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pomace phenolics-rich extracts
with soy lecithin

Olive oil industry generates huge amounts of by-products that are discarded and can be a
serious environmental problem. In this study, the antioxidant activity of olive mill wastewater
(OMWW), and olive pomace (OP) extracts (at different concentrations) with soy lecithin, on
the thermal oxidative stability of sunflower oil (SO) were determined. The results generally
showed that the higher the extract concentration added to SO, the higher the thermal sta-
bility of SO. OMWW and OP extracts had similar antioxidant activity in linoleic acid emulsion
(87.59% and 97.74%). Trolox equivalent antioxidant capacity (TEAC) of extracts ranged
between 6.7-27.1 pM. When extracts with lecithin were added to SO, the induction periods
(IP) and protective factors of SO were higher. In addition, the extracts were more effective
when added together with lecithin. OMWW extract was more efficient in lowering the con-
jugated diene (CD) content in SO samples than the OP extract during the thermal oxidation
test at 180°C. SO enriched with OMWW extract and lecithin, had lower p-anisidine values,
higher tocopherol content and higher IP than SO enriched with butylated hydroxytoluene
(BHT) at the end of 40 h.

Keywords: Olea europaea, phospholipids, polar lipids, Trolox, thermal stability, antioxidant
activity, synergistic effect.

1. INTRODUCTION

The olive oil (OO) (Olea Europea) industry is an important agro-industrial activity
in the Mediterranean area, accounting for about 90% of the world quota [1].
The extraction of OO generates huge amounts of agri-waste (10 million ton/
year), which might have a great effect on the environments because of their
high phytotoxicity [2-4]. Olive products and by-products are a rich source for
phenolics that considered as antioxidants with health-promoting traits [5].
Studies mentioned that olive phenalics (i.e., hydroxytyrosol) are effective in
retarding and preventing several diseases [6, 7].

QOlive oil production is carried out using different extraction systems. Centrifugal
systems are commonly used as an extraction tool for OO production [8, 9].
Two main by-products formed in these extraction systems are olive oil waste-
water (OMWW) and olive pomace (OP). Although the olive fruit rich in phe-
nolics, about 2% of these phenolics passes through the oil phase, the rest
amount is lost in the OMWW (about 53%) and the OP (about 45%) depending
on the extraction system [10, 11]. Owing to their high phenolics content, OP
and OMWW could be evaluated in various sectors such as pharmaceutical,
cosmetic and food industries [12].

OMWW is the main pollutant from extraction systems especially 3-phase sys-
tems and traditional olive mills [2]. During OO extraction, olive phenolics are
partitioned between the water-phase and the lipid phase. However, the ma-
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jor portion is missing in the wastewater from the fact
that they are water-soluble and polar compounds.
Depending upon the process used, 200-1600 L of
OMWW is produced per ton of processed olives [13,
14]. OMWW is generally composed of water (83-
96%), organic matters (3.5-15%) and mineral salts
(0.5-2%). The concentrations of phenolics in OMWW
range between 5 and 25 g/L [15]. The OMWW com-
position strongly depends on the extraction process,
on the type and ripening state of olives, harvest re-
gion and climate [14, 16]. For example, the reported
amounts of phenolics may vary between 1.3% and
4.0% on the dry-weight basis [14, 17]. As OMWW
have high phenolic content, they cause serious en-
vironmental problems. The effluent phytotoxicity and
its poor biodegradability are normally due to the pres-
ence of high levels of phenolics that are toxic to most
microorganisms, imparting a great impact on the en-
vironment [14]. On the other hand, phenolics exhib-
ited a strong antioxidant potential and could be ap-
plied in the pharmaceutical and food industries [18].
Olive pomace (OP) is the other by-product from OO
processing. OP is a potentially low-cost, pheno-
lics-rich ingredient for the formulation of novel foods
[19]. OP consisted of olive pulp, skin, stones, and ail
residues. Even if their production is seasonal, its dis-
posal is potentially harmful to the environment due
to its high moisture content (ca. 70%) [4, 20]. This
by-product is a valuable source of bioactive com-
pounds with well-recognised benefits for human health
and well-being [21]. The recovery of antioxidants
from OP seems achievable to produce substances
industrially exploitable as supplemental food. The
composition of OP showed large variability, depend-
ing on the harvesting time, cultivar, and oil extraction
system [4, 22]. The vitamin E profile of the OP com-
prised a-tocopherol, B-tocopherol, a-tocotrienol,
and y-tocopherol. a-Tocopherol was the major com-
pound (2.63 mg/100 g), while the other vitamines
were present at lower levels. Hydroxytyrosol and
comsegoloside represented about 79% of the Total
phenolic content (TPC) present in OP. Hydroxytyro-
sol content was 83.6 mg/100 g, while tyrosol was
present in lower (3.4 mg/100 g) levels [21]. Albahari
et al. [23] characterised OP extract obtained using
cyclodextrin-enhanced pulsed ultrasound-assisted
extraction. Extracts contained 887 mg/kg of hydrox-
ytyrosol, 1117 mg/kg of tyrosol, and 1744 mg/kg of
oleuropein.

Phospholipids and in particular lecithin have been
used as emulsifiers and antioxidant agents in food
systems. The synergistic antioxidant potential be-
tween lecithin and phenolic compounds was also
reported in some investigations [24-27]. Antioxidant
traits of phospholipids have been demonstrated and
proposed to be due to (i) synergism between phos-
pholipids and tocols, (i) chelating of pro-oxidant
metals by phosphate groups, (i) formation of Mail-

lard-type products between amino phospholipids
and oxidation products, and (iv) action as an oxygen
barrier between oil and air interfaces [25-27].

The objective of this work was to investigate the ef-
fects of OMWW and OP extracts with/without leci-
thin on the oxidative stability of refined sunflower il
(SO). SO was chosen to evaluate the antioxidant po-
tential of extracts and lecithin due to its high content
of unsaturated fatty acid. Antioxidant activities of ex-
tracts were measured using the linoleic acid oxidation
system and Trolox Equivalent Antioxidant Capacity
(TEAC). Differential Scanning Calorimetry (DSC) and
thermal oxidation tests were carried out to determine
the effects of extracts and lecithin on oxidative stabil-
ity of SO at high temperatures (180°C).

2. MATERIALS AND METHODS

2.1. MATERIALS

OMWW and OP used in the study were obtained
from a factory operating the two-phase centrifuga-
tion system (Taylieli Laleli Olive and Olive Oil Plant,
Balikesir, Turkey) and stored at -18°C until used. The
refined SO was purchased from a local market (Bolu,
Turkey). All chemicals and reagents were of analyti-
cal grade. Linoleic acid (99%), a-tocopherol (99%),
butylated hydroxyanisole (BHA), butylated hydroxy-
toluene (BHT) and lecithin (soy lecithin, type II-S, con-
taining 14-23% phosphatidylcholine) were obtained
from Sigma-Aldrich (St. Louis, MO, USA). p-anisidine
reactive, 2,2’-bipyridine (99%) and ferric chloride hex-
ahydrate were obtained from Acros Organics (New
Jersey, USA). Other chemicals and reagents were ob-
tained from Merck (Darmstadt, Germany).

2.2 METHODS

2.2.1 Preparation of the extracts, extracts solutions
and SO samples

2.2.1.1 Preparation of the extracts

100 g of OMWW and 20 g of OP were weighted in
a flask. 100 mL of ethanol or methanol were added.
Flasks were shaken at 150 rpm using a shaking water
bath for 60 min. After shaking overnight at 20+2°C,
the extracts were filtered through a filter paper. The
residue was extracted with 100 mL solvent, as de-
scribed above and the filtrates were combined. In or-
der to remove lipids, which may be present in filtrates,
each filtrate was stirred on a magnetic stirrer for 20
min after the addition of n-hexane. Methanol: water
and hexane phases were separated with a separation
funnel. Methanol: water phase was filtered through
Whatman 1 filter paper and evaporated under vacu-
um using a rotary evaporator at 40°C. Extracts were
transferred into a coloured bottle and nitrogen gas
was given for 20 min in order to remove the alcohol,
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then dried using a freeze-dryer. Lyophilized extracts
were stored at -18°C.

2.2.1.2 Preparation of OMWW and OP extract solution

OMWW and OP extracts were prepared at 0.5, 1, 2,
and 3 mg/mL concentrations in 50% aqueous (v/V)
alcohol from lyophilized extracts. Extract solutions
were used for antioxidant activity in the linoleic acid
system and TEAC analysis.

2.2.1.3 Preparation of SO Samples.

Lyophilised extracts were added to SO samples at dif-
ferent concentrations (1 and 2 mg/q) after dissolving
in propane-diol. Lecithin (5 mg/g) was also added to
some samples. All samples were vortexed thoroughly
and kept at 40°C for 20 min in an ultrasonic water
bath to increase the amount of dissolved extract. SO
samples were used to analyse the TPC, induction pe-
riod by DSC and thermal oxidation test.

2.2.2 Antioxidant activity in linoleic acid system (con-
jugated diene test)

The oxidation degree of linoleic acid is a spectropho-
tometric method at 234 nm reported by Igbal et al.
[28] and Mau et al. [29]. To prepare the 0.02 M linoleic
acid emulsion, linoleic acid (0.2804 g) and Tween 20
(0.2804 g) were weighed and dissolved in potassium
phosphate buffer (50 mL, 0.05 M, pH 7.4). The lin-
oleic acid emulsion was held in an ultrasonic water
bath and shaken well to stabilise the emulsion. Lin-
oleic acid emulsion (2.5 mL, 0.02 M), extract solution
(0.5 mL, at 0.5, 1, 2 and 3 mg/mL) and potassium
phosphate buffer (2 mL, 0.2 M, pH 7.0) were mixed
well in flasks. Ethanol or methanol (0.5 mL) were used
as a control sample instead of the extract solution.
Flasks were allowed to incubate for 16 h without a
cap in the dark at 37°C. Before and after incubation,
0.1 mL of samples was collected from every bottle
and mixed with 6 mL of a methanol solution (60%,
v/V). Absorbance differences of each sample and
control before and after incubation were calculated.
Antioxidant activities of samples were compared with
those of BHA, BHT, and a-tocopherol at 0.2 mg/mL
concentration. Antioxidant activity (%) was calculated
as follow:

Antioxidant activity %= ((AA AA__ ) AA x 100

control sample: control)

AA - control absorbance difference before and after incubation

control”

AA__ : sample absorbance difference before and after incubation

sample”

2.2.3 Trolox equivalent antioxidant capacity (TEAC)

TEAC test was carried out according to De Marco
et al. [18] with some modifications. ABTS** (2,2’-Azi-

no-bis(3-ethyl benzothiazoline-6-sulfonic acid) diam-
monium salt) solution was prepared according to the
method. ABTS** solution (990 L) and extract solu-
tion (10 pL, at 0.5, 1, 2, and 3 mg/mL concentration)
were mixed and the absorbance of all samples were
measured (734 nm) at the end of the 6™ min. The
control sample was prepared with absolute ethanol
(10 pL). Inhibition (%) was calculated as below:

Inhlbmon %= ((AcontroI_AsamPIe) X 100) /ACOHt")'

A _ and Asample: absorbance at 734 nm for control and sample

control

Standardised Trolox solutions were prepared at dif-
ferent concentrations from Trolox stock solution (2.5
mM) in methanol and analysed under the same con-
ditions. The equation was obtained by plotting with
the absorbance values of Trolox solutions. TEAC val-
ues of OMWW and OP extracts were calculated us-
ing the same equation.

2.2.4 TPC of SO samples

Absolute methanol (2.5 mL) and SO samples (2.5
g) were vortexed for 2 min. After waiting 10-15 min,
0.5 mL was taken from the upper methanol phase.
The TPC of SO samples were determined using the
Folin-Ciocalteu reagent according to Igbal et al. [28].
The TPC was expressed as mg gallic acid equiva-
lents (GAE) per gram of extract. For the calibration
curve, absorbance values of standardised gallic acid
solution (0.01-0.06 mg/mL) were used and the ab-
sorbance was plotted against the concentration. The
curve equation was used to calculate TPC as ppm.

2.2.5 Induction periods (IP) analysis using

DSC (Shimadzu, DSC 60, Japan) was used to de-
termine the IP of SO samples at 130°C. SO was
used as a control. Samples weighed (1.0+£0.1 mg) in
an open aluminum pan. The oven was heated from
50°C to 130°C at 10°C/min in the presence of nitro-
gen (99.999% purity) under a stream of 50 mL/min.
When the temperature reached 130°C, the oven was
supplied with oxygen (99.99% purity) under a stream
of 50 mlL/min instead of nitrogen. During the anal-
ysis, the temperature was kept constant at 130°C.
The time taken until the exothermic oxidation peak
observed at 130°C is measured as IP.

Protection factor was calculated by dividing the IP of
SO samples by the IP of control.

2.2.6 Thermal oxidation test at 180°C

Thermal oxidation analyses were carried out at 180°C
for 40 h and samples were collected at 8 h interval.
Collected samples were analysed to determine con-
jugated diene (CD), p-anisidine value, tocopherol
content, and IP. All results were compared to control
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(SO) and BHT enriched SO. The tocopherol analysis
was conducted spectrophotometrically according to
Wong et al. [30]. For calibration, absorbance values of
solutions containing a-tocopherol at different concen-
trations (25-200 pg/5 mL) were read under the same
conditions. The tocopherol content was calculated as
mg/kg (ppm). Conjugated diene (CD) was determined
at 232 nm using spectrophotometer (Shimadzu, Ja-
pan) according to AOCS [31] Ti 1a-64. The p-anisi-
dine value was determined at 350 nm using spectro-
photometer (Shimadzu, UV 1700, Japan) according
to AOCS [31] Cd 18-90. IP of samples was deter-
mined using DSC according to the above method.

2.2.7 Statistical analyses

The statistical analysis was performed with the SPSS
package software, version 18.0 (SPSS Inc, Chicago,
IL). Results were presented as means + standard de-
viation of the two or three replicates of each experi-
ment. The variation analysis was performed (ANOVA).
Significant differences among the means (p<0.05)
were determined by Duncan’s multiple tests.

3. RESULTS AND DISCUSSION

3.1 ANTIOXIDANT ACTIVITIES OF OMWW AND OP EX-
TRACTS

The antioxidant activity of OMWW and OP extracts
according to the oxidation of linoleic acid is ex-
pressed as percent inhibition (Table I). All extracts
showed an antioxidant activity in the range 0.5-3.0
mg/mL. OMWW methanol extracts showed a higher
activity than ethanol extracts, while OP methanol and
ethanol extracts showed a similar activity (p<0.05).
Compared to some synthetic antioxidants, the anti-
oxidant activity of OMWW and OP extracts was close
to BHA, BHT, and a-tocopherol at 0.2 mg/mL.

The TEAC values of OMWW and OP extracts to in-
hibit ABTSe* radical are given in Table Il. TEAC val-
ues of OMWW extracts were between 6.8 and 26.0
uUM. It was proved that the OMWW methanol extract
exhibited higher antioxidant activity than ethanol ex-
tracts. For the OP extracts, TEAC values were ranged
between 6.7 and 27.1 uM. Moreover, OP ethanol ex-
tracts had higher TEAC values than that of methanol
extracts except for the concentration at 2.0 mg/mL.
These values are lower than the study done by De
Marco et al. [18] with a value of 55.8 mmol Trolox
L-" OMWW and higher than Rubio-Senent et al. [32]
with a value of 0.22 mg/mL TEAC. These differenc-
es could be related to phenolic compounds, which
were identified in these extracts. De Marco et al. [18]
emphasized that the extracts rich in hydroxytyrosol
exhibited a higher effect in radical scavenging activity
compared to other extracts.

Table | - Antioxidant activity of OMWW and OP extracts in
linoleic acid system

Extract Concentration Antioxidang activity
(mg/mL) (%)
oMWW

Methanol 0.5 91.70£2.07cA
1.0 94.68+0.32bA
2.0 96.98+0.48aA
3.0 97.74+0.76aA

Ethanol 0.5 87.59+2.11bB
1.0 91.23+1.68bB
2.0 95.37+0.53aB
3.0 95.93+0.5aB

oP

Methanol 0.5 91.15+1.36bA
1.0 92.16+1.27bB
2.0 93.11+0.15bC
3.0 95.14+0.81aB

Ethanol 0.5 91.85+1.74cA
1.0 91.99+0.67cB
2.0 95.22+0.97bB
3.0 95.80+0.33aB

BHA 0.2 96.51+1.11

BHT 0.2 95.11+0.13

a-tocopherol 0.2 98.35+0.43

"Analyses were done in triplicate and results are given as mean = std
deviation

a¢ Small letters show the variation between the different
concentrations of the same extract (p<0.05)

AC Capital letters show the variation between extracts at the same
concentration (p<0.05)

3.2 TPC OF SO SAMPLES

Table lll shows the TPC of SO and enriched oils. TPC
value in control sample (SO without any addition) was
8.6 ppm. TPC increased by adding OMWW and OP
extracts at different concentrations. TPC increased
even more with a lecithin addition compared to in-
dividual OMWW and OP extracts. High TPC (49.3
ppm) was determined in a sample enriched with lec-
ithin (5 mg/g) and OMWW methanol (2mg/g) extract.
Besides, in the lecithin-enriched samples, the use of
OMWW and OP methanol extracts increased TPC
compared to ethanol extracts. Venturi et al. [33] indi-
cated that TPC increased with the addition of OMWW
extracts (ethanol and ethanol: diethyl ether) to OO.
The other study by Suarez et al. [34] demonstrated
that TPC of the OO increased from 172 mg caffeic
acid/kg to 562 mg caffeic acid/kg by adding a com-
bination of the olive cake extracts. The results of this
study were in agreement with the results obtained
by Venturi et al. [33] and Suarez et al. [34]. Laftka et
al. [35] examined the effects of different extraction
solvents on the recovery of phenolics from OO mill
wastes, wherein TPC of these extracts was different
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Table Il - TEAC of OMWW and OP extracts

Concentration | Inhibition
Extract (mg/mL) (%) TEAC (uM)
oMWW
Methanol 0.5 37.01.5 9.740.5dB
1.0 57.6£3.3 16.2£1.0cA
2.0 80.3+1.5 23.3£0.5bA
3.0 88.8+3.2 26.0+1.0aB
Ethanol 0.5 27.7+2.2 6.840.7¢C
1.0 46.0£0.3 12.6+0.1bB
2.0 77.7£0.2 22.540.1aA
3.0 78.5+0.4 22.7+0.1aB
OoP
Methanol 0.5 27.2£1.0 6.7£0.3dC
1.0 42.0£0.6 11.3£0.2cB
2.0 84.7£1.7 24.7+0.5bA
3.0 89.5+2.0 26.240.6aA
Ethanol 0.5 43.8+0.6 11.94£0.2cA
1.0 54.3+1.8 15.240.6¢cA
2.0 78.1£8.9 22.6+2.8bA
3.0 92.3+4.3 27.1£1.3aA

"Analyses were done in duplicate and results are given as mean +
std deviation.

ad Small letters show the variation between the different
concentrations of the same extract (p<0.05)

AC Capital letters show the variation between extracts at the same
concentration (p<0.05)

from each other. The differences in TPC between the
tested oils could be attributed to the phenolic extracts
containing different phenolic compounds.

3.3 THERMAL OXIDATIVE STABILITY OF OILS USING
DSC

Table IV shows the values for the IP obtained by DSC.
The IP of the control sample was 22.98 min, while

Table Il - TPC of SO samples

IP of oil samples containing methanol extracts from
OMWW (37.92 min) and OP (34.01 min) was higher
than the control sample. There is a greater increase
in IP of samples enriched with methanol extracts of
OMWW (37.92 min) compared to ethanol extracts
(34.01 min). In addition, the extracts added with lec-
ithin increased the IP more than samples containing
extracts only. These results are in agreement with re-
sults of Gunal and Turan [36] who demonstrated that
OMWW and OP extracts at 1 mg/g could effectively
protect SO. The OMWW and OP extracts exhibited
high IP in SO in agreement with the polar paradox
theory that stated that polar antioxidants are more ef-
fective in bulk lipids than their nonpolar counterparts,
whereas nonpolar antioxidants are better antioxi-
dants in oil-in-water media than their polar homologs
[37, 38].

BHT was also used to compare IP differences in il
samples containing different extracts and lecithin. As
seen in Table IV, both extracts and lecithin improved
IP of SO compared to BHT. Zhang et al. [39] ex-
plained this situation with the valorisation of BHT and
thus removed it from foods at high temperatures. The
IP of SO+L was 34.95 min and this value was high-
er than SO. The similar results are in agreement with
Judde et al. [24] who stated that lecithin (1%, w/w)
exhibited good antioxidant activity and increased the
IP of several oils such as soybean, palm, walnut, fish
and pig oils. This literature also assumed that strong
antioxidant effect of lecithin could be related to a syn-
ergistic effect between amino-alcohol phospholipids
and y-/6-tocopherols. The synergistic effect of leci-
thin, when used with antioxidants, is attributed to an
increase in antioxidant efficiency by increasing the
solubility of antioxidant [40, 41]. Thus, in this study,
the use of lecithin together with extract caused higher
IP than the extract alone, since lecithin was thought
to increase the amount of phenolic substances dis-
solved in the oil.

Sample TPC (ppm)* Sample TPC (ppm)*
SO 8.60+1.0 SO+L 970+ 04
SO+WWM (1 mg/g) 14.2+1.0 SO+WWM (1 mg/g)+ L (5 mglg) 219%0.3
SO+WWM (2 mg/g) 179122 SO+WWM (2 mg/g)+ L (5 mglg) 493+15
SO+WWE (1 mg/g) 151 +0.7 SO+WWE (1 mg/g) + L (5 mglg) 202+1.1
SO+WWE (2 mg/g) 17717 SO+WWE (2 mg/g) + L (5 mg/g) 212+0.8
SO+PM (1 mg/g) 13714 SO+PM (1 mg/g) + L (5 mglg) 225%+1.0
SO+PM (2 mg/q) 15.2+2.1 SO+PM (2 mg/g) + L (5 mg/g) 283+15
SO+PE (1 mg/g) 132116 SO+PE (1 mg/g) + L (5 mg/g) 19.8+23
SO+PE (2 mg/g) 17119 SO+PE (2 mg/g) + L (5 mg/g) 17.3+£0.6

"Analyses were done in duplicate and results are given as mean = std deviation.
SO: Sunflower oil, L: Lecithin, WWM: Wastewater methanol, PM: Pomace methanol, WWE: Wastewater ethanol, PE: Pomace ethanol.
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Table IV - Induction periods of SO samples using DSC

Sample IP (min) Protection factor
o) 22.98+0.18g

SO+L (5 mglg) 34.95+0.54d 152
SO+WWM (1 mg/g) 37.92+0.47¢ 165
SO+WWM (1 mglgltL | 44 7640 43 195

(5 mglg)

SO+PM (1 mglg) 34.01+0.30e 148
SO+PM (1 mgig)+L 41.20+0.42b 179

(5 mglg)

SO+BHT (0.2 mglg) 26.99+0.31f 117

"Analyses were done in duplicate and results are given as mean *
std deviation.

The induction periods were determined by DSC at 130°C under a
stream of oxygen at 50 mL/min.

SO: Sunflower oail, L: Lecithin, WWM: Wastewater methanol, PM:
Pomace methanol.

3.4 THERMAL OXIDATIVE STABILITY OF OILS AT
180°C

Table V shows the mean of changes in the CD, p-ani-
sidine value, tocopherol content and IP of oil samples
during the heating at 180°C. The CD values signifi-
cantly increased from 0.28% to 2.29% after 40 h of
heating. However, oils enriched with extracts and lec-
ithin exhibited low CD values during heating. The en-
riched oils had CD content in the range from 1.06%
to 2.1%. OMWW extract was more effective than OP
extract according to CD levels. CD content of SO+W-
WM was close to that of SO+BHT. As compared to
extracts, the CD content decreased dramatically in
samples containing both extracts and lecithin. These
results are similar to those reported by Lee et al. [42]
who showed that lower CD values in soybean oil
mixed with some extracts from olive leaves than the
control sample.

The p-anisidine value of the control sample reached
276.99 from an initial value of 7.56 after 40 h of heat-
ing. The p-anisidine values of all treatments except
for one sample (SO with PM) were significantly lower
than that of the control (p<0.05, Table V). The com-
bined addition of lecithin and extracts produced an
increment in the oxidative stability of all enriched SO
samples compared to the control in all studied com-
binations. According to p-anisidine values, BHT was
more effective against oxidation than extracts except
for one sample (SO+WWM-+L).

A steady decrease in the tocopherol content was re-
corded for all oils (Table V), with final values between
177.42 ppm and 312.65 ppm at the end of heating.
After 40 h of heating, higher levels of tocopherols re-

mained in oil samples mixed with OMWW extract or
lecithin. In our study, thermal oxidation caused a sig-
nificant decrease of tocopherols in all experiments.
The lowest tocopherol values in the first 16 h of oxi-
dation were determined in SO. Addition of lecithin to
SO provided slowly degradation of tocopherols and
there could be a synergistic effect of lecithin on toco-
pherols. Similar results were obtained in several stud-
ies on the synergistic effect of lecithin on tocopherols
[25, 27, 41, 43, 44].

The synergistic or antioxidant effect of lecithin or
phospholipids when used with antioxidants is based
on several reasons in literature; (1) lecithin increases
antioxidant efficiency by increasing the solubility of
antioxidant [40, 41], (2) phospholipids located at the
oil/water or air interface and acted like an oxygen bar-
rier to protect the oil/fat from oxidation [24, 25, 45],
(8) amino-carbonyl reactions between amino groups
of phospholipids and oxidation products cause the
formation of compounds that have antioxidant prop-
erties [25-27, 46, 47].

IP decreased like in the case of tocopherol con-
tent during thermal oxidation (Table V). Results
demonstrated that all enriched oils showed higher
IP compared to SO. At the end of heating, IP value
decreased from 22.98 min to 1.73 min. Among the
extracts, the highest value for the IP was observed in
OMWW extract with the value of 7.31 min at the end
of heating. When lecithin was added in combination
with extracts, the IP of SO was better than when indi-
vidual extracts were added.

4. CONCLUSION

OMWW and OP extracts significantly inhibited the
formation of hydroperoxides in SO and had an anti-
oxidant activity close to BHA. The antioxidant activi-
ties of OMWW extracts determined by CD method in
the linoleic acid emulsion were higher than those of
OP extracts. TEAC values of OMWW extracts were
between 6.8 and 26.0 pM, while TEAC values of OP
were between 6.7 and 27.1 uM. The study showed
that the amount of phenolic substances dissolved in
SO were related to the antioxidant capacities of sam-
ples. When extract and lecithin added together into
SO samples, TPC of samples was higher than SO
enriched only with extracts.

The addition of extracts ensured an increase in the
IP of SO. In our study, OMWW and OP extracts had
a considerable amount of polar-structured phenolic
compounds. Thus, these polar phenolic compounds
protected SO from oxygen at oil-air interface accord-
ing to polar paradox hypothesis. The use of lecithin
combined with the extracts was more effective and
higher protection factors were achieved. The IP of
those samples was higher than SO+BHT. In brief, the
addition of lecithin combined with extracts increased
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the TPC, antioxidant activity and IP of SO samples.
These results could be due to that lecithin is thought
to increase the amount of phenolic compounds dis-
solved in the oil and there is a synergist effect of leci-
thin with phenolic compounds in the extract.

During the thermal oxidation test at 180°C, OMWW
extract was more effective than OP extract in reduc-
ing the CD content. Again, lecithin increased the ef-
ficiency of OMWW or OP extracts. OMWW extract
was effective in lowering p-anisidine value, while OP
extract was pro-oxidant. In addition, in the presence
of lecithin, OMWW extract had better p-anisidine, to-
copherol content and IP values than in SO containing
BHT. The study had shown that OMWW extract and
lecithin had a protective effect against thermal oxida-
tion of oils and had increased the effect of phenolic
compounds during thermal oxidation.

Acknowledgements

Authors would like to thank Bolu Abant Izzet Bay-
sal University Scientific Research Projects for fund-
ing this research (Project No: 2012.09.01.505) and
Bolu Abant Izzet Baysal University, Innovative Food
Technologies Development Application and Research
Center (YENIGIDAM) for the supports in DSC analy-
ses.

Compliance with ethical standards

Conflict of interest
The authors declare that they have no conflict of in-
terest

REFERENCES

1] International Olive Council (IOC), 2018. Pro-
ductions for the Years 2012/13-2016/17 were
considered.  http://www.internationaloliveoil.
org/estaticos/view/132-world-tableolive-fig-
ures, Accessed date: July 2018.

2] R. Roig, M.L. Cayuela, M.A. Sanchez-Monede-
ro, An overview on olive mill wastes and their
valorisation methods. Waste Manag. 26(9),
960-969 (2006).

[3] I. Dammak, M. Neves, H. Isoda, S. Sayadi, M.
Nakajima, Recovery of polyphenols from olive
mill wastewater using drowning-out crystalli-
zation based separation process. Innov. Food
Sci. Emerg. Technol. 34, 326-335 (2016).

[4] A. De Bruno, R. Romeo, F.L. Fedele, A. Sicari,
A. Piscopo, M. Poiana, Antioxidant activity
shown by olive pomace extracts. J. Environ.
Sci. Health, Part B. 53, 526-533 (2018).

[5] S.H. Omar, Oleuropein in olive and its pharma-
cological effects. Scientia Pharm. 78(2), 133
(2010).

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

D. Raederstorff, Antioxidant activity of olive
polyphenols in humans: a review. Inter. J. Vit.
Nutr. Res. 79(3), 152-165 (2009).

F. Visioli, A. Pali, C. Gall, Antioxidant and other
biological activities of phenols from olives and
olive oil. Med. Res. Rev. 22(1), 65-75 (2002).
P. Vossen, Olive oil: history, production, and
characteristics of the world’s classic oils.
HortSci. 42(5), 1093-1100 (2007).

S. Cicerale, X.A. Conlan, A.J. Sinclair, R.S.
Keast, Chemistry and health of olive oil phe-
nolics. Critical Rev. Food Sci. Nutr. 49(3), 218-
236 (2008).

A. Agalias, P. Magiatis, A.L. Skaltsounis, E.
Mikros, A. Tsarbopoulos, E. Gikas, |. Spanos,
T. Manios, A new process for the management
of olive oil mill waste water and recovery of nat-
ural antioxidants. J. Agric. Food Chem. 55(7),
2671-2676 (2007).

P.S. Rodis, V.T. Karathanos, A. Mantzavinou,
Partitioning of olive oil antioxidants between ail
and water phases. J. Agric. Food Chem. 50(3),
596-601(2002).

M. Paini, B. Aliakbarian, A.A. Casazza, A. Lag-
azzo, R. Botter, P. Perego, Microencapsulation
of phenolic compounds from olive pomace us-
ing spray drying: a study of operative param-
eters. LWT-Food Sci. Technol. 62(1), 177-186
(2015).

E. Tsagaraki, H.N. Lazarides, K.B. Petrotos,
Olive mill wastewater treatment. In Oreopou-
lou, V., Russ, W. (Eds.), Utilization of By-Prod-
ucts and Treatment of Waste in the Food In-
dustry. Springer, New York (2007).

D.A. Sousa, A.l. Costa, M.R. Alexandre, J.V.
Prata, How an environmental issue could turn
into useful high-valued products: The olive
mill wastewater case. Sci. Total Environ. 647,
1097-1105 (2019).

A. Yanguia M. Abderrabba, Towards a high
yield recovery of polyphenols from olive mill
wastewater on activated carbon coated
with milk proteins: Experimental design and
antioxidant activity. Food Chem. 262, 102-109
(2018).

P. Paraskeva, E. Diamadopoulos, Technolo-
gies for olive mill wastewater (OMW) treatment:
a review. J. Chem. Technol. Biotechnol. 87,
1475-1485 (2006).

C. Paredes, J. Cegarra, A. Roig, M.A.
Sanchez-Monedero, M. P. Bernal, Character-
ization of olive mill wastewater (alpechin) and
its sludge for agricultural purposes. Bioresour.
Technol. 67, 111-115 (1999).

E. De Marco, M. Savarese, A. Paduano, R.
Sacchi, Characterization and fractionation of
phenolic compounds extracted from olive il
mill wastewaters. Food Chem. 704(2), 858-

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCVI - OTTOBRE / DICEMBRE 2019



[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

28]

[29]

867 (2007).

M. Di Nunzio, G. Picone, F. Pasini, M.F. Cabo-
ni, A. Gianotti, A. Bordoni, F. Capozzi, Olive
oil industry by-products. Effects of a polyphe-
nol-rich extract on the metabolome and re-
sponse to inflammation in cultured intestinal
cell. Food Res. Inter. 7173, 392-400 (2018).

R. Lavecchia, A. Zuorro, Evaluation of olive
pomace as a source of phenolic antioxidants
for the production of functional cosmetics.
Inter. J. Appl. Eng. Res. 70, 34405-34409
(2015).

M.A. Nunes, A.S.G. Costa, S. Bessada, J.
Santos, H. Puga, R.C. Alves, V. Freitas, M. OI-
iveira, Olive pomace as a valuable source of
bioactive compounds: A study regarding its li-
pid- and water-soluble components. Sci. Total
Environ. 644, 229-236 (2019).

G. Di Lecce, A. Cassano, A. Bendini, C. Coni-
di, L. Giorno, T. Gallina Toschi, Characteriza-
tion of olive mill wastewater fractions treatment
by integrated membrane process. J. Sci. Food
Agric. 94, 2935-2942 (2014).

P. Albahari, M. Jug, K. Radi¢, S. Jurmanovi¢,
M. Brn¢i¢, S.R. Brngi¢, D.V. Cepo, Charac-
terization of olive pomace extract obtained by
cyclodextrin-enhanced pulsed ultrasound as-
sisted extraction. LWT-Food Sci. Technol. 92,
22-31 (2018).

A. Judde, P. Villeneuve, A. Rossignol-Castera,
A. Le Guillou, Antioxidant effect of soy lecithins
on vegetable oil stability and their synergism
with tocopherols. J. Amer. Oil Chem. Soc.
80(12), 1209-1215 (2003).

M.F. Ramadan, Antioxidant characteristics of
phenolipids (quercetin-enriched lecithin) in li-
pid matrices. Ind. Crops Prod. 36(1), 363-369
(2012).

M.F. Ramadan, L.W. Kroh, J.T. Moersel, Radi-
cal scavenging activity of black cumin (Nigella
sativa L.), coriander (Coriandrum sativum L.)
and niger (Guizotia abyssinica Cass.) crude
seed oils and oail fractions. J. Agric. Food
Chem. 57, 6961-6969 (2003).

M.F. Ramadan, Quercetin increases antioxi-
dant activity of soy lecithin in a triolein model
system. LWT-Food Sci. Technol. 47, 581-587
(2008).

S. Igbal, S. Haleem, M. Akhtar, M. Zia-ul-Haq,
J. Akbar, Efficiency of pomegranate peel ex-
tracts in stabilization of sunflower oil under
accelerated conditions. Food Res. Inter. 47(2),
194-200 (2008).

J.L. Mau, C.N. Chang, S.J. Huang, C.C. Chen,
Antioxidant properties of methanolic extracts
from Grifola frondosa, Morchella esculenta
and Termitomyces albuminosus mycelia. Food
Chem. 87(1), 111-118 (2004).

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

M.L. Wong, R.E. Timms, E.M. Goh, Colorimet-
ric determination of total tocopherols in palm
ail, olein and stearin. J. Amer. Oil Chem. Soc.
65(2), 258 (1988).

AOCS. Official Methods and Recommended
Practices of the American Oil Chemists’ Socie-
ty (5" ed.). Champaign, IL: AOCS Press (1998).
F. Rubio-Senent, G. Rodriguez-Gutierrez, A.
Lama-Mufioz, J. Fernandez-Bolanos, New
phenolic compounds hydrothermally extracted
from the olive oil byproduct alperujo and their
antioxidative activities. J. Agric. Food Chem.
60(5), 1175-1186 (2012).

F. Venturi, C. Sanmartin, I. Taglieri, A. Nari, G.
Andrich, E. Terzuoli, S. Donnini, C. Nicolella, A.
Zinnai, Development of phenol-enriched olive
oil with phenolic compounds extracted from
wastewater produced by physical refining. Nu-
trients 9(8), 916 (2017).

M. Suéarez, M.P. Romero, M.J. Motilva, De-
velopment of a phenol-enriched olive oil with
phenolic compounds from olive cake. J. Agric.
Food Chem. 58(19), 10396-10403 (2010).

TI. Laftka, A.E. Lazou, V.J. Sinanoglou, E.S.
Lazos, Phenolic and antioxidant potential of ol-
ive oil mill wastes. Food Chem. 725(1), 92-98
(2011).

D. Gunal, S. Turan, Effects of olive wastewater
and pomace extracts, lecithin, and ascorbyl
palmitate on the oxidative stability of refined
sunflower oil. J. Food Proc. Preser. e13705
(2018).

F. Shahidi, Y. Zhong, Revisiting the polar par-
adox theory: a critical overview. J. Agric. Food
Chem. 59(8), 3499-3504 (2011).

M. Laguerre, C. Bayrasy, A. Panya, J. Weiss,
D.J. McClements, J. Lecomte, E.A. Decker, P.
Villeneuve, What makes good antioxidants in li-
pid-based systems? The next theories beyond
the polar paradox. Critical Rev. Food Sci. Nutr.
55(2), 183-201 (2015).

C.X. Zhang, H. Wu, X.C. Weng, Two novel syn-
thetic antioxidants for deep frying oils. Food
Chem. 84(2), 219-222 (2004).

Y.I. Ock-Sook, D. Han, H.K. Shin, Synergistic
antioxidative effects of tocopherol and ascor-
bic acid in fish oil/lecithin/water system. J.
Amer. Oil Chem. Soc. 68(11), 881-883 (1991).
S. Takeungwongtrakul, S. Benjakul, Oxidative
stability of shrimp oil-in-water emulsions as
affected by antioxidant incorporation. Inter.
Aquatic Res. 5(1), 14 (2013).

O.H. Lee, B.Y. Lee, J. Lee, H. Lee, J.Y. Son,
C.S. Park, K. Shetty, Y.C. Kim, Assessment of
phenolics-enriched extract and fractions of ol-
ive leaves and their antioxidant activities. Biore-
source Technol. 700(23), 6107-6113 (2009).
M. Azizkhani, P. Zandi, Effects of some natu-

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCVI - OTTOBRE / DICEMBRE 2019




250

[44]

[43]

ral antioxidant mixtures on margarine stability.
Pak. J. Agric. Sci. 47(3), 251-257 (2010).

M. Doert, K. Jaworska, J.T. Moersel, L.W.
Kroh, Synergistic effect of lecithins for toco-
pherols: lecithin-based regeneration of a-to-
copherol. Euro. Food Res. Technol. 235(5),
915-928 (2012).

L. Cui, E. A. Decker, Phospholipids in foods:
prooxidants or antioxidants? J. Sci. Food Ag-
ric. 96(1), 18-31 (2016).

[46]

[47]

F.J. Hidalgo, F. Nogales, R. Zamora, Changes
produced in the antioxidative activity of phos-
pholipids as a consequence of their oxidation.
J. Agric. Food Chem. 53(3), 659-662 (2005).
R. Zamora, F.J. Hidalgo, The Maillard reaction
and lipid oxidation. Lipid Technol. 23(3), 59-62
(2011).

Received.: February 13, 2019
Accepted: May 24, 2019

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCVI - OTTOBRE / DICEMBRE 2019





