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ABSTRACT
The objectives of this study were to determine the physicochemical composition,
phenolic, tocopherol, flavonoid, flavanol, dietary fiber and β-carotene contents, as
well as the antioxidant activity of three olive-waste cakes from varieties Picual,
Frantoio and Arbequina. Frantoio presented the highest dietary fiber content
and Arbequina showed the highest β-carotene content. Results indicated that
total phenolic content followed the sequence (Frantoio > Picual > Arbequina).
Picual presented the highest free phenolic and flavonoid contents (3499.11 mg
gallic acid equivalent/100 g dry weight (DW) and 1331.45 mg CTE/100 g DW,
respectively) showing the highest antioxidant capacity. The identified free pheno-
lic compounds of the three varieties were gallic acid, 3-hydroxytyrosol, rutin
hydrate, tyrosol and p-coumaric acids. The α-tocopherol was the predominant for
the three varieties.

PRACTICAL APLICATIONS
Olive oil processing produces significant amount of waste that can be utilized for
the production of high value-added ingredients for various industrial applica-
tions. Therefore, the information here reported may stimulate engineers to
re-evaluate these wastes, with the possibility to recover significant amounts of
bioactive compounds with high antioxidant capacity and dietary fiber in order to
produce food additives in the scenario of functional foods.

INTRODUCTION

Along with mechanical olive oil extraction, the olive indus-
try has to face an important issue with accumulation of
solid residues. With increasing emphasis on cost reduction
of industrial processes and value addition to agro-industrial
residues, oil cakes are seen as an ideal source of nutrients
(Uribe et al. 2014). This concern is providing a renewed
incentive for generating value-added by-products. More-
over, there is a rising interest in antioxidative phyto-
chemicals for their potential roles in human disease preven-
tion and food quality improvement (Yu et al. 2002; Albishi

et al. 2013). Phenolic compounds are of considerable inter-
est because of their antioxidant properties (Duthie and
Crozier 2000; Balasundram et al. 2006). The antioxidant
compounds from waste products of food industry could be
used for protecting against the oxidative damage in living
systems by scavenging oxygen free radicals, and also for the
stability increase of foods by preventing lipid peroxidation
(Vulic et al. 2014).

Particularly, the olive-waste cake is an excellent natural
source of phenolic compounds and can add up to 30% of
olive oil manufacturing (Suarez et al. 2010; Lafka et al.
2011). The analysis of phenolic extracts from these
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by-products has demonstrated their high antioxidant activ-
ity and suggested their potential use as additives for the
food industry (Piperidou et al. 2000; Fiorentino et al. 2003;
Allouche et al. 2004; Obied et al. 2007; Uribe et al. 2014).

Moreover, dietary fiber and other bioactive compounds
such as flavonoids are widely used as functional food ingre-
dients in processed foods because of their potential health
benefits (Visioli et al. 2002; Rodriguez et al. 2006; Ajila and
Prasada Rao 2013). Olive-waste cake contains pectic materi-
als that could be transformed into a potential source of
gelling material (Cardoso et al. 2003).

In addition, Chile has increased the olive oil production
as well as enhanced olives varieties, time and system
of harvest because of appropriate cultivation techniques
and climatic conditions (ODEPA 2008). Among the variet-
ies, Picual, Frantoio and Arbequina represent the most
important ones. In particular, Picual represents 20% of the
world total olive plantation and 50% of the planting in the
Iberic peninsula. Frantoio produces oil with excellent
organoleptic characteristics, fruity, green color and very
stable because of its richness in polyphenols. Finally,
Arbequina is the main variety of olive trees that are
grown in Chile and represents 70% of the total national
production (www.chileoliva.cl). The cultivated areas have
increased from 16,000 ha in 2008 to 20,000 ha in 2009 rep-
resenting an increase of 25%. Thus, the amount of olive-
waste cake produced by the olive oil industry has highly
increased.

The aims of this study were to determine the physico-
chemical characteristics as well as phenolic, tocopherol, fla-
vonoids, flavanols, dietary fiber and β-carotene contents
and antioxidant capacity of three olive-waste cakes from
Picual, Frantoio and Arbequina olive varieties as potential
sources of bioactive compounds. Identification of the main
phenolic compounds in their free and bound forms was also
presented.

MATERIALS AND METHODS

Raw Material

The olive-waste cakes were supplied by an agro-food
company (Agronoble S.A) from Ovalle, Chile. The wastes
resulted from a continuous cold process of the olive oil by
means of the conventional three-phase extraction (Borja
et al. 2006). The olives varieties used in this investigation
were Picual, Frantoio and Arbequina, harvested at optimum
ripeness and pressed without delay. The classic production
of olive oil generates: olive oil (20%), solid waste (30%) and
aqueous liquor (50%). The solid waste (olive oil cake or
“orujo”) is a combination of olive pulp and stones
(Fernandez-Bolaños et al. 2006). The samples used for
analysis were packed in polyethylene bags and kept in a

freezer at −20C. The olive cake samples were freeze-dried
(Virtis Advantage Plus, Gardiner, NY) until processing.

Physicochemical Analysis

The crude protein content was determined by using the
Kjeldahl method with a conversion factor of 6.25. The lipid
content was obtained gravimetrically following Soxhlet
extraction, using petroleum ether (Merck, p.a., Darmstadt,
Germany) as a solvent according to the method described in
AOAC method no. 920.39 (AOAC 1990). The crude fiber
content was estimated by the Weende’s method through an
acid/alkaline hydrolysis of insoluble residues as described in
AOAC method no. 962.09 (AOAC 1990). The crude ash
content was estimated by incineration in a muffle furnace
(Felisa, FE-341, Jalisco, Mexico) at 550C. All methodologies
followed the recommendations from the Official Methods
of Analysis (AOAC 1990). The available carbohydrate was
estimated by difference. The moisture level was determined
by means of AOAC method no. 934.06 (AOAC 1990). The
pH value was measured directly on moist sample as
described in AOAC method no. 945.10 (AOAC 1990) using
a pH meter (Orion,Thermo Scientific, MA) and the level of
titrimetric acidity at a final pH 8.2 was expressed as an oleic
acid according to AOAC method no. 939.05 (AOAC 2000).
All measurements were done in triplicate. The chemical
compounds were expressed as g/100 g DW.

Determination of Dietary Fiber

Samples of waste olive cakes were analyzed for soluble and
insoluble dietary fiber fractions according to a gravimetric-
enzymatic method (AOAC n° 991.43) by using a Total
Dietary Fiber Assay Kit (TDF100A; Sigma-Aldrich, St.
Louis, MO) by an Enzymatic Digestion Unit and a Filtra-
tion System (VELP Scientifica, Usmate, Italy). Briefly, the
samples were suspended in MES-TRIS buffer pH 8.2 and
digested sequentially with heat stable α-amylase at
95–100C, protease at 60C, and amyloglucosidase at 60C.
Enzyme digestates were filtered through tared fritted glass
crucibles and collected in an Erlenmeyer flask. Crucibles
containing insoluble dietary fiber were rinsed with an
ethanol 95% solution followed by acetone, and dried over-
night in a 105C oven. Each collected filtrate was mixed with
four volume of 95% ethanol to precipitate materials that
were soluble in the digestates. After allowing standing over-
night, precipitates were filtered through tared fritted glass
crucibles and washed. One of each set of duplicate insoluble
fiber residues and soluble fiber residues was ashed in a
muffle furnace at 525C for 5 h and another set of residues
was used to determine protein as Kjeldahl nitrogen 6.25.
Total dietary fiber was calculated as the sum of soluble and
insoluble dietary fiber, and expressed as g/100 g DW.
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β-Carotene Determination

The β-carotene extraction method was performed accord-
ing to the method by Barba et al., 2006, using a solvent
mixture of hexane/acetone/ethanol (50/25/25 v/v/v).

Three grams of dehydrated sample was extracted with
25 mL of the solvent mixture using a orbital shaker (OS-20,
Boeco, Hamburg, Germany) at 200 rpm for 30 min. The
extracts were centrifuged to separate the supernatant, and
these operations were repeated twice. Then, the filtrates
were combined and placed in a round-bottomed flask and
the extracts were evaporated to dryness. The dried extract
was dissolved to a final volume of 10 mL with ethyl acetate
and filtrated through 0.45 μm membrane filters and 10 μL
were injected for high-performance liquid chromatography
(HPLC) analysis.

The chromatographic conditions being used followed the
methodology of Laur and Tian (2011). Analyses of carot-
enoid content were performed using an Agilent 1200 series
HPLC system (Santa Clara, CA), including a quaternary
pump (model G1311A), a autosampler (model G1329B), a
column oven (model G1316A) and a diode array detector
(DAD, model G1315D). The column used was a Kromasil
100-5C18, 250 × 4.6 mm, connected with a Kromasil guard
column. The column temperature was controlled at 30C
during the HPLC runs. Data were processed using the
Agilent ChemStation software.

The flow rate was at 1 mL/min. The mobile phases were
(1) acetonitrile : H2O : triethylamine (900:99:1, v/v/v)
adjusted to pH 8.5 with a solution of 1 M phosphoric acid,
and ethyl acetate (2). The gradient elution program was
0–5 min, 100–75% A; 5–10 min, 75–30% A; 10–14 min,
30–0% A; 14–15 min, 0–100% A; 15–20 min, 100% A. The
absorbance was read at 450 nm, β-carotene was identified
based on the retention time and peak areas compared
against authentic standards. The calibration curves were
prepared between 20 and 80 μg of β-carotene/mL. Results
were expressed as β-carotene/100 g DW.

Extraction of Free Phenolic Compounds

The olive-waste cake (2.5 g) was extracted using 250 mL
n-hexane for 60 min in continuous extraction by means of a
Soxhlet apparatus, for fat removal. The defatted extract was
weighed and brought into phenolic compound extraction
conditions.

Extraction was performed by adding of 20 mL of metha-
nol to the deffated sample and agitated on an orbital shaker
(OS-20, Boeco) at 250 rpm for 60 min, according to the
methods by Lopez-Martinez et al. (2009) and Alu’datt et al.
(2010) with some modifications. Afterwards, centrifug-
ation at 5,000 rpm for 3 min was done, and then the super-
natant was removed and extraction was repeated once

more in a similar way. The combined extracts were
evaporated to 37C and redissolved in 10 mL methanol-
formic acid (99:1). Aliquots of 10 μL were injected into
the HPLC column. The phenolic compounds obtained
from this technique were designated as FPC.The residue was
kept for further extraction (for 24 h as maximum storage
time).

Extraction of Bound Phenolic Compounds

Extraction procedures of bound phenolic compounds
(BPC) followed the method described by Lopez-Martinez
et al. (2009) with some modifications. The residue was
hydrolyzed with 20 mL of 3 N NaOH and was agitated
in a orbital shaker at 250 rpm for 88 min. The hydrolizate
was acidified to pH 3 with concentrated HCl. The liberated
BPC in the clear solution was extracted seven times
with 10 mL ethyl acetate. The pooled ethyl acetate extracts
were evaporated to dryness under vacuum in a rotary
evaporator (Büchi R-210, Flawil, Switzerland) at 37C. The
dried residue was dissolved in 10 mL methanol : formic acid
(99:1). Aliquots of 10 μL were injected into the HPLC
column.

HPLC Analysis

FPC and BPC analyses were performed by HPLC. A
reverse phase- HPLC system, Agilent 1200, equipped with a
high pressure pump; automatic inyector; a UV-Visible
Diode Array Detector (UV-Visible-DAD); controlled by
ChemStation software, was used. The analytical column was
a Kromasil 100-5C18 (250 × 4.6 mm; Eka Chemicals, Alby,
Sweden). The flow rate was 0.7 mL/min and the eluates
were monitored at 280 and 310 nm at 25C. The mobile
phase was composed of solvent A (0.1% formic acid pH 3)
and B (100% acetonitrile). The elution gradient started
with 87% A and 13% B; the solvent B to reach 55% at
18 min, 60% at 23 min, 13% at 25 min and then return to
initial conditions for 2 min. The phenolic extracts and stan-
dard compounds were analyzed under the same analysis
conditions.

Identification of some of the main phenolic compounds
(gallic acid, 3-hydroxytyrosol, protocatechuic acid, caffeic
acid, rutin hydrate and p-coumaric acid) in methanol/
formic acid (99:1) was performed by comparison of reten-
tion times, spectra and peak areas at maximum absorption
wavelength. The results of the main phenolic compounds
were expressed as mg/100 g DW.

Determination of Total Phenolic Content

Total phenolic content (TPC) was determined colorimetri-
cally by using a Folin–Ciocalteu (FC) reagent according to
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Chuah et al. (2008) with some modifications. In brief, BPC
and FPC extracts were diluted in methanol, and an aliquot
of 0.5 mL of these diluted extracts was transferred to a
15 mL falcone tube. Then, 0.5 mL of FC reagent (Merck
KGaA, Damstadt, Germany) was added after 5 min
followed by a neutralization with 2 mL of Na2CO3 solution
(200 mg/mL). The sample was then mixed on a vortex
mixer (VELP SCIENTIFIC 2χ3, Milan, Italy) and allowed
to stand for 15 min at room temperature. 10 mL of ultra-
pure water were then added and the precipitate being
formed was removed by centrifugation at 5,000 rpm for
5 min. Finally, absorbance was measured at 725 nm in a
spectrophotometer (Spectronic20, Genesys, Rochester, NY)
and compared with a gallic acid (UCB, Brussels, Belgium)
calibration curve (concentrations between 25 and 500 μg
gallic acid/mL). Results were expressed as mg gallic acid
equivalents (GAE)/100 g DW. All measurements were done
in triplicate.

Determination of Total Flavonoid and Total
Flavanol Contents

The total flavonoid content (TFC) from the olive-waste cake
extracts was performed by a previously described protocol
by Kim et al. 2003, slightly modified. BPC and FPC extracts
were diluted in methanol and a 0.5 mL aliquot of
methanolic extract was mixed with 2.0 mL deionized water
in a 5 mL microcentrifuge tube, added 0.15 mL NaNO2

(50 mg/mL) and allowed to react for 5 min. Following this,
0.15 mL AlCl3 (100 mg/mL) was added and the mixture
allowed standing for a further 6 min.

Finally, 1.0 mL 1 M NaOH and 1.2 mL desionized water
were added to the reaction mixture and the absorbance at
510 nm was obtained against a blank that had been pre-
pared in a similar manner, by replacing the extract with
deionized water. Total flavonoid content was calculated
from a calibration curve using catechin as a standard, and
expressed as mg catechin equivalents (CTE)/100 g DW. All
measurements were done in triplicate.

Total flavanol content (TF) was determined after
derivatization with p-Dimethylaminocinnamaldehyde
(p-DMACA), using an optimized methodology (Nigel and
Glories 1991). A 0.2 mL aliquot of BPC and FPC extracts,
respectively, was introduced into a 2 mL microcentrifuge
tube. Then, 0.5 mL of HCl (0.24 N in methanol) and 0.5 mL
p-DMACA solution (0.2% in methanol) were added. The
mixture was allowed to react for 5 min at room tempera-
ture, and the absorbance was read at 640 nm in a spectro-
photometer (Spectronic20 Genesys). A blank was pre-
pared by replacing sample with methanol. Total flavanols
were calculated from a calibration curve using catechin
as a standard, and expressed as mg CTE/100 g DW. All
measurements were done in triplicate.

In vitro Antioxidant Assays

Free Radical Scavenging Activity (DPPH). Different
dilutions of the methanolic extracts were prepared in
triplicate. Free radical scavenging activity of the samples
was determined using the 2,2,-diphenyl-2-picrylhydrazyl
(DPPH) method (Lafka et al. 2011) with some modifica-
tions. An aliquot of 3.9 mL of 0.51 mM DPPH
(Calbiochem, Darmstadt, Germany) radical in methanol
was added to a test tube with 100 μL of the sample extract
(BPC and FPC, respectively) diluted in methanol. The
reaction mixture was vortex-mixed for 30 s and left to
stand at room temperature in the dark for 30 min. The
absorbance was measured at 517 nm, by using a spectro-
photometer (Spectronic20, Genesys). 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox) was used as
the standard for the calibration curve using concentration
between 0.1∼1.0 mM Trolox and the DPPH radical scaveng-
ing activities were expressed as mmol Trolox equivalents
(TE)/g DW. Methanol was used as blank.

Ferric-Reducing Antioxidant Power Assay

The ferric-reducing antioxidant power (FRAP) assay was
carried out according to Stratil et al. (2006) with slight
modifications. The FRAP solution was freshly prepared on
the day of use, by mixing acetate buffer (pH 3.6), ferric
chloride solution (20 mM) and a 2,4,6-Tris(2-pyridyl)-s-
triazine (TPTZ) solution (10 mM TPTZ in mM HCl) in a
proportion of 10:1:1, respectively. Following this, the FRAP
solution was heated and protected from light, until it had
reached a temperature of 37C. Extracts were prepared from
appropriate dilutions in methanol BPC and FPC, respec-
tively. 60 μL of the diluted sample extract (or for blank
60 μL methanol) and 180 μL of distilled water in glass tube
until it reached a temperature of 37C and 1.8 mL FRAP
solution were added into glass tubes. The tubes were
vortexed and left at 37C for exactly 120 min, and the absor-
bance was measured at 593 nm. A Trolox standard curve
was used (50–1,000 μM) to calculate the antioxidant activ-
ity of the samples in relation to Trolox and were expressed
as mmol TE/100 g DW.

Tocopherol Content

Tocopherols were determined from the lipid extracts of the
olive-waste cake by an HPLC analysis with fluorescence
detection, following the standard method Ce 8–89 (AOCS
1993). Tocopherols were identified and quantified by using
the external standards of the different molecules tested (α-,
β- and γ-tocopherol; Merck). Results were calculated as
mg/100 g of DW.
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Statistical Analysis

The effect of air-drying temperature on parameters was
estimated using Statgraphics Plus 5.0 (Statistical Graphics
Corp., Herndon, VA). One-way analysis of variance and
three replicates for each olive cake were performed. Differ-
ences among the media were analyzed using the least sig-
nificant difference test with a significance level of α = 0.05
and a confidence interval of 95%. In addition, the multiple
range test included in the statistical program was used to
demonstrate the existence of homogeneous groups within
each of the parameters.

RESULTS AND DISCUSSION

Physicochemical Composition, Dietary Fiber
and β-Carotene Contents

Table 1 shows the physicochemical composition analysis of
the lyophilized olive-waste cakes from the varieties called
Picual, Frantoio and Arbequina, respectively. The physico-
chemical composition of olive-waste cakes showed signifi-
cant differences (P < 0.05) in each of their parameters
except for ashes. These differences are related to genotypes,
culture conditions, origin of the olives and extraction
process. The major constituent of three olive cakes was the
carbohydrates followed by the crude fiber. The high per-
centage of crude fiber is typical to olive cake, which is com-
parable with the results presented by Alhamad et al. (2012).
In particular, Frantoio showed the highest content of carbo-
hydrates (78.19 g/100 g DW; P < 0.05). These values are
higher compared with another by-product of the olive oil
industry (olive mill wastewater) and numerous other agri-
cultural and fruit by-products, like cider waste and cucum-

ber pulp (Grigelmo-Miguel and Martín-Belloso 1998;
Galanakis 2013).

Lyophilized samples presented an average water activity
of 0.13. Regarding the dietary fiber, the total dietary fiber
content in the olive-waste cakes being studied was found to
be in the range of 52.12–71.38%. In particular, Frantoio
showed the highest dietary fiber content (71.38 g/100 g
DW), which was comparable with the reports by Llobera
et al. (2007). The high content of dietary fiber was owing to
the fact that olive cake is composed of skin, flesh and bone
and lesser amounts of olive leaves. Regarding this aspect,
this by-product is a good source for animal feeding
(Chiofalo et al. 2004). The insoluble dietary fiber to soluble
dietary fiber ratios were in the range of 15–46.

On the other hand, the β-carotene content of the studied
varieties was also presented in Table 1. Arbequina variety
presented the highest content of this chemical compound
(21.47 mg/100 g DW), showing significant differences
(P < 0.05) with the other two olive cake varieties. These
results are in agreement with the reports of Azaizeh et al.
(2012).

Total Phenolic Compounds: Free and Bound

Figure 1 shows the total phenolic content of the three vari-
eties in the free and bound form. Results indicated that total
amount of phenolics in olive-waste cake varies significantly
among different varieties (Frantoio [5305.19 mg GAE/100 g
DW] > Picual [4980.49 mg GAE/100 g DW] > Arbequina
[3110.50 mg GAE/100 g DW]). These values are comparable
with those corresponding to different fruit by-products of
tropical fruits (Ribeiro da Silva et al. 2014) and higher than
those reported by Terpinc et al. (2012) for oil cakes extracts
from camelina, linseed, rapeseed and white mustard.

TABLE 1. PROXIMATE ANALYSIS OF THE
THREE OLIVE-WASTE CAKES VARIETIES

Component/variety Picual Frantoio Arbequina

Proximal analysis, g/100 g DM
Moisture 4.65 ± 0.02a 4.44 ± 0.06b 3.86 ± 0.09c

Ash 6.51 ± 0.34a 6.73 ± 0.83a 5.92 ± 0.45a

Protein (N × 6.25) 8.44 ± 0.20a 6.24 ± 0.56b 8.62 ± 0.33a

Fat 9.11 ± 0.34a 4.59 ± 0.12b 8.18 ± 0.32c

Crude fiber 29.11 ± 2.64a 37.27 ± 0.86b 36.37 ± 0.59b

Total carbohydrates 71.50 ± 0.26a 78.19 ± 1.20b 73.57 ± 0.34c

aw 0.137 ± 0.001a 0.131 ± 0.004b 0.116 ± 0.002c

Dietary fiber, g/100 g DM
TDF 52.12 ± 0.25a 71.38 ± 0.32b 63.64 ± 0.28c

IDF 48.85 ± 0.50a 69.35 ± 0.35b 62.28 ± 0.64c

SDF 3.27 ± 0.25a 2.03 ± 0.04b 1.36 ± 0.36b

β-Carotene, mg 100 g/DM 18.84 ± 0.57a 14.94 ± 0.98b 21.47 ± 0.26c

Data are expressed as the mean ± standard deviation of three replicates.
a–c Means in the same column followed by same letter type are not significantly different
(P < 0.05).
aw, water activity; IDF, insoluble dietary fiber; SDF, soluble dietary fiber; TDF, total dietary fiber.
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The free-form percentage of total phenolic compound
was 70% for Picual and 63% for Frantoio and Arbequina
varieties. Particularly, Picual presented the highest free
content (3499.11 mg GAE/100 g DW) and regarding the
bound phenolic compounds, results indicated that Picual
and Frantoio showed the highest content (1957.43 mg GAE/

100 g DW; P < 0.05). Comparable results were reported by
previous investigations (Lesage-Meessen et al. 2001;
Alu’datt et al. 2010). Significant differences among varieties
might be attributed to genotypes, which influence the
accumulation of phenolic compounds by synthesizing dif-
ferent quantities and/or types of phenolics (Albishi et al.
2013).

Table 2 shows the identified FPC of the three varieties of
olive-waste cake. The detected phenolic compounds were
gallic acid, 3-hydroxytyrosol, rutin hydrate and p-coumaric
acid. Gallic acid and 3-hydroxytyrosol were detected in the
three varieties (P < 0.05). The 3-hydroxytyrosol fraction in
Frantoio variety presented the highest contents (49.83 mg/
100 g DW). On the other hand, the highest gallic acid
content was observed in the Picual variety (10.40 mg/100 g
DW). Presence of gallic acid and 3-hydroxytyrosol has also
been reported previously (Alu’datt et al. 2010; Suarez et al.
2010; Aliakbarian et al. 2011).

Table 3 shows the identified bound phenolic compound
content of three varieties of olive-waste cake. The detected
bound phenolic compounds were 3-hydroxytyrosol,
protocatechuic, caffeic, tyrosol and p-coumaric acids.
3-hydroxytyrosol, caffeic and p-coumaric acids were
detected in the three varieties (P < 0.05). The highest frac-
tion was observed in 3-hydroxytyrosol (286.67 mg/100 g
DW) for the Picual variety followed by caffeic (72. 87 mg/
100 g DM) and tyrosol (63.76 mg/100 g DM) for Frantoio
and p-coumaric (20.29 mg/100 g DM) for Arbequina. Based
on results, 3-hydroxytyrosol (free and bound form) was the
main phenolic compound detected in the olive-waste
extracts. Hydroxytyrosol is one of major phenolic com-
pounds present in olive fruit and it has been revealed to be
the most interesting because of its remarkable pharmaco-
logical and antioxidant activity (Fernandez-Bolaños et al.
2006; Granados-Principal et al. 2010).

The presented results are in agreement with those
reported in previous works: caffeic acid (Lesage-Meessen
et al. 2001; Bianco et al. 2003); hydroxytyrosol (Fernandez-
Bolaños et al. 2002) and p-coumaric acid and rutin
(Romero et al. 2002).
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FIG. 1. FREE AND BOUND TOTAL PHENOLIC CONTENTS OF THREE
OLIVE-WASTE CAKE VARIETIES
*Values having the same letter for each parameter are not
significantly different at a confidence level of 95%.

TABLE 2. IDENTIFICATION OF FREE PHENOLIC COMPOUND OF THE
THREE VARIETIES OF OLIVE-WASTE CAKE (MG/100 G DW)

Compound/variety Picual Frantoio Arbequina

Gallic acid 10.40 ± 1.95a 4.36 ± 0.68b 7.47 ± 1.26c

3-Hydroxytyrosol 36.52 ± 4.02a 49.83 ± 5.02b 38.61 ± 3.89a

Protocatechuic acid ND ND ND
Caffeic acid ND ND NQ
Rutin hydrate 22.88 ± 1.39a NQ 19.35 ± 1.33b

Tyrosol ND ND ND
p- Coumaric acid NQ NQ 5.55 ± 0.32

Data are expressed as the mean ± standard deviation of three replicates.
a–c Means in the same column followed by same letter type are not sig-
nificantly different (P < 0.05).
ND, not detected; NQ, not quantifiable; its retention time matches only
(not its spectrum).

TABLE 3. BOUND PHENOLIC COMPOUND
CONTENTS OF THREE OLIVE-WASTE CAKE
VARIETIES (MG/100 G DW)

Compound/variety Picual Frantoio Arbequina

Gallic acid ND ND ND
3-Hydroxytyrosol* 286.67 ± 19.81a 132.14 ± 18.33b 104.08 ± 11.88b

Protocatechuic acid* NQ 6.46 ± 1.36 NQ
Caffeic acid* 15.27 ± 1.11a 72.87 ± 7.56b 32.38 ± 3.48c

Rutin hydrate ND ND ND
Tyrosol* 38.61 ± 2.20a 63.76 ± 1.51b 13.06 ± 0.09c

p- Coumaric acid* 14.79 ± 1.30a 16.23 ± 0.39a 20.29 ± 1.57b

* Data are expressed as the mean ± standard deviation of three replicates.
a–c Means in the same row followed by same letter are not significantly different (P < 0.05).
ND, not detected; NQ, not quantifiable; its retention time matches only (not its spectrum).

ANTIOXIDANT ACTIVITY OF THREE OLIVE-WASTE CAKES E. URIBE ET AL.

194 Journal of Food Biochemistry 39 (2015) 189–198 © 2015 Wiley Periodicals, Inc.



Total Flavonoid and Total Flavanol Contents

Figure 2 shows that the total flavonoid as well as total
flavanol contents of the olive cake extracts (free and bound)
for the three varieties (P < 0.05). Regarding the flavonoids,
Picual presented the highest free total flavonoid content
(1331.45 mg CTE/100 g DW). Flavonoids are one of the
major groups of phenolic compounds present in olive fruits
and in their by-products (Vlahov 1992). However, Frantoio
showed the highest bound flavonoid total content
(621.62 mg CTE/100 g DW). These results are comparable
with those reported in the investigation by Suarez et al.
2010. In addition, antioxidant capacity exerted by flavo-
noids was related to interaction of two flavonoids in terms
of synergistic and antagonistic effects (Hidalgo et al. 2010).

Flavanol content ranged from 4.6 mg CTE/100 g DW to
5.9 100 mg CTE/100 g DW (free extracts) and 1.3 mg CTE/
100 g DW to 2.1 mg CTE/100 g DW (bound extracts) for
the three olive cakes variety. These results were comparable
with those reported by several fruits by-products (Ribeiro
da Silva et al. 2014) and apple peel and olive leaf extracts
(Makris et al. 2007). Previous reports suggested that flavo-
noids and flavanols have a great potential and health ben-
efits because of their antioxidant activity (Hidalgo et al.
2010).

In vitro Antioxidant Activity of Free and
Bound Phenolic Extracts: DPPH and
FRAP Assays

Figure 3 shows the free and bound phenolic compound
antioxidant activities by means of DPPH and FRAP assays
of three olive-waste cake varieties. The FRAP assay measures

the total level of redox-active compounds in a solution
(Siriamornpun et al. 2012). DPPH radical scavenging activ-
ity is influenced by the polarity of the reaction medium,
chemical structure of the radical scavenger and the pH of
the reaction mixture (Sharma and Bhat 2009). Conse-
quently, comparison against different analytical methods to
determine total antioxidant capacity is a key factor to help
investigators choose a method and understand the result
obtained (Uribe et al. 2014).

The Picual variety showed the highest antioxidant capac-
ity related to the free form of the phenolic compounds as
compared with the other varieties in both DPPH
(6.72 mmol TE/100 g DW) and FRAP (17.67 mmol
TE/100 g DW) assays (P < 0.05). Bound phenolic com-
pounds showed a lower antioxidant capacity compared with
the free forms in both DPPH and FRAP assay. In particular,
Picual and Frantoio presented the highest values for FRAP
assay (7.52. mmol TE/100 g DW) showing no significant
differences (P < 0.05). Similar results have been reported in
previous investigations with different by-products (Albishi
et al. 2013; Ajila et al. 2013). Based on results, Picual and
Frantoio resulted in the varieties that showed high antioxi-
dant capacity compared with Arbequina.

To explore the influence of phenolic compounds on the
antioxidant capacity in olive-waste cake extracts, correla-
tions between the antioxidant capacity and FPCs were
determined. Results of the FRAP and DPPH assays were
positive to FPCs (r = 0.888 and r = 0.929), respectively.
These results indicated that the measured antiradical activ-
ity could be attributable to the phenolic compounds present
in the wastes. In addition, a good correlation was found
between the FRAP and DPPH (r = 0.994). This correlation
suggested that the relatively simple antiradical activity

0.0

200.0

400.0

600.0

800.0

1000.0

1200.0

1400.0

1600.0

Picual Frantoio Arbequina

Variety olive waste cake

T
F

C
 (

m
g

 C
T

E
/1

0
0

 g
 D

W
)

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

T
F

 (
m

g
 C

T
E

/1
0

0
 g

 D
W

)

Free TFC Bound TFC
Free TF Bound TF

Z

B

z

c

Y

B

y

b

X

A

x

a

FIG. 2. FREE AND BOUND TOTAL FLAVONOID (TFC) AND FLAVANOL
(TF) CONTENTS OF THREE OLIVE-WASTE CAKE VARIETIES
*Values having the same letter for each parameter are not
significantly different at a confidence level of 95%.

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

Picual Frantoio Arbequina

Variety olive waste cake

A
n

ti
o

x
id

a
n

t 
c

a
p

a
c

it
y

 (
m

m
o

l 
T

E
/1

0
0

 g
 

D
W

)

Free FRAP assay

Bound FRAP assay

Free DPPH assay

Bound DPPH assay

ZC

y

c

YB

x

b

X

A
x

a

FIG. 3. ANTIOXIDANT CAPACITY OF FREE AND BOUND EXTRACTED
OF THREE OLIVE-WASTE CAKE VARIETIES
*Values having the same letter for each parameter are not
significantly different at a confidence level of 95%.

E. URIBE ET AL. ANTIOXIDANT ACTIVITY OF THREE OLIVE-WASTE CAKES

195Journal of Food Biochemistry 39 (2015) 189–198 © 2015 Wiley Periodicals, Inc.



DPPH test under the adopted experimental conditions may
be a good predictor of antioxidant activity in these wastes as
measured by the FRAP assay.

Tocopherol Content

Vitamin E is a general term employed for the designation of
tocopherols and tocotrienols, including α, β, γ and δ
species. Primary antioxidants include phenolic compounds
of the lipophilic group such as α-tocopherol. The impor-
tance of these compounds is supported by verifiable evi-
dence as antioxidants at the cell membrane level, protecting
the fatty acids of the membranes against damage caused by
free radicals (Uribe et al. 2012).

Table 4 shows the α-tocopherol as the predominant
tocopherol for the olive cake samples of the three varieties.
The vitamin E contents (presented as α-tocopherol) were
31.148, 21.648, 22.561 mg/100 g DW for Picual, Frantoio
and Arbequina, respectively (P < 0.05). These results are
comparable with those reported by Escuderos et al. (2009)
in virgin olive oils and but higher respect to those reported
for other waste products (Kalogeropoulos et al. 2012).

α-Tocotrienol contents were in the range of 2.17–
2.34 mg/100 g DW (P < 0.05). Besides the above mentioned
health-promoting properties, several lines of evidence
support the beneficial effect of tocotrienols on inhibition of
tumor development (Miyazawa et al. 2009).

CONCLUSION

The results obtained in the present study have demon-
strated that the three olive-waste cakes are excellent sources
of bioactive compounds. Arbequina variety presented the
highest β-carotene content (21.47 mg/100 g DW). Picual
presented the highest free phenolic content (3499.11 mg
GAE/100 g DW). Gallic acid, tyrosol and 3-hydroxytyrosol
were detected in the free extracts of the three varieties.
Regarding the flavonoids, Picual presented the highest free
total flavonoid content (1331.45 mg CTE/100 g DW). Picual
and Frantoio resulted in the varieties that showed high anti-
oxidant capacity compared with Arbequina. In particular,
Picual showed the highest antioxidant capacity related to
the free form of the phenolic compounds as compared with

the other varieties in both DPPH (6.72 mmol TE/100 g
DW) and FRAP (17.67 mmol TE/100 g DW) assays. The
compound α-tocopherol was the predominant tocopherol
for the three olive cake varieties (31.148 mg/100 g DW,
Picual). Based on these results, future investigations are
required to optimize the bioactive compounds extraction
methods on industrial scale as well as to study the incorpo-
ration of these compounds extracts in real food matrices for
innovative new functional foods.
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