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ABSTRACT

In this study, pomace olives coming from diffemailts (Press process, continuous process two-phasdsthree-
phases) were used for extraction of oils. The hsglod yield (12.92%) was obtained with pomace egivoming
from press process. Total contents of phenolicsA{l3 21.25 mg GAE/100 g oil) and flavonoids (5-9A2.52mg
QE/100 g oil)were determined spectrophotometricallye pomace olive oil “POO3” (Pomace olive comiingm
3-phases system) presented the highest phenddiepnibid contents and showed the highest DPPH, ABTS
scavenging, metal chelating activity. In vitro @hiblinesterase activity, the olive pomace oils skebwnoderate
inhibition against AChE and BChE which are the kegymes taking place in pathogenesis of Alzheindé&&ase.
These results showed that the tested oils can bsid®red as sources of natural antioxidant, as wslinoderate
anticholinesterase agents.

Keywords: Antioxidant, anticholinesterase, flavonoid, pheaaéntent, oil,pomace olive.

INTRODUCTION

Olive (Olea europaed..) cultivation and olive oil production have beefth humankind since ancient times. The
olive tree played an integral part in the life okditerranean basin’s people, since the third miilem B.C., and
olive oil has always been central to the economghisf region[1]. Over the centuries, the benefftslove oil have
been documented and the consumption of olive ol im@reased throughout the world. In recent yetrs,
increasing popularity of olive oil has been maiatyributed to its high content of oleic acid, whictay affect the
plasma lipid/lipoprotein profiles and its richneasphenolic compounds acting as natural antioxislawhich may
contribute to the prevention of human disease[2].

The olive oil industry is one of the agro-indudt@ativities that produce a significant amount gfgroducts. As
regards the olive pomace, today two kinds of pre@s mainly used to separate oil from olive pastesthree-
phase centrifugation system, which produces aivelgtdry solid waste named three-phase pomaceaalzige
volume of olive mill waste waters, and the two-ghagstem in which the extraction water injectiorcasried out
only in the final vertical centrifugation step, twihg by one-third on average the volume of ligefiiuent[3].

Pomace olive can reach up to 30% of olive oil maoufring, depending on the milling process whidteraoil
extraction, is generally distributed by means aftoalled spreading on agricultural soil. Howevelaee quantity
of olive mill solid residue remains without actugbplication because only small amounts are usedatgal
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fertilizers, combustible biomass and additivesnimal feeding. Many researchers have also stutliedise of olive
pomace in direct combustion and in the productibohemical compounds, as animal feed or soil camuhtr, and
activated carbon[4].This solid waste is of hetermgmis nature and can be found along with many aami
compounds, such as alkaline (potassium) and atkaarth (calcium and magnesium metals), sugars and
polyphenols, which come from the vegetation wakgr $ince, only 2% of the phenolic compounds aaedferred

to the oil and as much as 98% retained in the aalkes pomace has been considered to be an integesturce of
phenolic compounds [6].

Until now, only a few papers in the literature hdweused on the evaluation of the phenolic contérgolid olive
oil residues from different milling processes. the fpast decade, several researchers have studiegiplhicement of
Cocoa Butter with refined pomace olive oil to atair level may reduce the costs of confectionarpurfacture[7],
the presence of contaminants (pesticides) in thmage and the detoxification of this residue by tise of
microorganisms or the reuse of olive pomace aslnwetadsorbent[4].

Oxidation processes are considered as major camdribto the induction and/or progress of manyatiss such as
cancer, Alzheimer’s, Parkinson’s, and heart disea&etioxidants can interfere with oxidative proses by reacting
with free radicals, chelating catalytic metals, atgb by acting as {Bcavengers. Among the synthetic antioxidants,
the most frequently used to preserve food are &gl hydroxytoluene (BHT) and butylated hydroxyelas
(BHA). The use of these antioxidants is restrictlerd to their carcinogenicity. Thus, research edfaot identify
alternative, natural, and probably safer sourcdsad antioxidants are an important issue. In tlaise, many plants
can play an important role in adsorbing and neiatreg free radicals due to their high content ofi@idants such

as polyphenols|[8].

The objectives of this study were: (i) to determiotal phenolics and flavonoids of pomace olives @ibming from
different system mills, using spectrophotometricdhods, (ii) to determine their antioxidant activip DPPH free
radical, ABTS cation radical decolorization and réeis ions chelating, (iii) to determine the anti-
Alzheimer(Anticholinesterase)activity.

MATERIALS AND METHODS

Plant material

The raw material used in this work was pomace olieen a different process for extraction of olivié @Press
process, continuous process two-phases and theseg)) provided by an oil factories located in Baflastern
Algeria). The pomace was collected just after tresging operation. The initial moisture content watermined by
drying in a vacuum chamber at 70°C until reachiogstant weight[9].

Spectral measurements and chemicals

The antioxidant and anticholinesterase activity sneaments were carried out on a 96-well microptatder,
SpectraMax 340PC384, Molecular Devices (USA); a fhepartment of Chemistry, Mugla University. The
measurements and calculations were evaluated bgn&oPRO v5.2 software.

Potassium persulfate, n-hexane, ferrous chloriteicfchloride, copper (Il) chloride and ethyleradinetetraacetic
acid (EDTA) were obtained from E. Merck (Darms-ta@ermany), quercetin, Folin—Ciocalteu’s reage@Rf, 3-
(2-pyridyl)-5,6-di(2-furyl)-1,2,4-tri-azine-5’,5"disulfonic acid disodium salt (Ferene), neocupr@nd ammonium
acetate butylated hydroxytoluene (BHT), 1,1-diphetpicrylhydrazyl (DPPH), Electric eel acetylchudisterase
(AChE, Type-VI-S, EC 3.1.1.7, 425.84 U/mg), horseusn butyrylcholinesterase (BChE, EC 3.1.1.8, 11/#Q),
5,50-dithiobis (2-nitro-benzoic) acid (DTNB), ackityocholine iodide and butyrylthiocholine chloridgalantamine
were obtained from Sigma Chemical Co. (Sigma—Alri@mbH, Stern-heim, Germany). 2.20-Azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) diammoniunt SABTS) was obtained from Fluka Chemie (Sternheim
Germany). Hexane was purchased from “Biochem-Chéwnmpa”. All other chemicals and solvents were in
analytical grade.

Extraction oil

The oil extraction is carried out by “Soxhlet” methfor the determination of fat in dried solid feptO]with a
slight modification. 20 g of dry pomace olive wag mto cellulose extraction thimbles which covewith cotton
and then transferred into a Soxhlet apparatus “@dttSoxtherm 2000”. 150 ml of hexane was addezhtth flask,
which was connected to the extractor. Each extraatias performed in triplicate during 3 hours. Témperature
of extraction was 180°C. After extraction was coetpdl, the excess solvent was eliminated by usiyggalr
procedure at 40°C until reaching constant weight.
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Preparation of methanol extract

The liquid/liquid extraction was performed accoglito the procedure described by Ollivier al [11]. 1 g of
pomace olive oil was weighed into a centrifuge tubewhich 1 ml of methanol/water (80/20, v/v) wadded. The
mixture was stirred for 10 min in a vortex appasatand the tube was centrifuged at 3800 rpm fomirh The
methanol layer was then separated and the extnactjmeated twice. The methanolic extracts were doedbto be
used for colorimetric determination of total phenahd flavonoids.

Determination of total phenolic content (TPC)

Total phenolic constituent of the methanol extracs determined by employing the methods giveihénliterature
[11] involving Folin—Ciocalteu reagent and gallidias standard. 0.5 ml of methanolic extract smhutvas added
to a volumetric flask. 5 ml distilled water and 1 Folin—Ciocalteu reagent was added and flask weken
vigorously. After 4 min, a 0.8 ml of N@&O; (7.5%) solution was added and the mixture wasatbto stand for 2 h
by intermittent shaking. Absorbance was measure@4t nm. The concentrations of phenolic compoundsew
determined using the calibration curve of gallicddatandard.

Determination of total flavonoids content (TFC)

Total flavonoid content was determined using theheo@ as adapted by Bahorinal[12]. Briefly, 1ml of 2%
aluminum trichloride (AIG)) in methanol was mixed with the same volume ofrtfethanolic extracts. Absorption
readings at 430 nm were taken after 10 min againdank sample consisting of a 1 ml extract soiutidth 1 ml
methanol without AIG. The total flavonoid content was determined usihg calibration curve of quercetin
standard.

Determination of antioxidant activity

DPPH free radical-scavenging assay

The free radical scavenging activity was determispdctrophotometrically by the DPPHassay [13]wilighs
modification. In its radical form, DPPHabsorbs &75m, but upon reduction by an antioxidant ordica species,
its absorption decreases. Briefly, 0.1 mM soluttd®™PPH in methanol was prepared and 4 ml of thigt®n was
added to 1ml of sample solutions in methanol dedéht concentrations. Thirty minutes later, theabance was
measured at 517 nm by using a 96-well microplaseslee Lower absorbance of the reaction mixtureceigis
higher free radical scavenging activity. The caligbto scavenge the DPPHradical was calculatechgighe
following equation [14].

Control — AEE?‘J‘I‘,‘H:E

DPPH radical scavenging ef fect (%) = % 100

A Control

Where:Aconra is the initial concentration of the DPPH afigmpids the absorbance of the remaining concentration
of DPPH in the presence of the extract and positiwetrols. The extract concentration providing 5@édical
scavenging activity (EC 50) was calculated from gineph of DPPH radical scavenging effect percentag@nst
extract concentration. BHAg-tocopherol, (+)— catechin and quercetin were uasdantioxidant standards for
comparison of the activity.

ABTS cation radical decolorization assay

The spectrophotometric analysis of ABTS scavengictivity was determined according to the methodRegt al.
[15], with slight modifications. The ABTS was pramhd by the reaction between 7 mM ABTS in water arth
mM potassium persulfate, stored in the dark at rdemperature for 12 h. Oxidation of ABTS commenced
immediately, but the absorbance was not maximalstaiale until more than 6 h had elapsed. The radaton was
stable in this form for more than 2 days in storegihe dark at room temperature. Before usageABIES solution
was diluted to get an absorbance of 0.708 + 0.@2B34 nm with ethanol. Then, 160 of ABTS solution was
added to 4@l of sample solution in ethanol at different cortcations. After 10 min the absorbance was measured
at 734 nm by using a 96-well microplate reader. peecentage inhibitions were calculated for eaaficeatration
relative to a blank absorbance (ethanol). The sung capability of ABTS was calculated using tlddwing
equation:

A -A ampla
ABTS scavenging ef fet (%) = CM:D‘ 2ampls » 100

Control

Where:Aconra is the initial concentration of the ABTS afAd.mpidS the absorbance of the remaining concentration
of ABTS in the presence of sample. The extract entration providing 50% radical scavenging actiVEso) was
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calculated from the graph of ABTS radical scaveggiffect percentage against extract concentraBid, ao-
tocopherol, (+)— catechin and quercetin were usazhéioxidant standards for comparison of the #gtiv

Ferrousions chelating activity

The chelating activity of the extracts on’Feias measured by using Ferrin [16] with slight midifions. The
extracts solution (8Qul dissolved in ethanol in different concentratiom&gs added to 4@l 0.2 mM FeC} The
reaction was initiated by the addition of B00.5 mM ferene. The mixture was shaken vigoroasiy left at room
temperature for 10 min. After the mixture reachqdikbrium, the absorbance was measured at 56 2Tim@.metal
chelation activity was calculated using the follogriequation:

Control AEE?‘J‘I‘,‘H:E

Metal chelating activity (%) = % 100

Afon trol

Where:Aconia iS the absorbance of control devoid of sample Ang,s the absorbance of sample in the presence
of the chelator. The extract concentration prowddi0% metal chelating activity (E§ was calculated from the
graph of F&' chelating effects percentage against extract caratéon. EDTA was used as antioxidant standards for
comparison of the activity.

Determination of anticholinesterase activity

Acetylcholinesterase and butyrylcholinesterase bitdny activities were measured by slightly modifyi the
spectrophotometric method of Ellman al[17]. AChE from electric eel and BChE from horseuse were used,
while acetylthiocholine iodide and butyrylthiochwdi chloride were employed as substrates of thaioead®TNB
(5.5-Dithio-bis (2-nitrobenzoic) acid was used fbe measurement of the cholinesterase activitigfligr 130 ul of
100 mM sodium phosphate buffer (pH 8.0),ll®f sample solution dissolved in ethanol at diéferconcentrations
and 20ul AChE (5.32x1C U) or BChE (6.85x18 U) solution were mixed and incubated for 15 mi2atC, and
then 10pul of DTNB (0.5 mM) was added. The reaction was thaeitiated by the addition of 2Qul of
acetylthiocholine iodide (0.71 mM) or 2@ of butyrylthiocholine chloride (0.2 mM). The hyalysis of these
substrates was monitored spectrophotometricallythieyformation of yellow 5-thio-2-nitrobenzoate amias the
result of the reaction of DTNB with thiocholine)eased by the enzymatic hydrolysis of acetylthidickeoiodide or
butyrylthiocholine chloride, respectively, at a wedangth of 412 nm utilizing a 96-well micro-plateader.
Percentage of inhibition of AChE or BChE enzymes watermined by comparison of reaction rates ofpézsn
relative to blank sample (Ethanol in phosphatediyfiH 8) using the formul@E-S)/ Ex100 whereE is the activity
of enzyme without test sample, afiés the activity of enzyme with test sample. Thperxments were carried out in
triplicate. Galantamine was used as a referencepoond.

Statistical analysis

The experimental results were performed in tripicd he data were recorded as mean + standardtidevend
analyzed by SPSS statistical software (Version .28nonk, NY: IBM Corp.). The data obtained areates
statistically by analysis of variances, multiplargrarisons of Duncan test and p<0.05 was regardsigjai§icant.

RESULTS AND DISCUSSION

Ash (Humidity) and oil yield

The olive pomace is produced in miller (oil miljgocessing of olives for receiving the olive oierRoval of olive
oil, the vast majority of mills, made by centrifaige in a centrifugal separators two or three phagbus, we
determined humidity and oil yield of olive pomacening from three different process trituration dive oil.
According to the results shown in Table 1, humidapged from 34.92 0.86 to 61.72 0.98 %. Oil yield ranged
from 10.22+ 0.33 to 12.9% 0.70 g 0il/100 g pomace olive.

Pomace produced from 2-phases system were chasadtdry higher humidity (61.96 0.70%) comparing to that
of 3-phases (48.68 0.82%) and hydraulic pressing system (34t98.14%). This was explained that two-phases
system (Named ecological system) did not producgtemater during oil extraction and generated maginith
pomace coming out of decanter. However, it createigh humidity pomace, which is difficult to haadl8].

In contrary, in the 3-phases system water with ifjpdreat is added to decanter during pressing. &enhumidity
is two times lower than the two-phases pomace, Usecavastewater and pomace comes out of the decanter
separately 18].
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This observation was in agreement with Vataal[19]and Chimi[20], who reported that the highestrility of
Greek and Moroccan olive pomace obtained from tivasps system (62%) and (60%) respectively, folloted
those obtained from three-phases system (55%) 45%5%) respectively. Also, these results weregreament
with those previously found by Sanchez Moral & RM&ndez[5] who cited the humidity of Spanish olp@mace
coming from two-phases system (70%), three-phassters (45%) and pressing system (25-30%).

In all these cases the olive pomace still contaihshe range 10-13% (dry) not received by cengdétion: two-
phases (10.22 0.33%) three-phases (11.£10.18%) pressing system (12.970.43%). These finding results were
highest than oil yield for Moroccan olive pomacemiog from two-phases system (3.5%), three-phasstesy
(3.6%) and pressing system (6.8%) [20].

Amount of total phenolics and flavonoids

Table 2 presents total phenolic and flavonoid catisteof the olive pomace oil determined as gallied aand
guercetin equivalent, respectively. The POO3 a#drdch phenolic and flavonoid contents, exhibit#ig25 + 0.22
mg GAE /100 g oil and 12.52 + 0.63 mg QE /100 g m@kpectively. While the most poor phenolic araVdinoid
contents was found to be the POO2 pomace olivéraih (13.47 + 0.35 mg GAE, 5.9 + 0.29 mg QE/100fh oi
respectively).

The Folin-Ciocalteu method was commonly used teereine the total phenolics in the substrate andaliysu
incorporates the usage of gallic acids as the atalfi2il].

The color of Folin-Ciocalteu reagent changes fragtiow to blue upon the detection of phenolics ia #xtracts
which is normally due to the chemical reductiortwofgsten and molybdenum oxides mixture in the neade this
study, methanol was used to dilute the gallic atishdard because gallic acid showed higher sdiylrlimethanol
compared to water and other solvents (eg. eth§2?])

Previous study on the TPC in some Australian PO@egded by traditional press exhibited 0.25 mg QA&
[23]. Chimi[20], investigated the effects of maltima temperature on the phenolic composition of Véaported
that the concentration in total phenols of the oilsreased with increasing levels of olive pasteedding
temperature (20-25°C).

The findings of Ranalliet al[24] who investigated the effects of malaxation pemature on the phenolic
composition of VOO reported that the concentratiototal phenols of the oils increased with inciegdevels of
olive paste kneading temperature. The increasehen@ concentration was more significant when taste
temperature increased from 25 to 30°C whereas phemttent did not increase when the paste temperatu
increased from 30 to 35°C. The method of oil exteachas a significant effect on the content of e, The
physical forces used for oil separation and the larh@f water added to the olive paste during eximacare
important parameters.

The study of Di Giovacchinet al[25]mentioned that addition of water to the olivasfe effectively reduced the
phenolic content of the oil. It was also shown ttfeg total phenol and-diphenol content of oils obtained by
pressing and percolation were significantly gredban that of the centrifugally extracted oils. Hower, phenolic
concentration of olive oil obtained by the presssgstem was higher than one obtained by the toaditi
centrifugation process because of the low addibforwater to the olive paste in pressure system.

Chimi [20] affirmed that VOO obtained by centrifdigen (two-phases) was TPC more rich than 3 phask an
hydraulic press VOO. In opposition to this, the @amtration of TPC from POO, remained.

Antioxidant and anticholinesterase activities

Antioxidant activity tests are performed using salenethods in the literature. Because of the chahuomplexity
of extracts, often, a mixture of dozens of compaumdth different functional groups, polarity andechical
behavior could lead to scattered results, dependinghe test employed. Therefore, an approach witftiple
assays for evaluating the antioxidant potentiahdfacts would be more informative and even necgl8].

The olive pomace oils extracted were screenedhfgir possible antioxidant activity using four coeplentary test
systems, namely DPPH scavenging, ABTS scavengidgratal chelating assays. The total antioxidariviggtof
these oils, compared wittrtocopherol, BHA, (+)- catechin, quercetin and EDW&re shown in Table 3. The
results were found to be statistically significgmt0.05) when compared with those of controls ichei@st.
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In general, these oils exhibited good radical segirey activity. In DPPH assay, the highest activitys observed

in POO3 (IGy: 24.53 + 0.7 ug/ml), followed by POO1 ¢ 31.57 £ 0.62 pug/ml) and POO2 ¢4C47.64 + 0.37
pg/ml). In ABTS assay, however, POO3 {JC15.22 + 1.03 pg/ml) also showed higher radicaveaging activity,
followed by POO1 (IGy: 16.97 £ 0.36 pg/ml) and POO2 (4£22.91 + 1.57 pg/ml). For these extracts, the ABTS
assay supported the DPPH assay almost in all difsomace olive. The difference between the testési amd
control was statistically significant (p<0.05) inth antiradical assays. The scavenging effectb@ftive pomace
oils and standards on the DPPH radical decreasttifollowing order: quercetin > (+)- catechirmstocopherol >
POO3 > POO1 > BHA > POO2. As shown, in Table 3,stevenging effect on the ABTS cation radical, hesve
decreased in the following order: (+)- catechinuergetin > BHA>u-tocopherol > POO3 > POO1 > POO2

Ferrous ions are considered as one of the effeptiveoxidants because the ferrous state of iroelacates lipid
oxidation by breaking down hydrogen and lipid pédes to reactive free radicals through the Fenéaction[27].

In fact, the reaction is very slow, and peroxidatarcelerates when catalyzed by ferrous state irable 3 shows
the chelating effects of the olive pomace oils cameg with EDTA on ferrous ions. The POO3 showedhilgbest

metal-chelating activity among the other oils stadiHowever, none of the extracts have comparasielts with

that of EDTA. As seen in Table 3, the metal-chalatffect of the oils and EDTA decreased in théofeing order:

POO3 > POO1 > EDTA > POO2

Table 3 shows the AChE and BChE inhibitory actdstiof the oils compared with that of galantamingaifst
AChE and BChE enzyme, POO3 exhibited significartivitg, followed by POO1 and POO2. At the same
conditions, the Ig, values of galantamine were 5.0 £ 0.1 and 11.8®4a@ainst AChE and BChE, respectively

CONCLUSION

In conclusion, the oils extracted of olive pomacenthg from different mills (Press process, continsig@rocess
two-phases and three-phases) were effective ad#okiactivity depending on the process of millsgiHiotal

phenolic and total flavonoid content of POO3 waddarately to highly associate with the antioxidardperties.
The antioxidant activity of phenolics is mainly digetheir redox properties, which allow them to astreducing
agents. Among the four used antioxidant methods,hilghest activity was observed for metal-chelatfigct.

These oils also demonstrated mild acetylcholinasteinhibitory activity as well as butyrylcholinesise inhibitory
activity. Therefore, these oils may be useful asaalerate anticholinesterase agent, particularlynag&AChE and
they could be a good source of natural antioxidéortsnedicinal and food industry.
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