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A B S T R A C T

Oil extraction from green coffee seeds generates residual mass that is discarded by agribusiness and has not been
previously studied. Bioactive secondary metabolites in coffee include antioxidant phenolic compounds, such as
chlorogenic acids. Coffee seeds also contain caffeine, a pharmaceutically important methylxanthine. Here, we
report the chemical profile, antioxidant activity, and cytotoxicity of hydroethanolic extracts of green Coffea
arabica L. seed residue. The extracts of the green seeds and the residue have similar chemical profiles, containing
the phenolic compounds chlorogenic acid and caffeine. Five monoacyl and three diacyl esters of trans-cinnamic
acids and quinic acid were identified by ultra-performance liquid chromatography/electrospray ionization-
quadruple time of flight mass spectrometry. The residue extract showed antioxidant potential in DPPH, ABTS,
and pyranine assays and low cytotoxicity. Thus, coffee oil residue has great potential for use as a raw material in
dietary supplements, cosmetic and pharmaceutical products, or as a source of bioactive compounds.

1. Introduction

Globally, coffee is a prominent commodity. Coffee trees belong to
the Rubiaceae family, and Coffea arabica L. (arabica coffee) yields the
best quality beverage (Abrahão, Pereira, Lima, Ferreira, & Malta, 2008;
Monteiro & Trugo, 2005). Many studies concerning coffee have been
published because of its economic and cultural importance, as well as
its beneficial biological properties. Among the bioactive compounds
present in coffee seeds, phenolic compounds stand out because of their
antioxidant action. Of these phenolic compounds, chlorogenic acids are
the main class responsible for the antioxidant activity. These

compounds have in vitro free radical scavenging properties and prevents
the propagation of oxidative processes (Ohnishi et al., 1994; Rivelli
et al., 2007).

Chlorogenic acids are generated from the esterification of quinic
acid with one or more trans-cinnamic acid derivatives. These com-
pounds may be classified based on the type, number, and position of the
acyl residues. The most common chlorogenic acids in coffee are
monoesters of caffeoylquinic acid, especially 5-caffeoylquinic acid (5-
CQA) (Parras, Martínez-Tomé, Jiménez, & Murcia, 2007). In addition to
phenolic compounds, other secondary metabolites present in coffee are
diterpenes (e.g., kahweol and cafestol), triterpenes, methylxanthines
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(caffeine, theobromine, and theophylline), and trigonelline (Monteiro
and Trugo, 2005; Parras et al., 2007). In addition to the well-known
stimulant properties of caffeine, studies have also indicated its anti-
oxidant potential through the in vitro inhibition of lipid peroxidation
induced by free radicals (Parras et al., 2007).

In addition to the secondary metabolites in coffee, the cosmetic
industry has interest in green coffee oil, which consists mainly of tri-
glycerides and free fatty acids. This oil has cosmetic properties, in-
cluding skin moisture retention and potential action in preventing
photoaging (Velazquez Pereda Mdel et al., 2009). The green coffee seed
oil content is about 15% (v/w) of C. arabica, and the oil is produced by
pressing the green seeds (Speer and Kölling-Speer, 2001). The obtained
residue is a chemically rich material that is usually neglected by the
coffee industry, and there is no information in the scientific literature
concerning its chemical composition and biological properties.

Thus, we aimed to determine the qualitative and quantitative che-
mical composition, the antioxidant activity, and the cytotoxicity of a
hydroethanolic extract of the residue from the oil extraction of green C.
arabica seeds. For comparison purposes, the chemical composition and
antioxidant activity of the hydroethanolic extract of green seeds before
oil extraction were also assessed.

This extract may be further employed in dietary supplements, cos-
metics, or pharmaceutical formulations as an antioxidant agent or as a
source of important coffee secondary metabolites, such as caffeine and
chlorogenic acids. This research also has importance from an environ-
mental point of view and can meet the principles of green chemistry
through the reuse of by-products generated by industry, minimizing
their disposal in the environment (Farias and Fávaro, 2011; Prado,
2003).

2. Material and methods

2.1. Plant material

Green seed residue and green seeds of C. arabica were obtained from
the coffee cooperative Cooxupé (Guaxupé, Minas Gerais, Brazil). Green
seed residue (300 g) and green coffee seeds (250 g) were dried in an air
circulation oven for 24 h at 40 °C and powdered in a knife mill.

2.2. Granulometric analysis

The granulometric analysis was carried out by sieving (Brasil,
2010). An aliquot (300.0 g) of dried green seed residue was placed in
the first sieve of a set of six Tyler® sieves (600, 250, 180, 125, 75, and
63mm aperture) and shaken by a vibrating apparatus (Produtest®) for
15min. At the end of the process, the powder retained in each sieve (%,
w/w) was weighed to determine the type of powder (Brasil, 2010) and
also to calculate the average particle size (APS) using Eq. (1) (Aulton,
2005).

∑= ×APS (percentage retention mean mesh aperture)/100 (1)

The mean aperture of the meshes corresponds to the simple ar-
ithmetic mean of the aperture of the sieve through which the particles
passed and the aperture of the sieve in which they were retained.

2.3. Determination of water in the dried and powdered plant material

The determination of water in the dried and powdered plant sam-
ples (2.0 g) was achieved by measuring the weight loss after drying in
the air circulation oven (110 °C) to a constant weight (Brasil, 2010).
The result is expressed as the ratio between the initial and final mass of
plant material (% w/w), based on the mean of three determinations.

2.4. Selection of solvent mixture for extraction

Aliquots of green seed residue (1.0 g) were sonicated with four
different hydroalcoholic mixtures: 70 and 80% ethanol and 60 and 80%
methanol, separately. Each extraction occurred in three steps using
5mL of solvent for 20min per step, and the total solvent/sample ratio
was 15mL/g. The extractive solutions of each solvent mixtures were
pooled, filtered, and dried in a SpeedVac (Thermo Scientific®
SPD131DDA). The total phenolic content (Section 2.6) and the anti-
oxidant activity (Section 2.10) of these extracts were determined by the
selection of the most suitable solvent mixture for large-scale extraction.

2.5. Preparation of large-scale extraction

The green seed residue (300 g) and green seeds (250 g) were ex-
tracted by maceration with 70% ethanol (40 °C). The extraction was
realized in three 24, 48, and 48-h long steps, using 1500mL of 70%
ethanol in each step for green seed residue and 1250mL in each step for
green seeds. The extractive solutions were pooled, filtered, con-
centrated under reduced pressure for ethanol elimination, and then
lyophilized, yielding dry extracts from the green seed residue of C.
arabica (EESR) and green seeds of C. arabica (EESe).

2.6. Determination of the total phenolic content

The total phenolic (TP) content of the dried extracts was determined
by a method previously described by Singleton, Orthofer, & Lamuela-
Raventós, 1999 using the Folin–Ciocalteu reagent and analytical curves
determined from gallic acid (1.25–20 µg/mL) for the selection of a
suitable solvent mixture for extraction (Section 2.3) and 5-CQA
(2–30 µg/mL) for the determination in large-scale extractions (Section
2.4). All extracts were solubilized in deionized water at a concentration
of 30 µg/mL. Experiments were performed in triplicate. The results are
expressed in micrograms of total phenolic compound equivalents to 5-
CQA or gallic acid per 100 µg of extract.

2.7. Sample pretreatment for ultra-performance liquid chromatography
(UPLC) analysis

EESR and EESe (15mg) were dissolved in 1.0-mL of a methanol:-
water solution (90:10, v/v) and submitted to solid phase extraction
(SPE, Phenomenex® Strata™ C18-E; 15×10mm; 55 μm). The C18
cartridge was activated with methanol (10mL) and conditioned with
methanol:water (90:10, v/v). Following the application of the samples,
the cartridges were eluted with 4.0mL of methanol:water (90:10, v/v).
Eluates from the EESR and EESe were dried, dissolved in methanol
(1.0 mL), and filtered through polyvinylidene difluoride (PVDF) mem-
branes (0.22 μm, Millipore®) before UPLC analysis.

2.8. UPLC-UV analysis

Chromatographic analysis was performed on an UPLC system
(Waters Acquity UPLC®) equipped with UV–Vis detector 2487. The
chromatographic conditions were an high-strength silica (HSS) C18 SB
Waters® column (2.1×100mm; 1.8 μm) with a mobile phase of 2% (v/
v) acetic acid in water (eluent A) and 0.5% acetic acid in water and
acetonitrile (50:50, v/v, eluent B); the gradient elution conditions were
as follows: 10–12% B (1.5min), 12% B (1.5–3.5min), 12–40% B
(3.5–4.5min), 40% B (4.5–7.5 min), 40–100% B (7.5–8.5min),
100–10% B (8.5–9.5min), 10% B (9.5–11.5min), flow rate
0.55mLmin−1, and injection volume 1 μL. The column oven was op-
erated at 30 °C. Caffeic acid, 5-CQA, rutin, quercetin, and caffeine
chromatographic standard (Sigma-Aldrich®) solutions (methanol;
1.0 mg/mL) were used for identification purposes. Analytical curves for
caffeine (methanol; 0.25–2.0 mg/mL) and 5-CQA (methanol;
0.25–10.0 mg/mL) were obtained for quantification by an external
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standardization method.

2.9. Ultra-performance liquid chromatography/electrospray ionization-
quadruple time of flight mass spectrometry (UPLC-ESI-QToF-MSE) analysis
of EESR

The analysis was performed on an Acquity UPLC system (Waters®)
coupled to a quadrupole/time of flight (Xevo-QTOF, Waters®) system.
The chromatographic conditions were the same as those used for UPLC-
UV analysis with the following modifications: a BEH C18 Waters®
column (2.1× 150mm; 1.7 μm) was used with a flow rate of
0.4 mLmin−1, the column oven was set to 40 °C, and the injection
volume was 5 μL. ESI− mode was acquired in the range of
110–1180 Da, the source temperature was fixed at 120 °C, the deso-
lvation gas temperature was 350 °C, the desolvation gas flow was
500 L/h, the extraction cone voltage was 0.5 V, and the capillary vol-
tage was 2.6 kV. In low scan mode, the cone voltage was 35 V with a
collision energy of 5 eV (trap). In high scan mode, the cone voltage was
35 V with a collision energy ramp of 20–40 eV (trap). Leucine en-
cephalin was used as the lock mass. The acquisition mode was MSE. The
equipment was controlled by Masslynx 4.1 (Waters® Corporation)
software.

2.10. DPPH radical scavenging assay

The 1,1-diphenyl-2-picrylhydrazyl radical (DPPH%) scavenging ac-
tivity was determined using the method proposed by Mensor et al.
(2001) with the following modifications. For the radical scavenging
evaluation for the selection of a solvent for extraction (Section 2.3),
60% and 80% methanol and 70% and 80% ethanol dry extracts were
solubilized in water (7.0 µg/mL), and 1.0mL of each aqueous solution
was added to 2.5ml of a methanolic DPPH solution (0.004%, w/v). For
the radical scavenging evaluation of EESR and EESe (Section 2.4),
1.0 mL of an aqueous solution of EESR (0–25 µg/mL) and EESe
(0–30 µg/mL for EESE) were added to 2.5 mL of a methanolic DPPH
solution (0.004%; w/v). Ascorbic acid (0.5–5.0mg/mL; aqueous solu-
tion) was used as the standard. Assays were performed in triplicate, and
the percentage inhibition of DPPH% was calculated. From the values of
the percentage inhibition of DPPH%, the inhibition curves and the IC50

values were obtained.

2.11. ABTS radical scavenging assay

The 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) cation
radical (ABTS%++) assay was performed as described by Rufino et al.
(2007) with the following modification. After the formation of ABTS%+

from the methanolic solution of the diammonium salt of 2,2′-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid), 2 mL of the ABTS%+ solution
was added to 1030 µL of the EESR and EESe aqueous solutions at dif-
ferent concentrations (1.55–27.18 µL/mL). The percentage inhibition of
ABTS+ was determined as described in the DPPH radical scavenging
assay. Ascorbic acid (0.48–3.49 µL/mL; aqueous solution) was used as
the standard. Assays were performed in triplicate.

2.12. Suppressive effect of peroxyl radical (AAPH/pyranine) assay

This test was conducted following the method proposed by Campos,
Sotomayor, Pino, and Lissi (2004). A 2,2′-azobis(2-methylpropionami-
dine) dihydrochloride (AAPH) solution (125 µL; 20mM) was added to
100 µL of pyranine (0.005 µg/mL) in a dark 96-well plate. The EESR
solutions (25 µL) were added to the plates at different concentrations
(5–20 µg/mL). Trolox was used as the antioxidant reference compound
(0.005–0.02 µg/mL), and a negative control was prepared without
EESR or Trolox, as described above. All solutions were prepared in
phosphate buffered saline (PBS). The final volume of reaction plate was
250 µL. Pyranine bleaching was monitored using an excitation

wavelength of 460 nm and an emission wavelength of 510 nm in a
Spectramax M2 microplate reader (Molecular Devices®, USA) at 37 °C.
The results were expressed as Trolox equivalent antioxidant activity
(TEAC). Assays were performed in triplicate.

2.13. MTT cytotoxicity assay

The cytotoxic potential of EESR was evaluated by the 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
(Chiari et al., 2012; Mosmann, 1983) against three cell lines (human
keratinocytes (HaCaT), human fibroblasts (HDFa), and human hepa-
toma cells (HepG2)). Cells were grown in culture flasks containing
Dulbecco’s modified Eagle's medium (DMEM) supplemented with 10%
fetal calf serum and antibiotics (penicillin, 100 U/mL; streptomycin,
0.1 mg/mL). The cultures were incubated at 37 ± 2 °C in an atmo-
sphere of 5% CO2. Cells were transferred into 96-well plates with a cell
density of 1.0× 106 cells/mL. Plates were incubated for 24 h for com-
plete cell adhesion to the plates. The treatments (for 24 h) involved a
100-µL positive control (10% dimethyl sulfoxide (DMSO)), a negative
control (DMEM without serum), and different concentrations of EESR
(0–11,000 µg/mL solubilized in DMEM without serum). Then, the
treatments were removed, the plates were washed with PBS and 100 µL
of MTT in PBS (1.0 mg/mL) was added to each well, followed by in-
cubation for 3–5 h. After that, the supernatant was removed, and for-
mazan crystals were solubilized in 100 µL of isopropyl alcohol. The
percentage of non-viable cells was calculated in relation to the absor-
bance of the negative control (595 nm), as proposed by Zhang, Wu,
Tashiro, Onodera, & Ikejima (2004). Thus, the viability was obtained
using the following formula: percentage of non-viable cells= [(Anegative

control−Atreatment)/Anegative control] × 100. For the determination of vi-
able cells, this percentage was deducted from 100%. For different cell
lines, the IC50 was calculated by linear regression of the obtained
curves. Cytotoxicity assays were performed in at least three in-
dependent assays, and each assay treatment was realized in triplicate.

2.14. Statistical analysis

Analyzes were carried out using the InStat3 software (GraphPad®,
San Diego, CA, USA). The results are presented as the mean and the
standard deviation (SD). Statistical analyses of the data were performed
using the one-way analysis of variance (ANOVA) and Tukey's post-test
assuming significance for p < .001, p < .01, and p < .05.

3. Results and discussion

3.1. Selection of the solvent mixture for extraction and large-scale
extractions

The efficiency and selectivity of the extraction of phenolic com-
pounds from plant materials vary with many factors, such as their
chemical structures, extraction technique, possible interfering com-
pounds, and particle size (Naczk & Shahidi, 2004). Thus, green seed
residue of C. arabica was characterized and classified according to the
Brazilian Pharmacopeia as a fine powder (all the particles passed
through a through the sieve with a nominal mesh aperture of 180mm)
and its calculated average particle size was 122.1 μm (Aulton, 2005).

Furthermore, the solubility of these compounds is related to the
degree of polymerization and their interactions with other plant com-
ponents and, especially, the type of solvent used for extraction (Naczk &
Shahidi, 2004). The most efficient solvents for phenolic compounds
extraction are methanol, ethanol, water, or hydroalcoholic mixtures
(Shouqin, Jun, & Changzheng, 2005). In this study, 60 and 80% me-
thanol and 70 and 80% ethanol were tested as solvent mixtures for
extraction using sonication. The yield, content of total phenolic com-
pounds, and antioxidant activity (DPPH method) of the extracts are
shown in Table 1. The total phenolic content of the extract (Table 1)
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was calculated using the analytical curve of gallic acid.
Considering the minimal confidence level (p < .05), Table 1 shows

that 70% ethanol and 60% methanol green seed residue extracts
showed higher values of DPPH% inhibition (22.5%) compared to 80%
methanol and 80% ethanol (18.8% and 18.7%, respectively). Further-
more, 70% ethanol and 80% methanol green seed residue extracts had
higher total phenolic contents (14.7% and 13.8%, respectively) com-
pared to the other extracts. Because the yield of extracts was similar and
based on the above results and green chemistry principles, such as
toxicity and sustainability (Farias and Fávaro, 2011; Prado, 2003), 70%
ethanol was chosen for the proposed extraction.

The yields of the large-scale extraction by maceration with 70%
ethanol of green C. arabica seed residue (EESR) and green seeds (EESe)
were 21 and 20.4% (w/w), respectively, considering the water content
of the dried plant material (8.8% and 4.4% (w/w), respectively).

3.2. Chemical analysis of EESR and EESe

The determination of the total phenolic content of the EESR and
EESe (Table 2) using the Folin–Ciocalteu method was realized using the
analytical curve of 5-CQA. Regarding the chemical analysis of the
phenolic compounds, the Folin–Ciocalteu assay does not give a detailed
profile of the phenolic compounds present in the samples and is based
on the determination of the reducing capacity of a sample. On the other
hand, as a preliminary test, it suggests that the extracts under study
have a significant phenolic content and potential antioxidant activity,
as demonstrated below by the DPPH, ABTS, and pyranine assays (Sec-
tion 3.3).

The total phenolic content determined in the EESR (27.9%, w/w)
was statistically (p < .05) the same as that of the EESe (27.4%, w/w)
(Table 2) and may be considered high when compared to other coffee
by-products and food matrices. Concerning the phenolic contents of
other coffee by-products, Murthy and Naidu (2012) found that the 60%
isopropanol extract from the silver skin, spent waste, and the cherry
husk of coffee industry contained 25%, 19%, and 17% (w/w) of phe-
nolic compounds, respectively. However, Sant’Anna et al. (2017) found
a content of 0.6% in the aqueous extract from dark roasted spent
ground coffee, whereas Zuorro & Lavecchia (2012) found values of
1.8% and 2.2% (dry matter) for 50% ethanol extract of spent coffee

grounds collected from coffee bars and capsules, respectively. Re-
garding other food matrices Peschel et al. (2006) analyzed ethanol
extracts of residues from apple, pear, strawberry, and red beet juice
production and obtained values ranging from 4.2% to 12.2%. Sousa
et al. (2014) determined the total phenolic compounds content as 23%
(w/w) in a 65% ethanol extract of the bark of Stryphnodendron ad-
stringens (Mart.) Coville. All these studies employed the Folin–Ciocalteu
method and results are expressed as gallic acid equivalents.

Schieber, Keller, and Carle (2001) developed a method using a high-
performance liquid chromatography-photodiode array detector (HPLC-
PDA), which was employed for the development of a method by UPLC-
UV for the identification and the quantification of secondary metabo-
lites in EESR and EESe to reduce the time for the chromatographic
analysis and the consumption of solvents. The HPLC conditions re-
ported by Schieber et al. (2001) were transferred to UPLC conditions
using the Acquity® UPLC Column Calculator software, and the mobile
phase composition was experimentally optimized.

Fig. 1 shows chromatograms for EESR using the UPLC-UV selected
conditions. Both extracts (EESR and EESe) presented similar chroma-
tographic profiles. 5-CQA and caffeine were identified based on a
comparison of the retention time (tR) and the co-injection of standards
added to the extracts. On the other hand, caffeic acid, rutin, and
quercetin were not identified in the extracts through comparison of tR.

The analytical curves of 5-CQA and caffeine were obtained for
quantification purposes. The higher values of these compounds in EESR
(21.7 ± 0.72 and 7.2 ± 0.22, respectively) than in EESe
(13.2 ± 0.35 and 5.9 ± 0.19, respectively), as shown in Table 2, may
be related to the components extracted from the green seeds, especially
the fixed oil, that are not present in the green seed residue. In addition,
these contents are higher than those described in the literature for the
aqueous extract of the green seeds of C. arabica, which range from 9.7%
to 12.2% of 5-CQA and 3.4% to 3.8% of caffeine (Jeszka-Skowron,
Sentkowska, Pyrzyńska, & De Pena, 2016), 60% isopropanol extract of
other coffee by-products, which contained 10.8% to 15.8% of 5-CQA
(Murthy & Naidu, 2012), and aqueous extract of coffee silverskin con-
taining 0.4% to 2.6% of caffeine content (Narita & Inouye, 2012).

The total ion chromatogram (TIC) of EESR determined using UPLC-
ESI-QTOF-MSE in negative ion mode showed several peaks with good
resolution. The identified compounds (Table 3) include five monoacyl
(2–6) and three diacyl (10–12) esters of trans-cinnamic acids and quinic
acid, the so-called chlorogenic acids (CGA), which have been previously
reported to be present in C. arabica (Clifford, Johnston, Knight, &
Kuhnert, 2003). The putative identification of these compounds is
based on the accurate mass (empirical formula), mass fragmentation
patterns, and scientific literature (Clifford, Knight, & Kuhnert, 2005;
Rodrigues et al., 2012; Vallverdu-Queralt, Jauregui, Medina-Remon,
Andres-Lacueva, & Lamuela-Raventos, 2010; Yuan et al., 2015). In
addition, we employed the hierarchical key for identification of
chlorogenic acids proposed by Clifford et al. (2005). The main peak of
the TIC with a tR of 5.02min corresponds to 5-CQA, which was also the
main compound in the UPLC-UV analysis.

Compounds 2–6 yield the parent ion [monoacyl CGA-H]− that
identifies the CGA classes. Their MS2 spectra showed fragment ion
signals at m/z 191 and 173, typical of the quinic acid moiety and m/z
163, 179, and 193, which indicate the presence of pecoumaroyl, caf-
feoyl, or feruloyl moieties, respectively, in their chemical structures.

Compounds 2–4 showed molecular ion signals at m/z 353.0875,
353.0871 and 353.0876 [M−H]−, respectively, that match the em-
pirical formula C16H17O9 of caffeoylquinic acid (CQA). A MS2 fragment
ion signal at m/z 179 relative to the caffeoyl moiety was observed for all
compounds. According to the hierarchical key of Clifford et al. (2005),
the isomers of CQA may be distinguished considering the intensities of
the fragment ion signals at m/z 191, 179, and 173 in the MS2 spectrum
provided the fragmentation energy is not excessive.

The CQA substituted at positions 1, 3, and 5 of the quinic acid
moiety has a base peak at m/z 191, as observed for compound 2. Its

Table 1
Data on selection of extractor solvent mixture: extraction yield, content of total phenolic
compounds (TP) equivalents to gallic acid in dry extracts and their antioxidant activities
measured by DPPH radical method.

Extract Extraction yield
(%)a

TP content in dry
extract (%)b

DPPH inhibition
(%)

60% methanol 28.0 11.5 ± 0.007c 22.5 ± 5.3e

80% methanol 26.7 13.8 ± 0006d 18.8 ± 5.9f

70% ethanol 24.8 14.7 ± 0007d 22.5 ± 6.9e

80% ethanol 24.2 11.7 ± 0002c 18.7 ± 3.7f

c,d,e,f different superscripts in the same column indicate statistical differences (p < .05).
a (extract weight/seed residue weight)× 100.
b percentage of total phenolic compounds equivalents to gallic acid in dry extracts.

Table 2
Quantitative chemical analysis of EESR and EESe.

Compounds EESR (% w/w) EESe (% w/w)

total phenolic compounds (5-CQA
equivalents)

27.9 ± 0.006a 27.4 ± 0.005a

5-CQA 21.7 ± 0.72d 13.2 ± 0.35e

caffeine 7.2 ± 0.22f 5.9 ± 0.19g

EESe – C. arabica green seeds extract. EESR – C. arabica green seed residue extract. 5-CQA
– 5-caffeoylquinic acid.
a,b,c,d,e,f,g different superscripts in the same line indicate statistical differences (p < .05).
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spectrum contains a fragment ion signal at m/z 179 with a relative
intensity of less than 50%, which is characteristic of 3-CQA. Thus,
compound 2 was putatively identified as 3-CQA (neochlorogenic acid).
The mass spectrum of compound 3 contained a base peak at m/z 191
and a fragment ion signal at m/z 179 with a relative intensity of 3%,
which is typical for 1-CQA or 5-CQA. A commercial chromatographic
standard of 5-CQA was employed to confirm its identity through UPLC-
ESI-QTOF-MSE analysis using tR comparison and co-injection with
EESR. Furthermore, C. arabica does not synthesize 1-acyl-quinic acids
(Clifford et al., 2005). 4-Acyl CQA has a base peak at m/z 173 instead of
191. Compound 4 showed a fragment ion signal at m/z 173 with a
relative intensity of 99% and was putatively identified as 4-CQA
(cryptochlorogenic acid).

Compound 5 showed a molecular ion signal at m/z 337.0919
[M−H]− that matches the empirical formula C16H17O8 of p-coumar-
oylquinic acid (pCoQA). The MS2 fragment ion signal at m/z 163

corresponds to the p-coumaroyl moiety. According to Clifford et al.
(2003), it is possible to distinguish pCoQA isomers considering the base
peak in the MS2 spectrum. The spectrum of compound 5 contains a base
peak at m/z 191 and was putatively identified as 5-pCoQA.

The spectrum of compound 6 contains a molecular ion signal at m/z
367.1027 [M−H]− that matches the empirical formula C17H19O9 of
feruloylquinic acid (FQA). The MS2 fragment ion signal at m/z 193
corresponds to the feruloyl moiety. The base peak observed for com-
pound 6 in the MS2 spectrum at m/z 191 is typical of an FQA isomer
substituted at position 5 of the quinic acid moiety. Thus, compound 6
was putatively identified as 5-FQA.

Compounds 10–12 yield the parent ions [diacyl CGA-H]− at m/z
515.1188, 515.1191, and 515.1194 [M−H]−, respectively, which
match with the empirical formula (C25H23O12) of dicaffeoylquinic acid
(diCQA). The MS2 fragment ion signal at m/z 179 is relative to the
caffeoyl moiety. The three diCQA produced subtle differences in

5-CQA 

Caffeine 

Fig. 1. Chromatograms of C. arabica EESR obtained by UPLC-UV. Chromatographic conditions: HSS C18 SB Waters® column (2.1× 100mm, 1.8 μm); column oven: 30° C; mobile phase:
2% acetic acid in water (A) and 0.5% acetic acid in water: acetonitrile 50:50 (B); gradient: 10–12% B (1.5min), 12% B (1.5–3.5min), 12–40% B (3.5–4.5min), 40% B (4.5–7.5min),
40–100% B (7.5–8.5 min), 100–10% B (8.5–9.5 min), 10% B (9.5–11.5min); flow rate: 0.55mL/min; injection volume: 1 μL; λ: 280 nm. EESR - green seed residue extract. 5-CQA-5-
caffeoylquinic acid.
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fragmentation, but in the absence of MS3 spectra the hierarchical key of
Clifford et al. (2005) could not be used. In our study, the first and last to
elute yielded MS2 base peaks at m/z 173 whereas the second to elute
yielded an MS2 base peak at m/z 191. These MS2 base peaks correspond
to the MS3 base peaks reported by Clifford et al. (2003) and accordingly
we assign them as 3,4-diCQA, 3,5-diCQA and 4,5-diCQA in order of
elution.

The spectra of compounds 10 and 12 contain a fragment ion signal
at m/z 179 with a relative intensity of less than 50%, precluding the
possibility of the identification of 1,4-diCQA. According to Clifford
et al. (2005), 3,4-diCQA presents a fragment ion signal at m/z 335
(∼15%) in the MS2 spectrum that is not detectable for 4,5-diCQA. This
fragment ion signal was observed for compound 10 with a relative in-
tensity of 17%, and compound 10 was putatively identified as 3,4-
diCQA. Compound 12 did not show this fragment ion signal and, based
on the hierarchical key for the identification of CGA, it was putatively
identified as 4,5-diCQA. (Clifford et al., 2005).

Compound 11 contains a base peak at m/z 191 in its MS2 spectrum,
as well as a fragment ion signal at m/z 179 with a relative intensity of
65%, suggesting 1,5-diCQA or 3,5-diCQA. A comparison of the frag-
mentation patterns of compound 11 (MS2), 1,5-diCQA and 3,5-diCQA
(MS3) (Clifford et al., 2005) indicates similar fragmentation patterns
between compound 11 and 3,5-diCQA. Moreover, in C. arabica, ester-
ification does not occur at position 1. Thus, compound 11 was puta-
tively identified as 3,5-diCQA.

UPLC-ESI-QTOF-MSE and UPLC-UV chemical analysis of EESR show
that the green coffee seeds and green coffee seed residue have similar
qualitative chemical compositions. Quantitative analysis shows that
EESR has a greater content of caffeine and 5-CQA than EESe con-
sidering the statistical significance (p < .05). A comparison of the
chemical composition of EESR and EESe indicates that the coffee seed
residue may be an interesting source of CGAs and caffeine.

3.3. Determination of the antioxidant activity of EESR and EESe

The determination of the antioxidant activity of EESR and EESe was
carried out using several methods, allowing better comprehension of
the results. Each assay evaluates the antioxidant capacity under dif-
ferent experimental conditions and kinetics, and, thus, the results are
complementary (Jeszka-Skowron, Stanisz, & De Pena, 2016). Müller,
Fröhlich, and Böhm (2011) found that the activities of the compounds
with respect to the scavenging radicals depended strongly on the assay
employed. The use of different methods to describe the antioxidant
activity of plant derivatives has been extensively described in the lit-
erature (Dudonné, Vitrac, Coutière, Woillez, & Mérillon, 2009; Jeszka-
Skowron, Stanisz, et al., 2016; Müller et al., 2011).

The DPPH method is based on measurement of the capacity of an
antioxidant compound to scavenge the DPPH radical, reducing it to
hydrazine. The IC50 values were calculated from data of the graph of
percentage of inhibition of the DPPH radical versus ascorbic acid, EESR,
or EESe concentrations (µg/mL). The IC50 values for ascorbic acid,
EESR, and EESe are 3.3, 17.0, and 17.5 µg/mL, respectively. The IC50

values obtained for the extracts were very close and are statistically
equal (p < .05) and higher than the IC50 value for ascorbic acid.

Murthy and Naidu (2012) tested different by-products of coffee
extracted with water:isopropanol mixtures and found antioxidant ac-
tivities of 61% to 70% between 100 and 500 μg/mL. In our work, we
tested 16 times lower concentration of EESR (25.0 μg/mL) and found a
DPPH scavenger activity of approximately 75%. Jeszka-Skowron,
Stanisz, et al. (2016) evaluated infusions of the green seeds of C. arabica
from various countries. The infusions were diluted 1:100 (v/v, me-
thanol) and the maximum DPPH scavenging activity obtained was
59.8% using seeds from Peru. The Brazilian seeds assessed by these
authors were able to scavenge 47.5% of the DPPH radicals. A com-
parison with our results is not easy due to the differences in the manner
of extraction, dilution, and concentrations; however, using the EESRTa
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and EESe in the maximum concentrations assessed (25.0 and 30.0 µg/
mL, respectively), the DPPH scavenger activities were 75% and 90%,
respectively.

Okonogi, Duangrat, Anuchpreeda, Tachakittirungrod, &
Chowwanapoonpohn (2007) compared the antioxidant capacity of the
most commonly consumed fruit peels in Thailand using radical-
scavenging activity of DPPH. The best results of the antioxidant capa-
city were for an extract of pomegranate peel (Punica granatum L.) with
an IC50 of 3.0 μg/mL, followed by the peel extracts of rambutan (Ne-
phelium lappaceum L.) and mangosteen (Garcinia mangostana L.), having
IC50 values of 6 and 23 μg/mL, respectively.

To confirm the antioxidant potential of EESR and EESe, we used the
ABTS method. The IC50 values for ascorbic acid, EESR, and EESe were
calculated as described for the DPPH method. The results for the in-
hibition of the cation radicals of ABTS also demonstrated statistically

equal (p < .05) IC50 values for EESR and EESe (13.6 and 12.0 µg/mL,
respectively) but a lower value for ascorbic acid (2.0 µg/mL).

Chiari et al. (2012) evaluated the antioxidant activity using the
ABTS method for a 70% ethanol extract of Psidium guajava L. leaves.
The IC50 was determined to be 114.4 μg/mL, approximately 8.4 times
greater than that found for EESR and 9.4 times higher than that ob-
tained in EESe. Thus, the EESR and EESe extracts have greater anti-
oxidant potential compared to other important antioxidant plant
sources.

The suppressive effect on peroxyl radicals (AAPH/pyranine method)
was also assessed for EESR. This method is based on the reduction in the
pyranine fluorescence absorption when it is oxidized by peroxyl radi-
cals (ROO%) (Campos et al., 2004). Fig. 2 shows the graphs of the kinetic
profile of the fluorescence decay of pyranine with Trolox (Fig. 2a) and
EESR (Fig. 2b). The difference between the graph area integrals of the

Fig. 2. Graph kinetic profile of fluorescence decay pyranine
with Trolox (a) and C. arabica EESR (b). RFU* (Relative
fluorescence units). EESR – green seed residue extract.
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control and each concentration of Trolox and EESR were calculated,
and linear regressions and the linear coefficients of the line (slope) were
obtained. The linear coefficient of EESR was then divided by the linear

coefficient of Trolox. The results of this test are expressed as TEAC
units, that is, the antioxidant activity equivalent to Trolox. According to
this method, the EESR had a TEAC of 1.63, indicating a higher

Fig. 3. Cell viability (in percentage) in HepG2 lineage (a),
HDFa lineage (b), HaCat lineage (c), from the average of
independent experiments (mean ± standard deviation).
Treatment performed with C. arabica EESR. Analysis of
variance One-way ANOVA with Tukey's post-test. (***)
p < .001; (**) p < .01; (*) p < .05. EESR – green seed
residue extract.
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antioxidant activity for peroxyl radicals than Trolox.
The results of these antioxidant assays show that the extracts have

similar antioxidant activities to other plant extracts, and, thus, green
seed residue is an interesting source of antioxidant compounds, which is
mainly attributed to the presence of phenolic compounds. Among the
main phenolic compounds, chlorogenic acids are found in higher
quantities in green coffee seeds. Thus, they may be responsible for the
antioxidant activity of the extracts (EESR and EESe) (Abrahão et al.,
2010).

Ohnishi et al. (1994) concluded that 5-CQA, 3,5-dicaffeoylquinic
acid, and caffeic acid showed higher antioxidant activity than ascorbic
acid using the DPPH method, and concluded that 3,5-dicaffeoylquinic
acid had higher peroxyl radical inhibiting action than chlorogenic and
ascorbic acids. Rivelli et al. (2007) quantified the 5-CQA and caffeine
present in aqueous and hydroethanolic extracts of Ilex paraguariensis A.
St.-Hill. and tested the antioxidant activity of the extracts (DPPH
method). They evaluated the possible relationship between caffeine and
5-CQA with this activity. At the concentrations tested, caffeine did not
show antioxidant activity, and 5-CQA had an IC50 of 4.6 µg/mL. Both
3,5-dicaffeoylquinic acid and 5-CQA were identified in EESR, and 5-
CQA was the main compound present.

3.4. MTT assay

The cytotoxic potential of EESR was evaluated using three cell lines,
HepG2 (hepatocellular carcinoma), HaCat (keratinocytes), and HDFa
(fibroblasts). The first is a human hepatoma cell line, selected in this
work because it is a model widely used for studies of metabolizing cells,
allowing the evaluation of the toxicity of the metabolites formed from
the products under study (Chiari et al., 2012). The keratinocytes and
fibroblasts were chosen because the extract has potential applications
as topical skin lotion in both cosmetic or pharmaceutical products.

The cytotoxicity promoted by EESR for HepG2 cells is shown in
Fig. 3a. The obtained results demonstrated that only the EESR con-
centrations of 4560 µg/mL or higher were cytotoxic for this cell line.
The percentage cell survival values for these concentrations were sta-
tistically different from the control (p < .001).

For the HDFa cell line (Fig. 3b), the cytotoxicity was observed for
the concentrations of 7540 and 11,000 µg/mL, having levels of sig-
nificance of p < .01 and p < .001, respectively. We verified an in-
crease in cell viability after treatment with EESR at a concentration of
2980 µg/mL (p < .05) and this may be related to the presence of nu-
trients in the extract as carbohydrates and amino acids.

Based on the dose–response profile for the HaCat (Fig. 3c), con-
centrations of 4560 µg/mL or higher led to a reduction in the percen-
tage of cell survival with a level of significance of p < .001. As dis-
cussed for HDFa, the concentrations of 1570 and 2980 µg/mL resulted
in an increase in cell viability (p < .001 and p < .01, respectively).

The IC50 values for HepG2, HaCat, and fibroblasts were
6952.6 ± 673.8, 6007.4 ± 544.8, and 9883.2 ± 65.3 μg/mL, re-
spectively. These concentrations, able to reduce the viability of these
cells lines by 50%, can be considered very high in relation to the con-
centrations necessary for this extract to exhibit biological activity, de-
monstrating the safety of EESR. This margin of safety (in this case, the
toxic concentration divided by the effective concentration) is good
because these concentrations are thousands of times higher than the
concentrations obtained, for example, to scavenge 50% of the free ra-
dicals determined in the antioxidant determination assays. This safety
based on cytotoxicity tests can be inferred by comparing the results
obtained in the study of Martínez et al. (1999), who tested the cytotoxic
potential of fruits and vegetables. The concentration of the plant ex-
tracts was 5000 µg/mL, resulting in approximately 80% cell death. This
concentration is considered high, and the cytotoxic potential of these
products is, thus, considered insignificant by the authors. EESR safety
should also be considered taking into account the use of coffee as a
beverage and in food and cosmetic products.

4. Conclusions

The antioxidant activities of green coffee seed residue extract and
green coffee seed extract are similar and significant in comparison to
other coffee by-products. According to the quantitative chemical ana-
lyses using UPLC-UV, we concluded that 5-CQA is the main compound
in EESR, suggesting that it makes a large contribution to the antioxidant
activity of its extract, as already established in the literature. The
contents of both 5-CQA and caffeine were similar in the EESe and EESR.
In the UPLC-ESI-QTOF-MSE analysis, five monoacyl and three diacyl
esters of trans-cinnamic acids and quinic acid were identified: 3-caf-
feoylquinic, 4-caffeoylquinic and 5-caffeoylquinic acids, 5-p-coumar-
oylquinic acid, 5-feruloylquinic acid, 3,4- dicaffeoylquinic acid, 3,5-
dicaffeoylquinic acid, and 4,5- dicaffeoylquinic acid. A comparison of
the chemical composition of EESR and EESe indicates that green coffee
seed residue is an interesting source of caffeine and esters of trans-
cinnamic acids and quinic acid as chlorogenic acids. In addition, EESR
may be considered safe at the concentrations employed according to the
cytotoxicity assay using the MTT method. Thus, C. arabica green seed
residue extract (EESR) presents great potential to be used as raw ma-
terial for dietary supplements, cosmetic and pharmaceutical products or
as a source of bioactive antioxidant compounds, and this by-product
utilization is consistent with green chemistry goals, having environ-
mental and economic benefits.
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