
Rapidità, efficacia, precisione 
e certezza nell’analisi dei  
tensioattivi in acque di scarico 

Il D.Lgs 152/2006 stabilisce i seguenti valori come limiti di concentrazione dei tensioattivi 
totali in acque di scarico: 4 mg/l per l’immissione in impianti pubblici di trattamento delle 
acque reflue, 2 mg/l per l’immissione in acque superficiali e 0.5 mg/l per il riutilizzo delle 
stesse (compreso l’avvio alla potabilizzazione). 

A tal fine, per avere un computo corretto del “carico tensioattivo immesso”, chi vuole (o 
deve) analizzare i tensioattivi dovrebbe quantificare e cumulare i contributi dei vari potenziali 
componenti: tensioattivi anionici, non ionici, cationici ed anfoteri.

I metodi ufficialmente riconosciuti gestiscono solo 2 delle 4 categorie (anionici e non 
ionici), richiedono lunghi tempi di esecuzione e sono piuttosto complicati da eseguire.  Sono 
inoltre  pericolosi a causa dei solventi e dei reattivi utilizzati. 

Poiché sono basati su reazioni colorimetriche aspecifiche detti metodi sono inoltre 
interferiti, spesso costruttivamente (quindi con esito maggiorato), da un numero  molto 
elevato di sostanze che rispondono alla reazione ma che non è detto che siano 
effettivamente tensioattivi.

I metodi in cuvetta estendono le possibilità analitiche anche alla categoria dei tensioattivi 
cationici (continuando a lasciare scoperta quella degli anfoteri), risultano decisamente più 
veloci da realizzare dei metodi tradizionali ma, basandosi sugli stessi principi dei suddetti 
(determinazione all’UV), ne subiscono dunque le stesse eventuali interferenze. 

L’utilizzo della Cromatografia Liquida (HPLC) che può separare, identificare e quantificare 
ciascuna tipologia di tensioattivo eventualmente presente in miscela/soluzione, si propone 
come la via più affidabile per analizzare i tensioattivi presenti in soluzioni acquose. Il 
Laboratorio Cosmetica e Detergenza di Innovhub-SSI ha messo a punto con questa tecnica
una metodologia analitica solida per l’identificazione e la quantificazione dei tensioattivi in 
soluzioni acquose, siano esse concentrate (prodotti detergenti), siano esse molto diluite 
(acque di scarico o di processo). 

La metodologia risulta utile per ogni tipo di esigenza analitica in questo campo e permette di
avere riscontri cromatografici sulla reale presenza di tensioattivi mediante curve di 
riferimento definite utilizzando standard analitici e commerciali dei più noti e diffusi 
tensioattivi di ciascuna specie. 

La procedura per l’analisi delle acque prevede eventualmente fasi preliminari di 
concentrazione e purificazione automatizzate atte a costruire la miglior e più adatta aliquota 
di campione da sottoporre ad analisi cromatografica.

Un’analisi di questo tipo garantisce la certezza analitica della presenza/assenza di tensioattivi
nei campioni analizzati e, in caso di presenza, essi sono speciati e  quantificati singolarmente e non
come prodotti di reazione colorimetriche (MBAS-anionici) o complessanti (BIAS-non ionici). 
Ricordando che: 
- i tensioattivi sono inseriti  con funzione emulsionante in prodotti utilizzati da moltissime industrie 
come intermedi di produzione/lavorazione e che quindi non è affatto raro che possano essere 
presenti negli scarichi acquosi di aziende che non ne fanno uso specifico e diretto;
- moltissimi altri ingredienti comunemente in uso possono interferire con le metodologie tradizionali 
tanto da causare quantificazioni dei sovrastimate dei tensioattivi pur non essendo tali; 
- la normativa sugli scarichi, nonché gli accordi commerciali di conferimento di acque di scarico a 
consorzi o società che si occupano di smaltimento sono argomento trasversale a tutto il panorama

industriale italiano e non solo; 
si ritiene utile sottolineare come la messa a disposizione da parte del Laboratorio Cosmetica e 
Detergenza di Innovhub-SSI di tale servizio analitico, possa essere estremamente utile su molti fronti:
in caso di aperte contestazioni come supporto in fase di apertura/rinegoziazione di accordi
commerciali di conferimento e in via preventiva, per un rapido, efficace e preciso monitoraggio 
della situazione di conformità ai parametri normativi di riferimento in questo campo specifico. 
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In this research, the influences of irrigation treatments (K1, K2, K3, K4, K5) on chemical 
properties, antioxidant compounds and activities of table olive and olive oils (Memecik) 
were investigated during three crop seasons (2012/13, 2013/14 and 2014/15). The three 
least irrigated (K3, K4 and K5) and non-irrigated (K1) regimes indicated that higher content 
of polyphenols of olive fruits were those with the most irrigated regime (K2). According to 
L*, a* and b*, results of statistical differences were determined between the treatments of 
K1 and K5 (P<0.05). There was no significant effect determined between irrigation treat-
ments of the Memecik olive oil main fatty acids such as palmitic (C16:0), oleic (C18:1) and 
linoleic (C18:2) acid, except palmitic acid (first year) and linoleic acid (second year). When 
we look at the triacylglycerol (TAG) composition in the 2012/13 and 2013/14 crop sea-
sons important statistical differences were determined between the irrigation treatments 
on some TAG contents (P<0.05) however these differences between irrigation treatments, 
although statistically significant, are very slight. During the last crop season, no significant 
effects were determined in the TAG composition between irrigation treatments. During the 
first and the second year, important statistical differences were observed between the irri-
gation treatments both for the total phenol content and bitterness index (K225) value of oils 
(P<0.05). The research showed that the K225 value of Memecik olive oils is above 0.360 
value. Important differences were determined between the irrigation treatments on the al-
pha tocopherol content (P<0.05). DPPH• (2,2-diphenyl-1-picrylhy-drazyl) content (first and 
second year) and ABTS•+ (2,2-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid) content 
(all crop seasons) were also significantly influenced by irrigation treatments due to changes 
in antioxidant compounds (P<0.05). Whereas all these differences, although statistically 
important, are very slight. In the light of the findings of this research, it was concluded 
that the use of the restricted irrigation regimes enabled water to be saved with very slight 
change in fruit and oil quality. 

Keywords: Deficit irrigation, Water Stress, Chemical composition, Antioxidant activity, 
Antioxidant properties.

INTRODUCTION
The olive tree is widely cultivated throughout the Mediterranean region and is 
an economically important product in terms of production regions [1]. Accord-
ing to National and International Standard, Virgin Olive Oils (VOO) are identified 
as oils which are obtained from the olive tree fruit (Olea europaea L.) solely by 
mechanical or other physical means under conditions that do not lead to alter-
ations in the oil, and that have not undergone any treatment other than wash-
ing, decantation, centrifugation and filtration. The International Olive Council 
(IOC) reported that 287.000 tonnes of VOO and 455.000 tonnes of table olive 
are produced in Turkey during the 2017/18 harvest year, and approximately 
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31.35% and 18.68% of it is exported to other coun-
tries, respectively [2]. In Turkey, the (75-80%) of VOO 
is obtained from the Region of Aegean, where Ayvalık 
and Memecik olive cultivars are the main [3]. Meme-
cik that is grown in the South Aegean area is an eco-
nomically important olive cultivar in Turkey [4]. 
Chemical content of OO consists of TAG (~99%) and 
free fatty acids, mono and diacylglycerols, and lipids 
[4]. Extra virgin olive oil (EVOO) is a rich natural anti-
oxidant source because it contains high amounts of 
chlorophyll and carotenoids, tocopherols and pheno-
lic compounds. These compounds constitute an im-
portant defensive system against free radical attacks 
with different mechanisms [5]. Chlorophyll is a very 
important antioxidant and shows antioxidant proper-
ties in darkness. But they act as pro-oxidants in light-
ed environments, for that reason we need to keep 
them away from daylight [6]. OO is highly durable to 
oxidation due to the high α-tocopherol, polyphenol 
content and low polyunsaturated fatty acid content 
[3]. The content of minor components varies depend-
ing on many factors such as variety, climate and eco-
logical conditions and agricultural application [7].
The olive tree is known to be resistant to aridness 
and appropriate for growing in the zones with a Med-
iterranean climate. Recently, olive agronomic practic-
es have been changed. Even though olive trees are 
highly tolerant to aridity, most researches show that 
they react to irrigation [8]. There is little or no rain at 
the critical phenological time for olives in the Medi-
terranean Basin, for that reason it is difficult to grow 
olives without resorting to irrigation. That makes it 
difficult to grow olives economically. Looking at the 
olive growing areas, it is seen that there are arid or 
semi-arid regions and the precipitation is not enough 
to meet the water requirement of these olive trees [9]. 
An interest in irrigated agriculture is increasing day by 
day as irrigation increases the olive cultivation yield 
[10]. Some studies have shown that there are dif-
ferences in the chemical composition of the OO ob-
tained from irrigated and non-irrigated olive orchards 
[10]. Antioxidant components, especially polyphenol 
contents were mostly affected by irrigation [11, 12, 
13]. It was also pointed out that the concentration of 
phenolic compounds in the oil increased with water 
stress [10, 14]. The production of OO with high an-
tioxidant activity and antioxidant compounds is very 
important for the health. In these studies, it was de-
termined that different irrigation regimes usually did 
not affect the fatty acid content of OO [10, 14]. Gucci 
[16], also reported that irrigation has little effect on the 
relationship between saturated and unsaturated fatty 
acids, or on single fractions. Only in very dry climates, 
irrigation determined significant variations in the acid 
composition of oil, increasing the oleic acid content.
Yet, little is known about the effect of deficit irriga-
tion to chemical properties, antioxidant content and 
table olives and OOs of Memecik variety. Therefore, 

the objective of this study was to determine the effect 
of the different irrigation treatments on the chemical 
composition, antioxidant content and the activity of 
table olives and OOs extracted from Memecik olives 
in combination with the main component analysis 
(PCA) as a multivariate statistical method.

EXPERIMENTAL PART

IRRIGATION SYSTEM AND EXPERIMENTAL DESIGN

The study was conducted using Memecik olive cul-
tivar during the 3 crop seasons (2012/13, 2013/14 
and 2014/15) at the Olive Research Institute (ORI) in 
Izmir/Turkey. Water used for irrigation in the experi-
ment was pH 7.5 and the electrical conductivity was 
0.5 dS/m. The experiment consisted of five irrigation 
treatments, with three replicated in a random block 
design. Four trees were assessed on each plot. Irri-
gation was applied by drip irrigation.

Irrigation treatments;
K1: non-irrigated (rainfed), 
K2: soil water deficit in a 90 cm soil depth was com-
pleted to field capacity for every 5 days, 
K3: application of 33% of water given at K2, 
K4: 3 times application of 50% of the soil water deficit 
in a 90 cm soil depth concerning 3 growing stages; 
seed hardening, fruit growth and oil accumulation, 
K5: 3 times application of 25% of the soil water deficit 
in a 90 cm soil depth concerning 3 growing stages; 
seed hardening, fruit growth and oil accumulation.
Irrigation started when the capacity of available soil 
water was down to half and ended with autumn rains. 
Harvesting was carried out by hand in November. 
Crop water use efficiency (WUE) was calculated as 
yield divided by seasonal evapotranspiration. Irriga-
tion water-use efficiency (IWUE) was determined as:
IWUE = (Yi-Yo) / IRR
Where:
Yi is yield of irrigated olive,
Yo yield of rainfed olive
IRR the amount of applied irrigation (mm)

MATURITY INDEX (MI)
MI of olive was determined described by International 
Olive Council [17] where the calculation is based on 
the evaluation of olive skin and pulp colours. 

FLESH WEIGHT/STONE WEIGHT RATIO (FW/SW)

Randomly selected olives (100 g) were weighed and 
picked manually to evaluate the FW/SW ratio. Then 
the olive stones were cleared, dried and measured. 
And then the SW was subtracted from the total weight 
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and the FW was determined, the SW was compared 
with the FW [18].

OLIVE ANALYSIS
The moisture (%) and oil (%) content were determined, 
described by Turkish Standard [19]. After weighing 15 
grams of olive fruit, it was dried in the oven at 105°C 
until a constant weight and percentage of moisture 
was calculated. The oil content was measured with 
Soxhlet extraction. After that percentage of oil was 
calculated. Reducing Sugar (RS) was determined ac-
cording to the Luff-Scroll method [20].

COLOUR MEASUREMENT (CM)
The colour of the olive was evaluated using a Minolta 
Chroma Meter with a CR-400 measuring head (Mi-
nolta, Osaka, Japan) according to Argyri et al. [21]. 
The results are described based on L*, a*, b* param-
eters. L* is a measure of the lightness component, 
which ranges from 0 to 100 (black to white). Param-
eters a* and b* are termed opponent colour axes; a* 
represents red (positive) versus green (negative) co-
lours, b* is positive for yellow and negative for blue.

OLIVE OIL EXTRACTION
Memecik (M) olives were harvested (15 kg) in the ORI. 
OOs were obtained with Abencor laboratory oil mill 
(Mc2 Ingenieria y Sistemas, Sevilla, Spain). The ol-
ive fruits were crushed, malaxated and centrifugated. 
The maximum temperature was 30°C and the maxi-
mum duration was 30 minutes. After filtered the sam-
ples, they were storage in the dark glass bottles and 
at +4°C until they were analysed (Bottles contains 
100 mL of OO). 

FATTY ACID COMPOSITION (FAC)
FAC of OO was determined using the gas chroma-
tography system (HP 6890, U.S.A), equipped with a 
flame ionisation detector (FID) described by IOC [22]. 
The methyl esters were obtained by cold alkaline 
transesterification with methanolic potassium hydrox-
ide solution and extracted with n-hexane. The cap-
illary column (DB-23, 30 m x 0.25 mm x 0.250 µm 
film thickness, Agilent J&W GC Columns, U.S.A.) was 
used for analyses. The temperature of the detector 
and injector was set to 250°C. The oven tempera-
ture was programmed from 170°C to 210°C with an 
increment of 2°C /min. The analysis was ended by 
maintaining the temperature to 210°C for 10 min. The 
injection volume was 1 µl. The results were expressed 
in percentage.

TRIACYLGLYCEROL ANALYSIS (TAG)
The analysis of TAGs was detected according to 

method described in Regulation EEC/2568/91 of the 
European Union Commission [23] with the High-Per-
formance Liquid Chromatography (HPLC) (1200 
Agilent) system consisted of a degasser, quaterna-
ry pump, autosampler, differential refractometer de-
tector. The column was a Superspher® 100 RP-18 
HPLC column (Merck, Germany) (250 x 4 mm i.d. x 
4 µm). The injection volume of the sample was 0.5 
µL. Acetone (63.6%)/ acetonitrile (36.4%) were mo-
bile phases with a flow rate linear gradient (800 mL/
min) under nebuliser gas pressure 2.00 bar for 45 
min. The results were expressed in percentage of the 
total TAG. 

ALPHA TOCOPHEROL ANALYSIS (AT)
AT analysis was determined according to IUPAC [24]. 
OO (1 g) was weighed into a 10 mL volumetric flask 
and made up to volume with hexane. The AT content 
was determined by high-performance liquid chroma-
tography (HPLC- Agilent 1100), with hexane:2-pro-
panol (99:1) as the mobile phase, with a flow rate of 
1 ml/min. A µ-porasil column (300 mm x 3.9 mm x 
10 µm) (Waters, Ireland) was used. The temperature 
of the column was set to 25°C. The injection volume 
was 20 µl. The results were expressed in mg/kg.

TOTAL PHENOL CONTENT (TPC) OF OLIVE FRUIT 
AND OLIVE OIL
TPC of the olive fruit was evaluated by modifying ac-
cording to Susamcı et al. [25] and Gutfinger [26]. 1 g 
of homogenised olive was weighed and mixed with 5 
mL of methanol/water (60:40 v/v) at 2 min. And then 
it was centrifuged 10 min at 3500 rpm. After filtering 
through the coarse filter paper to the tape measure 
of 10 mL, the residue was centrifuged again with a 5 
mL of methanol/water (60:40 v/v) and filtered again 
through the filter paper. And then it was filled to 10 mL 
with distilled water. 0.1 mL of this methanolic phase 
was added to 50 ml volumetric flask and completed 
with purified water to 5 mL a reagent blank using dis-
tilled water was prepared. 0.5 mL of Folin–Ciocalteau 
was added to the mixture. 3 min later 1 mL of sodium 
carbonate (35%, w/v) solution was added to the mix-
ture and diluted to 50 mL with water. 
TPC of the OO was determined according to Gutfin-
ger [26]. 2.5 g of olive oil were diluted with 5 mL of 
hexane and then 5 mL of methanol/water (60:40 v/v) 
was added, followed by 10 min centrifugation at 3500 
rpm. The analysis was done at methanolic phase. 0.2 
mL of methanolic phase was added to 10 ml of a 
volumetric flask and completed with purified water to 
5 mL, a reagent blank using distilled water was pre-
pared. 0.5 mL of Folin–Ciocalteau was added to the 
mixture. 3 min later 1 mL of sodium carbonate (35%, 
w/v) solution was added to the mixture and diluted to 
10 mL with water. After 2 hours the absorbance of the 
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solution was read at 725 nm with a spectrophotome-
ter (UV-1700, Shimadzu, JAPAN).The results of olive 
TPC was expressed as mg of Caffeic Acid Equivalent 
per kg of olive (mg CAE/100 g olive) and the TPC of 
olive oil was expressed as mg CAE/kg oil.

TOTAL CHLOROPHYLL (TCH) AND CAROTENOID 
(TCA) ANALYSES
TCH and TCA compounds of the (7.5 g) OOs were 
measured calorimetrically at 670 and 470 nm, in cy-
clohexane, with a spectrophotometer (UV-1700, Shi-
madzu, JAPAN) and the results were expressed as 
mg/kg oil [27].

TCH = (A670 x 106 )/(613 x 100 x d)

TCA= (A470 x 106 )/(2000 x 100 x d)

ANTIOXIDANT ACTIVITY ANALYSES
ABTS• + RSA (Radical Scavenging Activity) analysis 
of OO samples was detected by Re et al. [28]. 0.5 
g oil was dissolved in 5mL hexane. ABTS was dis-
solved in a diluted water at a 7 mM concentration. 
ABTS• + was produced by reacting ABTS stock solu-
tion with 2.45 mM potassium persulfate and mixture 
was kept in darkness for 12-16 h at room tempera-
ture and diluted in ethanol until an absorbance of 0.70 
(± 0.020) at 734 nm. The OO extract (150 µL) was 
mixed with ABTS• + RSA (2.000 µL) and the mixture 
allowed to stand for 15 min and the absorbance were 
determined with a spectrophotometer (UV-1700, Shi-
madzu, JAPAN) at 734 nm (R2 = 0.99, µmol Trolox 
Equivalent (TE) of 100 g oil). 
DPPH• RSA was performed according to Lavelli [29], 
Carrasco-Pancorbo et al. [30] and Jiang et al. [31]. 1 
g of OO was dissolved in 5 mL methanol and shaken 
approximately 1 h at room temperature with a homog-
enizer and then centrifuged (at 3500 rpm for 10 min) 
to separate polar and non-polar compounds. DPPH• 
RSA determination was carried out at the methanol 
phase. 1900 µl of a 100 mM DPPH solution was add-
ed to 100 µl of a sample extracts and allowed to react 
for 15 min at 25°C in the dark. After that the absor-
bance was determined at 517 nm with a spectropho-
tometer (R2 ═ 0.99, µmol TE of 100 g oil).

BITTERNESS INDEX
The bitterness index value was determined spectro-
photometrically at 225 nm as absorbance (K225 val-
ues) with a Shimadzu Spectrophotometer (UV-1700 
Pharma Spec, Japan) [32]. A Solid-Phase Extraction 
(SPE) was carried out for extraction of the bitter com-
pounds. A sample of 1.0±0.01 g of oil was dissolved 
in 4 mL hexane and placed on a C18 column (Baker-
dond spe Columns, J.T. Baker, Phillipsburg, NJ, Hol-

land) previously activated with methanol (6 mL) and 
washed with hexane (6 mL). After elution, 10 mL hex-
ane was placed to eliminate the fat, and the retained 
compounds were eluted with methanol/water (1:1) to 
25 mL in a flask. The absorbance of the extract was 
measured at 225 nm against methanol/water (1:1) in 
a 1.0 cm cuvette. Results were expressed as the ab-
sorbance of 1.0 g in 100 g (K225 values).

STATISTICAL ANALYSIS
The analytical measurements were given as mean±-
standard deviation (SD). Analysis of variance (ANO-
VA) was applied to indicate the differences among the 
treatments using the Fisher’s least significant differ-
ence test at p<0.05 significance level. Data analyses 
were conducted with Minitab 17 (Minitab Inc., State 
College, USA) software. Multivariate data analysis 
was performed to discriminate OO samples with Prin-
ciple Component Analysis (PCA) according to FAC, 
TAG and pigments of samples (cv. Memecik) for dif-
ferent irrigation regimes and crop seasons. 

RESULTS AND DISCUSSION 

WUE AND IWUE
Yield ranged from 5700 to 10 593 kg/ha (Tab. I). 
The highest water-use efficiency was in treatment 
K1, whereas the highest irrigation water-use efficien-
cy was obtained from treatment K4. When average 
yield was evaluated according to WUE and IWUE, 
treatment K4 came out ahead. Thus, it may be rec-

ommended K4 application when the water source is 
inadequate.

THE CHARACTERISTICS OF OLIVE FRUIT
In this work, the average maturity index values of 
the olive fruits showed variation between irrigation 
treatment regimens and the tears under study that 
were statistically important in 2012/13, 2013/14 and 
2014/15 crop seasons. Kaya et al. [9] stated in their 
study that an increase in the amount of irrigation wa-

Table I - Water use efficiency (WUE) and irrigation water use 
efficiency  (IWUE)  for olive

Treatment Average Yield
(kg/ha)

Average WUE   
(kg/m3)

Average IWUE 
(kg/m3)

K1 5 700 4.01 -
K2 10 593 1.40 0.65
K3 7 256 2.21 0.62
K4 8 860 3.46 2.0
K5 7 144 3.63 1.83
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ter given was accompanied by a drop of maturity in-
dex values. No such relationship was found between 
irrigation issues and maturity index in our study. In the 
2013/14 crop season, the differences between K2 
and K1 and K5 was found as statistically significant. 
Like the work of Martinelli et al. [33], we can say that 
the maturity of olives was affected by the irrigation.
The irrigation regimes significantly (p <0.05) affected 
L*, a* and b* in 2012/13, 2013/2014 crop seasons; 
however, no significant effects were determined in the 
L*, a*, and b* values in 2014/15. In the 2012/13 crop 
season, no clear distinction was found in terms of L * 
and b* values relative to irrigation issues. In addition, 
the red colour value (a*) was not affected by irrigation. 
In the 2013/15 crop season, a significant difference 
in lightness (L*), redness (a*) and blueness (b*) was 
noted (L*), between K1 and K2 as a result of the irri-
gation.
The colour of K2 olives was lighter and had a higher 
yellow intensity than olives from the other treatments. 
Generally, L* and b* decreased as the deficit irrigation 
conditions become more severe; however, a statis-
tical difference was determined between the treat-
ments, K1 and K5. Pastor et al. [34] reported that 
when the stressed olives were used, the yellow colour 
of the OOs had less intensity. The result is in accor-
dance with the author.
The irrigation regime seems to affect flesh/stone ra-
tio in studied crop seasons. Flesh/ratio was found to 
be significantly higher for treatments K2 and, statis-
tically, no differences were determined between the 
regimes, K1 and K5 (except for the 2013/2014 crop 
season). Proietti and Antognozzi [35] reported that 

flesh/stone ratio increased with irrigation. Our results 
are in accordance with the authors.
Moisture and oil contents of the olive fruit were also 
affected by the irrigation treatments. There is no doubt 
that the moisture content of table olives depended on 
the water availability for trees, with K2 fruits having 
the highest content of moisture and K2 was found to 
be statistically different from the other regimes in the 
2012/13, 2013/2014 crop seasons (Tab. II).
Except for the 2014/15 crop season, irrigation con-
ditions significantly affected the oil ratio of olives. Ca-
no-Lamadrid et al. [36] stated that a low level of water 
application significantly activated plant metabolism 
resulting in the highest oil content. Motilva et al. [12], 
reported that as irrigation water was reduced, the oil 
content increased. Contrary to researchers, the low-
est amount of oil was determined K1 in our work. 
Generally, the oil content was higher in K3, K4 and K5 
than K1 and K2. Parallel to our findings Goldhamer 
et al. [36] found that the oil content was significantly 
higher for all regulated deficit irrigation (RDI) strategies 
applied in comparison to the control. However, other 
studies indicated no differences in oil ration when RDI 
was imposed [10, 38]. The RS amount of the fruit is 
very important because they are the raw material for 
the fermentation in the process. The highest reducing 
sugar concentrations, 4.69, 4.37 and 3.39 g/100g, 
were found from the K1 treatment in the 2012/13, 
2013/2014 and 2014/15 crop seasons respectively. 
The lowest reducing sugar content was found from 
K2. The results obtained from this study by Proietti 
and Antognozzi [35], report that irrigation slightly re-
duced the amount of sugar, which could be detrimen-

Table II - Effect of the irrgation treatment on properties of olive fruit samples between 2012/13-2014/15 crops seasons

Irrigation 
treatment

Maturity 
Index L* a* b* Flesh/Stone 

Ratio
Moisture

(%)
Oil content

(DM%)

Reducing
sugar contents

(g/100g)

Total phenol
(mg CAE/100g 

olive)
2012/13

K1 1.98±0.026b 35.14±0.87ab 4.49±0.28 6.12±1.013b 1.35±0.05c 36.30±20.82b 19,27±1,22a 4.69±0.01a 491.7±46.7a

K2 1.84±1.167b 41.65±13.29a 8.49±12.01 20.37±17.0a 2.74±0.96a 47.29±5.85a 32,04± 0,50c 3.05±1.74b 286.1±14.6b

K3 2.93±0.025a 30.80±1.67b 3.74±1.03 7.46±1.116b 1.64±0.10bc 39.10±1.67b 30,61±1,11bc 4.37±0.23ab 418.5±70.6a

K4 2.93±0.007a 29.94±0.71b 4.80±0.53 6.53±0.375ab 2.45±1.00ab 41.92±0.75ab 26,11±1,29b 3.89±0.16ab 387.4±17.0ab

K5 2.79±0.029a 32.84±1.22ab 5.56±0.65 4.80±0.460b 1.74±0.32abc 38.95±2.76b 20,91± 1,86a 4.60±0.07a 429.8±52.9a

2013/14
K1 3.90±0.092a 22.15±1.13b 7.30±3.34c 3.95±3.36b 4.32±0.54c 49.64±2.30bc 28,24±3,05a 4.37±0.431a 467.4±41.4a

K2 1.48±0.104c 58.78±0.60a 17.38±3.27a 35.06±3.21a 6.55±0.23a 60.96±3.20a 42,49±3,98ab 2.41±0.448b 256.9±20.2b

K3 1.94±0.460bc 49.71±11.10a 12.83±2.35ab 24.50±12.08a 5.11±0.30bc 54.77±3.32b 49,41±5,33ab 2.20±0.390b 386.4±52.5a

K4 2.57±0.445b 27.05±4.04b 11.20±1.82bc 6.91±6.31b 4.46±0.80c 48.73±0.94bc 42,88±11,55ab 3.65±0.806a 386.55±13.4a

K5 3.72±0.479a 24.51±2.94b 12.05±0.70bc 3.97±2.84b 5.87±0.72ab 49.21±3.07c 47,92± 4,90b 3.44±0.197a 443.5±47.5a

2014/15
K1 3.57±0.00ab 24.11±0.71 4.62±2.25 0.93±0.48 4.94±1.38b 56.58±5.26 36,59± 1,07 3.39±0.983a 469.6±102.2a

K2 2.35±1.101b 41.74±19.8 9.81±6.31 20.14±19.7 7.62±1.22a 57.30±3.05 40,39±1,72 1.99±0.517b 299.6±60.0b

K3 3.20±0.940ab 27.97±5.91 9.03±5.16 4.66±5.72 6.89±0.94ab 51.63±2.95 45,37±3,48 2.31±0.269ab 367.9±66.3ab

K4 3.09±0.615ab 29.31±8.19 4.66±2.20 4.88±7.25 6.14±0.94ab 51.57±1.45 44,07±4,15 2.74±0.784ab 379.7±52.7ab

K5 3.74±0.015a 24.09±0.16 4.57±1.32 1.53±1.24 5.65±0.81b 50.99±4.54 39,09±6,89 2.50±0.436ab 427.4±54.7a

a-c Different letters in each column per season indicates significance at which means differ at P <0.05.
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tal to the fermentation process, and results obtained 
from this study are like this.
TPC of Memecik olive fruits changed according to the 
irrigation applications because olives were collected 
on the same date and grow under the same condi-
tions. In fact, the five regimes can be divided into two 
groups, in neither of which there are any important 
differences: the three least irrigated (K3, K4, K5) and 
non-irrigated (K1) regimes showed a higher level of 
phenols compared with the most irrigated regime 
(K2). Motilva et al. [12], Tovar et al. [39] and Romero 
et al. [40] remarked that a clear reduction of the TPC 
connected with the increase in irrigation. Our study is 
in accordance with the authors.

OLIVE OIL ANALYSES

Fatty acid composition (FAC)
As shown in Table III, there were no significant effects 
determined between irrigation treatments of the Me-
mecik OOs main fatty acids likes palmitic (C16:0), 
oleic (C18:1) and linoleic (C18:2) acid, except for pal-
mitic acid (first year) and linoleic acid (second year). 
The content of C18:1 ranged from 66.55 to 69.20%, 
67.10-70.33%, 65.55-67.47% in the 2012/13, 
2013/14 and 2014/15 crop seasons, respective-
ly. The C18:1 content of the oils was within the limit 
of 55-83% by IOC. C18:1 is a significant source of 
MUFA and its high content in oil composition makes 
it more resistant to oxidative rancidity [8]. Previous re-
search on different irrigation practices indicated vary-
ing results. Ahumada-Orellana et al. [41] observed 
there were no significant effects of irrigation cut-off 
on most of the Arbequina olive oil fatty acids such as 
palmitic, oleic, and linoleic acids, on the other hand it 
was reported that stearic and palmitoleic acids were 
affected by the irrigation cut-off strategies. Motilva et 
al. [12] observed that the water deficit did not affect 
FAC of Arbequina olive oil. Patumi et al. [15] found 
that the FAC of different varieties was not affected by 
irrigation practices. And, Berenguer et al. [42] did not 
determined differences in FAC in Arbequina olive oil 
except for a very slight increase in C18:1 due to a 
severe water deficit in one of the two seasons. More-
over, Campo and Garcia [43] observed that minor fat-
ty acids were not significantly affected by the irrigation 
treatment. The results of our research coincide with 
the researches. Toplu et al. [8] reported that addition-
al irrigation significantly decreased the C18:1 content 
although the C16:1 content of Gemlik OO increased. 
Our research showed that the C18:1 percentage was 
not affected by the irrigation treatments in all studied 
crop seasons. During the first harvest year, important 
differences were determined between the treatments 
on C16:0, C16:1, C17:0, C18:0 and C18:3 (P<0.05). 
Gomez-Rico et al. [10] and Salas et al. [44] reported 
that irrigation treatments had an increase in C16:0 
and C18:2 and a decrease in C18:1 and C18:3 in 

virgin olive oil and statistical differences were found 
between rainfed and irrigation treatments. In the 
second harvest year, there were statistical important 
differences only in the C18:2 amounts, depending 
on the treatments (P<0.05). In the last season, the 
percentage of C16:1, C17:0, C17:1, C18:0, C18:3 
and C20:0 showed important differences between 
the irrigation treatments (P<0.05). In any case, these 
differences, although statistically significant, are very 
slight, and these changes do not have any nutritional 
relevance. In general, we can say that C16:0, C18:1, 
C18:2, C20:0, C20:1, C22:0 and C24:0 percentage 
of OOs were not affected by the irrigation practices. It 
is known that FAC of olive oil is strongly affected from 
cultivar factors and environmental conditions espe-
cially temperature has an essential role in FAC. 
PCA was applied to analyse the discrimination pat-
tern of OOs according to their FAC and MUFA, PUFA, 
MUFA/PUFA values. PCA model was constructed 
with 4 principal components explaining 88.1% of the 
total variance. PC1 explained 44.5% of the total vari-
ance while PC2 explained 24.2% of the total variance 
(Fig. 1a). According to PCA biplot analysis, PUFA 
and C18:2 characterised the 2014/15 season K1 
OOs. C17:1 characterised 2012/13 K4 OOs. C18:0 
was effective on the characterisation of 2013/14 K1. 
C18:1 and MUFA was effective on the discrimination 
of 2012/13 and 2013/14 K2 samples (Fig. 1b).

Triacylglycerol composition (TAG)
The composition of FA and TAG of the VOO can be 
change depending mainly on latitude, climate, cultivar 
and the olive maturity stage [45]. About 95-98% of 
olive oil consists of TAGs. TAG composition can also 
be used as a measurement of the quality and purity 
of vegetable oils. Table IV showed variations of TAG 
components of different irrigation treatments. In rela-
tion to the main TAGs (triolein (OOO), palmityldiolein 
(POO), linoleyldiolein (LOO) and palmityllinoleylolein 
(PLO)), the percentage of OOO was determined to 
be the highest for Memecik olive oil. The percentage 
of OOO was followed by POO and LOO, respectively. 
The presence of OOO at high content showed the au-
thenticity of OOs [46]. Oils obtained from all irrigation 
treatments were characterised by four major TAG frac-
tions, OOO, POO, LOO and PLO. Yorulmaz et al. [47] 
determined OOO values of the Turkish monovarietal 
OOs between 24.72 and 48.64%, Köseoğlu et al. [48] 
determined OOO values of Memecik OOs between 
28.88 and 32.91%. Our results are compatible with 
their reports. In our study, statistical important differ-
ences were determined in the 2012/13 crop season 
between the irrigation treatments on LLL, LOO, OOO, 
POO, Equivalent Carbon Number (ECN)44, ECN 46, 
ECN48 and ECN50 values (P<0.05). In the 2013/14 
crop season, important differences were demonstrat-
ed between the treatments according to LLL, LOO, 

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCVI - APRILE / GIUGNO 2019

90



Ta
bl

e I
II -

FA
C 

(%
) o

f o
liv

e o
ils

 (c
v. 

Me
me

cik
) o

bta
ine

d f
ro

m 
dif

fer
en

t ir
rig

ati
on

 tr
ea

tm
en

ts

a-
c D

iffe
re

nt 
let

ter
s i

n e
ac

h c
olu

mn
 pe

r s
ea

so
n i

nd
ica

tes
 si

gn
ific

an
ce

 at
 w

hic
h m

ea
ns

 di
ffe

r a
t P

<0
.0

5.

Irr
ig

at
io

n
tre

at
m

en
ts

Pa
lm

iti
c 

ac
id

(C
 16

:0
)

Pa
lm

ito
lei

c 
ac

id
(C

 16
:1

)

Ma
rg

ar
ic 

ac
id

(C
 17

:0
)

Ma
rg

ol
eic

 
ac

id
(C

 17
:1

)
St

ea
ric

ac
id

(C
 18

:0
)

Ol
eic

 ac
id

(C
 18

:1
)

Li
no

lei
c a

cid
(C

 18
:2

)
Li

no
len

ic 
ac

id
(C

 18
:3

)
Ar

ac
hi

di
c a

cid
(C

 20
:0

)
Ga

do
lei

c a
cid

(C
 20

:1
)

Be
he

ni
c 

ac
id

(C
 22

:0
)

Li
gn

oc
er

ic 
ac

id
(C

 24
:0

)
20

12
/13

K1
14

.87
±0

.35
a

1.0
4±

0.0
1b

0.0
6±

0.0
1a

0.0
6±

0.0
1ab

2.6
9±

0.4
4bc

66
.55

±2
.21

12
.17

±2
.97

1.2
3±

0.0
6a

0.6
6±

0.1
1

0.3
5±

0.0
0

0.2
0±

0.0
4

0.0
9±

0.0
2

K2
14

.09
±0

.25
ab

1.2
1±

0.1
2a

0.0
4±

0.0
0c

0.0
7±

0.0
1a

2.0
8±

0.3
5c

69
.96

±1
.28

10
.43

±1
.41

0.9
5±

0.0
6b

0.4
7±

0.0
6

0.3
7±

0.0
1

0.2
1±

0.0
5

0.1
1±

0.0
1

K3
13

.94
±0

.68
b

1.1
4±

0.0
6ab

0.0
5±

0.0
1bc

0.0
4±

0.0
0d

2.0
4±

0.5
0c

68
.65

±1
.51

11
.91

±0
.41

0.9
2±

0.0
2b

0.5
8±

0.0
2

0.3
3±

0.0
2

0.1
8±

0.0
2

0.0
8±

0.0
0

K4
13

.32
±0

.37
b

1.1
4±

0.0
3ab

0.0
4±

0.0
0bc

0.0
5±

0.0
0cd

3.2
2±

0.0
1ab

69
.20

±0
.10

10
.88

±0
.48

0.9
8±

0.0
3b

0.5
6±

0.0
0

0.3
6±

0.0
0

0.1
7±

0.0
0

0.0
8±

0.0
0

K5
14

.29
±0

.42
ab

1.0
5±

0.0
3b

0.0
6±

0.0
1ab

0.0
6±

0.0
1bc

3.7
0±

0.4
6a

68
.13

±0
.85

10
.01

±0
.76

1.1
6±

0.0
6a

0.6
4±

0.0
2

0.3
5±

0.0
3

0.2
0±

0.0
1

0.0
9±

0.0
1

20
13

/14
K1

13
.58

±1
.26

0.9
8±

0.0
9

0.0
5±

0.0
0

0.0
7±

0.0
1

2.3
6±

0.0
2

67
.42

±4
.70

13
.16

±3
.44

a
1.2

1±
0.0

3
0.5

6±
0.0

5
0.3

8±
0.0

4
0.1

6±
0.0

1
0.0

8±
0.0

1
K2

14
.58

±0
.53

1.1
6±

0.0
3

0.0
4±

0.0
0

0.0
8±

0.0
0

1.8
7±

0.0
3

69
.66

±0
.90

10
.32

±0
.98

ab
1.0

0±
0.0

3
0.4

3±
0.0

4
0.3

7±
0.0

4
0.1

9±
0.0

6
0.1

1±
0.0

2
K3

14
.58

±1
.48

1.2
3±

0.2
6

0.0
4±

0.0
1

0.0
8±

0.0
3

2.2
0±

0.2
2

70
.33

±2
.41

8.9
2±

0.5
7b

0.9
9±

0.1
8

0.4
5±

0.0
1

0.3
8±

0.0
7

0.1
4±

0.0
1

0.1
9±

0.1
7

K4
13

.57
±0

.15
1.0

1±
0.0

1
0.0

5±
0.0

1
0.0

6±
0.0

0
2.2

2±
0.1

9
69

.37
±0

.75
11

.70
±0

.94
ab

0.9
8±

0.0
8

0.4
8±

0.0
5

0.3
5±

0.0
1

0.1
4±

0.0
2

0.0
7±

0.0
1

K5
13

.96
±0

.52
0.9

8±
0.0

1
0.0

4±
0.0

1
0.0

5±
0.0

0
2.5

7±
0.5

1
67

.10
±1

.58
13

.27
±1

.56
a

0.8
9±

0.1
3

0.4
8±

0.1
0

0.3
5±

0.0
1

0.1
3±

0.0
2

0.0
7±

0.0
2

20
14

/15
K1

14
.11

±0
.25

0.9
8±

0.0
1b

0.0
6±

0.0
0a

0.0
7±

0.0
0a

3.0
3±

0.3
7a

65
.56

±0
.94

13
.98

±0
.25

1.0
8±

0.0
4a

0.5
4±

0.0
3a

0.3
7±

0.0
4

0.1
4±

0.0
0

0.0
8±

0.0
0

K2
14

.42
±0

.46
1.2

1±
0.1

1a
0.0

5±
0.0

0b
0.0

7±
0.0

0a
2.1

9±
0.1

4b
67

.47
±2

.82
12

.59
±2

.38
0.9

3±
0.0

4b
0.4

6±
0.0

3c
0.3

5±
0.0

1
0.1

4±
0.0

0
0.0

8±
0.0

2
K3

13
.97

±0
.24

0.9
7±

0.0
6b

0.0
5±

0.0
0b

0.0
6±

0.0
0b

2.5
4±

0.2
4b

67
.41

±1
.16

13
.09

±1
.25

0.9
0±

0.0
1b

0.4
7±

0.0
2bc

0.3
5±

0.0
1

0.1
4±

0.0
1

0.0
7±

0.0
0

K4
14

.19
±0

.32
1.0

2±
0.0

9b
0.0

5±
0.0

0b
0.0

6±
0.0

0b
2.5

8±
0.1

7ab
67

.12
±2

.82
13

.14
±2

.72
0.9

3±
0.0

3b
0.4

8±
0.0

2bc
0.3

6±
0.0

1
0.1

4±
0.0

1
0.0

8±
0.0

1
K5

13
.97

±0
.42

0.9
9±

0.0
6b

0.0
5±

0.0
1a

0.0
7±

0.0
0ab

2.9
9±

0.2
6a

65
.73

±1
.14

14
.14

±0
.39

0.9
9±

0.1
1ab

0.5
1±

0.0
4ab

0.3
0±

0.0
9

0.1
4±

0.0
1

0.0
8±

0.0
1

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCVI - APRILE / GIUGNO 2019

91



POO, ECN42, ECN44, ECN46, ECN48 and ECN50 
values (P<0.05). These differences between irrigation 
treatments, although statistically significant, are very 
little. This trend coincides with those concerning the 
maturity index. In fact, as previously observed, signifi-
cant differences determined on the maturity index. As 
we know, TAGs are composed of a mixture of three 
fatty acids. These differences in TAGs stem from 
the FAC of oils. ECN42, ECN44, ECN46, ECN48 
and ECN50 values of TAGs are the results of the 

calculation of triacylglycerols as shown ont Table IV.  
These differences are due to their differentness. 
During the last crop season, no significant effects 
were determined in the TAG composition between 
irrigation treatments. Baccouri et al. [49] observed 
small changes in OOO, POO, OOL levels of Chem-
lali and Chetoui extra virgin olive oil with the irrigation 
regime; however, it was reported that these changes 
can be due to the maturity index of olive oils. Patumi 
et al. [50] says that some authors reported a bene-

(a)     

(b)     

Figure 1 - (a) Scores; (b) loading plots with PCA according to FAC of olive oils (cv. Memecik) at different irrigation treatments
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ficial effect of irrigation on the TAG accumulation in 
olives. Moreover Baccouri et al. [51] reported that 
changes were determined in POO, OOL, OOO and 
POL values under the irrigation regime during olive 
maturation.
İlyasoğlu and Özçelik [52] determined that level of 
POO and LOO of Memecik OO ranged from 18.25 
to 25.82% and from 6.01 to 9.18%, respectively. 
Aranda et al. [53] reported that the percentages of 
OOO, ECN 48 and ECN 50 of Cornicabra VOOs were 
51.7, 74.7 and 8.68%, respectively. OOO, ECN 48 
and ECN 50 values of Memecik OO were observed 
to be lower than Cornicabra VOO. Ben Temime et 
al. [54] determined that the TAG content of Chetoui 
oils ranged from 29.59 to 37.38, from 15.11 to 18.02 
and from 19.03 to 24.74%, OOO, POO and LOO, 
respectively. Memecik olive oil LOO and OOO content 
were determined to be lower, POO content was de-
termined as higher than Chetoui cv. oil. 
PCA was applied to analyse the discrimination pattern 
of OOs according to their triacylglycerol composition. 
The PCA model was constructed with 4 principal 
components explaining 91.9% of the total variance. 
PC1 explained 54.3% of the total variance while PC2 
explained 20.6% of the total variance (Fig. 2a). Ac-
cording to PCA biplot, 2012/13 K2 was character-
ised by PoOP, ECN48, LOO/PLO, OOO. 2012/13 K4 
was characterised by POP; 2013/14 K4 was char-
acterised by OOO/POO. 2014/15 K4 was character-
ised by LOO/PLnP; 2013/14 K5 was characterised 
by ECN46; 2014/15 K1 was characterised by OLL, 
2012/13 K3 was characterised by PLL/OLL (Fig. 2b). 

Antioxidant compounds and activity of olive oils
TPC is an important parameter for OOs affecting 
the antioxidative effect and sensory properties. Phe-
nolic composition of OOs is influenced by irrigation, 
climatic conditions, cultivar, fruit maturing index and 
some extraction processes [4]. Polyphenols are po-
tent antioxidants demonstrated to scavenge free rad-
icals [55]. TPC of oils obtained from treatments were 
shown in Table V. Several researchers remarked that 
a negative relation has been detected between irriga-
tion amounts and TPC [10, 11, 13]. Greven et al. [56] 
pointed out that severe water stress was determined 
to have decreased the TPC in OOs. During the first 
and second year, statistically important differences 
were determined between the irrigation treatments 
at the TPC analysis (P<0.05). In the 2012/13 crop 
season, while the significant differences between K1 
and K4 were observed, statistically, the similarities 
were determined between the other treatments. In 
the 2013/14 crop season, whereas K2 and K4 were 
determined, statistically, in different groups, the sim-
ilarities were observed between the K1, K3 and K5 
treatments. During the last year, statisticall differences 
were not determined between the treatments. With 
Grijalva-Contreras et al. [57], no statistical differences 

were determined on TPC of Manzallina olive oil be-
tween different regulated deficit irrigations (100% ETc, 
75% ETc and 50% ETc) and also Baccouri et al. [58] 
reported that irrigation caused a delay of olive matu-
ration that resulted in greater TPC in OO. The reaction 
to regulated deficit irrigation varies according to the 
olive variety [50].
Depending on the type of phenols, the bitterness 
intensity of OOs can vary (high or low) [59]. Due to 
the positive contribution of phenolic compounds to 
human health, consumers prefer consumption of oils 
with a high bitterness attribute [60]. Bitterness index 
(K225) of the oils obtained from the different irrigation 
treatments was shown in Table V. During the two crop 
seasons statistical important differences between the 
irrigation treatments were detected on the bitterness 
index (P<0.05). During the first year, the lowest K225 
was determined statistically at K1. While K4 and K5 
were in different groups, the similarities were ob-
served between K2 and K3 irrigation treatments. 
During the second year, although statistically signifi-
cant differences were determined between the treat-
ments, these are very slight. During the 2014/15 crop 
season, statistical differences were not found be-
tween the treatments. Salas et al. [44] and Romero et 
al. [40] determined that irrigation reduced bitterness 
in olives, although Ramos and Santos [61] observed 
negligible differences in bitterness among oils ob-
tained from different irrigation treatments. Garcia et 
al. [62] reported that, in the first year, they determined 
a higher bitterness index at low frequency irrigation 
treatments, but in the second year, there were no im-
portant differences between the treatments. There is 
no limit set for the bitterness index value at National 
or International standards. Consumers only refuse or 
consume the oil products according to their prefer-
ence. Gutierrez et al. [32] have reported that K225 value  
≥ 0.360 correspond to quite bitter olive oils that some 
consumers do not choose to consume. For this, due 
to the positive attribution of phenolic compounds to 
human health, some consumers are increasing their 
consumption of oils with high bitterness index values 
[60]. It was noticed in the research that the K225 value 
of Memecik OOs are above 0.360 value.
In OO, vitamin E is represented by AT. AT content 
accounts for about 90% of the total tocopherols in 
OO [63]. AT content of the oils obtained from differ-
ent irrigation treatments was shown in Table V. In our 
case, important differences were found between the 
irrigation treatments. The highest AT content was 
observed in the 2012/13 crop season at the K1 and 
K5 irrigation treatments and in 2013/14 and 2014/15 
crop seasons at the K1 irrigation treatment and the 
values were found as 625.3, 604.4, 361.3 and 295.3 
mg/kg, respectively. Tovar et al. [11] determined 
greater tocopherol contents at the non-irrigated treat-
ments. Our results were similar with researcher Tovar 
et al. [39], Gomez-Rico et al. [10] and Palese et al. 
[64] did not find differences in AT content of the oils 
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obtained from different irrigation treatments. 
TCH and TCA have an antioxidant effect in VOOs [65]. 
TCH and TCA contents of the OOs obtained from 
different irrigation treatments was shown in Table V. 
During the first and second year, significant differenc-
es were determined between the irrigation treatments 
for the TCH and TCA contents, especially between 
the rainfed and irrigation treatments (P<0.05). In the 
2012/13 crop season the highest chlorophyll and 
carotenoid contents were determined at the K1 and 
K5 irrigation treatments, 7.20 and 5.90 mg/kg and 
7.70 and 4.10 mg/kg, respectively. In the 2013/14 
crop seasons the highest chlorophyll and carotenoid 
contents were found at the K2 and K3 treatments, 
3.97 and 4.43 mg/kg and 2.07 and 2.47 mg/kg, re-
spectively. During the 2014/15 crops season differ-
ences were not observed. Motilva et al. [12] and Go-
mez-Rico et al. [10] detected that the chlorophyll and 
carotenoid contents were not influenced by irrigation 
treatments. But Tovar et al. [29] found that the TCH 
and TCA contents of OO were negatively associat-
ed with the amount of water supplied by irrigation. 
Inarejos-Garcia et al. [64] determined the highest ca-
rotenoid and chlorophyll contents at the sustained 
deficit irrigation treatment. 
The antioxidant properties of OOs depend on several 
factors such as the cultivar, olive maturation index, 
agroclimatic conditions and olive growing methods 
[65]. The ability of antioxidant molecules or extracts to 
scavenge DPPH• and ABTS•+ RSA were measured in 
this study. They are usually used for assessment olive 
oil antioxidant activity as they give a good prediction 
of their sensitivity to oxidation degradation. According 
to the results, during the first and second year, signif-
icant differences were determined between the irriga-
tion treatments on the DPPH• RSA (P<0.05). During 
the first and second year, 2 statistically different 
groups were observed according to DPPH• RSA (Tab. 
V). During the 2012/13 crop season, K2 grouped the 
same with K3, and K4 grouped the same with K5 
treatment. Aa statistical similarity was observed at the 
K1 treatment between all treatments. In the 2013/14 
crop season, whereas statistically K1 and K2 were 
determined in different groups, there was a similarity 
observed between the other treatments. During the 
last year, no difference was observed between the 
treatments. As known, the DPPH antioxidant activity 
is affected by antioxidants of olive oils. This trend co-
incides with results of antioxidants such as TPC, AT, 
TCH, TCA and bitterness index. Different researchers 
reported that DPPH• RSA of OOs was influenced by 
TPC, AT content [31, 66] and TCH contents of oils [67]. 
All the years significant differences were observed be-
tween the irrigation treatments at the ABTS•+ RSA 
(P<0.05). It was determined that ABTS•+ RSA of 
the oils significantly increased as the irrigation level 
decreased. As seen ont Table V, in the first year, K1 
grouped the same with K5 and K2 grouped the same 
with K3 treatment. And we determined statistical sim-

ilarities with the K4 treatment between all treatments. 
During the second year, the highest ABTS•+ RSA 
was observed at the K1 with 124.65 µmolTE/kg oil. 
These results coincide with Baccouri et al. [51] who 
observed that irrigation affected the oil ABTS•+ RSA 
in cv. Chemlali. Gorinstein et al. [66] reported that 
ABTS•+ RSA is positively affected by the TPC and AT 
content of oils. And also, Baccouri et al. [51] observed 
a positive correlation between TPC and ABTS•+ RSA 
(r2=0.9630). Our results revealed that, during the first 
year ABTS•+ RSA was affected by TCH and TCA and 
AT contents of the oils, during the second year by AT 
content, and during the last year by TPC of OOs. 

CONCLUSION
In Turkey, as in the world, 85% of olive fields are not 
irrigated. However, there has been a recent increase 
in irrigation practices in olive cultivation. It is very im-
portant for olive cultivation to gain habits towards the 
producers due to the irrigation novelty. A good deter-
mination of agricultural irrigation strategies is essential 
to obtain regular crops, high yields and high-quality 
olives and olive oil every year in olive growing.
In our research, depending on the spring rains, the 
irrigation started between the first and third week of 
June according to years. It was terminated right at 
the end of September. In brief, the results indicated 
that the deficit irrigation treatments significantly af-
fected cv. Memecik fruit quality such as L*, a*, b*, 
flesh/stone ratio, moisture content (%), oil content 
(%), reducing sugar content and total phenol content 
(P<0.05). The three least irrigated (K3, K4 and K5) 
and non-irrigated (K1) regimes indicated that higher 
content of polyphenols of olive fruits compared with 
the most irrigated regime (K2). When we look at the 
effect of irrigation treatments on olive oil quality, our 
results showed that there were no significant effects 
determined on main fatty acids except palmitic acid 
(first year) and linoleic acid (second year). According 
to the TAG composition, during the first two years, 
statistical important differences were found between 
the irrigation treatments (P<0.05); however, these 
differences between irrigation treatments, although 
statistically significant, are very slight. During the last 
crop season, no significant effects were determined in 
the TAG composition between irrigation treatments. 
Statistically important differences were observed be-
tween the irrigation treatments for the TPC, bitterness 
index (K225) value, AT, of DPPH• RSA and ABTS•+ 
RSA of cv Memecik olive oils (P<0.05). While these 
differences although statistically significant, are very 
minor. Water stress does not have a great difference 
in the quality of fruit and oil in Memecik olive variety. 
In the light of the findings of this research, it was con-
cluded that the use of the restricted irrigation regimes 
enabled water to be saved with a very slight change 
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(a)

(b)

Figure 2 - (a) Scores; (b) loading plots with PCA according to triacylglycerol composition of olive oils (cv. Memecik) for different 
irrigation treatments
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in fruit and oil quality. Considering the findings of yield, 
olive, and olive oil, K4 can be suggested where water 
resource is limited, and irrigation water cost is high. In 
this application, irrigation is performed 3 times con-
sidering the 50% of the undermined soil at 0-90 cm 
soil depth, including seed hardening, fruit growth and 
oil accumulation stages. 79% less water is applied 
according to the K2 context, provided that the men-
tioned proposal is applied. The choice of an optimal 
irrigation regime of the traditional growing regions of 

olive orchards in the Aegean Region of Turkey, where 
water resources are easily accessible, requires an ap-
propriate compromise between olive production, the 
quality of Memecik olive oil and water consumption. 
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Table V - Antioxidant contents and antioxidant activities of olive oils (cv. Memecik) obtained from different irrigation treatments

a-c Different letters in the same column concerning all samples significantly different values (P <0.05)

Irrigation 
treatments

Total Phenol
(mgCAE/kg oil)

Bitterness index
(K225-nm)

α-Tocopherol 
(mg/kg)

Total Chlorophyll 
(mg/kg)

Total Carotenoid 
(mg/kg)

DPPH·RSA
(µmol TE/100g oil)

ABTS· + RSA 
(µmol TE/100g oil)

2012/13
K1 32.07±12.68c 0.30±0.08c 625.33±37.8a 7.20±0.824a 4.40±0.419a 42.63±1.80ab 157.97±3.75a

K2 78.60±0.29ab 0.63±0.02ab 318.38±9.02c 1.85±0.894b 1.55±0.631b 33.90±4.21b 111.25±2.88b

K3 82.73±27.1ab 0.67±0.05ab 418.55±46.9bc 2.23±0.199b 2.06±0.197b 37.83±4.69b 116.97±23.10b

K4 115.00±9.77a 0.79±0.11a 450.13±41.0b 2.45±0.467b 2.25±0.315b 51.95±10.29a 138.15±3.03ab

K5 55.50±27.0bc 0.51±0.13b 600.42±89.0a 5.90±1.74a 4.10±1.018a 48.70±5.21a 155.70±12.59a

2013/14
K1 278.35±49.5ab 1.30±0.237ab 361.28±45.9a 1.25±0.784b 1.00±0.728b 109.20±25.5a 124.65±1.52a

K2 185.17±16.62b 0.77±0.061b 192.04±26.4b 3.97±0.398a 2.07±0.151a 67.20±6.27b 97.43±2.90c

K3 223.0±95.7ab 1.10±0.469ab 225.17±39.5b 4.43±1.552a 2.47±0.495a 80.63±31.5ab 107.87±5.47b

K4 357.95±4.44a 1.38±0.074a 253.23±56.9ab 1.50±0.721b 1.05±0.232b 90.450±6.09ab 108.35±7.28b

K5 315.13±91.9ab 1.40±0.250a 229.35±71.2b 1.50±0.791b 0.90±0.448b 81.10±12.65ab 112.97±3.10b

2014/15
K1 292.95±69.8 1.001±0.017 295.33±49.0a 2.20±0.098 1.60±0.239 98.50±34.5 111.40±2.43ab

K2 264.93±47.5 1.01±0.226 111.30±24.6bc 2.43±1.091 1.57±0.524 72.33±15.18 98.10±4.94b

K3 320.03±108.8 1.02±0.309 92.50±36.2c 2.93±2.16 1.63±0.788 81.76±10.71 106.60±13.81ab

K4 224.33±84.7 0.80±0.199 215.28±13.78ab 3.10±1.709 1.73±0.894 63.53±35.3 94.80±13.17b

K5 401.76±37.9 1.13±0.140 195.08±128.3abc 1.50±1.189 1.20±1.111 110.60±23.5 119.30±8.84a
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