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Abstract: This study was carried out to evaluate the effects of irrigation by treated wastewater on the minor
element of olive oil. Several parameters were studied: polyphenols, unsaponifiable, terpenes alcohols,
tocopherol and sterols. The results showed that the irrigation with treated wastewater didn't have any effects
on olive oil quality for both varieties chemlali. positively affected the pigment  content  and  unsaponifiable
(vary between 0.98 and 1.34 %) and negatively affected polyphenol content and the values of most of these
parameters were within the limits established. Moreover, the olives that fallen and collected from the ground
irrigated with wastewater provided oils of poor quality. It is thus recommended to collect olives treated with
wastewaters from the plant and to avoid their over ripeness. Moreover, it is to be avoided, during crushing, the
mixture of olives collected under different conditions.
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INTRODUCTION physicochemical characteristics are defined by the trade

Agriculture is the major mainstay of the Tunisian beneficial health effects attributed to the presence of a
economy and the cultivation of olive trees constitutes one range of biologically active minor components
of the principal economic sectors of agriculture. In fact, polyphenols, tocopherols and sterols [5]. Determining the
about 65 million olive trees are spread over 1.6 million profile sterols and terpenes alcohols is used to verify the
hectares [1]. The area occupied was 1.7 million hectares authenticity of the oil enables the detection of fraud [6].
(ha), representing more than 30% of the agricultural lands The Sfax region has an arid climate, where annual
16.1% of the world olive-growing area (second place after rainfall rarely exceeds 200 mm, while it is a significant
Spain). Due to the scarcity of water resources and the water deficit. A portion of the treated wastewater is
crucial role of the latter in the economic and social transported to El Hajeb olive field (OTD), as part of a
development, Tunisia has developed a national strategy project for the use of wastewater in agriculture. They are
for water conservation and the identification of new used for irrigation of olive trees and intercropping such as
resources. The use of treated wastewater (TWW) in cotton, oats and forage sorghum [7].
agriculture is a good way for the water shortage in This study relates to the most spread Tunisian
countries recycle wastewater profitably and thus to more variety chemlali. For the analysis of the qualitative
effectively use their water resources [2]. The irrigation of characteristics, the oil sampling was carried out on
the olive tree is especially important that it has positive various trees which were irrigated with both wastewaters
effects in increasing the strength and the annual oil yield and rain; the latter was taken as reference. The natural fall
and weight of the olives. Irrigation has an effect on the is a consequence of the process of maturation. Indeed,
composition of the oil [3]. the abscission of the fruits is a phenomenon due to the

Olive oil is characterized by its unique fatty acid formation of a layer which appears with the approach of
composition in minor compounds belonging to the maturation. As maturation advances, resistance to the
unsaponifiable fraction of vegetable oils. Its detachment in a natural way decreases. The olives fall on

standard of the International Olive Oil Council [4]. It has
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the ground, which implies a fruit loss and a lowering of Categories of Olives Collected:
the quality of oils. Late harvests generate the important
fall on the one hand production of the trees. In order to
show which effects the wet ground has on the fallen
olives, different olive collecting time was considered.
Normally, a certain time passes between the arrival of
olives to the oil mill and their processing to extract the oil.
Ideally, the fruits should be transformed as their arrival
but it is not always the case. They are, sometimes, stored
for long periods. This time of waiting is particularly critical
because the possible deterioration of the fruits between
the moment of the harvest and that of the trituration is,
without any doubt, the essential cause of the reductions
in quality and outputs. The shelf life of olives tends to
make increase the extent of the enzymatic systems, either
those of the fruit, or those which can come from the
proliferation and the development of the colonies of
micro-organisms, which attack olives, following their
contact with the ground and/or the means of transport
and the places and means of storage.

In general, these deteriorations relate on organoleptic
qualities and physicochemical characteristics of oils. To
study the impact of this practice on the quality of oils
coming from both modes of conduits, each category of
olive was stored for 3, 6 and 9 days. A control sample was
considered at time 0.

MATERIALS AND METHODS

Study Site: The experimental site, El Hajeb, is located at 10
km in the south west of Sfax city (34°43'N, 10°41'E) in
central eastern Tunisia and belongs to the Mediterranean
bioclimatic where the climate is characterized by hot and
dry summers and by a relatively cold winter. The annually
precipitation is very irregular and varies from year to year.
The irrigated area of El Hajeb is part of the large estate of
Chaal, managed by the office of the lands. The late
harvest generates a falling of an important share of tree
production. To determine the quality of oil extracted from
fallen fruits, olives were picked up from under the trees
from each block.

Olive Sampling and Oil Extraction: Olive oil samples
were obtained from Tunisian quality-assured industrial oil
mills. The samples stability was analyzed under diffused
light and room temperature. The materials used for olive
oil packaging was glass. The reference sample was
processed immediately after extraction, while the other
lots were stored for 3, 6, 9 days at room temperature. Oil
was extracted by oleo batcher and was preserved at low
temperature until analyses.

WW-Fr: olives picked straight from the tree coming
from plot irrigated by wastewater.
TWW-Fr: olives picked straight from the tree coming
from plot irrigated by treated wastewater.

Analytical Methods
Content of Unsaponifiable and Extraction of the Total
Sterol Fraction and Terpenes Alcohols: The extraction
method and metering unsaponifiable used is the one
adopted by Stiti et al [8]. Unsaponification lipids were
determined by saponifying 5 g of lipid extract with 50 mL
ethanolic KOH 12% mixed with  200  µL -cholestanol
(0.2% w/v) and 100 µL 1-eicosanol solution (0.1% w/v), as
internal standard. The solution was directly injected to
gas chromatograph. Sterols and alcoholic fractions were
evaluated by CPG-FID. The working temperatures of the
chromatograph were 300 °C at the injector, 260 °C at the
isothermal column and 300 °C at the detector. 

Total Phenols Content: Total polyphenols were
determined according to the previously published
protocol by using Folin–Ciocalteau methodology
described by Zribi [9].

Evaluation of Oxidative Stability: Oxidative stability was
measured with the Rancimat 743 apparatus (Metrohm ,
Basel, Switzerland). Stability was expressed as the
oxidation induction time (h), using an oil sample of 3.6 g
warmed to 101.6 °C and an air flow of 10 L/h [10].

Tocopherol: For the tocopherol analysis, virgin olive oil
samples were diluted in hexane (0.1 g in 10 mL of hexane
containing 0.01% BHT), filtered through a 0.22 µm PVDF
membrane (Millipore, USA) and then directly injected into
the column in the HPLC system. This sample was
prepared according to Guinazi [11] and Pinheiro-Sant'ana
[12].

Statistical Analysis: All analyzed  parameters  were
carried out in triplicate. The results were reported as mean
value of three replicates and standard deviation. Chemical
data were analyzed by the SPSS statistics 17.0 for
windows and origin 8.The significance of differences at
5% level  between  averages  was  determined  by one-
way ANOVA using Turkey’s  test.   Means  were
compared using the Duncan test and significance was set
at P < 0.05.
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Fig. 1: Evolution of the unsaponifiable fraction (%)

RESULTS of olive oil. Indeed, [15] Fiorino  and  Nizzi Griffi

Study of the Unsaponifiable Fraction: The components of the  contents   of -5-avenasterol   and -sitosterol in
the unsaponifiable part and their relative contents are the same way for El Antari and al [16] who noted a
generally regarded as a row property of vegetable oils and variation of the sterol composition between the irrigated
represent to some their digital fingerprints. The results are and not irrigated areas. In addition, for the irrigation with
summarized in the Graph 1, showed that irrigation with treated wastewater, oils obtained are less rich in total
treated wastewater has, an effect, to reduce this fraction sterols
of olive oil. It seems equal that during storage duration, The statistical study showed that the state of
the unsaponifiable oils extracted from olives picked freshness (gathered directly on a tree or fallen) of olives
directly from the tree and those that fell below follow the does not have an effect in the sterol composition of
same pattern for each quality of irrigated water and for extracted oil. 
each storage time as well. In order to better illustrate the evolution of six

The results presented in Table 1 showed that during principals sterols of olive oil, we represent the average
the experiments, unsaponifiable contents vary between content of Campesterol, Campestanol, Stigmasterol,
0.98 and 1.34 %; values that are in line with standard Chlerosterol, -sitosterol, du -5avenasterol and of two
IOOC [13] for olive oil (< 1.5 %). The analysis of the terpenes alcohols (erythridion and uvaol). Graph 2.
unsaponifiable fraction by thin layer chromatography on
silica gel has identified five groups of chemical Content of  Campesterol:   The  results presented in
substances eluted in the following order: the sterols, Figure 3 howed that the effect of each studied parameter
aliphatic and terpenes alcohols, tocopherols, (quality of water of irrigation, state of freshness of olives
hydrocarbons and pigments. and the storage period of olives before their trituration) is

Sterol Composition: The composition of the sterol coming from the pieces irrigated by treated waste waters
fraction in olive oil is a very useful parameter to detect are richest in campestral.
fraud or to check its authenticity since they are
considered as a footprint of oils. In fact, researchers have Content of Campestanol: Contrary to Campesterol, the
shown that each fruit oil seed possesses a specific sterol irrigation by treated wastewater causes a decrease a
profile [14]. They are also major compounds for the campestanol content [17]. found significant negative
stability of the oil at high temperature because they act an correlations between the pluviometer and the content of
inhibitor of the polymerization reaction. Table 1. campestanol. The fallen olives give rise to oils richer in

Total of Sterols Content: Sterols are biologically active
compounds of great relevance for olive oil quality. The Content of Stigmasterol: The oil containing the lowest
examination of the graphic above shown, first; the content in Stigmasterol is that extracted directly from
samples that were the subject of our study are in line with gathered olives of the tree irrigated by underground
the IOOC standard that requires concentrations higher water. This result is in agreement with those obtained by
than 1000 mg/Kg. In addition to the variety, the Gracia et al who found that the content of stigmasterol is
contribution out of water can affect the sterol composition connected to various quality parameters.

particularly  announce   the   influence  of  irrigation  on

lucid on this compound. Indeed, it is noted that oil’s

campestanol Table 1.
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Table 1: Evolution of sterol composition during storage of olives different samples studied
Storage Olives Olive categories Cholesterol 24-Methylene-Compesterol Campesterol Campestanol
0 days WW-Fr 0,71 0,51 76.36 21.56

0,03 0,02 3,49 0,99
WWT-Fr 0.99 1.15 95.25 18.24

0,04 0,04 3,54 0,68
3 days WW-Fr 2 0.64 61.15 20.05

0,09 0,03 2,80 0,92
WWT-Fr 1.23 0.75 88.52 14.97

0,05 0,03 3,57 0,60
6 days WW-Fr 1.51 0.54 69.45 22.71

0,07 0,02 2,99 0,98
WWT-Fr 0.75 0.37 86.91 16.83

0,03 0,01 3,46 0,67
9 days WW-Fr 1.41 0.41 91.58 26.14

0,06 0,02 3,62 1,03
WWT-Fr 0.68 1.62 111.25 22.87

0,03 0,06 4,11 0,85
The black values are the average grades of sterol compounds (mg / kg oil)
Red values correspond to percentages moneys sterols compared to total sterols (%)

Fig. 2: Evolution of the content of total sterols (ppm)

Fig. 3: Evolution of the content of campesterol (ppm) according to the duration of the storage of olives before the
triturating.
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Table 2: Evolution of sterol composition during storage of olives different samples studied
Storage Olives Olive categories Stigmasterol Chlerosterol ?-Sitosterol
0 days WW-Fr 2.3 21.36 1826.51

0,11 0,98 83,4
TWW-Fr 36.84 17.85 2312.68

1,37 0,66 86,07
3 days WW-Fr 6.12 24.09 1815.45

0,28 1,10 83,26
TWW-Fr 35.93 19.27 2125.58

1,45 0,78 85,73
6 days WW-Fr 6.31 25.84 1960.54

0,27 1,11 84,42
TWW-Fr 9.49 17.23 2209.07

0,38 0,69 88,01
9 days WW-Fr 7.01 27.39 2110.57

0,28 1,08 83,36
TWW-Fr 14.85 17.96 2351.52

0,55 0,66 86,97
The black values are the average grades of sterol compounds (mg/ kg oil)
 Red values correspond to percentages moneys sterols compared to total sterols (%)

Table 3: Sterol compounds (mg/kg oil)
Storage of Olives Olive categories 5-Avenasterol 5,24-Stigmasta dionol 7-stigmasterol 7-Avenasterol
0 days WW-Fr 225.88 2.26 4.41 6.66

10,32 0,10 0,20 0,30
TWW-Fr 182.14 12.47 3.14 6.14

6,78 0,46 0,12 0,23
3 days WW-Fr 239.18 2.98 3.14 5.74

10,97 0,14 0,14 0,26
TWW-Fr 174.17 11.97 2.99 4.02

7,02 0,48 0,12 0,16
6 days WW-Fr 222.75 3.25 4.61 4.98

9,59 0,14 0,20 0,21
TWW-Fr 153.86 5.08 5.2 5.2

6,13 0,20 0,21 0,21
9 days WW-Fr 256.49 1.96 2.98 5.84

10,13 0,08 0,12 0,23
TWW-Fr 171.84 2.78 3.23 5.28

6,36 0,10 0,12 0,20

Content of Chlerosterol: While cholesterol is present in Content of 5-Avenasterol: 5-Avenasterol is among the
animals in relatively high abundance, plants, with very major sterols in the olive oil and it is classified the second
few exceptions, produce negligible amounts of this after the -Sitosterol. The results gathered in the figure
compound. The content of chlerosterol is dependent on above shows that the irrigation of the olive-trees by
the quality of water for irrigation (Table 2). According to treated wastewaters affects negatively the concentration
the results found, the irrigation by treated wastewater of oils in 5-Avenasterol (Table 3). It is obvious
affects negatively the content of chlerosterol contrary to independently from the control mode; the olives which fell
underground water. For this led mode neither the state for give oils less rich in this phytosterol. 
the freshness of olives nor the storage period affects the
content of this compound. The olives which fell give oils Terpenes Alcohols: The terpenes alcohols are very
with the highest content of chlerosterol. interesting; mainly because of their activity anti-

Content of -Sitosterol: The results relating to the their cytostatic activity on cancer cells [19], or under the
dominating sterol of olive oil (the -Sitosterol); enable us terms of their properties in urology [20],  in  neurology
to conclude that the irrigation by wastewater causes to [21], in cosmetics [22] or for their antibacterial action [23].
increase the content of this phytosterol. The  unsaponifiable  fraction  of  the olive oil contains two

inflammatory drug [18]. But they are also used because of
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Table 4: Sterol compounds (mg/kg oil)
Storage of Olives Olive categories Erythridiol Uvaol Erythridiol + Uvaol Total sterols -Sitosterol Apparent (%)
0 days WW-Fr 10.15 0.64 10.79 2188,52 94.86

0,46 0,03 0.49
TWW-Fr 11.45 2.09 12.54 2686,89 93.98

0,43 0,08 0.51
3 days WW-Fr 10.98 0.74 11.72 2180,54 95.47

0,50 0,03 0.53
TWW-Fr 11.97 2.61 14.58 2479,40 94.01

0,48 0,11 0.59
WW-Fr 11.26 0.59 11.85 2322,49 95.26

0,48 0,03 0.51
6days TWW-Fr 12.84 1.36 14.2 2509,99 95.03

0,51 0,05 0.56
9 days WW-Fr 4.25 0.58 4.83 2531,78 94.65

0,17 0,02 0.19
TWW-Fr 6.14 1.41 7.55 2703,88 94.09

0,23 0,05 0.28

Table 5: Evolution of the polyphenols contents (ppm)
Time WW-Fr TWW-Fr
0 days 88.64±2.36 93.64±1.39
3 days 129±9.61 176.94±4.44
6 days 104.57±1.62 141.59±5.96

9 days 77.26±5.92 96.78±0.1

alcoholic compounds triterpenes pentacyclic: the
erythrodiol and the uvaol. The determination of these two
compounds can be useful for the detection of the
sulfurous oil in the virgin olive oil [24]. According to EC
regulation, the rate of the erythrodiol + uvaol should not
exceed 4.5% for a virgin olive oil.The results relating to
the sum erythridiol+ uvaol, which does not exceed 17 ppm
for all the analyzed samples.

Content of Erythridiol: The examination of the results
relating to the content of the erythrodiol (Table 4) showed
that the irrigation by treated wastewater gives oils rich in
this alcohol, whereas the state for the freshness of olives
does not affect the content of  oils  of  this  compound.
The evolution of the concentration of erythrodiol in oils
according to the storage of olives tends towards the
reduction.

Content of Uvaol: Oils coming from the trees irrigated by
underwater are almost deprived of this compound with
concentrations that don not exceed 1ppm. For the
irrigation by treated wastewater the oils richer in uvaol are
obtained after three days of storage of the olives fallen
(Table 4).

Content of Polyphenols: The virgin olive oil is the only oil
which contains significant amounts of natural phenol
substances  which  confer   such   a   particular    taste   of

bitterness and fruitage of olive oils and at the same time
responsible for its stability (oxidation resistance).The
results presented in Table 4 showed that the polyphenols
contents undergo an increase during the first three days
of storage; some is due to the quality of irrigation water
and decrease thereafter. This phenomenon can be
explained by a transfer of these compounds from the fruit
aqueous phase to oily phase, the decrease thereafter is
probably due to the decomposition by the polyphenol
oxidase (enzymatic reaction). Other authors noted that,
the level of polyphenols decreases in the extra virgin olive
obtained by the “Coronica” variety, a Spanish-fruit,
during 5 and 8 days with 20 and 10°C [25].

It is also clear that the oil samples coming from the
directly gathered fruits of the trees irrigated with treated
waste waters (TWW-Fr) are richest in polyphenols, with
contents varying from 93.64 mg/kg to 176.94 mg/kg,
whereas for the irrigation with underwater (WW-Fr) the
concentrations of polyphenol in oils vary from 74.28 to
156 mg/kg. These results are similar to those reported by
several authors [26, 27] who found that for Chemlali
variety in the area of Sfax, the content of polyphenols in
oils are about 100 ppm.

The differences noted according to the quality of
irrigation water can be explained by the fact that the
treated wastewater irrigated receive more balanced
quantity of nutrients (P and K), which improves their
nutritional state and avoids the stress. It is well-known
that the nutritive disorders can affect the metabolic state
of the plant [28, 29]. Former studies showed that the
potassium concentration in olives coming from the olive-
trees irrigated with treated wastewaters was significantly
found higher than that relating to the irrigation by
underwater [30].
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Table 6: Contents various tocopherols (ppm)
Standard Irrigation WWT

Tocopherol ------------------------- -------------------------------
content (ppm) Fresh Fallen Fresh Fallen

58.82 47.11 71.53 54.04
5.13 8.41 1.76 3.70
6.82 7.92 0.516 1.69
ND ND 0.01 ND

Total 70.77 63.44 73.82 59.43

The wealth of treated wastewater of potassium
contribute consequently, in a strong increase in the
concentration of K  in the fruits, which causes a change+

of the fruit color of the fruit from the green to the black
[31] and an increase as well in the  polyphenols  content.
In addition, Montedoro et al. [30] found that the
polyphenol content is higher with a degree of earlier
maturation. Moreover, the high concentrations of Na and
Cl in treated wastewater cause a saline stress of the plants
irrigated by this type of water. Studies showed that the
increase in the content of polyphenols is associated to
the saline stress. 

The results obtained in this work are in disagreement
with those reported by Bedbabis et al. [32] for the variety
“Chemlali” irrigated with treated wastewater.

Oxidative Stability: Oxidative stability informs us about
the necessary time for the unsaturated fatty acid
oxidation. The higher oxidation induction time is, the more
stable preserved the oil. Oils relating to pieces irrigated by
treated wastewater and extracted from gathered olives of
the tree are more stable (most resistant to oxidation).
These results confirm those of the polyphenol content
where it was found that the irrigation by treated
wastewater positively affects the content of polyphenols
in oils [33].

The results shown also demonstrate that the oils
extracted from fallen olives are the resistant ones to
oxidation.

Content of Tocopherol: The tocopherols are hetero acid
compounds having high molecular weights. Several
isolated forms were identified and indicated by , , ,
tocopherols. These compounds play a significant role on
in the nutritional level: they have a vitamin activity. The
tocopherols are also effective antioxidants. The results
illustrated in Table 6 showed that the irrigation by treated
waste waters causes to increase the content of -
tocopherol in the oils extracted from fresh olives or
dropped olives. The contents of this tocopherol are in
general, for our samples, relatively weaker than those

found in the literature [34, 35]. Besides -tocopherols in
our samples contain considerable quantities in  and
tocopherol.Both shapes of tocopherols very interestingly,
although the activity of vitamin E is generally allotted to
the alpha-tocopherol shape. However, researchers
revealed that beta, gamma and delta tocopherols also
have a significant biological activity in the organism. In
fact, scientists suppose that gamma-tocopherol has an
anti-inflammatory and antioxidant properties higher than
those of alpha-tocopherol, thus revealing single benefits
[36]. The irrigation with treated waste waters affects
negatively the contents of beta and gamma tocopherols
in oils which reduce their beneficial activities for human
health.

CONCLUSION

Although the availability of treated wastewater as a
very interesting alternative for urban agriculture, the
associated health risks can be a real obstacle to the
development of this activity. Moreover, there can be a risk
of deterioration of the food quality going down from
unconventional water irrigated agriculture. Being based
on this study, it can be stressed that:

Olive trees irrigated with treated wastewater are more
sensitive to oxidation in particular when the olives
are stored before the extraction.
The olives fallen and collected from the ground
irrigated with treated wastewater provide oils of poor
quality.
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