90 min) was useful to produce extracts contain-
ing simultaneously high content of phenolic compounds (16 mg
GAE/g SCG, correspondent to an extraction yield of 89% considering
the maximum phenolic compounds concentration found in SCG)
and high antioxidant activity (0.10 mM Fe(II)/g SCG). Since antiox-
idant compounds provide health benefits, spent coffee grounds ex-
tracts could be of great interest for application in food and
pharmaceutical products. However, it merits emphasizing that
although methanol is the most commonly used extraction solvent
due to its high polarity and high extraction yields, the toxic charac-
teristic of this solvent arises serious issues when the purpose of the
compounds extracted with this solvent is the application in food
and pharmaceutical industries. To overcome this problem, the next
step of our research work will be focused on finding other less or
non-toxic solvents for extraction, able to promote high extraction
results as methanol, or even using bioprocesses such as the solid-
state fermentation, which do not require the application of any or-
ganic solvent. The use of methanol in the present study was useful
to establish the maximum amount of phenolic compounds that
was present in SCG, and also to verify the possibility of obtaining
antioxidant phenolic extracts from this agro-industrial residue.
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