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ABSTRACT

The production of olive oil generates huge quasgitof by-product called olive mill wastewater (OMWhich
poses serious environmental problems. This effluentains several polyphenols. In this work, weehstudied the
liquid-liquid extraction on olive mill wastewatersing ethyl acetate. By a colorimetric assay, weeaded that
phenolic compounds are very abundant in olive méktewater. The evaluation of the antioxidant dgtief the
extracts confirms its potential to scavenge fredigals under fast kinetic behavior (1-2 min) comezharwith
synthetic antioxidants. The enrichment of olive with phenolic fraction was performed showing thhe
antioxidant activity increases with the increase pdfenolic fractions added, allowing the improvemehtthe
antioxidant ability of olive oil. To conclude, odata demonstrate that low-cost natural phenolicapots retain
high antioxidant activity and fast kinetic behavamd can improve the antioxidant activity of ol instead of
synthetic antioxidants.

Keywords: Olive Mill Wastewater OMW, phenolic compounds, aridant activity, kinetic behavior, DPPH
method.

INTRODUCTION

Virgin olive ail, extracted from fresh and maturéves without any refining process, conserves ratoonstituents
ensuring a great biological interest. Therefores donsumption of olive oil is not limited, as kngwon the
Mediterranean regions, but it is expanding to otteemtries worldwide [1-3].

To produce Olive oil of high quality, traditionalsdontinuous press or a continuous centrifugatte (phase and
three-phase systems) are used. In both methodprdlcess generates two residues: a solid (pomacka diquid
(Olive Mill Wastewater OMW) wastes. OMW once throwrio rivers and sewers without any treatments pose
serious environmental problems. Their harmful éfeare largely derived from their content of phénol
compounds, which may inhibit the growth of micraamgsms [4]. Pursue the big interest for the envirent; it is
consequently conceivable to recover phenolic comgswvithout distortion, to develop this potentiabource [5].

In fact, biophenols [6] in olive mill wastewaterghlighted a great protection for health resultimgnf their
vegetable origin [7, 8]. They are characterizedliyg role as antioxidants revealed from their byglt substituents
and aromatic structure; what gives them the prgpertscavenge free radicals, which are the reasaxidative
damage of biomolecules such as nucleic acids, ipgo#ad lipids [9-12].

Given the complexity of the oxidation process amaldiverse nature of antioxidants, there is natigarsal method

by which the antioxidant activity can be measuradrdjtatively in a specific way. From the methodpdal point
of view, the test free radical DPPHe is an easyhoeétfor the determination of antioxidant activitigis reagent is
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available in the commerce, stable and can be useédtared easily. It reacts with a hydrogen or leoteon donor
compound present in the solution. This method setaon the measurement of the absorbance [13{i#tatases
with the increase of quantity of antioxidants ie solution. This technique is very employed for de¢ermination
of antioxidant activity of some foodsrich in pheicotompounds such as virgin olive oil [14] and exts such as
cocoa and rosemary [15], tea [16,17], coffee [bYe leaves [17], olive mill wastewater [18-20h4 objectives of
this paper were to verify the kinetic approachhef &ntioxidant activity of extracts obtained fronvi@ as a source
of natural antioxidants added with different prajmor to olive oil.

EXPERIMENTAL SESSION

2.1. Materials

The 2,2-diphenyl-1-picrylhydrazyl DPPHs, hexane tima@ol and ethyl acetate were purchased of highypiiom
Sigma Aldrich. Ascorbic acid, butyl-hydroxy-tolueB8HT), Sodium carbonate anhydrous Na2CO3 and Folin
Ciocalteu’s phenol reagent were bought from Fluka.

The Olive Mill Wastewater OMW was engendered by#riactory using three-phase centrifugation preessfrom
Tunisia. It was collected directly after pressifilered using GF/F filter paper Buchner funneldastored at 4°C
for analyses. Commercially virgin olive oil was dder this study.

UV-VIS spectrophotometer (Aquarius CECIL CE 74008qrmacterized by high accuracy and stability witheiiwas
used for measuring the absorbance for all expetignen

2.2. Extraction of phenolic compounds from OMW

A liquid-liquid extraction of the OMW was performedth ethyl acetate. Briefly, a sample of OMW wasd#ied
with concentrated HCI to pH 2 and then was extdhatith hexane (1:1) twice for an hour to remove fete
extraction of phenolic compounds was performed firees with a ratio of 1:2 (v/v) with ethyl acetd®#0]. The
phenolic extracts were reserved at 4°C for furthvelysis.

2.3. Total phenolic contents in OMW fractions

The total phenolic compounds were determined utiegmethod of Folin & Ciocalteu [21]. Solutions Ghllic
Acid (GA) were prepared (60, 120, 180, 240 and 8@0L™) for the calibration curve. The results were espeel
as g of GA equivalents per liter of olive mill wastater. Briefly, 100 pL of diluted extracts or stards were mixed
with 6 mL of distilled water, 500 uL of Folin & Cialteu’'s reagent and 1.5 mL of )&D; (20% in water), the
solution was then adjusted to 10 mL with distill@dter and stirred vigorously , after two hours mdtibation, the
absorbance was measured at 760 nm.

2.4. Determination of antioxidant activity

For the evaluation of the antioxidant activity efrples, The DPPHe method was used according toerefe [22].
Five concentrations of DPPHe radical were dailypared in order to check the linearity of response a linear
regression (R=0.997) was established.

For antioxidant activity of samples and standaBfsmg L* solution of DPPHe was freshly prepared in methanol
and protected from light. A series of diluted fians of OMW with known concentrations were prepaaad 0.1
mL of each solution was added to 3.9 mL of DPPHutsm. The mixtures were incubated 30 min and the
absorbance was recorded at 517 nm using Ascorlil@ad BHT as references. The absorbance of DPB(RL

) in methanol was, according to our experimentsalinthe cases close to 0.700 nm. The concentrafiGg
required to scavenge 50% of DPPH solution was aseiekin the following equation as;

Scavenging ACtiVity (%) = (&mtrol‘AsampIQ/ Acontrolx 100
Acontrol IS the absorbance of the control at t = 0 min Agghyeis the absorbance of the antioxidant at t = 30. min
EGCs, is expressed as gram of antioxidants needed t@sga one Kg of DPPHe (g of antioxidants / Kg of FHR)

in the assay medium.

Reactions Kinetics of Ascorbic acid and OMW extsaatere registered at 0, 1, 2, 3, 5, 10, 15, 20a2% 30
minutes. The percentage of DPPHe remaining wasessgd in the following equation as;

% of DPPHe remaining = A Aq X100

Ag and A are the absorbance at 517 nm of the radical dig¢haning and at any instant t, respectively.
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2.5. Ultrasonic enrichment of olive oil with OMWrcts

To investigate the effect of phenolic additivesesies of olive oil enriched with phenolic fractitonf OMW was
made in the proportion of 1%, 0.1% and 0.01%. Waceed first to weigh in a dry bottle OMW extradteen we
supplement with the appropriate volume of olive Ail samples were well shaken and placed in arasdinic bath
until complete dissolution of the extract.

2.6. Antioxidant activity in olive oil

Usually, methanol is the comment solvent for théedrination of the antioxidant activity of DPPHe tined in

polar fraction. Moreover, ethyl acetate is usethim case of non-polar fraction such as vegetalide[28]. Hence,
the same experiments of section 2.4 were repeaad) wthyl acetate as solvent for the determinatibrthe

antioxidant activity of olive oil and olive oil eiched with phenolic extracts with different propont (1%, 0.1% and
0.01%). The Egy values were expressed as g of antioxidants P& He in the assay medium.

2.7. Data analysis

Results were expressed as Mean + Standard Devigidh of three experiments for each antioxidant;B@lues

were expressed as 95% confidence interval. Datlyssgavas performed using a statistical programap@rPad

Prism, version 6.04. Briefly, values were log-tfansied and normalized, and nonlinear regressiorysisawas

used to generate a sigmoidal dose—response cuhie.pfogram was selected the most efficient progtam
calculate the percentage of scavenging activity iacent study [24].

RESULTS AND DISCUSSION

3.1. Content of phenolic compounds

Olive mill wastewater was acidified objectify tachease the solubility of phenolic compounds in aigaolvents to
allow the extraction of the maximum quantity of ygutienols [6] and to promote the hydrolysis of latgins of
phenolic compounds to phenolic monomers [4]. Crofilee mill wastewater contains 8.21 g lof total phenolic
compounds. Brown red viscous liquid resulting frima extraction process was recovered. Liquid-liceittaction

using ethyl acetate as solvent provides 2.85 g Guivalents/L of OMW. The phenolic yields attaineg sing

ethyl acetate are about 34.7 %. Our results waraddo be in agreement with those reported byrebess [21].

The solvent used in the liquid extraction proc#iss,initial pH and the extraction time make the panson of the
total phenol composition of olive mill wastewatery varied in the literature. Other factors ar® albssponsible for
this variation (1) the olive variety, the methodpsbduction of olive oil (continuous or discontirusoprocess), (2)
the climatic conditions, (3) the use of fertilizensd pesticides and the time of picking and ripgroholives [25].

Content of polyphenols in OMW reported in previstisdies are summarized in Table 1.

Table 1-The content of Polyphenols (g ) of OMW according to some authors

Polyphenols (gf) | Referenced
25 [4]
10.7 [26]
0.98 [27]
3.8 [28]
1.6 [39]
7.8 [30]
8.6 [31]
3.22 [32]

3.2. Antioxidant activity

DPPHe assay is a consistent method to determinsdaeenging activity of biological compounds. Th&s&is a
characteristically employed parameter to define @h8oxidant activity and to compare the capacitydifferent
compounds to scavenge free radicals. In this stadgpecific computer program GraphPad Prism arsahysis
performed to calculate this parameter.

Several researchers have been interested to detetimé antioxidant activity of phenolic compoungs@PPHe
radical scavenging method and expressed theirtseassilthe depletion of free radical to 50% witHedt#nt units. In
some studies, the inhibitory concentration sE@as expressed as a function of the initial conediotn of
antioxidant and in other studies as the conceofraif the antioxidant responsible to scavenge fagkcals when
introduced in the assay medium. Because of ountaite to distinguish the inhibitory concentratioy 50% for
different antioxidants, we have made a reviewtefditure and observed several procedures usingRIifH radical
assay. The comparison between values reportedeiigus studies will lighten the efficiency of oliveill waste
compared to known antioxidants. We have consideraihtaining the values of Egreported in literature to the
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same unit (g of antioxidant / kg of DPPH). For amste, volume, initial concentration of DPPH radiad original

units were taken into account (Table 2).

Table 2- List of antioxidants with EC50 concentratbns obtained from various reported studies

Ant ECsc Referenceg
Original unit Reported valuks
15.2+1.1g ant/Kg DPPH, 131.66 [19]
0.89 pg/mL 7.52 [33]
BHT 0.0129+0.0005 mg/mL 11.28 [34]
36.1 UM 201.73 [37]
0.89 pg/mL 7.52 [39]
- 141.4+8.818 This study
158+14.3g ant/Kg DPPH 12.66 [19]
121g ant/Kg DPPHe 121 [22]
11.80.2 16 mol/L 2.13 [35]
Ascorbic Acid 76+7g ant/Kg DPPH 767 [36]
10.2 uyM 46.89 [37]
0.216mol ant/mol DPPHe 96.47 [38]
- 109.4+5.895 This study
169+5.2 pg/mL 140.83 [19]
Phenolic Extracty 1.2 pg/mL 10.4 [39]
- 124.2+3.987 This study

#Values expressed as mean +standard deviationreétmeasurements; ant — antioxidants.
PvValues are expressed in g ant/Kg DPPHs in the assagium.

EC50 is contrariwise correlated with the scavengiativity of a compound, as it defines the amoudrdrdgioxidant
required to decrease the radical concentrationd8g.5The inhibitory concentration by 50% values paeticularly
diversified, actually, the phenolic extract obtairfeom olive mill wastewater is the potent scaveiggbne 124.2 +
3.987 g antioxidants / kg DPPHe compared with BHIL.2 + 8.818 g antioxidants / kg DPPHe in the assagium
(Fig.1). The result obtained for the extract irsthvork is in accordance with some authors [19].
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Figure 1- Influence of the concentration of antioxdants on the scavenging effect (%)

3.3. Kinetic study

DPPHe reacts with phenolic compounds ArOH trougb mechanisms [40];
1) A direct abstraction of a hydrogen H from phenol

ArOH + DPPHe— ArOe + H-DPPH

2) An electron transfer process

ArOe + DPPHe«— products

Generally, in non-polar solvent, the first reactisrpredominant, but in polar solvent such as nmathacapable to
form strong hydrogen bond, the second reaction fnesoof wide interest [35]. The evolution of thefeliént
reaction kinetics depends on the nature of theosid@nt being tested. Three types of behavior weported by
[22] a rapid, an intermediate and a slow kinetibaaor. In our study, for standard antioxidant @idW extracts,
the reaction is instantaneous and fast. The chahgelor from purple to yellow, which indicates tpassage of
DPPH form radical (DPPH ¢) to (DPPH-H) takes platen extremely short time where the equilibriuratetis
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reached immediately and reduction is almost comapléscorbic acid and OMW extracts own a rapid kinet
behavior. In fact, the reactions present two phas#éh a fast decrease in absorbance at the bewjrofi reaction,
followed by a slower step up to equilibrium. Thesattbance versus time plots show a fast initial preagressed
the decrease of the DPPHe absorbance followed $lgva phase expressed the disappearance of DPP2 ().

The steady state was fast reached for Ascorbic Acad OMW extracts and not requires a long timeeiach
equilibrium (1-3).
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Figure 2-Spectrophotometric recording for the remaning DPPHs« in the presence of Ascorbic acid

A15O - 60 mglL
2 — 90 mglL
& =~ 150 mgL
= A —— 180 mglL
T 50 — -~ 300 mglL
g - -
Q
14 ————e—e

0 L] L) L] L) 1

0 10 20 30 40

Time (min)
Figure 3-Spectrophotometric recording for the remaning DPPH?e in the presence of OMW extracts

3.4. Enrichment of olive oil

Olive oil, an elementary ingredient in the Mediterean diet, offers potentially beneficial effegisventing certain
diseases and enhancing general human health dhe fresence of antioxidants. The inhibitory comegion of
virgin olive oil (439.7 £ 8.4 g antioxidants /g DRAB reported in this study is slightly lower thaalwes reported by
[12] consequently it promotes a higher antioxidalility. This difference can maybe due to variefyobives and
origin of oil. The inhibitory concentrations of wé oil decrease regularly with the addition of phlenextract (Fig.
4). The exploitation of reported results (TablesBpws that if the proportion of a phenolic extrafreases, the
inhibitory concentration decreases in all experiteefherefore, it is established that OMW extractable to
stabilize olive oil and can replace frequently usgdthetic antioxidants [33]. Per consequence, rpm@tion of
extracts derived from olive mill wastewater in fomdustry mainly in olive oil may contribute healenefits and
protect the human body from oxidation damages.

Free radicals generated by metabolic processeseirivting systems can damage biomolecules and maldir

functions, which can lead to cellular degeneratidatural antioxidants can reduce and prevent tlibdfects of
free radicals in cells.
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Nowadays, there is a growing interest in the natmnéioxidant compound versus synthetic ones becthsy can
cause detrimental effects on human health. Antemticompounds extracted from OMW are demonstratdthve
a great antioxidant activity. This originality iny interesting because they can be added to faadsoils to
prevent the formation of toxic complexes by dorata hydrogen atom to the lipid radical. The autatimh of
foods through free radical reaction received imgartattention and the introduction of antioxidaah grotect and
extend the duration of life of foods.
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Figure 4-Influence of the concentration of additiveantioxidants on the scavenging effect (%) of oliveil

Table 3-list of EGs, for enriched olive oil

Antioxidants EGo(g antioxidants / g DPPHe
Olive all 316.4 + 3.777
Olive oil with 0.01% of extract 133.1 +1.577
Olive oil with 0.1 % of extract 84.09 + 3.058
Olive oil with 1 % of extract 15.93 + 2.445

CONCLUSION

The results reported in this study attest thatettteacts obtained from olive mill wastewater comtaotent phenolic
compounds which own a high antioxidant activitysavenge free radical and a fast kinetic behaviuilas to
Ascorbic acid (Vitamin C) illustrated by DPPHe test

Antioxidants have an important role in human nignitas preventive agents against various diseaxk$oa tissue
protecting of the body against oxidative stress &ktraction of these compounds from vegetatioremedn lead to
a natural source of growing interest in pharmacautand food industries. Therefore, data reporied the

enrichment of olive oil with OMW extracts prove thantioxidants from OMW can stabilize oil from axigation

up to a greater amount than employed synthetioxidant and improve the ability of the Olive oil pseventive
care for many diseases related to oxidative streggported by several research and clinical stupfiés To

conclude, this work confirms the interest of olisiéresidues as a natural and cheap source ofalantioxidant,
which can stop or limit the damage caused by fagécals and by synthetic antioxidants used in fioddstries.
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