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Olive leaves and their extracts are associated with food preservation and health, and are used in folk
medicine to treat several diseases, mainly because of their polyphenols. In this investigation polyphenols
were extracted from olive leaves using green solvents and evaluated the antioxidant activity of the
extracts. Polyphenols were extracted from fresh, freeze-dried, and hot air-dried leaves using either
ethanol/water mixtures (70:30, 30:70, v/v) or water alone. Antioxidant activity was assessed in bronchial
epithelial NCI-H292 cells by measuring reactive oxygen species (ROS) and in vegetable oil by measuring
oxygen consumption. Results showed that extracts with a good antioxidant activity could be obtained
when leaves were pre-treated by hot air-drying. The use of water alone as the extraction solvent gave
results comparable to those obtained with ethanol/water (30:70, v/v). These extracts were
particularly rich in oleuropein, and had anti-ROS effects in NCI-H292 cells and antioxidant activity in veg-
etable oil.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Olive leaves and their extracts, have been associated with
health for many centuries and are used in folk medicine to treat
several pathologic conditions (de Bock et al., 2013; Sato et al.,
2007). More recently, their use has been proposed for food
preservation (Hayes, Stepanyan, Allen, O’Grady, & Kerry, 2010).
Harvested olives are accompanied by approximately 6% of leaves,
and annual world olive production exceeds 18 million tons
(average 2006–2013) (United Nations Food and Agriculture
Organization – Statistics Division, 2016). Olive trees are predomi-
nantly grown in the Mediterranean region, characterized by
extended periods of sunlight and high rates of pathogen and
insect attack. To combat these stressors, olive trees synthesize
large volumes of polyphenols, which are largely stored in
their thick leaves (Boss, Bishop, Marlow, Barnett, & Ferguson,
2016).

Several studies have involved extraction methods of bioactive
compounds from fresh or dehydrated olive leaves: (i) conventional
extraction by maceration (Rahmanian, Jafari, & Wani, 2015), (ii)
ultrasound-assisted extraction (Ahmad-Qasem et al., 2013;
Japón-Luján, Luque-Rodríguez, & Luque de Castro, 2006;
Rahmanian et al., 2015) and microwave-assisted extraction
(Rahmanian et al., 2015; Sánchez-Ávila, Priego-Capote, Ruiz-
Jiménez, & de Castro, 2009; Taamalli et al., 2012), and (iii) super-
critical fluid extraction (Le Floch, Tena, Rı́os, & Valcárcel, 1998).
Conventional extraction has some major drawbacks, such as insuf-
ficient recovery of extracts and long extraction times, and intensive
heating and/or mixing result in high levels of energy consumption
(Rombaut, Tixier, Bily, & Chemat, 2014). Of the different non-
conventional techniques, ultrasound-assisted extraction is consid-
ered one of the most interesting methods to increase the amount of
compounds extracted from vegetal materials (Rombaut et al.,
2014; Vilkhu, Mawson, Simons, & Bates, 2008). Ultrasound-
assisted extraction uses cheaper equipment than other extraction
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techniques, such as microwave-assisted extraction, and is much
easier (Wang & Weller, 2006; Zhang, Yang, & Wang, 2011). It is a
simple, efficient and inexpensive procedure with the potential for
use on an industrial scale (Ahmad-Qasem et al., 2013; Huang,
Xue, Niu, Jia, & Wang, 2009).

Ultrasound-assisted extraction of bioactive compounds from
olive leaves requires a suitable solvent, such as methanol, acetone,
ethyl acetate, and ethanol, generally used in water mixtures
(Ahmad-Qasem et al., 2013; Lee et al., 2009; Rahmanian et al.,
2015; Zhang, Yang, Zhao, & Wang, 2009). Solvents used in the
chemical industry have a negative impact on the environment
and also on costs, safety and health (Capello, Fischer, &
Hungerbühler, 2007). Methanol, acetone, and ethyl acetate have
a negative impact on health and the environment, therefore, when
the extracts are used in food and pharmaceutical applications,
water has been recommended as an extraction solvent (Ghoreishi
& Shahrestani, 2009), because it is cheap and environmentally
friendly (Shalmashi, Abedi, Golmohammad, & Eikani, 2010),
although its use is limited due to poor extraction efficiency at
low temperatures (Ju & Howard, 2005; Rahmanian et al.,
2015).

Polyphenols are the most abundant molecules in the bioactive
profile of olive leaves. Specifically, the secoiridoid oleuropein is
the main compound together with other secoiridoids derived from
tyrosol structure and flavonoids (Benavente-García, Castillo,
Lorente, Ortuño, & Del Rio, 2000). These compounds account for
the antioxidant and antimicrobial activities of olive leaf extracts,
and could make olive leaf extracts suitable for use in the food
industry as natural preservatives (Rahmanian et al., 2015).
Epidemiological studies have shown the significant influence of
environmental factors, lifestyle and diet on both the insurgence
and prevention of pathologies associated with oxidative damage,
such as cardiovascular diseases, diabetes, neurodegenerative con-
ditions and cancers (Bassani et al., 2016). The use of BHT (butylated
hydroxytoluene) or BHA (butylated hydroxyanisole) in food has
been reduced due to their suspected carcinogenic role and to gen-
eral consumer rejection of synthetic food additives. This means
that there is great interest in substituting these synthetic com-
pounds with natural antioxidants, and olive leaves have potential
for this use, since they contain high levels of antioxidant com-
pounds (Erbay & Icier, 2010).

Interestingly, it has been reported that the properties of olive
leaf extracts include radio-protective (Castillo, Alcaraz, &
Benavente-García, 2010) and anti-proliferative effects on leukae-
mia cells by inducing apoptosis (Abaza et al., 2007; Samet, Han,
Jlaiel, Sayadi, & Isoda, 2014), in addition to cytotoxic activity on
human breast cancer cells (Fu et al., 2010; Taamalli et al., 2012),
and improvement of gentamicin nephrotoxicity (Tavafi,
Ahmadvand, & Toolabi, 2012), although the molecular mechanisms
of action and health potential of these bioactive compounds
require further investigation. In particular, oleuropein can be con-
sidered a functional food ingredient, and several health-promoting
effects of oleuropein were recently reported in both in vitro and
in vivo studies (van der Stelt et al., 2015). Many studies indicate
the key role of reactive oxygen species (ROS) in cellular physiology,
and how these can react with DNA, proteins or lipids to alter their
normal functions (Tamma & Valenti, 2016). The modification
induced in redox homeostasis and the production of free radicals
contributes to the pathogenesis of several diseases, such as asthma
and chronic obstructive pulmonary diseases (COPD) (Lee & Yang,
2012).

The goals of this study were as follows: (i) to develop a green
extraction method by finding the optimal combination between
drying and solvent use to obtain phenolic extracts; (ii) to evaluate
the antioxidant activity of olive leaf extracts using a multidisci-
plinary approach.
2. Materials and methods

2.1. Materials and reagents

Olive leaves (Olea europaea L., cultivar Coratina) were collected
on an olive grove in Acquaviva delle Fonti (Bari, Italy) in February
and March 2016, stored at 4 �C and processed in less than 24 h.
Green olive fruits (Olea europaea L., cultivar Coratina) were col-
lected in the grove aforementioned in November 2016. Olive oil
was purchased from local retailers settled in Bari (Italy). The corre-
sponding purified olive oil was obtained according to the method
described in Paradiso, Gomes, Nasti, Caponio, and Summo (2010).

The reagents used were Folin-Ciocalteu reagent; ABTS (2,20-azi
no-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium
salt); DPPH (2,2-diphenyl-1-picrylhydrazyl); dihydrorhodamine-
123; Trolox ((±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-car
boxylic acid); TBHP (tert-butylhydroperoxide) were purchased
from Sigma-Aldrich (Milan, Italy), Milli-Q� water (Merck,
Darmastdt, Germany); RPMI 1640 and phosphate-buffered saline
(PBS) were purchased from Euroclone (Pero, Italy).
2.2. Bioactive compounds extraction

Three different lots of olive leaves were considered. For each lot,
three different leaves samples were considered: (i) fresh leaves (F)
having a mean moisture content, determined with thermobalance
(Radwag, Radom, Poland), equal to 45.66%; (ii) freeze-dried leaves
(FD) at -50 �C and a pressure of 0.08 mbar (A. De Mori, Milan, Italy)
for 36 h to obtain a moisture content <1%; (iii) hot air-dried leaves
(HD) at 120 �C for 8 min in a ventilated oven (Argolab, Carpi, Italy)
to obtain a moisture content <1%.

Polyphenol extraction from the leaves (F, FD, and HD) was car-
ried out according to Ahmad-Qasem, Barrajón-Catalán, Micol,
Mulet, and García-Pérez (2013) with some modifications. In partic-
ular, after milling with a blender (Waring-Commercial, Torrington,
CT, USA), solvent was added (ratio 1/20, w/v) and then subjected to
ultrasound (CEIA, Viciomaggio, Italy) three times, for 30 min at
35 ± 5 �C each time. Finally, the extracts were filtered through
Whatman (GE Healthcare, Milan, Italy) filter paper (67 g m�2), lyo-
philized and stored at �20 �C. For each leaf typology three different
extraction solvent were used: (i) ethanol/water 70:30 (Eth-70,
v/v); (ii) ethanol/water 30:70 (Eth-30, v/v); (iii) only water
(Eth-0). The obtained extracts, dissolved in acetonitrile/water solu-
tion (70:30, v/v) at concentration of 10 mg mL�1, were filtered with
nylon filters of 0.45 lm (Sigma Aldrich) and used for antioxidant
activity evaluation tests and chemical characterization.

Polyphenol extraction from the fresh olive fruits was performed
as reported by Xie, Huang, Zhang, and Zhang (2015) with some
modifications. Approximately 1 g of homogenized sample was
added to 10 mL of ethanol/water (70:30, v/v) for 10 min subjected
to ultrasound treatment. The hydroalcoholic phases were collected
and subjected to centrifugation (Thermo Fisher Scientific, Osterode
am Harz, Germany) at room temperature at 3950g min�1 and suc-
cessively 8900g min�1 each for 4 min; the extracts were then fil-
tered through nylon filters (pore size 0.45 lm), lyophilized and
stored at �20 �C.
2.3. Extracts characterization

The total phenols content was determined according to the
Folin-Ciocalteu method. To 100 lL of appropriately diluted extract,
was added 100 lL of Folin-Ciocalteu reagent. After 4 min, 800 lL of
5% Na2CO3 were added and then incubated at 40 �C for 20 min. The
absorbance was read at 750 nm (Paradiso, Clemente, Summo,
Pasqualone, & Caponio, 2016). The results were expressed as mg
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of gallic acid equivalents g�1 of dry weight sample. Each sample
was analyzed in triplicate.

The ultra-high performance liquid chromatography electro-
spray ionization tandem mass spectrometry (UHPLC-ESI-MS/MS,
Thermo Fischer Scientific, Waltham, MA, USA) analysis was
performed by using the UHPLC Dionex Ultimate 3000 system
(LPG-3400 RS quaternary pump, WPS-3000 TRS autosampler,
TCC-3000 RS column oven and PDA), coupled with the HESI-II
probe and the LTQ Velos Pro ion trap mass spectrometer (Thermo
Fischer Scientific). The separation of phenolic compounds was
performed on Hipersyl Gold aQ C18, 1.9 lm particle size, i.d.
2.1 mm � 100 mm length (Waters, Milford, MA, USA) maintained
at 30 �C using a mobile phase consisting of (A) water/formic acid
(99.9:0.1, v/v) and (B) methanol/acetonitrile/formic acid
(94.9:5:0.1, v/v/v), at the constant flow rate of 0.3 mL min�1. The
gradient program of solvent A was as follows: 0–1 min isocratic
95%; 1–18 min increases to 55%; 18–20 min decreases to 65. The
UV absorbance was acquired at 280 nm. The MS conditions were:
capillary temperature 320 �C; source heater temperature 280 �C;
nebulizer gas N2; sheath gas flow 30 psi; auxiliary gas flow 7 arbi-
trary units; capillary voltage �2800 V, S-Lens RF Level 60%. Data
were acquired in negative ionization mode. Samples were analyzed
with two methods. A full scan method from 100 to 900 m/z was
used to quantify the phenolic compounds by the extraction of
molecular ion signals in post-acquisition. A data-dependent exper-
iment was used to collect MS2 data in order to identify the eluted
compounds. The data-dependent settings were: full scan from 250
to 1200 m/z, activation level 65,000 counts, isolation width 2 Da,
default charge state 2, CID energy 35. All data were acquired and
processed using Xcalibur v.2 (Thermo Fischer Scientific). The tenta-
tive identification of phenolic compounds was achieved by com-
bining elution times, molecular ions, MS/MS fragmentation
patterns and literature data (Herrero et al., 2011; Kontogianni
et al., 2013). A calibration curve was set up by using luteolin-
7-glucoside as external standard in the calibration range 0.1–
5 lg mL�1, obtaining a R2 of 0.995. The regression equation was:

½lg �mL�1� ¼ 2:5 � 10�7 � Areai

The results are expressed as mg g�1 extract of luteolin-7-
glucoside equivalents. Each sample was analyzed in triplicate.
2.4. Antioxidant activity evaluation

Extracts were analyzed for their capacity to scavenge the stable
DPPH radical. The assay was performed according to Brand-
Williams, Cuvelier, and Berset (1995) with modifications, by
preparing a solution of DPPH 0.08 mM in ethanol. In cuvettes for
spectrophotometry, 50 lL of each sample were added to 950 lL
of DPPH solution. After 30 min in the dark, the decrease of absor-
bance was read at 517 nm using a Cary 60 Agilent spectropho-
tometer (Cernusco, Milan, Italy). The results were expressed in
lmol Trolox equivalents (TE) g�1 dry weight. Each sample was
analyzed in triplicate.

The ABTS-TEAC assay was carried out as described by Re et al.
(1999), based on the capacity of a sample to inhibit the ABTS
radical (ABTS�+) compared with a reference antioxidant standard
(Trolox). The ABTS�+ radical was generated by chemical reaction
with potassium persulfate (K2S2O8). For this purpose, 25 mL of
ABTS (7 mM in H2O) was spiked with 440 lL of K2S2O8 (140 mM)
and allowed to stand in darkness at room temperature for
12–16 h (the time required for formation of the radical). The work-
ing solution was prepared by taking a volume of the previous solu-
tion and diluting it in ethanol until its absorbance at k = 734 nm
was 0.70 ± 0.02 (Zulueta, Esteve, & Frígola, 2009). A Cary 60 Agilent
spectrophotometer was used. The reaction took place directly in
the measuring cuvette: 50 lL of each sample were added to
950 lL of final ABTS�+ solution. After 8 min the decrease of absor-
bance was measured at 734 nm. The results are expressed in lmol
TE g�1 dry weight. Each sample was analyzed in triplicate.

RapidOxy (Anton Paar, Blankenfelde-Mahlow, Germany) is a
microprocessor-controlled automatic testing device for quick mea-
sures of the oxidative stability of lipid matrices, in response to
forced oxidation with increase of temperature and O2 pressure.
The induction time of the sample is measured as the time needed
for a 10% drop of the oxygen pressure. The set parameters were the
following: T = 140 �C, P = 700 kPa. The obtained extracts were
added at two different concentrations (500 mg kg�1 and
1000 mg kg�1) both to commercial olive oil and the corresponding
purified olive oil. Each sample was analyzed in duplicate.

2.5. ROS measurement

The bronchiolar epithelial cells, NCI-H292, were used as exper-
imental model to detect changes in intracellular ROS content. NCI-
H292 cells (from ATCC) were grown in Advanced RPMI 1640 Media
supplemented with 10% (v/v) fetal bovine serum and 100 i.u. mL�1

penicillin, 100 lg mL�1 streptomycin at 37 �C with 5% CO2. NCI-
H292 cells were seeded on 12 well cell culture cluster.

To evaluate the antioxidant effect of olive leaves extract, intra-
cellular ROS level were measured as already described in Tamma
et al. (2014). Briefly, cells were left untreated (CTR) or incubated
with the oxidant named tert-butylhydroperoxide (TBHP) as posi-
tive control. Alternatively, cells were incubated for 24 h with the
dried olive leaf extracts (0.1 mg mL�1; 0.01 mg mL�1;
0.001 mg mL�1), obtained by different green extraction methods.
After treatments, cells were incubated with dihydrorhodamine-
123 (10 lM) in PBS for 30 min at 37 �C, 5% CO2 and recovered in
complete medium for 30 min in the absence (CTR and positive
CTR) or in the presence of olive leaf extracts. In the last 15 min
of recovery, cells were untreated or treated with TBHP (1 mM for
15 min) and then lysed in a buffer containing 1% Triton X-100
150 mM NaCl, 25 mM Hepes (pH 7.4). Lysates were analyzed by
RF-5301PC fluorimeter (Shimadzu, Kyoto, Japan) equipped with
Cary Eclipse fluorescent software (excitation wavelength:
512 nm, emission wavelength: 530 nm).

2.6. Statistical analysis

Analysis of variance and multivariate analysis of variance
(ANOVA and MANOVA) and Tukey’s test were carried out on the
experimental data by the Minitab Statystical Software (Minitab
Inc., State College, PA, USA). Dunnett’s test was carried out by
Graphpad Prism Software (GraphPad Software Inc., La Jolla, CA,
USA).
3. Results and discussion

3.1. Characterization of extracts and measurement of antioxidant
activity

The identification data of polyphenols contained in the extracts
are reported in Table 1. By combining the information provided by
MS/MS experiments and kmax, it was possible to identify the
polyphenols in accordance with Herrero et al. (2011) and
Kontogianni et al. (2013). In particular, we identified secoiridoids,
flavonoids, tyrosol-related compounds and hydroxycinnamic acid
derivatives (Table 1). Coumaric glucoside, coumaric diglucoside
and ferulic diglucoside were only tentatively identified by consid-
ering the MS2 signals and UV spectra. In fact, the m/z 505.2
detected at 4.37 min produced the fragments 161 and 179 in



Table 1
Identification data of polyphenol compounds of olive leaves extract performed by UHPLC-ESI-MS/MS system.

RT (min) [M�H]� Name kmax Main fragmentsa

2.3 315.2 Hydroxytyrosol glucoside 280 153(100)-135(25)-123(9)
2.4 389.1 Oleoside 220 227(100)-209(11)-183(96)-165(48)-121(15)
3.36 137.0 Tyrosol 280 123
3.36 389.1 Secologanoside (1)b 232 345
4.37 505.2 Coumaric diglucoside* 292 161(100)-179(67)-221(17)-251(34)-281(55)
5.5 389.0 Secologanoside (2)b 230–334 345(100)-209(22)-165(13)-121(10)
5.5 489.2 Coumaric glucoside* 276 265(59)-235(29)-205(16)-163(100)
6.55 519.3 Ferulic diglucoside* 292–326 325(35)-295(25)-265(18)-235(38)-193(100)
9.1 609.2 Luteolin diglucoside y 447
10.2 555.3 10-Hydroxyoleuropein y 537(100)-403(45)-323(17)-223(12)
10.38 623.2 Verbascoside 292–332 461
12.38 377.2 Oleuropein aglycon b y 346(23)-307(100)-275(85)
11.4 447.2 Luteolin-7-glucoside (1) y 285
11.5 593.0 Luteolin rutinoside y 285
11.83 609.0 Rutin y 301
12.4 539.2 Oleuropein 234–282 377(100)-345(16)-307(75)-275(72)
12.8 577.2 Apigenin-rutinoside y 269
13.46 447.0 Luteolin glucoside (2) 270–340 285
14.03 523.2 Ligstroside 282 361(100)-291(48)-259(28)
14.46 447.0 Luteolin glucoside (3) 272–328 285
16.2 285.1 Luteolin 340 285(100)-241(94)-243(62)-217(61)-199(65)-175(52)

a Numbers in brackets are the relative abundance of listed ions in MS2.
b Identification according to Kontogianni et al. (2013).
* Tentatively identified compounds.

y UV data not available because of poor chromatographic resolution or low quantities.
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MS2, which are typical B and Y ions of a disaccharide with a
[M�H]� of 341; the difference between 505 and 341 is 164, which
is the molecular mass of coumaric acid. The signal 489 at 5.5 min
produced the 163 fragment in MS2, which could be the [M�H]�

of coumaric acid. The [M�H]� of ferulic acid (m/z 193) was
obtained in MS2 from the parent mass 519 at a retention time of
6.55. The kmax data showed only one maximum value for the peaks
at 4.37 and 5.5 min, related to coumaric derivatives; whereas the
UV spectra at 6.55 showed two kmax at 292–326 nm, typical of fer-
ulic derivatives. Table 2 reports the quantities of the identified
phenolic compounds, expressed as mg of luteolin-7-glucoside per
g of extract. The main compound in the extracts was oleuropein,
and hydroxytyrosol glucoside was the main tyrosol-related
compound found in the extracts. Regarding flavonoids, we
detected luteolin-glucoside isomers. The transition 447? 285
used to identify luteolin-glucoside was found in three peaks at dif-
ferent retention times, reported as luteolin-glucoside isomers.
Moreover, quantitative data showed the high impact of the
treatment variable on the concentration of polyphenols; only
10-hydroxyoleuropein and apigenin rutinoside were not signifi-
cantly influenced. The solvent variable seemed to have a lesser
effect, whereas the first order interaction treatment ⁄ solvent
showed a significant influence for hydroxytyrosol glucoside, tyro-
sol, secologanoside, 10-hydroxyoleuropein, luteolin-7-glucoside,
oleuropein, and luteolin, as well as for total polyphenol content.
The results of MANOVA (Table 3) also confirmed, with the excep-
tion of Pillai’s Trace, the significance of the treatment variable on
the polyphenol concentration in the extract. Similar results were
obtained for the solvent variable and for the first order interaction
between variables.

The data (Table 2) showed that polyphenol extraction was
significantly more effective on HD leaves, followed by FD and F.
Oleuropein was the most abundant single polyphenol compound,
in accordance with other authors (Altıok, Bayçın, Bayraktar, &
Ülkü, 2008; Benavente-García et al., 2000; Quirantes-Piné et al.,
2012), amounting to as much as 70% of the extract obtained from
HD leaves. Moreover, several of the extracted polyphenols are gly-
cosylated, and the presence of a glucose molecule is likely to influ-
ence bioavailability by improving stability and facilitating cell
entry (Boss et al., 2016). Hydroxytyrosol glucoside, oleoside, cou-
maric diglucoside, verbascoside, oleuropein, and ligstroside were
detected in larger amounts in HD leaves, than in FD and F, whereas
luteolin was found in lower amounts in HD than FD and F. Finally,
oleuropein aglycon was detected only in HD leaves, probably
because hot air-drying makes it more accessible and easily remov-
able than the other treatments. In addition, considering the total
phenols, the data showed a generally positive effect of the ethanol
concentration on extraction effectiveness for F and FD leaves. In
fact, oleuropein, luteolin glucosides and luteolin values increased
together with the ethanol concentration. Different authors have
reported that oleuropein and flavonoids are the main components
of ethanol extracts, whereas hydroxytyrosol glucoside and pheno-
lic acids are the main components of water extracts (Herrero et al.,
2011; Lee et al., 2009; Quirantes-Piné et al., 2012). On the contrary,
no significant differences were observed for the HD leaves in rela-
tion to the different solvents used for extraction, with the excep-
tion of 10-hydroxyoleuropein, highlighting that extraction using
only water could give good yields. Overall, the obtained results
could be due to inactivation of the enzymes responsible for
polyphenol oxidation caused by oven drying temperatures. The
lower phenol content of F leaves could be due to their enzymatic
oxidation at higher aw and to difficulties involved in homogeniza-
tion and cell wall breakdown (Ahmad-Qasem et al., 2013; Ortega-
Garcia, Blanco, Peinado, & Peragon, 2008). Furthermore, the reason
for higher values of antioxidant activity assays and total polyphe-
nol content in HD extracts compared with FD extracts could be that
enzymes which became latent during freeze-drying then demon-
strated an enhanced oxidative effect during thawing and extraction
(Chism & Haard, 1996). In comparison with the data obtained with
HD olive leaves, total polyphenol and oleuropein contents detected
in fresh olive fruits were lower (18.71 and 9.09 mg g�1 of fruit
extract, respectively), in accordance with Xie et al. (2015) whereas
verbascoside (7.30 mg g�1 of fruit extract), was the only compound
detected in higher amount in green olives than in HD leaf extract.
However, it must be considered that degradation and fermentation
of polyphenolic compounds are the most important steps in the
production of table olives. Their total or partial depletion is funda-
mental in order to make olives suitable for human consumption.



Table 2
Relative quantities (means values and standard deviation) of identified or tentatively identified phenolic compounds in olive leaves extracts. Values are expressed as mg g�1 extract of luteolin-7-glucoside equivalents.

Compounds T S T * S Fresh leaves Freeze-dried leaves Hot air-dried leaves

p-value Eth-0 Eth-30 Eth-70 Eth-0 Eth-30 Eth-70 Eth-0 Eth-30 Eth-70

Hydroxytyrosol glucoside 0.000 0.055 0.027 0.82 ± 0.05 cd 1.03 ± 0.03b 0.90 ± 0.03bc 0.57 ± 0.08e 0.63 ± 0.06de 0.61 ± 0.05de 1.41 ± 0.03a 1.35 ± 0.04a 1.26 ± 0.08a

Oleoside 0.000 0.075 0.223 0.08 ± 0.01b 0.08 ± 0.01b 0.05 ± 0.02b 0.10 ± 0.02b 0.15 ± 0.07b 0.11 ± 0.00b 0.46 ± 0.02a 0.43 ± 0.02a 0.39 ± 0.01a

Tyrosol 0.054 0.01 0.036 0.01 ± 0.00ab 0.01 ± 0.00ab 0.01 ± 0.00ab 0.01 ± 0.00a 0.01 ± 0.00ab 0.01 ± 0.00ab 0.006 ± 0.00b 0.01 ± 0.00ab 0.01 ± 0.00ab

Coumaric-diglucoside 0.000 0.581 0.182 0.01 ± 0.00d 0.04 ± 0.01d 0.03 ± 0.00d 0.11 ± 0.03c 0.13 ± 0.04c 0.14 ± 0.00bc 0.23 ± 0.00a 0.22 ± 0.01a 0.20 ± 0.00ab

Secologanoside 0.000 0.001 0.002 0.34 ± 0.09bc 0.37 ± 0.10bc 0.28 ± 0.16c 0.19 ± 0.04c 0.81 ± 0.08a 0.18 ± 0.00c 0.81 ± 0.09a 0.74 ± 0.08a 0.67 ± 0.05ab

Coumaric glucoside 0.005 0.892 0.823 0.02 ± 0.01a 0.02 ± 0.01a 0.02 ± 0.01a 0.05 ± 0.04a 0.05 ± 0.03a 0.07 ± 0.01a 0.07 ± 0.01a 0.07 ± 0.01a 0.06 ± 0.00a

Ferulic diglucoside 0.004 0.255 0.941 0.05 ± 0.01a 0.06 ± 0.01a 0.05 ± 0.01a 0.08 ± 0.02a 0.08 ± 0.00a 0.07 ± 0.01a 0.08 ± 0.01a 0.08 ± 0.01a 0.07 ± 0.01a

Luteolin diglucoside 0.001 0.009 0.374 0.01 ± 0.00c 0.03 ± 0.01abc 0.03 ± 0.01abc 0.02 ± 0.01bc 0.03 ± 0.01abc 0.04 ± 0.00ab 0.04 ± 0.00ab 0.05 ± 0.00a 0.05 ± 0.00a

10-Hydroxyoleuropein 0.354 0.027 0.020 0.02 ± 0.01b 0.04 ± 0.02b 0.06 ± 0.04ab 0.06 ± 0.04ab 0.06 ± 0.01ab 0.04 ± 0.00b 0.01 ± 0.00b 0.02 ± 0.01b 0.19 ± 0.09a

Verbascoside 0.000 0.076 0.215 0.01 ± 0.00b 0.05 ± 0.03b 0.18 ± 0.07b 0.06 ± 0.05b 0.34 ± 0.19b 0.56 ± 0.02ab 1.00 ± 0.21a 1.05 ± 0.20a 0.99 ± 0.24a

Luteolin-7-glucoside (1) 0.000 0.000 0.029 0.31 ± 0.15e 1.29 ± 0.20 cd 1.54 ± 0.17c 1.02 ± 0.08d 1.74 ± 0.18abc 2.05 ± 0.01ab 1.61 ± 0.08bc 2.14 ± 0.02a 2.15 ± 0.02a

Luteolin-rutinoside 0.002 0.773 0.211 0.02 ± 0.01b 0.11 ± 0.00ab 0.08 ± 0.03ab 0.22 ± 0.07a 0.17 ± 0.02ab 0.16 ± 0.01ab 0.14 ± 0.04ab 0.16 ± 0.05ab 0.15 ± 0.05ab

Rutin 0.008 0.155 0.457 0.03 ± 0.02b 0.13 ± 0.06ab 0.14 ± 0.09ab 0.19 ± 0.05ab 0.20 ± 0.19ab 0.39 ± 0.06a 0.28 ± 0.07ab 0.30 ± 0.07ab 0.29 ± 0.06ab

Oleuropein 0.000 0.000 0.000 0.04 ± 0.01c 0.51 ± 0.12c 1.69 ± 0.15c 0.50 ± 0.06c 1.83 ± 0.11c 7.36 ± 0.22b 22.39 ± 0.98a 22.42 ± 0.88a 21.31 ± 0.53a

Oleuropein aglycon – – – nd nd nd nd nd nd 0.03 ± 0.00 0.03 ± 0.00 0.03 ± 0.00
Apigenin rutinoside 0.242 0.407 0.811 0.10 ± 0.03a 0.13 ± 0.03a 0.13 ± 0.05a 0.15 ± 0.04a 0.17 ± 0.07a 0.12 ± 0.00a 0.09 ± 0.02a 0.06 ± 0.06a 0.10 ± 0.04a

Luteolin glucoside (2) 0.023 0.000 0.438 0.15 ± 0.05d 0.51 ± 0.07abc 0.6 ± 0.12ab 0.27 ± 0.10 cd 0.58 ± 0.16abc 0.74 ± 0.01a 0.40 ± 0.02bcd 0.66 ± 0.01ab 0.67 ± 0.01ab

Ligstroside 0.000 0.632 0.660 0.01 ± 0.01b 0.02 ± 0.01b 0.11 ± 0.01b 0.01 ± 0.00b 0.06 ± 0.02b 0.15 ± 0.00b 0.80 ± 0.18a 0.80 ± 0.18a 0.74 ± 0.18a

Luteolin glucoside (3) 0.048 0.000 0.711 0.03 ± 0.01d 0.11 ± 0.01abc 0.13 ± 0.00ab 0.05 ± 0.03cd 0.12 ± 0.05abc 0.16 ± 0.00a 0.08 ± 0.00bcd 0.14 ± 0.00ab 0.15 ± 0.01ab

Luteolin 0.000 0.000 0.001 0.14 ± 0.01de 0.58 ± 0.12bc 0.34 ± 0.15cde 0.44 ± 0.15cd 0.81 ± 0.08b 1.18 ± 0.04a 0.05 ± 0.03e 0.15 ± 0.04de 0.04 ± 0.00e

Total polyphenols 0.000 0.000 0.000 2.19 ± 0.36e 5.10 ± 0.68d 6.38 ± 0.49 cd 4.08 ± 0.59de 7.97 ± 0.89c 14.12 ± 0.24b 30.01 ± 0.74a 30.88 ± 0.68a 29.51 ± 0.10a

T, treatment variable; S, solvent variable; Eth-0, only water Milli-Q�; Eth-30, ethanol/water 30:70 (v/v); Eth-70, ethanol/water 70:0 (v/v); nd, not detected.
Values highlighted in bold indicate a significant influence of the considered variable or the first order interaction.
Different letters in row indicate a significant differences at p < 0.05 determined by ANOVA.

G
.D

ifonzo
et

al./Journal
of

Functional
Foods

31
(2017)

63–
70

67



Table 3
Results of multivariate analysis of variance (MANOVA).

Effect Value F Hypothesis df Error df p-value

Intercept Pillai’s Trace 1.000 813.440 6 1 0.027
Wilks’ Lambda 0.000 813.440 6 1 0.027
Roy’s Largest Root 4880.641 813.440 6 1 0.027

Treatment Pillai’s Trace 1.880 5.216 12 4 0.062
Wilks’ Lambda 0.000 82.886 12 2 0.012
Roy’s Largest Root 29821.905 9940.635 6 2 0.000

Solvent Pillai’s Trace 1.835 3.698 12 4 0.109
Wilks’ Lambda 0.000 16.649 12 2 0.058
Roy’s Largest Root 1676.397 558.799 6 2 0.002

Treatment * solvent Pillai’s Trace 2.580 1.211 24 16 0.352
Wilks’ Lambda 0.000 6.915 24 5 0.024
Roy’s Largest Root 1893.161 1262.107 6 4 0.000

Table 4
Results of TPC (total phenol content) and of antioxidant activity assays (means values and standard deviation), together with the results of the two-way ANOVA.

T S T * S Fresh leaves Freeze-dried leaves Hot air-dried leaves

p-value Eth-0 Eth-30 Eth-70 Eth-0 Eth-30 Eth-70 Eth-0 Eth-30 Eth-70

TPC (mg GAE g�1) 0.000 0.000 0.000 41 ± 1f 70 ± 3e 67 ± 2e 79 ± 2d 110 ± 2c 108 ± 2c 144 ± 1b 151 ± 1a 139 ± 2b

DPPH (lmol TE g�1) 0.000 0.000 0.000 277 ± 2g 427 ± 2f 427 ± 1f 545 ± 4e 704 ± 5c 641 ± 5d 890 ± 3b 922 ± 2a 881 ± 4b

ABTS-TEAC (lmol TE g�1) 0.000 0.000 0.000 385 ± 2i 524 ± 1f 472 ± 1h 482 ± 1g 627 ± 3d 602 ± 5e 894 ± 3b 908 ± 2a 850 ± 2c

T, treatment variable; S, solvent variable; Eth-0, sole water Milli-Q�; Eth-30, ethanol/water 30:70 (v/v); Eth-70, ethanol/water 70:0 (v/v).
Values highlighted in bold indicate a significant influence of the considered variable or first order interaction.
Different letters in row indicate a significant differences at p < 0.05 determined by ANOVA.

Table 5
Results of the Rapidoxy test of olive oil and the same after purification added with 1000 mg kg�1 and 500 mg kg�1 of olive leaves extract (mean values and standard deviation,
min, together with the results of the two-way ANOVA).

Samples T S C Extract added
(mg kg�1)

Control Freeze-dried leaves Hot air-dried leaves

p-value Eth-0 Eth-30 Eth-70 Eth-0 Eth-30 Eth-70

Olive oil 0.000 0.000 0.000 1000 62.7 ± 1.6 67.7 ± 0.1ef** 70.2 ± 0.5cde*** 73.0 ± 1.0bcd*** 74.8 ± 1.0bc*** 75.8 ± 1.4b*** 83.3 ± 2.5a***

500 65.1 ± 0.4f 64.4 ± 0.7f 64.9 ± 0.1f 67.2 ± 1.7ef* 68.0 ± 1.5ef** 69.1 ± 0.5def**

Purified
olive oil

0.000 0.000 0.000 1000 28.6 ± 1.4 38.4 ± 1.2efg*** 42.1 ± 1.6cde*** 45.9 ± 2.3abc*** 44.6 ± 0.4bcd*** 49.9 ± 0.3a*** 49.3 ± 1.0ab***

500 33.2 ± 0.5h* 36.6 ± 1.6fgh** 35.2 ± 1.4gh** 34.0 ± 0.3gh* 40.5 ± 1.3def*** 35.9 ± 0.8fgh**

T, treatment variable; S, solvent variable; C, extract concentration variable; Eth-0, sole water Milli-Q�; Eth-30, ethanol/water 30:70 (v/v); Eth-70, ethanol/water 70:30 (v/v).
Values highlighted in bold indicate a significant influence of the considered variable or first order interaction.
Different letters in row indicate a significant differences at p < 0.05 determined by ANOVA.
*(p < 0.05), **(p < 0.01), ***(p < 0.001): results of Dunnett test than control.
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Then, the polyphenol compounds of processed table olives, includ-
ing oleuropein, are lower than those of fresh olives, since they are
hydrolyzed and/or lost during de-bittering treatment (Iorizzo et al.,
2016). Moreover, the antioxidant activity of the lyophilized extract
obtained from fruits, determined by DPPH and ABTS-TEAC, was
lower than that of leaves, with values equal to 600.80 and
554.78 lmol TE g�1 of extract, respectively.

Table 4 reports the total phenolic contents of the extracts,
determined by Folin-Ciocalteu assay, antioxidant activity assessed
by DPPH and ABTS tests, and the results of two-way ANOVA. Both
independent variables, and their interaction, showed a highly sig-
nificant effect (p < 0.001), indicating that both dehydration treat-
ment and extraction solvent affected the antioxidant activity of
the extracts.

Irrespective of the extraction solvent used, the effects of the
dehydration treatment was as follows: HD > FD > F. Similar results
were found by other authors (Ahmad-Qasem et al., 2013), even
when using different plant materials for the extraction of
bioactive compounds (Hossain, Barry-Ryan, Martin-Diana, &
Brunton, 2010).

As regards the extraction solvent used, the highest levels of
antioxidant activity were observed in Eth-30 extracts. In HD
extracts, the observed differences were significant for all three
indices, in FD extracts only for DPPH and ABTS assays, and in F
extracts only for ABTS. On the other hand, Altıok et al. (2008) found
higher total polyphenols and% inhibition of the ABTS radical cation
when ethanol in the mixture was increased. Finally, extraction
from HD leaves using only water (Eth-0) gave comparable results
to other solvents, whereas for F and FD leaves the values obtained
for different parameters were dramatically lower than those
obtained using a mixture containing more ethanol.

Table 5 reports the data of the antioxidant activity of the
extracts on olive oil and on purified olive oil, together with the
results of two-way ANOVA. F extracts were not considered, due
to their lower extraction yield and antioxidant activity. The effec-
tiveness of the extracts in oils was also affected by both indepen-
dent variables, although all extracts were effective in increasing
the induction time of both olive oil and purified olive oil, with
the exception of FD extracts on olive oil, confirming the results
observed in DPPH and ABTS assays. Moreover, induction time
increased when the amount of added extract increased. HD
extracts were the most effective and observed effectiveness for
the extraction solvent was Eth-70 > Eth-30 > Eth-0, although in
most cases there was no statistical significance.



Fig. 1. ROS content was measured using dihydrorhodamine-123 fluorescence in NCI-H292 cells under treatments described in methods. As positive control, cells were
treated with TBHP (T). Data are shown as mean ± SE and analyzed by one-way ANOVA followed by Dunnett’s multiple comparison test, considering that all values were
compared to the positive control with *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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3.2. Antioxidant activity in biological systems

Reactive Oxygen Species contribute to and promote/amplify
several human diseases such as asthma and COPD (Kirkham &
Rahman, 2006). There is much evidence to associate a diet contain-
ing plenty of fruit, vegetables, and olive oil, containing high levels
of phenolic compounds, with a low incidence of chronic inflamma-
tion disorders and cardiovascular disease (Perez-Martinez et al.,
2007). Here, we evaluate the potential antioxidant efficacy of HD
olive leaf extracts via in vitro experiments using bronchial epithe-
lial NCI-H292 cells. Cells were treated as described in the Methods
section, and ROS content was measured by using a
dihydrorhodamine-123 based method. The data summarized in
Fig. 1 show that compared to positive control cells treated with
the oxidant TBHP, incubation with olive leaf extracts (0.1;
0.01 mg mL�1) obtained without ethanol (Eth-0) significantly
decreased intracellular ROS content produced by the oxidant TBHP.
Similarly, incubation with the extracts (0.1; 0.01; 0.001 mg mL�1)
obtained with ethanol (Eth-30 and Eth-70) reduced the increase
in ROS content induced by TBHP. Together, these findings strongly
suggest that olive leaf extracts displayed significant antioxidant
activity in a lung cell model used to study chronic inflammatory
diseases such as asthma and COPD (Lee et al., 2016). Other
phyto-compounds have already been tested for their ability to
reduce the symptoms of several lung diseases. One of these, theo-
phylline, is actually used to treat asthma in developing countries
due to its effectiveness and long-acting cheaper preparation
(Evans et al., 1997), although several side-effects associated with
theophylline treatment have been described. (Celis & Rada, 2015).

In the present study, we found that olive leaf extracts displayed
a good antioxidant activity. Specifically, the mixture obtained
without ethanol displayed an optimal physiological response, since
it significantly reduced intracellular ROS content. This was similar
to the effects observed when using the other technical approaches
and including ethanol, showing that without ethanol it is still pos-
sible to isolate and obtain an enriched antioxidant compound mix-
ture. Lung diseases such as COPD are expected to become the
world’s third leading cause of death by the year 2030 (Nofziger,
Dossena, Suzuki, Izuhara, & Paulmichl, 2011), probably due to
increases in environmental pollution. Given this scenario, there is
an unmet need for improved understanding of the possible use
of ‘‘green extracted” olive leaf compounds, in order to identify
new and promising therapeutical targets.
4. Conclusions

This study demonstrated the effect of leaf pre-treatment on
both polyphenol content and antioxidant activity, whereas the sol-
vent used seemed to have a lesser effect. In particular, the best
results were obtained with hot air-dried leaves and ethanol/water
(30:70, v/v) as the extraction solvent. Water used as an extraction
solvent gave comparable extraction yields to other mixtures only
for hot air-dried leaves. The antioxidant compounds exerted a sig-
nificant antioxidant activity on vegetable oils (increasing the
induction time of the olive oil and of the purified olive oil of about
24% and 66%, respectively) and lung cells (decreasing the ROS con-
tent of about 40%).
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